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P U R P O S E . This advisory circular provides additional information to 
that contained in A C 90-12; S U B J E C T : S E V E R E W E A T H E R A V O I D ­
A N C E , dated April 15, 1964. 

2. DISCUSSION. In view of the impact of severe storms on safe and 
efficient flight, we asked the Director, National Severe Storms 
Laboratory, U.S. Department of C o m m e r c e , Environmental Science 
Services Administration, to provide this agency with his over-all 
evaluation of what is now known about this important problem. NSSL 
research has been supported in part by F A A and other agencies. 

Due to difficulties associated with (1) the collection of accurate and 
comprehensive flight data and the period of one or two years required 
to reduce data and publish analyses, and (2) the urgent nature of the 
problems besetting flights through or near thunderstorms, the infor­
mation given here includes preliminary findings which m a y be 
revised during the course of continuing studies. 

The N S S L research has been accomplished during the years 1964 
through 1967 utilizing only Oklahoma type thunderstorms; however, 
we believe that the N S S L comments are applicable in some degree 
to other geographically located thunderstorms (see section 3.1. 
below). The following comments/discussion are based on that type 
of air turbulence that can be expected in relation to radar returns on 
U S W B ground-based radar. This description of what U S W B radar 
meteorologists view and interpret on their radar is intended to provide 
pilots an insight concerning the availability of radar weather informa­
tion that can be helpful when preparing for a flight or while en route. 
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P a r a g r a p h 3 c o n s t i t u t e s t h e N S S L ' s i n t e r p r e t a t i o n of i n f o r m a t i o n a n d 
e x p e r i e n c e a v a i l a b l e t o d a t e a s a r e s u l t of r e s e a r c h a n d c o n t r o l l e d 
t h u n d e r s t o r m p e n e t r a t i o n s b y s p e c i a l l y e q u i p p e d higrji p e r f o r m a n c e a i r c r a f t . 

N o f i r m r u l e t o a v o i d t h u n d e r s t o r m c e l l s b y a d e f i n i t e n u m b e r of m i l e s 
c a n b e g i v e n ; h o w e v e r , t h e p i l o t m u s t e x e r c i s e g o o d j u d g m e n t b a s e d 
on k n o w l e d g e of t h u n d e r s t o r m c h a r a c t e r i s t i c s to a c c o m p l i s h h i s f l i g h t 
s a f e l y . 

3 . N S S L C O M M E N T S O N F L I G H T IN A N D N E A R T H U N D E R S T O R M S . 

a . T h e r e l a t i o n s h i p s b e t w e e n t u r b u l e n c e a n d a l t i t u d e . 

T h e N S S L s t u d i e s of O k l a h o m a t h u n d e r s t o r m s e x t e n d i n g t o 6 0 , 0 0 0 
f e e t s h o w l i t t l e v a r i a t i o n of t u r b u l e n c e i n t e n s i t y w i t h a l t i t u d e . 

b . T u r b u l e n c e a n d e c h o i n t e n s i t y on U S W B r a d a r ( W S R - 5 7 ) . 

T h e f r e q u e n c y a n d s e v e r i t y of t u r b u l e n c e i n c r e a s e s w i t h t h e r a d a r 
r e f l e c t i v i t y , a m e a s u r e of t h e i n t e n s i t y of e c h o e s f r o m s t o r m t a r ­
g e t s a t a s t a n d a r d r a n g e . A l t h o u g h p i l o t s a n d a i r t r a f f i c s p e c i a l ­
i s t s m a y b e u n f a m i l i a r w i t h t h e r e f l e c t i v i t y f a c t o r , t h i s q u a n t i t y 
p r o v i d e s a l o g i c a l b a s i s f o r i n t e r p r e t a t i o n of U . S . W e a t h e r B u r e a u 
r a d a r d i s p l a y s a n d a s s o c i a t e d t u r b u l e n c e . D e r i v e d g u s t v e l o c i t i e s 
e x c e e d i n g 35 f e e t p e r s e c o n d ( c l a s s i f i e d a s s e v e r e t u r b u l e n c e ) a r e 
c o m m o n l y e n c o u n t e r e d in s t o r m s w h o s e m a x i m u m r e f l e c t i v i t y 
f a c t o r i s 1 0 4 o r m o r e . In s t o r m s w h o s e p e a k i n t e n s i t y i s a b o u t 
10 , g u s t s of i n t e n s i t y b e t w e e n 2 0 a n d 3 5 f e e t p e r s e c o n d ( c l a s s i ­
f i e d a s m o d e r a t e t u r b u l e n c e ) a r e e n c o u n t e r e d a p p r o x i m a t e l y o n c e 
f o r e a c h 10 n a u t i c a l m i l e s of f l i g h t . 

c . T u r b u l e n c e in r e l a t i o n to d i s t a n c e f r o m s t o r m c o r e . 

N S S L d a t a i n d i c a t e t h a t t h e f r e q u e n c y a n d s e v e r i t y of t u r b u l e n c e 
e n c o u n t e r s d e c r e a s e s l o w l y w i t h d i s t a n c e f r o m s t o r m c o r e s . 
S i g n i f i c a n t l y , t h e d a t a i n d i c a t e t h a t 2 0 m i l e s f r o m t h e c e n t e r of 
s e v e r e s t o r m c o r e s , m o d e r a t e to s e v e r e t u r b u l e n c e i s e n c o u n ­
t e r e d a t a n y a l t i t u d e a b o u t o n e - f i f t h a s o f t e n a s in t h e c o r e s of 
s e v e r e s t o r m s w h o s e r a d a r r e f l e c t i v i t y f a c t o r Z e x c e e d s 1 0 4 . 
F u r t h e r , t h e d a t a i n d i c a t e t h a t m o d e r a t e t o s e v e r e t u r b u l e n c e i s 
e n c o u n t e r e d a t a n y a l t i t u d e u p t o 10 m i l e s f r o m t h e c e n t e r of l e s s 
s e v e r e s t o r m c o r e s w h o s e r e f l e c t i v i t y f a c t o r s Z l i e b e t w e e n 10^ 
a n d 1 0 4 . S E V E R E T U R B U L E N C E IS O F T E N F O U N D IN T E N U O U S 
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A N V I L C L O U D 15 T O 2 0 M I L E S D O W N W I N D F R O M S E V E R E 
S T O R M C O R E S . 

O u r f i n d i n g s a g r e e w i t h m e t e o r o l o g i c a l r e a s o n i n g t h a t T H E S T O R M 
C L O U D IS O N L Y T H E V I S I B L E P O R T I O N O F A T U R B U L E N T S Y S ­
T E M W H O S E U P D R A F T S A N D D O W N D R A F T S O F T E N E X T E N D 
O U T S I D E O F T H E S T O R M P R O P E R . 

d. T u r b u l e n c e in r e l a t i o n t o d i s t a n c e f r o m t h e s t o r m e d g e . 

T H E C L E A R A I R N E A R A N O K L A H O M A S T O R M IS A P L A C E 
W H E R E S E V E R E T U R B U L E N C E M A Y O C C U R , s o m e w h a t m o r e 
o f t e n on t h e s t o r m ' s d o w n w i n d s i d e . A t t h e e d g e of a c l o u d , t h e 
m i x i n g of c l o u d y a n d c l e a r a i r o f t e n p r o d u c e s s t r o n g t e m p e r a t u r e 
g r a d i e n t s a s s o c i a t e d w i t h r a p i d v a r i a t i o n s of v e r t i c a l v e l o c i t y . 

T o r n a d i c a c t i v i t y i s f o u n d in a w i d e r a n g e of s p a t i a l r e l a t i o n s h i p s 
t o t h e s t r o n g e c h o e s w i t h w h i c h t h e y a r e c o m m o n l y a s s o c i a t e d , b u t 
m a n y of t h e m o s t i n t e n s e a n d e n d u r i n g o c c u r o n t h e s o u t h t o w e s t 
e d g e s of s e v e r e s t o r m s , i . e . , on t h e u p - r e l a t i v e - w i n d s i d e . T h e 
a i r r i s i n g i n a t o r n a d o c a n c o n t r i b u t e t o a d o w n w i n d a r e a of s t r o n g 
e c h o ( s ) w h i l e t h e t o r n a d o i t s e l f i s o f t e n a s s o c i a t e d w i t h a w e a k 
e c h o o r n o e c h o . E c h o h o o k s a n d a p p e n d a g e s a r e u s e f u l q u a l i t a ­
t i v e i n d i c a t o r s of t o r n a d o o c c u r r e n c e b u t a r e b y n o m e a n s 
i n f a l l i b l e g u i d e s . 

S e v e r e t u r b u l e n c e s h o u l d b e a n t i c i p a t e d u p to 2 0 m i l e s f r o m t h e 
s e v e r e s t o r m s ; t h e s e o f t e n h a v e a w e l l d e f i n e d r a d a r e c h o b o u n ­
d a r y . T h i s d i s t a n c e d e c r e a s e s t o a p p r o x i m a t e l y 10 m i l e s w i t h 
w e a k e r s t o r m s w h i c h s o m e t i m e s h a v e i n d e f i n i t e r a d a r e c h o b o u n ­
d a r i e s . T H E R E F O R E , A I R B O R N E R A D A R IS A P A R T I C U L A R L Y 
U S E F U L A I D F O R P I L O T S IN M A I N T A I N I N G A S A F E D I S T A N C E 
F R O M S E V E R E S T O R M S . 

e . T u r b u l e n c e a b o v e s t o r m t o p s ; 

L i m i t e d f l i g h t d a t a s h o w s t h e r e m a y b e a r e l a t i o n s h i p b e t w e e n 
t u r b u l e n c e a b o v e s t o r m t o p s a n d t h e s p e e d of u p p e r t r o p o s p h e r i c 
w i n d s . W H E N T H E W I N D S A T S T O R M T O P E X C E E D 100 K N O T S , 
T H E R E A R E T I M E S W H E N S I G N I F I C A N T T U R B U L E N C E M A Y B E 
E X P E R I E N C E D A S M U C H A S 10 , 0 0 0 F E E T A B O V E T H E C L O U D 
T O P S . T H I S V A L U E M A Y B E D E C R E A S E D 1 0 0 0 F E E T F O R 
E A C H 10 K N O T R E D U C T I O N O F W I N D S P E E D . T h i s i s e s p e c i a l l y 
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i m p o r t a n t f o r c l o u d s w h o s e h e i g h t e x c e e d s t h e h e i g h t of t h e t r o p o -
p a u s e . I t s h o u l d b e n o t e d t h a t f l i g h t a b o v e s e v e r e t h u n d e r s t o r m s 
i s a n a c a d e m i c c o n s i d e r a t i o n f o r t o d a y ' s c i v i l a i r c r a f t i n m o s t 
c a s e s , s i n c e t h e s e s t o r m s u s u a l l y e x t e n d t o 4 0 , 0 0 0 f e e t , a n d a b o v e . 
C o n s i d e r a t i o n s of o v e r f l i g h t w i l l b e m o r e i m p o r t a n t a s s u p e r s o n i c 
t r a n s p o r t s a r e i n t r o d u c e d . 

f. T u r b u l e n c e b e l o w c l o u d b a s e . 

W h i l e t h e r e i s a l i t t l e e v i d e n c e t h a t m a x i m u m t u r b u l e n c e e x i s t s a t 
m i d d l e h e i g h t s i n s t o r m s ( F L 2 0 0 - 3 0 0 ) , t u r b u l e n c e b e n e a t h a s t o r m 
i s n o t t o b e m i n i m i z e d . T h i s i s e s p e c i a l l y t r u e w h e n t h e r e l a t i v e 
h u m i d i t y i s l o w i n a n y a i r l a y e r b e t w e e n t h e s u r f a c e a n d 1 5 , 0 0 0 
f e e t . T h e n t h e l o w e r a l t i t u d e s m a y b e c h a r a c t e r i z e d b y s t r o n g o u t ­
f l o w i n g w i n d s a n d s e v e r e t u r b u l e n c e w h e r e t h u n d e r s t o r m s a r e 
p r e s e n t . T h e r e f o r e , T H E S A M E T U R B U L E N C E C O N S I D E R A T I O N S 
W H I C H A P P L Y T O F L I G H T A T H I G H A L T I T U D E S N E A R S T O R M S 
A P P L Y T O L O W L E V E L S A S W E L L . 

g . M a x i m u m s t o r m t o p s . 

P h o t o g r a m m e t r i c d a t a i n d i c a t e t h a t t h e m a x i m u m h e i g h t a t t a i n e d 
b y O k l a h o m a t h u n d e r s t o r m c l o u d s i s a p p r o x i m a t e l y 6 3 , 0 0 0 f e e t . 
S u c h v e r y t a l l s t o r m t o p s h a v e n o t b e e n e x p l o r e d b y d i r e c t m e a n s , 
b u t m e t e o r o l o g i c a l j u d g m e n t s i n d i c a t e t h e p r o b a b l e e x i s t e n c e of 
l a r g e h a i l a n d s t r o n g v e r t i c a l d r a f t s t o w i t h i n a few t h o u s a n d f e e t 
of t h e t o p of t h e s e i s o l a t e d s t r a t o s p h e r e - p e n e t r a t i n g s t o r m s . 
T H E R E F O R E , IT A P P E A R S I M P O R T A N T T O A V O I D S U C H V E R Y 
T A L L T O W E R S A T A L L A L T I T U D E S . 

h . H a i l i n t h u n d e r s t o r m s . 

T h e o c c u r r e n c e of H A I L IS M U C H M O R E C L E A R L Y I D E N T I F I E D 
W I T H T H E I N T E N S I T Y O F E C H O E S T H A N IS T U R B U L E N C E . 
A V O I D A N C E O F M O D E R A T E A N D S E V E R E S T O R M S S H O U L D 
A L W A Y S B E A S S O C I A T E D W I T H T H E A V O I D A N C E O F D A M A G ­
ING H A I L . 

i . T e m p e r a t u r e v a r i a t i o n s n e a r s t o r m s . 

T h e g r e a t e s t t e m p e r a t u r e v a r i a t i o n s o c c u r a l o n g t h e e d g e s of c louds 
i n a d r y e n v i r o n m e n t a n d n e a r t h e s u m m i t s of t r o p o p a u s e - p e n e ­
t r a t i n g s t o r m s . In t h e s e p l a c e s , t e m p e r a t u r e c h a n g e s a n d t u r b u ­
l e n c e a r e s t a t i s t i c a l l y a s s o c i a t e d . T E M P E R A T U R E C H A N G E S 
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AS GREAT AS 1 0 ° C / M I L E HAVE B E E N MEASURED NEAR 
S E V E R E STORMS AND GRADIENTS OF 3° - 4 ° C P E R MILE 
ARE FAIRLY COMMON. 

j . V i s u a l appearance of s t o r m s and a s s o c i a t e d turbulence within them. 

On numerous o c c a s i o n s , f l ights at NSSL have indicated that NO 
USEFUL CORRELATION EXISTS B E T W E E N THE EXTERNAL 
VISUAL A P P E A R A N C E OF THUNDERSTORMS AND THE T U R B U ­
L E N C E AND HAIL WITHIN THEM. 

k. Modif icat ion of c r i t e r i a when s e v e r e s t o r m s and rapid development 
a r e ev ident . 

During s e v e r e s t o r m s i t u a t i o n s , radar e c h o i n t e n s i t i e s m a y grow 
by a factor of ten each minute , and c loud tops by 7 , 0 0 0 feet per 
minute . T H E R E F O R E , NO FLIGHT P A T H THROUGH SUCH A 
FIELD OF STRONG OR VERY STRONG STORMS S E P A R A T E D BY 
2 0 - 3 0 MILES OR LESS MAY B E CONSIDERED F R E E FROM 
S E V E R E T U R B U L E N C E . 

1. Extrapolat ion to other c l i m e s . 

Genera l c o m m e n t : Oklahoma is noted for i ts s e v e r e s t o r m s . The 
attention of the m e t e o r o l o g i s t and the pilot i s drawn a l s o to the 
r e l a t i v e l y frequent o c c u r r e n c e in Oklahoma of an a t m o s p h e r i c 
s tra t i f i ca t ion m a r k e d by large va lues of m o i s t u r e in low l e v e l s , 
r e la t ive d r y n e s s in middle l e v e l s and s trong wind s h e a r . It i s 
w e l l known that this s tra t i f i ca t ion of moisture p e r m i t s e x c e s s i v e 
magni tudes of convec t ive ins tab i l i ty to e x i s t for an indefinite per iod 
until rapid overturning of a i r i s t r i g g e r e d by a sui table d i s turbance . 
Reg ions of the a t m o s p h e r e which are e i ther v e r y dry or v e r y m o i s t 
throughout substant ia l depths cannot harbor grea t convec t ive i n ­
s tab i l i ty . Rather , a m o r e n e a r l y neutral t h e r m a l s trat i f i cat ion is 
mainta ined , par t ia l ly through a p r o c e s s of regu lar a t m o s p h e r i c 
over turn ing . This grea t ly s i m p l i f i e d p ic ture p e r m i t s a cautious 
g e n e r a l i z a t i o n of the Oklahoma e x p e r i e n c e s . 

D e s e r t a r e a s - In d e s e r t a r e a s , s t o r m s should be avoided on 
the s a m e b a s i s as d e s c r i b e d for Oklahoma. While n o n - s t o r m 
turbulence m a y in g e n e r a l be e x p e c t e d m o r e frequently over 
d e s e r t a r e a s during daylight hours than e l s e w h e r e , THE 
SAME T U R B U L E N C E CONSIDERATIONS P R E V A I L IN THE 
VICINITY OF THUNDERSTORMS. 
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T r o p i c a l - h u m i d c l i m a t e s - W h e n t h e a t m o s p h e r e i s m o i s t 
a n d o n l y s l i g h t l y u n s t a b l e t h r o u g h a g r e a t d e p t h , s t r o n g r a d a r 
e c h o e s m a y b e r e c e i v e d f r o m t o w e r i n g c l o u d s w h i c h d o n o t 
c o n t a i n v e r t i c a l v e l o c i t i e s a s s t r o n g a s t h o s e of s t o r m s o v e r 
t h e U . S . p l a i n s . T h e n i t i s a m a t t e r of t h e p i l o t b e i n g i n f o r m e d 
w i t h r e s p e c t to t h e g e n e r a l a t m o s p h e r i c c o n d i t i o n s a c c o m ­
p a n y i n g s t o r m s , f o r i t i s w e l l k n o w n t h a t P R A C T I C A L L Y A L L 
G E O G R A P H I C A R E A S H A V I N G T H U N D E R S T O R M S A R E 
O C C A S I O N A L L Y V I S I T E D B Y S E V E R E O N E S . 

m . I n t e r p r e t a t i o n of r a d a r m e s s a g e s f r o m U . S . W e a t h e r B u r e a u 
( W S R - 5 7 g r o u n d - b a s e d r a d a r ) . 

A s m e n t i o n e d in p a r a g r a p h 3 . b . , t h e i n t e n s i t y c a t e g o r i e s 
n o t e d i n m e s s a g e s d i s s e m i n a t e d b y t h e U . S . W e a t h e r B u r e a u a r e 
r e l a t e d a p p r o x i m a t e l y t o t h e c a t e g o r i e s of r e f l e c t i v i t y f a c t o r Z 
d i s c u s s e d a b o v e . M o d e r a t e e c h o e s a r e a s s o c i a t e d w i t h r e f l e c t i v i t y 
f a c t o r s Z b e t w e e n 1 0 ^ a n d 104 a n d m o d e r a t e t o s e v e r e t u r b u l e n c e 
m a y b e f o u n d w i t h i n 10 m i l e s of t h e s t o r m s . E c h o e s r e p o r t e d a s 
s t r o n g a n d v e r y s t r o n g a r e a s s o c i a t e d w i t h Z f a c t o r s of 1 0 ^ a n d 
g r e a t e r a n d s i g n i f y p o t e n t i a l l y s e v e r e t u r b u l e n c e w i t h i n 2 0 m i l e s 
of t h e s t o r m s . 

n . U s e of a i r b o r n e r a d a r . 

A i r b o r n e r a d a r i s a v a l u a b l e t o o l ; H O W E V E R , I T S U S E IS 
P R I N C I P A L L Y A S A N I N D I C A T O R O F S T O R M L O C A T I O N S F O R 
A V O I D A N C E P U R P O S E S W H I L E E N R O U T E . 

4 * P I L O T A D V I S O R Y S E R V I C E . 

A s i n f o r m a t i o n b e c o m e s a v a i l a b l e b a s e d o n r e s u l t s of r a d a r w e a t h e r 
r e s e a r c h a n d a c t u a l t h u n d e r s t o r m p e n e t r a t i o n s , t h i s c i r c u l a r w i l l b e 
u p d a t e d o r s u p p l e m e n t e d . T h r o u g h i n t e n s i v e r e s e a r c h w e a r e a t t e m p t ­
i n g to p r o v i d e t h e a i r t r a f f i c c o n t r o l s y s t e m w i t h t h e c a p a b i l i t y t o 
l o c a t e , i d e n t i f y a n d m e a s u r e t h e i n t e n s i t y of t u r b u l e n c e a s s o c i a t e d 
w i t h s e v e r e w e a t h e r s o t h a t w e c a n a c c u r a t e l y a d v i s e p i l o t s of w e a t h e r 
t h a t s h o u l d b e a v o i d e d . 
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