
" S i , 

""A 



Presenting Pract ica l Informat ion About W e a t h e r 

I n Re la t ion to the Pi lot ing o f Private Ai rcraf t 

Revised May 1963 

For sale by the Superintendent of Documents, U . S. Government Printing Office, Washington 25, D . C . Price 75 cents. 



Introductory Note 
R E A L M O F F L I G H T i s o n e o f a s e r i e s o f b o o k l e t s ( p r e p a r e d o r i g i n a l l y 

b y t h e C i v i l A e r o n a u t i c s A d m i n i s t r a t i o n ) t o p r o v i d e t h e p r i v a t e p i l o t 
w i t h i n f o r m a t i o n e s s e n t i a l t o s a f e o p e r a t i o n o f h i s a i r c r a f t . 

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

H u n d r e d s o f t h o u s a n d s o f A m e r i c a n s w h o i n t e n d t o b e c o m e a c t i v e 
p a r t i c i p a n t s i n " t h e a i r a g e " t h u s w i l l b e e n a b l e d t o a c q u i r e f a c t s a n d 
g u i d a n c e e s s e n t i a l t o t h a t p a r t i c i p a t i o n , w i t h o p p o r t u n i t y t o m a k e a d ­
v a n c e d s t u d i e s i f t h e y s o d e s i r e . 

R E A L M O F F L I G H T h a s d r a w n u p o n m a n y s o u r c e s : t h e p r a c t i c a l 
e x p e r i e n c e o f p i l o t s , t h e s c i e n t i f i c k n o w l e d g e o f s p e c i a l i s t s , a n d t h e 
l a r g e a m o u n t o f i n f o r m a t i o n a v a i l a b l e i n s u c h p u b l i c a t i o n s a s t h e D e ­
p a r t m e n t o f t h e A i r F o r c e M a n u a l N o . 1 0 5 - 5 , " W e a t h e r f o r A i r c r e w 
T r a i n e e s " ; U . S . W e a t h e r B u r e a u , " A v i a t i o n S e r i e s P a m p h l e t s " ; a n d 
F e d e r a l A v i a t i o n A g e n c y T e c h n i c a l M a n u a l N o . 1 0 4 , " P i l o t s ' W e a t h e r 
H a n d b o o k " . T h e l a t t e r b o o k i s r e c o m m e n d e d p a r t i c u l a r l y f o r t h o s e 
w h o w i s h t o m a k e a m o r e d e t a i l e d s t u d y o f w e a t h e r a s i t a f f e c t s f l i g h t . 

T h e F e d e r a l A v i a t i o n A g e n c y w a s a c c o r d e d t h e u n s t i n t i n g c o o p e r a ­
t i o n o f t h e U n i t e d S t a t e s W e a t h e r B u r e a u , t h e C i v i l A e r o n a u t i c s B o a r d , 
a n d t h e G o v e r n m e n t P r i n t i n g O f f i c e , i n p r e p a r a t i o n o f t h e p u b l i c a t i o n . 
D r a w i n g s o f w e a t h e r m a p s w e r e p r e p a r e d b y t h e U . S . W e a t h e r B u r e a u . 
I t t s i m p r a c t i c a b l e t o e x p r e s s a p p r e c i a t i o n s p e c i f i c a l l y t o a l l w h o c o n ­
t r i b u t e d t o t h e p l a n n i n g , t h e a c c u r a c y o f m a t e r i a l , a n d t h e f o r m a t . 

T h i s p u b l i c a t i o n i s t h e r e s p o n s i b i l i t y o f t h e F A A ' s F l i g h t S t a n d a r d s 
S e r v i c e . 
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I. Weather 
W h a t d o e s a p r i v a t e p i l o t n e e d t o k n o w a b o u t w e a t h e r ? D e s p i t e 

t h e d e v e l o p m e n t o f m a n y i n g e n i o u s d e v i c e s , i m p r o v e m e n t s i n a i r ­
c r a f t d e s i g n , p o w e r p l a n t s , r a d i o a i d s , a n d n a v i g a t i o n t e c h n i q u e s , 
s a f e t y i n f l i g h t i s s t i l l s u b j e c t t o c o n d i t i o n s o f l i m i t e d v i s i b i l i t y , 
t u r b u l e n c e , a n d i c i n g . 

F o r p r i v a t e p i l o t s , m o s t o f w h o s e f l i g h t s a r e c o n d u c t e d i n s m a l l e r 
•

c r a f t n o t e q u i p p e d w i t h e l a b o r a t e a n d e x p e n s i v e i n s t r u m e n t s , 
k n o w l e d g e o f t h e a t m o s p h e r e a n d t h e b e h a v i o r o f w e a t h e r i s 

t r e m e n d o u s l y i m p o r t a n t t o a v o i d h a z a r d o u s f l i g h t c o n d i t i o n s . 
T h e u n i n i t i a t e d m a y w o n d e r w h y t h e p i l o t n e e d s m o r e t h a n t h e 

g e n e r a l i n f o r m a t i o n a v a i l a b l e t o h i m f r o m t h e p r e d i c t i o n s o f t h e 
" w e a t h e r m a n . " T h e a n s w e r t o t h i s q u e s t i o n i s w e l l k n o w n b y 
e x p e r i e n c e d p i l o t s . T h e m e t e o r o l o g i s t ' s p r e d i c t i o n s a r e b a s e d u p o n 
m o v e m e n t s o f l a r g e a i r m a s s e s a n d u p o n l o c a l c o n d i t i o n s a t s p e c i f i c 
p o i n t s w h e r e w e a t h e r s t a t i o n s a r e l o c a t e d . T h e a i r m a s s e s d o n o t 
a l w a y s p e r f o r m a s p r e d i c t e d , a n d t h e w e a t h e r s t a t i o n s a r e s o m e ­
t i m e s s p a c e d r a t h e r w i d e l y a p a r t ; t h e r e f o r e , i t i s n e c e s s a r y f o r t h e 

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

M o r e o v e r , t h e m e t e o r o l o g i s t c a n o n l y p r e d i c t t h e w e a t h e r c o n d i ­
t i o n s l i k e l y t o o c c u r ; t h e p i l o t m u s t d e c i d e w h e t h e r h i s p a r t i c u l a r 
f l i g h t m a y b e h a z a r d o u s , c o n s i d e r i n g h i s t y p e o f a i r c r a f t a n d e q u i p ­
m e n t , a s w e l l a s h i s o w n f l y i n g a b i l i t y , e x p e r i e n c e , a n d p h y s i c a l 
l i m i t a t i o n s . 

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

g e n e r a l b a c k g r o u n d o f w e a t h e r k n o w l e d g e t o g e t h e r w i t h t h e f o l l o w ­
i n g b a s i c i n f o r m a t i o n : 

1 . A i d s p r o v i d e d b y t h e W e a t h e r B u r e a u a n d t h e F A A t o 
f u r n i s h t h e p i l o t w i t h w e a t h e r i n f o r m a t i o n . 

for the Pilot 
2 . S o u r c e s o f w e a t h e r i n f o r m a t i o n a v a i l a b l e t o t h e p i l o t . 
3 . T h e s p e c i a l k n o w l e d g e n e e d e d b y t h e p i l o t t o u n d e r s t a n d 

t h e w e a t h e r t e r m s c o m m o n l y u s e d . 
4 . T h e i n t e r p r e t a t i o n o f w e a t h e r m a p s , t e l e t y p e w r i t e r s e ­

q u e n c e s , f l y i n g - w e a t h e r f o r e c a s t s a n d o t h e r d a t a . 
5 . T h e c o n d i t i o n s o f c l o u d s , w i n d , a n d w e a t h e r w h i c h a r e 

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

6 . H o w t o a v o i d d a n g e r o u s c o n d i t i o n s . 
7 . T h e s i g n i f i c a n c e o f t h e c l o u d f o r m a t i o n s a n d p r e c i p i t a ­

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

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

Aids to the Pilot 
T h e V . S . W e a t h e r B u r e a u h a s e s t a b l i s h e d a n e t w o r k o f a p p r o x i ­

m a t e l y 5 0 0 a i r p o r t w e a t h e r s t a t i o n s t h r o u g h o u t t h e U n i t e d S t a t e s 
a s a m e a n s o f d e t e r m i n i n g c u r r e n t w e a t h e r a n d p r e d i c t i n g f u t u r e 
w e a t h e r . 

A t m o s t o f t h e s e s t a t i o n s , t r a i n e d p e r s o n n e l a r e o n d u t y 2 4 h o u r s 
a d a y , m a k i n g o b s e r v a t i o n s a n d s e n d i n g h o u r l y r e p o r t s t o c e n t r a l 
l o c a t i o n s . 

B e c a u s e w e a t h e r n e a r t h e s u r f a c e o f t h e e a r t h o f t e n i s t h e r e s u l t 
o f c o n d i t i o n s a t h i g h a l t i t u d e s , a b o u t 1 5 0 o f t h e W e a t h e r B u r e a u ' s 
s t a t i o n s r e l e a s e a n d t r a c k b a l l o o n s e v e r y 6 h o u r s t o d e t e r m i n e t h e 

w i n d d i r e c t i o n a n d s p e e d a t t h e u p p e r l e v e l s . T h e W e a t h e r B u r e a u 
a l s o o p e r a t e s a p p r o x i m a t e l y 6 5 r a d i o s o n d e s t a t i o n s , f r o m e a c h o f 
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w h i c h a r a d i o t r a n s m i t t i n g d e v i c e a t t a c h e d t o a b a l l o o n a s c e n d s 
e v e r y 1 2 h o u r s t o a l t i t u d e s i n e x c e s s o f 1 0 m i l e s , p r o v i d i n g a c o m ­
p l e t e r e c o r d o f t e m p e r a t u r e , p r e s s u r e , a n d h u m i d i t y a t t h e h i g h e r 
l e v e l s . 

E v e r y 6 h o u r s , t h i s i n f o r m a t i o n i s a s s e m b l e d a n d p l o t t e d o n 
w e a t h e r m a p s , t o g e t h e r w i t h o t h e r d a t a c o l l e c t e d b y r a d i o , t e l e ­
p h o n e , a n d t e l e g r a p h . T h e m a p s p r o v i d e s p e c i f i c i n f o r m a t i o n c o n ­
c e r n i n g t h e w e a t h e r i n a l l p a r t s o f t h e c o u n t r y a n d f u r n i s h t h e 
m e t e o r o l o g i s t s w i t h m a t e r i a l f r o m w h i c h t h e y a r e a b l e t o m a k e 
w e a t h e r p r e d i c t i o n s . 

F o u r t i m e s d a i l y , e a c h B i g h t a d v i s o r y w e a t h e r s e r v i c e c e n t e r 
i s s u e s f o r e c a s t s e s p e c i a l l y d e s i g n e d t o i n d i c a t e f l y i n g c o n d i t i o n s 
a n t i c i p a t e d f o r t h e f o l l o w i n g 1 2 h o u r s , " a r e a " f o r e c a s t s f o r e a c h o f 
t h e 2 4 a r e a s i n t o w h i c h t h e U n i t e d S t a t e s h a s b e e n d i v i d e d f o r 
f o r e c a s t p u r p o s e s , a n d " t e r m i n a l " f o r e c a s t s f o r m o r e t h a n 3 5 0 o f 
t h e m o r e i m p o r t a n t a i r t e r m i n a l s . 

T h i s s e r v i c e i s m a d e a v a i l a b l e t o p i l o t s a t a i r p o r t s a n d w e a t h e r 
s t a t i o n s , a s w e l l a s b y r a d i o b r o a d c a s t s . I n a d d i t i o n , t r a i n e d m e t e o r ­
o l o g i s t s a r e o n d u t y , d a y a n d n i g h t , a t m o r e t h a n 2 0 0 a i r t e r m i n a l s 
t o c h a r t a n d a n a l y z e w e a t h e r r e p o r t s a n d t o d i s c u s s w e a t h e r c o n ­
d i t i o n s w i t h p i l o t s . 

A f u r t h e r a i d t o p i l o t s i s t h e " P r e - F l i g h t " s e r v i c e , w h i c h m a y b e 
o b t a i n e d b y t e l e p h o n e f r o m t h e l o c a l W e a t h e r B u r e a u A i r p o r t S t a t i o n , 
o r t h e F A A F l i g h t S e r v i c e S t a t i o n i f t h e r e i s n o l o c a l W e a t h e r B u r e a u 
S t a t i o n . T o t a k e f u l l a d v a n t a g e o f t h i s s p e c i a l s e r v i c e , t h e f o l l o w i n g 
p r o c e d u r e s h o u l d b e u s e d w h e n t e l e p h o n i n g f o r w e a t h e r i n f o r m a t i o n , 
a s i t w i l l h e l p t h e b r i e f e r t o s e r v e y o u : 

1 . I d e n t i f y y o u r s e l f a s a p i l o t . ( M a n y c a l l e r s w a n t i n f o r m a ­
t i o n f o r p u r p o s e s o t h e r t h a n f l y i n g . ) 

2 . S t a t e y o u r i n t e n d e d r o u t e , d e s t i n a t i o n , i n t e n d e d t i m e o f 
t a k e o f f a n d a p p r o x i m a t e t i m e e n r o u t e . 

3 . A d v i s e i f y o u i n t e n d t o fly o n l y V F R . 
B y t h e i n t e l l i g e n t u s e o f a l l t h e s e s p e c i f i c a i d s , c o u p l e d w i t h a 

f u n d a m e n t a l k n o w l e d g e o f w e a t h e r c h a r a c t e r i s t i c s , t h e p i l o t s h o u l d 
b e a b l e t o u n d e r s t a n d t h e p r e s e n t w e a t h e r , b e a w a r e o f c h a n g e s 
l i k e l y t o o c c u r , a n d t h u s p l a n a n d m a k e h i s f l i g h t w i t h s a f e t y . 
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II. The Nature 
W e l i v e a t t h e b o t t o m o f a n o c e a n o f a i r c a l l e d t h e a t m o s p h e r e . 

T h i s o c e a n e x t e n d s u p w a r d f r o m t h e e a r t h ' s s u r f a c e f o r a g r e a t 
m a n y m i l e s , g r a d u a l l y b e c o m i n g t h i n n e r a s i t n e a r s t h e t o p . T h e 
e x a c t u p p e r l i m i t h a s n e v e r b e e n d e t e r m i n e d , b u t h a s b e e n e s t i ­
m a t e d t o b e a n y w h e r e f r o m a f e w h u n d r e d m i l e s t o a f e w t h o u -

tm d m i l e s . N e a r t h e s u r f a c e t h e a i r i s r e l a t i v e l y w a r m o w i n g t o 
k u a c t w i t h t h e e a r t h . 1 ( T h e t e m p e r a t u r e i n t h e U n i t e d S t a t e s 
v e r a g e s a b o u t 5 9 ° F . t h e y e a r r o u n d . ) A s a l t i t u d e i n c r e a s e s 

t h e t e m p e r a t u r e d e c r e a s e s b y a b o u t Si/2° F . f o r e v e r y 1 , 0 0 0 f e e t , 1 

u n t i l t h e a i r r e a c h e s a t e m p e r a t u r e o f a b o u t 6 7 ° F . b e l o w z e r o a t 
7 m i l e s a b o v e t h e e a r t h . 

F o r p r a c t i c a l p u r p o s e s o f f l i g h t , t h e a t m o s p h e r e h a s o f t e n b e e n 
c l a s s i f i e d i n t o t w o l a y e r s : * t h e u p p e r l a y e r , w h e r e t e m p e r a t u r e 
r e m a i n s p r a c t i c a l l y c o n s t a n t , i s k n o w n a s t h e " s t r a t o s p h e r e " ; 8 t h e 
l o w e r l a y e r , w h e r e t h e t e m p e r a t u r e c h a n g e s , i s k n o w n a s t h e 
" t r o p o s p h e r e . " 4 ( S e e fig. 1 . ) T h e p r i v a t e p i l o t h a s n o o c c a s i o n t o 
g o a s h i g h a s t h e s t r a t o s p h e r e , a n d a n y w a y i t i s e x t r e m e l y u n c o m ­
f o r t a b l e u p t h e r e ; s o h i s i n t e r e s t n a t u r a l l y c e n t e r s i n t h e l o w e r 
l a y e r — t h e t r o p o s p h e r e . I n t h i s r e g i o n a l l o f o u r w e a t h e r o c c u r s 
a n d p r a c t i c a l l y a l l o f o u r f l y i n g i s c a r r i e d o n . T h e t o p o f t h e t r o p o ­
s p h e r e l i e s f r o m 5 t o 1 0 m i l e s a b o v e t h e e a r t h ' s s u r f a c e . 

• T h e scientific classification of the upper atmosphere and the realm of outer space 
has been completely revised on the basis of information recently obtained from 
rocket and satellite space exploration. 

1 Heat reaches the earth in the form of short waves from the sun. These waves pass 
through the air without warming it appreciably. T h e surface of the earth absorbs this 
heat and returns it to the air principally by contact (conduction). 

* This is known as the "normal lapse rate." 
•"Strato" indicates a uniformity (lack of change). 
' " T r o p o " means changing. 

the Atmosphere 
O b v i o u s l y a b o d y o f a i r a s d e e p a s t h e a t m o s p h e r e h a s t r e m e n ­

d o u s w e i g h t . I t i s h a r d t o r e a l i z e t h a t t h e n o r m a l s e a - l e v e l p r e s s u r e 
u p o n o u r b o d i e s i s a b o u t 1 5 p o u n d s p e r s q u a r e i n c h , o r a t o t a l o f 
2 0 t o n s u p o n t h e a v e r a g e m a n . T h e r e a s o n w e d o n ' t c o l l a p s e i s t h a t 
t h i s p r e s s u r e i s e q u a l i z e d b y a n e q u a l p r e s s u r e w i t h i n t h e b o d y . I n 
f a c t , i f t h e p r e s s u r e w e r e s u d d e n l y r e l e a s e d , t h e h u m a n b o d y w o u l d 
e x p l o d e l i k e a t o y b a l l o o n . A s w e fly u p w a r d i n t h e a t m o s p h e r e , 

w e n o t o n l y b e c o m e c o l d e r ( i t i s u s u a l l y f r e e z i n g a b o v e 1 8 , 0 0 0 f e e t ) 
b u t w e a l s o f i n d t h a t t h e a i r i s t h i n n e r . A t f i r s t w e l o s e p r e s s u r e 
r a p i d l y a n d a t 1 8 , 0 0 0 f e e t t h e p r e s s u r e i s o n l y h a l f a s g r e a t a s a t 
s e a l e v e l . 

Oxygen and the Human Body 

T h e a t m o s p h e r e i s c o m p o s e d o f g a s e s — a b o u t f o u r - f i f t h s n i t r o ­
g e n , a n d o n e - f i f t h o x y g e n , w i t h a p p r o x i m a t e l y 1 p e r c e n t o f v a r i ­
o u s o t h e r g a s e s m i x e d i n . O x y g e n i s e s s e n t i a l t o h u m a n l i f e . A t 
1 8 , 0 0 0 f e e t a l t i t u d e , w i t h o n l y h a l f t h e n o r m a l a t m o s p h e r i c p r e s ­
s u r e , w e w o u l d b e b r e a t h i n g o n l y h a l f t h e n o r m a l a m o u n t o f 
o x y g e n . O u r r e a c t i o n s w o u l d b e d e f i n i t e l y b e l o w n o r m a l , a n d 
m a n y o f u s w o u l d b e c o m e u n c o n s c i o u s . ( I n f a c t t h e a v e r a g e p e r ­
s o n ' s r e a c t i o n s b e c o m e s u b n o r m a l a t 1 0 , 0 0 0 f e e t a l t i t u d e . ) 

T o o v e r c o m e t h e s e u n f a v o r a b l e c o n d i t i o n s a t h i g h e r a l t i t u d e s , 
p i l o t s w h o a r e r e q u i r e d t o fly i n t h i s u p p e r a t m o s p h e r e u s e o x y g e n 
e q u i p m e n t t o s u p p l y t h e d e f i c i e n c y a n d w e a r h e a v y c l o t h e s , o f t e n 
e l e c t r i c a l l y h e a t e d ; o r t h e y fly i n s e a l e d c a b i n s i n w h i c h t h e t e m ­
p e r a t u r e , p r e s s u r e , a n d o x y g e n c o n t e n t o f t h e a i r c a n b e m a i n ­
t a i n e d w i t h i n p r o p e r r a n g e . 
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III. The Significance 
In the p reced ing chapter w e men t ioned that the average weight , 

o r pressure o f the atmosphere, is about 15 p o u n d s per square i nch 
at sea leve l . T h e actual pressure at a g iven p lace and t ime, h o w ­
ever , is d e p e n d e n t u p o n several factors—the alt i tude, the tempera­
ture, and the density o f the air c o l u m n . T h e s e c o n d i t i o n s very 
definitely affect flight. 

F o r o rd ina ry flights, the most not iceable effect o f di f ference in 
• f c s s u r e d u e to al t i tude becomes evident in take-offs and land-
^rgs , a n d in rate o f c l i m b . A n average small p lane w h i c h requi res 
a 1,000-foot r u n for take-off f rom L a Guardia F ie ld (at sea leve l ) 
wi l l r equ i r e a run almost twice as l o n g to take off at D e n v e r , C o l o . , 
wh ich is 5,000 feet a b o v e sea level . 5 T h e c l i m b , t o o , is m u c h 
s lower a n d a greater distance is requi red to ga in sufficient alti­
tude to clear any obstruct ions . In landing, the difference is n o t so 
no t i ceab le excep t that the plane has greater speed w h e n it touches 
the g r o u n d . (See figs. 3 and 3a.) 

Measurement of Atmospheric Pressure 
It m i g h t b e advisable at this po in t to find o u t h o w pressure is 

measured, r eco rded , and reported by the W e a t h e r Bureau . A ba­
romete r is general ly used which measures the he igh t o f a c o l u m n 
o f mercury in a glass tube, sealed at one e n d and cal ibra ted in 
inches . A n increase in pressure forces the mercury h igher in the 
tube ; a decrease al lows some o f the mercury to dra in ou t , thus 
r educ ing the height o f the c o l u m n . In this way, changes o f pres­
sure register in terms o f inches o f mercury. T h e standard sea-level 
pressure expressed in these terms is 29.92 inches at 5 9 ° F. 

If all weather stations were located at sea level , the ba romete r 

* The purpose of the take-off run is to gain enough speed to secure lift from the 
passage of air over the wings. If the air is thin, more speed is required to obtain 
" ' nt lift for take-off—hence, a longer ground run. It is also true that the engine 

efficient in thin air, and the thrust of the propeller is less effective. 

Atmospheric Pressure 
readings, w h e n entered o n the weather m a p , w o u l d g ive a cor rec t 
r ecord o f the dis t r ibut ion o f a tmospher ic pressure at a c o m m o n 
leve l . In o rder to achieve this result, each station translates its 
ba romete r reading in to terms o f sea-level pressure. A difference 
o f 1,000 feet o f e levat ion makes a difference o f a b o u t 1 inch in 
the barometer reading. T h u s , if a station loca ted 5,000 feet a b o v e 
sea level found the mercury to b e 25 inches h igh in the barometer 
tube , it w o u l d translate and repor t this read ing as 30 inches 
(25 - j - 5 ) . ° In this way, a un i fo rm measurement can b e established 

which , when entered u p o n the weather m a p , wi l l s h o w o n l y the 
variations in pressure which are d u e to causes o the r than the alti­
tude o f the places where the measurements are taken. (See fig. 2.) 

S ince the rate o f decrease in a tmospher ic pressure is fairly con­
stant in the lower layers o f the a tmosphere , the a p p r o x i m a t e alti­
tude can b e de te rmined by finding the difference be tween pressure 
at sea level and pressure at the g iven a l t i tude. I n fact this is the 
pr inc ip le u p o n which the airplane al t imeter operates . T h e scale o n 
the altimeter, instead o f indica t ing pressure in terms o f inches o f 
mercury , reads directly in terms o f feet o f a l t i tude. 7 

* Actually the reduction of pressure to sea level is not so simple as given in this 
example. 
' The altimeter uses a sealed vacuum cell instead of a mercury-barometer to register 

the differences in pressure. Altimeters are calibrated upon the assumption of stand­
ard sea-level pressure of 29.92 inches of mercury at 59° F. and an average decrease of 
pressure and temperature for each 1,000 feet of altitude. As suggested above, the alti­
tude shown by the altimeter is only approximate. In addition, the altimeter is subject 
to installation errors, mechanical failure, and lag in recording true altitude. The 
chief cause of error lies in the extent to which pressure varies from the average. For 
this reason all altimeters embody some means of adjusting the dial so that the altim-
eter will indicate the elevation of the field from which the "altimeter setting" is 
received. (The zero reading may be set to show the ground level at a landing field, 
although this practice is not recommended except for beginning students.) The set­
ting can be properly adjusted by using altimeter settings given in weather reports 
or, if the plane is on the ground, by turning the dial so that the needle points to 
the actual altitude of the landing field. The proper compensation for variation in 
temperature from the assumed average must be made by a computation which is oi 
importance to pilots on instrument flight but of little significance for contact flight. 
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FIGURE 3. ATMOSPHERIC DENSITY AT SEA LEVEL ENABLES 

Atmospher i c pressure n o t o n l y varies with altitude;, it also va­
ries wi th temperature. W h e n air is heated it expands and has less 
density. If we fill a con ta ine r to the b r im with c o l d water and 
heat it to bo i l i ng po in t , w e find that the water expands and some 
o f it overflows. If w e w e i g h the contents w h e n c o l d , and again 
after heating, w e find that the heated water weighs less. T h e same 
pr inc ip le applies to air and, therefore, a c u b i c foo t o f warm air is 
less dense than a c u b i c foo t o f c o l d air. T h i s difference in density, 
caused by temperature changes, affects flight in the same way as 
difference in density caused b y e leva t ion . F o r instance, at Denve r 
o n a c o l d day a small p lane may take off wi th a 2 ,000 foot run, 
whereas o n a ho t day the air may b e so thin that the plane is 

A PLANE TO TAKE OFF IN A RELATIVELY SHORT DISTANCE. 

unable to leave the g r o u n d wi th in the space o f the available 

runway. 

Effect of Differences in Density 

Differences in density caused by changes in temperature cause 
changes in pressure w h i c h , in turn, create m o t i o n in the atmos­
phere , causing w i n d , c l o u d s , and precipitation—in fact, all the phe­
n o m e n a w h i c h w e r o u g h l y classify as "weather ." 

T h e s e i tems w i l l b e taken u p in subsequent chapters. Mean­
whi le , w e are n o w ready to l o o k at a p o r t i o n o f the weather m a p 
cal led a "station m o d e l . " (See fig. 4.) H 



5000 FOOT ELEVATION 

FIGURE 3A. THE DISTANCE REQUIRED FOR A TAKE-
HERE the meteoro logis t records the data rece ived f rom weather 

stations, using an abbrevia ted fo rm w h i c h the p i lo t can easily inter­
pret. W e shall disregard s o m e o f the. i tems wh ich are o f little 
impor tance to the pi lo t ; the others w e shall discuss and learn to 
interpret in succeeding chapters. 

A t present w e are interested in the pressure. T h e small circle 
represents the locat ion o f the station o n the map . T o the right, 
and slightly above , are three digits (203) ind ica t ing the pressure 
at the t ime o f observat ion . 

Pressure Recorded in "Millibars" 
T h e mercury-barometer reading at the ind iv idua l weather sta-
ns is conver ted to the equiva len t sea-level pressure and then 

OFF INCREASES WITH THE ALTITUDE OF THE FIELD. 

translated f rom terms o f inches o f mercury to a measure o f pressure 
cal led mil l ibars . O n e inch o f mercury is equivalent to approx i ­
mately 34 mil l ibars ; h e n c e the no rma l a tmospher ic pressure at sea 
level ( 2 9 . 9 2 ) , expressed in mil l ibars , is 1013.2 o r roughly 1,000 
mil l ibars . For e c o n o m y o f space the entry is shortened by omi t t ing 
the initial 9 o r 10 and the dec imal po in t . T h e usual pressure read­
ings range f rom 950.0 to 1040.0. O n the station entry, a n u m b e r 
beg inn ing with 5 o r h igher presupposes an initial " 9 , " whereas 
a n u m b e r b e g i n n i n g wi th a 4 o r lower presupposes an initial 
" 1 0 . " For e x a m p l e : 6 5 3 - = 965 .3 ; 346 = 1034.6; 9 9 9 = 9 9 9 . 9 ; 001 
= 1000.1, etc. T h e read ing s h o w n o n the present station m o d e l is 
203, which shou ld b e in terpre ted as 1020.3 mil l ibars . 
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Ind iv idua l ly these pressure readings are o f n o particular va lue 
to the pi lo t ; but when pressures at different stations are c o m p a r e d 
o r w h e n pressures at the same station show changes in successive 
readings, it is possible to de termine many symptoms indica t ing the 
t rend o f weather condi t ions . In general, a marked fall indicates 
the approach o f bad weather and a marked rise indicates a c lea r ing 
o f the weather. 

T h e net amoun t o f barometr ic change wi th in the p reced ing 3 

hours at each station is shown in tenths o f mi l l ibars direct ly b e l o w 
the figures for a tmospheric pressure. A p lus o r m i n u s sign is used 
to show the d i rec t ion o f change . T h i s n u m b e r is f o l l o w e d by a 
symbo l indicat ing special characteristics w h i c h are o f n o particular 
interest to the pi lo t . 

O n the present mode l the figure + 4 means that the ba romete r 
has risen a total o f 4 tenths o f a mi l l ibar , du r ing the p reced ing 
3 hours . 

5 3 s < 2 0 3 
9 ® + 4 
51 

FIGURE 4. STATION MODEL SHOWING METHOD OF RE­
CORDING ATMOSPHERIC PRESSURE BY UPPER-RIGHT 
GROUP OF THREE DIGITS. THE NUMERAL 203 INDICATES 
PRESSURE OF 1020.3 MILLIBARS. CHANGE WITHIN PRE­
CEDING THREE HOURS IS SHOWN IN TENTHS OF MILLIBARS 

IMMEDIATELY BELOW. 
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IV. 
T h e pressure and temperature changes discussed in the previous 

chapter p r o d u c e t w o kinds o f m o t i o n in the atmosphere—vertical 
m o v e m e n t o f a scend ing and descending currents, and horizontal 
flow k n o w n as " w i n d . " Bo th o f these mo t ions are o f pr imary 
interest to the p i lo t because they affect the flight o f aircraft in 
take-off, l anding , c l i m b i n g , speed, and d i rec t ion; and they also 

king a b o u t changes in weather, which may make a difference 
tween safe flight and disaster. 

T h e c o n d i t i o n s o f w i n d and weather occur r ing at any specific 
place and t ime are the result o f the general c i rculat ion in the atmos­
phere, wh ich wil l b e discussed briefly in the fo l lowing pages. 

T h e a tmosphere tends to maintain an equal pressure over the 
entire earth, just as the ocean tends to maintain a constant level . 
W h e n e v e r the e q u i l i b r i u m is disturbed, air begins to flow f rom 
areas of h igher pressure to areas o f lower pressure. 

The Cause of Atmospheric Circulation 
T h e factor w h i c h upsets the normal equ i l i b r i um is the uneven 

heating o f the earth. A t the equa tor the earth receives more heat 
than at areas to the nor th and south. 8 T h i s heat is transferred to 
the a tmosphere , w a r m i n g the air and causing it to expand and 
rise. T h u s , an area o f l o w pressure is p r o d u c e d at the equator , and 
the heavier, c o o l e r air f r o m the nor th and south moves a long the 
earth's surface toward the equa tor to equalize the pressure. T h i s 
air in turn b e c o m e s w a r m and rises, thereby establishing a constant 
c i rculat ion w h i c h m i g h t consist o f two circular paths, with air ris-

*This is because the rays from the sun fall more directlv upon the equator than 
upon other latitudes. Actually, the equator referred 10 here is the thermal equator 
rather than the geographical equator. As the axis of the earth tilts during its annual 
revolution around the sun, the thermal equator (the belt receiving vertical rays from 
the sun) ranges from Lat . 23i^° South to Lat. 23 W North. This is the cause of our 
Ranges in season, with the accompanying changes in temperature, humidity, precipi-
^kion, etc. 

Wind 
ing at the equator , traveling aloft toward the poles , and re tu rn ing 
a l o n g the earth's surface to the equator , as shown in figure 5. 

T h i s theoret ical pattern, however is greatly m o d i f i e d by m a n y 
forces , a very impor tan t o n e be ing the rotat ion o f the earth. I n 
the N o r t h e r n H e m i s p h e r e this rotat ion causes a i r to flow t o the 
r ight o f its no rma l path. In the Southern H e m i s p h e r e air flows 
to the left o f its normal path. For simplicity w e shall conf ine o u r 
discussion t o the m o t i o n of air in the Nor thern Hemisphe re . (See 
fig. 6 . ) 

NORTH 

POLE 

FIGURE 5. HEAT AT THE EQUATOR MOULD CAUSE THE AIR TO CIRCULATE UNIFORMLY, 
AS SHOWN, IF THE EARTH DID NOT ROTATE. 

A s the air rises and moves nor thward f rom the equa to r it is 
deflected toward the east and, by the t ime it has t raveled a b o u t 
a third o f the distance to the pole , it is n o longer m o v i n g north-
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FIGURE 7. CIRCULATION OF WIND WITHIN A "LOW." 

ward, bu t eastward. T h i s causes the air to accumula te in a belt at 
abou t latitude 30° , creating an area o f h igh pressure. 9 S o m e o f this 
air is then forced d o w n to the earth's surface, whe re part flows 
southward, returning to the equator , and part flows nor thward 
a long the surface. 1 0 

A por t ion o f the air aloft con t inues its j o u r n e y nor thward, be­
ing c o o l e d en route, and finally settles d o w n near the po le where 
it begins a return trip toward the equator . Befo re it has progressed 
very far southward it comes in to confl ic t wi th the warmer surface 
air flowing nor thward f rom lati tude 3 0 ° . T h e w a r m e r air moves 
u p over a wedge o f the c o l d e r air, and con t inues nor thward , pro­
d u c i n g an accumula t ion o f air in the uppe r lati tudes. 

T h e c o l d polar air is forced to break o u t spasmodica l ly in waves 
which surge toward the equator , r educ ing the accumula t ed pressure 

* In our latitudes a pilot making long eastward Rights can nearly always climb lo 
high altitudes and take advantage of favorable tailuinds. It is for this reason that 
the first trans-Atlantic flights were made from west to east. 

'"The air flowing southward is deflected toward the west, producing northeast 

innds, called "Trade Winds." in latitudes to the south of 30°. T h e air flowing 
• r t h w a r d is deflected toward the east, producing southwest winds, which become a 
Win of the "Prevailing Westerlies," in latitudes to the north of 30°. 

FIGURE 8. USE OF FAVORABLE WINDS IN FLIGHT. 

and causing the rap id changes in weather so characteristic o f the 
m i d d l e latitudes. 

Further compl i ca t ions in the general c i rcu la t ion o f the air are 
b rough t a b o u t by the i r regular d i s t r ibu t ion o f oceans and cont i ­
nents, the relative effectiveness o f different surfaces in transferring 
heat to the a tmosphere , the dai ly var ia t ion in temperature, the 
seasonal changes, and many o ther factors. 

R e g i o n s o f l o w pressure, ca l l ed " l o w s , " d e v e l o p where air lies 
over land o r water surfaces w h i c h are warmer than the surround­
ing areas. In India, for e x a m p l e , a l o w forms over the hot land 
dur ing the summer months , bu t m o v e s o u t o v e r the warmer ocean 
w h e n the land coo l s in winter . L o w s o f this type are semiperma­
nent, however , and are o f less significance to the p i lo t than the 
"migratory c y c l o n e s " o r " c y c l o n i c depress ions" which fo rm w h e n 
unl ike air masses c o m e i n t o c o n t a c t . 1 1 T h e s e lows wil l b e discussed 
in detail under " o c c l u s i o n s " in Chapte r V I I . 

1 1 T h e terms "cyclonic" and "cyclone" are generally used to indicate an area of 
low barometric'pressure, together with its attendant system of winds, and should not 
be confused with tropical cyclones, tornadoes, or hurricanes, although some of their 
characteristics are fundamentally the same. 
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FIGURE 9. CONVECTION CURRENTS FORM ON-SHORE WINDS IN DAYTIME. 
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FIGURE 28. AN "OCCLUDED FROM": (UPPER) "CROSS SECTION"; (LOWER LEFT) AS 
SHOWN ON A WEATHER MAP; (LOWER RIGHT) AS REPORTED BY TELETYPE SEQUENCES. 
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bright skies, with unl imi ted cei l ings and visibil i t ies, w e w o u l d note 
lower ing stratus-type c louds as w e neared C o l u m b u s and soon after­
ward we w o u l d encounter precipi ta t ion. Af te r arr iving at Indian­
apolis , we w o u l d find the ce i l ing t o o l o w for further flight. Precipi­
tation w o u l d reduce visibilities to practical ly zero . 

T h u s , we w o u l d be forced to remain in Indianapol is until the 
w a r m front had passed, w h i c h might r equ i re a day o r two . 

If we wished to return to Pi t tsburgh, w e w o u l d have to wait 
until the front had passed b e y o n d Pi t tsburgh, which might requ i re 
as long as 3 o r 4 days. W a r m fronts general ly m o v e at the rate o f 
f rom 10 to 25 miles an hour . 

O n o u r t r ip to Indianapol is w e p r o b a b l y w o u l d have no t i ced a 
gradual increase in temperature and a m u c h faster increase in d e w 
point , until the two c o i n c i d e d . 

W e w o u l d also have found the a tmospher ic pressure gradually 
lessening because the warmer air aloft w o u l d have less weight than 
the c o l d e r air it was replacing. T h i s c o n d i t i o n illustrates the gen­
eral p r inc ip le that a falling barometer indicates the approach o f 
s tormy weather. 

C o l d Front 

Let us n o w consider the weather c o n d i t i o n s a c c o m p a n y i n g a c o l d 
front. W h e n the co ld front moves forward , it acts l ike a snow p l o w , 
s l iding under the wanner air and tossing it aloft. T h i s causes 
sudden c o o l i n g o f the warm air, resul t ing in the format ion o f 
nimbostratus c louds (if the front is m o v i n g s lowly) o r c u m u l o ­
n i m b u s (if the front is m o v i n g rap id ly) a c c o m p a n i e d by severe 
precipi ta t ion with gusty and turbulen t winds . (See fig. 26.) 

T h e s lope o f a c o l d front is m u c h steeper than that o f a warm 
front and the progress is generally m o r e rapid—usually f rom 20 to 
35 miles an hour . T h e weather activity is m o r e v io lent and usually 
takes place directly at the front, instead o f in advance. 1 * Whereas 
the warm front dangers lie in l o w ce i l ings and visibilities, the c o l d 
front dangers lie chiefly in sudden storms, h igh winds , and turbu-

u la the late afternoon during the warmer seasons a prefrontal line of thunder­
storms will frequently develop as much as 50 to 200 miles in advance of the actual 
front. 
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lence. Ic ing c o n d i t i o n s may b e e x p e c t e d in b o t h types at c l o u d tem­
peratures be tween 32° F. and 15° F., and are possible b e l o w 15° F. 

Unl ike the warm front, the co ld front rushes in almost un­
announced , makes a c o m p l e t e change in the weather wi th in the 
space o f a few hours , and passes o n . iThe belt o f activity, of ten 
called a "squall l ine ," is ord inar i ly qu i t e narrow—50 to 100 miles 
in width—but is l ikely to ex tend for hundreds o f miles in length, 
frequently lying across the ent i re Uni ted States in a l ine runn ing 
from northeast to southwest. Altostratus c louds somet imes fo rm 
slightly ahead o f the front, bu t these are se ldom more than 100 
miles in advance. After the front has passed, the weather clears 
rapidly with c o o l e r , dr ier air, and usually un l imi t ed cei l ings ancL 
visibilities—almost perfect flying cond i t ions . m 

If w e were to m a k e the flight f rom Pit tsburgh toward St. L o u i s 
with a co ld front approach ing f rom St. Lou i s , w e w o u l d expe r i ence 
cond i t ions qu i t e different f rom those associated wi th a warm front. 
T h e sky in Pi t tsburgh w o u l d p robab ly b e somewhat overcast with 
stratocumulus c l o u d s typical o f a warm air mass, the air smoo th , 
and the cei l ings and visibil i t ies relatively l o w al though suitable 
for flight. 

A s the flight p roceeded , these cond i t i ons w o u l d prevail unt i l w e 
reached Indianapol is . If w e w e r e wise, w e w o u l d n o w check the 
present posi t ion o f the c o l d front by consul t ing a recent weather 
m a p and teletype sequences, o r the meteoro logis t . W e shou ld then 
probably find that the front was n o w a b o u t 75 miles west o f In­
dianapolis . A p i lo t with j u d g m e n t based u p o n knowledge o f frontal 
condi t ions w o u l d remain in Indianapol i s until the front had passed— 
a matter o f a few hours—and then c o n t i n u e to his dest inat ion 
under perfect flying condi t ions . 

If, however , w e were foolhardy e n o u g h to con t inue o u r flight 
toward the approach ing c o l d front, w e w o u l d soon no t i ce a few 
altostratus c louds and a dark layer o f nimbostratus lying l o w o n 
the hor izon, with perhaps c u m u l o n i m b u s in the background . T w o 
courses w o u l d n o w be o p e n to us: either to turn a round and out­
distance the storm, o r to make an immedia te landing wh ich migh t 
b e extremely dangerous o n accoun t o f gustiness and sudden wind 
shifts. 

If w e were to con t inue farther, w e w o u l d b e trapped in a Mnm 





(A) AIR FLAVIN ALONG A FRONT IN EQUILIBRIUM. (B) INCREASED COLD-AIR PRESSURE CAUSES "BEND." (C) COLD AIR BEGINS TO SURROUND WARM AIR 

(D) PRECIPITATION BECOMES HEAVIER. (E) WARM AIR COMPLETELY SURROUNDED. (F) WARM-AIR SECTOR ENDS IN MILD WHIRL. 

FIGURE 30. DEVELOPMENT OF AN OCCLUSION. IF WARM AIR WERE RED AND COLD AIR WERE BLUE, THIS IS HOW VARIOUS STAGES OF AN OCCLUSION WOULD APPEAR TO 
G F 1

 A PERSON ALOFT AND LOOKING TOWARD THE EARTH. (PRECIPITATION IS INDICATED BY GREEN.) ^ 
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o f squalls and c u m u l o n i m b u s c louds , the dangers o f w h i c h have 
already b e e n descr ibed . It is invi t ing disaster to a t tempt to fly 
beneath these c louds and impossible for a small plane to fly a b o v e 
them, s ince they frequently ex tend to heights in excess o f 25 ,000 to 
35,000 feet. A t l o w altitudes there are n o safe passages th rough 
them. Usual ly there is n o possibil i ty of flying a round them because 
they of ten e x t e n d in a l ine 300 to 500 miles in length . 

Wind Shifts 
In a p rev ious paragraph, w e men t ioned 'w ind shifts" w h i c h 

perhaps requi res further clarification. W e r e m e m b e r the w i n d in 

#high b lows in a c lockwise spiral. W h e n two highs are adjacent , 
e w i n d s are in a lmost direct oppos i t ion at the p o i n t o f contac t 

as il lustrated in figure 27 . Since fronts always l ie be tween t w o 
areas o f h igher pressure, w i n d shifts occu r in all types o f fronts, 
bu t they usually are m o r e p r o n o u n c e d in co ld fronts. 

Occluded Front 
O n e o ther f o r m of front with which the p i lo t should b e c o m e 

familiar is the " o c c l u s i o n " o r " o c c l u d e d front." T h i s is a c o n d i ­
t ion in w h i c h an air mass is trapped between two c o l d e r air masses 
and fo rced aloft to h igher and higher levels until it finally spreads 
o u t and loses its identi ty. 

Meteoro log i s t s subd iv ide occlusions into two types; bu t so far as 
the p i lo t is c o n c e r n e d , the weather in any occ lus ion is a c o m b i n a ­
t ion o f warm-front and cold-front cond i t ions . A s the occ lu s ion 
approaches , the usual warm-front indications prevail—lowering 
cei l ings , l o w e r i n g visibil i t ies, and precipi tat ion. Genera l ly the 
warm-front weather is then fo l lowed almost immedia te ly by the 
cold- f ront type, wi th squalls, turbulence, and thunderstorms. 

F igure 28 is a vertical cross-section o f an occ lus ion . F igure 29 
shows the var ious stages as they might o c c u r dur ing the deve lop ­
m e n t o f a typical occ lus ion . Usually the d e v e l o p m e n t requi res 
3 o r 4 days, d u r i n g wh ich the air masses may progress as indicated 
o n the m a p . 

T h e first stage (a) represents a boundary be tween two air masses, 
^ ^ i t h c o l d and w a r m air m o v i n g in oppos i t e d i rect ions a l o n g a 

front. S o o n , however , the c o o l e r air, b e i n g m o r e aggressive, thrusts 
a t o n g u e under the warmer air, b reaking the con t inu i ty o f the 
boundary , as shown in ( b ) . O n c e b e g u n , the process c o n t i n u e s 
rapidly to the c o m p l e t e occ lus ion as shown in ( c ) . A s the warmer 
air is fo rced aloft, it coo l s qu i ck ly and its mois tu re condenses , 
causing severe precipi ta t ion. T h e air b e c o m e s ex t r eme ly turbulent , 
wi th sudden changes in pressure and tempera ture . 

Figure 30 shows the deve lopmen t o f the o c c l u d e d front in greater 
detai l . 

F igure 31 is an enlarged v iew o f (c) in figure 29, s h o w i n g the 
c l o u d format ions and the areas o f prec ip i ta t ion . 

In Figures 25, 26, and 28 a panel represent ing a dai ly weather 
m a p is placed b e l o w each cross-sectional v iew. T h e s e panels rep­
resent a bird's-eye v iew, o r plan v i ew, and show h o w the weather 
c o n d i t i o n s are recorded. A warm front is ind ica ted by a red l ine; a 
c o l d front by a b lue l ine; an o c c l u d e d front by a p u r p l e l ine ; a sta­
t ionary front by alternating red and b l u e dashes. T h e r o u n d e d 
and p o i n t e d project ions are generally omi t t ed f r o m the manuscr ip t 
maps, bu t are placed o n pr inted o r dup l ica ted maps t o dis t inguish 
the different fronts. 

It shou ld b e bo rne in m i n d that the frontal lines o n the weather 
m a p represent the points o n the earth's surface whe re the fronts 
are located. A pi lo t flying west at an alt i tude o f 5,000 feet w o u l d 
pass through the frontal boundary a b o u t 100 mi les in advance o f 
the p o i n t where the warm front is shown, o r a b o u t 25 to 50 mi les 
to the rear o f the l ine on the m a p represent ing the c o l d front . 

A l l the foregoing informat ion abou t air masses and fronts is 
avai lable to the pi lo t in abbreviated form o n weather maps . For 
the p i lo t w h o understands the mean ing o f the symbols , a b r ie f 
study o f the current m a p wil l p rov ide a fairly c o m p l e t e p ic ture o f 
the weather cond i t ions he is l ikely to encoun t e r in flight. H e mus t 
realize that the facsimile synopt ic m a p may b e as m u c h as 8 hours 
o l d , and that the fronts wil l have m o v e d d u r i n g that t ime . T h e 
meteoro log i s t o n duty wi l l b e able to supp lemen t the weather m a p 
in format ion with the latest data arr iving hour ly o n the te letype 
sequences . H e should invariably b e consul ted be fo re flights are 
under taken wh ich involve long distances o r w h i c h l ie w i th in areas 
in w h i c h frontal activity is taking p lace . F igure 32 represents a 
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/ * « « « . Cfcmd / o n m i l i o M « . < i fiKtifiinion ACCOMPANYING A TYPICAL OCCLUSION. (THIS PRESENTS DETAILS OF THE THIRD STAGE OF DEVELOPMENT SHOWN „Q 
* the series depicted in I'tgure 29.) 
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port ion o f a typical weather m a p showing the symbols usually 
e m p l o y e d . 

It mus t b e unde r s tood , howeve r , that the surface weather maps 
available to the p i lo t at an a i rpor t weather bureau station vary 
in certain respects f r o m the p r in ted Dai ly W e a t h e r M a p dep ic ted 
in figure 32. T h e surface weather maps to b e f o u n d at airport 
stations are: 

1. T h e facsimile synop t i c surface weather m a p . T h i s m a p is 
issued each 6-hour p e r i o d and weather data is p lo t ted 
acco rd ing t o the official station m o d e l . H o w e v e r , visi­
bil i ty and c l o u d heights are no t shown since these are 
readi ly ava i lab le f r o m the hour ly sequence reports . 

2. T h e 3-hourly surface weatheT m a p p lo t ted at many local 
A i r p o r t W e a t h e r Bureau Stations. 

Sequence Reports 
Changes in weather f requent ly are so rapid that cond i t ions at 

the t ime o f flight are l ikely to b e qui te different f rom those shown 
o n a weather m a p issued several hours previously. T h e very latest 
informat ion is avai lable in the hourly teletype sequence reports 
transmitted by weather stations. T h e data are substantially the 
same as o n the wea the r m a p , bu t the p i lo t must b e c o m e familiar 
with a few symbols a n d abbrevia t ions in order to read the se­
quences . Facil i ty in read ing these reports can be acqu i red in a 
surprisingly short t ime , and the reward is well worth the effort. 
T e l e t y p e reports are g iven b e l o w the panels in figures 25, 26, 
and 28. 

T h e table o n pages 4 0 and 41 presents a typical report, together 
with an explana t ion for in terpret ing all sequences. It wil l b e no ted 
that the in format ion is presented in three groups , which might be 
broadly classified as: 

1. Identif icat ion. 
2. Visual Observa t ions . 
3. Instrumental Observa t ions . 

39 



I n t e r p r e t a t i o n o f W e a t h e r R e p o r t s S e n t b y T e l e t y p e 

D C A 2 1 2 1 0 0 Z 15(D E 3 0 * 1 1 / 2 V T R W — B D 1 5 2 / 6 8 / 6 0 - * \ 1 8 + 3 0 T 1 5 4 8 E / 9 9 6 / D R K N W V S B Y 1 V 2 

S Y M B O L I T E M I N T E R P R E T A T I O N T R A N S L A T I O N 

D C A . . . 

212100Z 

15CD 

E 3 0 © 

1 1 / 2 V 

T R W -

Station identifi­
cation. 

Date and Green­
wich t ime 

Sky cove r 

Ceil ing 

Visibili ty 

P r e c i p i t a t i o n , 
t h u n d e r s t o r m , 
o r tornado. 

G R O U P I . — D C A 2 1 2 1 0 0 Z 
Indicated by call letters. Call letters and all abbreviations are avai lable 

at weather offices. 
T h e first t w o digits indicate the day o f the mon th ; the nex t f o u r 

digits g ive the t i m e ( o n the 24-hour c l o c k ) in Greenwich t ime . 
T o conve r t to local t ime subtract 5 hours for eastern standard t ime, 
6 hours for central , 7 hours for mounta in , and 8 hours fo r Pacific. 
Regu la r sequences are sent each hour o n the hour . W h e n crucia l 
changes o c c u r be tween repor t ing times, a special report may b e 
sent. In this case the date-t ime data will fo l low the station identifi­
ca t ion s y m b o l , a n d the letter " S " , f o l l o w e d by a numeral , wil l b e 
added . 

G R O U P I I — 1 5 ( D E 3 0 e i l / 2 V T R W — B D 
Figures represent hundreds o f feet (15 = 1,500 feet). Symbo l indicates 

amount o f c o v e r : 
O = c lear ; (J)=sea t tered; dD = broken; ©—overcas t . 

T h e letter " X " wil l be used instead o f these symbols whenever fog , 
dust, smoke , o r precipi ta t ion obscure the sky. If c louds are at varying 
levels, two or m o r e sets o f figures and symbols are entered in ascending 
order o f height. 

T h e ceil ing figure wil l always be p receded by o n e o f the fol lowing letters: 
E = e s t i m a t e d ; M = measured; W = i n d e f i n i t e ; B = bal loon; P = p r e c i p i ­
tation; A = r e p o r t e d by aircraft. If the cei l ing is be low 3,000 feet and 
is variable, the cei l ing symbo l will be fo l lowed by the letter " V " , and 
in the remarks the range o f height will be indicated. 

Figures represent miles and fractions o f miles. Fol lowed by " V " if less 
than 3 miles and var iable . I f the visibility is 6 miles or less, the reason 
is always given unde r "Prec ip i t a t ion" or "Obs t ruc t ion . " 

R = R a i n ; L = d r i z z L e ; E = s l E e t ; A = h A i l ; S = S n o w ; W = s h o W e r s ; 
T = T h u n d e r s t o r m ; Z = f reeZing. Somet imes fol lowed by - j - m e a n i n g 
heavy, or by — m e a n i n g light. I tem omit ted if there is n o precipi ta t ion. 
T o r n a d o is spel led ou t . 

W a s h i n g t o n , D . C . 

21st day of the m o n t h , 
4 :00 p . m. , eastern 
standard t ime. 

Scat tered c louds at 1,500 
feet. 

Ce i l ing estimated 3,000 
feet. 

Vis ibi l i ty 1 Yi miles, vari­
able . 

T h u n d e r s t o r m ; l i g h t 
rain shower . 
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I n t e r p r e t a t i o n o f W e a t h e r R e p o r t s Sent b y T e l e t y p e — C o n t i n u e d 

S Y M B O L I T E M I N T E R P R E T A T I O N T R A N S L A T I O N 

B D 

152 / . 

60 
• \ 1 8 - h 3 0 
T 1548E/ . 

9 9 6 / . 

D R K N W 
V S B Y 1 V 2 

Obstruct ions to 
vision. 

Pressure 

Tempera tu re 

D e w p o i n t . . . 

W i n d 

Al t imeter setting 

Remarks 

F = F o g ; H = H a z e ; D = D u s t ; N = s a N d ; K = s m o K e (somet imes the 
a b o v e letters are preceded by G = g r o u n d ; l = i c e ; B = b l o w i n g ) . 

G R O U P III .—152/68 /60-* \ 1 8 + 3 0 1 1 5 4 8 E / 9 9 6 / D R K 
N W V S B Y 1 V 2 

M o s t o f the items in this g roup are separated b y d iagona l fines ( / ) . 
Stated in millibars using same system as on the weather m a p (omi t t ing 

initial "9" o r " 1 0 " ) . 

In degrees Fahrenheit 

In degrees Fahrenheit 

W i n d direct ion is shown by arrows, either singly o r in c o m b i n a t i o n : 
I = N o r t h ; J, f=North-northeast; ^ / = N o r t h e a s t ; = East-

northeast; <—=East. e tc . W i n d speed is indicated by figures indicat ing 
knots . ( C for calm.) If f o l l o w e d by -f- = gusts; figures f o l l o w i n g 
the + indicate intensity o f the gust peaks. If a w i n d shift has occu r red 
at the station, it is indicated by an addit ional a r row, fo l lowed b y figures 
showing t ime o f shift. 

Baromet r ic pressure in inches for the setting o f altimeters o n aircraft. 
G i v e n in three figures with the initial 2 or 3 omi t t ed . A n u m b e r beg in­
ning wi th 5 o r higher presupposes an initial 2 ; a n u m b e r beg inn ing 
wi th 4 o r l ower presupposes an initial 3. ( 9 9 3 = 2 9 . 9 3 ; 0 0 2 = 3 0 . 0 2 , 
e tc . ) . 

A n y addi t ional remarks are given in teletype symbols and in abbrevia­
tions o f English words . A n y items wh ich are normal ly sent, but for 
s o m e reason are missing from the transmission, are represented b y the 
letter " M . " 

Blowing dust. 

Pressure 1015.2 milli­
bars. 

Tempera ture 6 8 ° F. 

D e w point 6 0 ° F. 

W i n d west-northwest, 
18 knots; gusts to 
30 knots; w i n d shift 
f rom south at 3:48 
p . m. , eastern t ime. 

Alt imeter setting at 29 .96 
inches. 

D a r k o v e r c a s t t o t h e 
northwest. 

Visibility variable 1 to 
2 miles. 
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R E F E R E N C E S F O R F U R T H E R S T U D Y 

T h e following publications are recommended for additional study by private 
pilots. All may be obtained at the indicated prices from the Superintendent of 
Documents, U . S. Government Printing Office, Washington 25, D . C . 

P A T H O F F L I G H T — E x p l a i n s the fundamentals o f navigation in V F R flying. 
(700) 

F A C T S O F F L I G H T — D e a l s with principles of flight, basic flight maneuvers, 
airplane structures and engines, and related subjects. (500) 

P R I V A T E P I L O T ' S H A N D B O O K O F A E R O N A U T I C A L K N O W L E D G E - — T h i s booklet, 
heavily illustrated, contains the aeronautical knowledge required of the 
private pilot. 

A I R M A N ' S G U I D E — I s s u e d every two weeks. (Subscription price, $7.00 a 
year; $3 .50 additional for foreign mailing. Prices of individual copies 
vary depending on size.) 

F L I G H T I N F O R M A T I O N M A N U A L — I s s u e d annually with amendments. 
( $ 1 . 5 0 ) 

P I L O T S R A D I O H A N D B O O K — ( 7 5 0 ) 

CrvrL A I R R E G U L A T I O N S — P a r t 43 ( $ 1 . 2 5 ) , Part 60 ($1 .50 ) 

F E D E R A L A V I A T I O N R E G U L A T I O N S — P a r t 61 (300) 

C I V I L A E R O N A U T I C S B O A R D , S A F E T Y I N V E S T I G A T I O N R E G U L A T I O N S — P a r t 

320 ( 5 0 ) 

W E A T H E R S E R V I C E S F O R P I L O T S — D e s c r i b e s what information is available, 
where to get it, and h o w to get i t ( 1 0 0 ) 

In addition to the materials available from the Superintendent of D o c u ­
ments, there are excellent textual materials available from commercial publishers. 

4 2 

U-S. G O V E R N M E N T P R I N T I N G O F F I C E : 1963 O — 6 7 4 3 7 2 


