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1 . P U R P O S E . T h i s a d v i s o r y c i r c u l a r i s i n t e n d e d t o p r o v i d e 
g u i d a n c e f o r r e c o g n i z i n g t h e m e t e o r o l o g i c a l s i t u a t i o n s t h a t 
p r o d u c e t h e p h e n o m e n o n w i d e l y k n o w n a s l o w l e v e l w i n d s h e a r . 
I t d e s c r i b e s b o t h p r e f l i g h t a n d i n - f l i g h t p r o c e d u r e s f o r 
d e t e c t i n g a n d p r e d i c t i n g t h i s p h e n o m e n o n a s w e l l a s p i l o t 
t e c h n i q u e s t h a t m i n i m i z e i t s e f f e c t s w h e n i n a d v e r t e n t l y 
e n c o u n t e r e d o n t a k e o f f o r l a n d i n g . 
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3 . B A C K G R O U N D . 

a . W i n d s h e a r i s b e s t d e s c r i b e d a s a c h a n g e i n w i n d 
d i r e c t i o n a n d / o r s p e e d i n a v e r y s h o r t d i s t a n c e i n t h e 
a t m o s p h e r e . U n d e r c e r t a i n c o n d i t i o n s , t h e a t m o s p h e r e i s c a p a b l e 
o f p r o d u c i n g s o m e d r a m a t i c s h e a r s v e r y c l o s e t o t h e g r o u n d ; f o r 
e x a m p l e , w i n d d i r e c t i o n c h a n g e s o f 180 d e g r e e s a n d s p e e d c h a n g e s 
o f 50 k n o t s o r m o r e w i t h i n 200 f e e t o f t h e g r o u n d h a v e b e e n 
o b s e r v e d . I t h a s b e e n s a i d t h a t w i n d c a n n o t a f f e c t a n a i r c r a f t 
o n c e i t i s f l y i n g e x c e p t f o r d r i f t a n d g r o u n d s p e e d . H o w e v e r , 
s t u d i e s h a v e s h o w n t h a t t h i s i s n o t t r u e i f t h e w i n d c h a n g e s 
f a s t e r t h a n t h e a i r c r a f t m a s s c a n b e a c c e l e r a t e d o r d e c e l e r a t e d . 

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

c . A p p e n d i x 1 c o n t a i n s a b i b l i o g r a p h y o f F A A p u b l i c a t i o n s 
o n w i n d s h e a r . 
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4 . METEOROLOGY. 

a. Thunderstorms. The winds around a thunderstorm are 
complex (Figure 1 ) . Wind shear can be found on all sides of a 
thunderstorm cell and in the downdraft directly under the cell. 
The wind shift line or gust front associated with thunderstorms 
can precede the actual storm by 15 nautical miles or more. 
Consequently, if a thunderstorm is near an airport of intended 
takeoff or landing, low level wind shear hazards may exist. 

FIGURE 1. THUNDERSTORM HAZARD ZONES 
D - Fronts« The winds can be significantly different in the 

two air masses which meet to form a front. While the direction 
of the winds above and below a front can be accurately 
determined, existing procedures do not provide precise, current 
measurements of the height of the front above the airport. The 
following is a method for determining the approximate height of 
the wind shear associated with a front. 

(1) Wind shear occurs with a cold front just after the 
front passes the airport and for a short period thereafter. If 
the front is moving 30 knots or more, the frontal surface will 
usually be 5,000 feet above the airport about three hours after 
the frontal passage. 
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(2) With a warm front, the roost critical period is 
before the front passes the airport. Warm front shear may exist 
below 5,000 feet for approximately six hours. The problem ceases 
to exist after the front passes the airport. Data compiled on 
wind shear indicates that the amount of shear in warm fronts is 
much greater than that found in cold fronts. 

(3) Turbulence may or may not exist in wind shear 
conditions. If the surface wind under the front is strong and 
gusty, there will be some turbulence associated with wind shear. 

c. Strong Surface Winds. The combination of strong winds 
and small hills or large buildings that lie upwind of the 
approach or departure path can produce localized areas of shear. 
Observing the local terrain and requesting pilot reports of 
conditions near the runway are the best means for anticipating 
wind shear from this source. This type of shear can be 
particularly hazardous to light airplanes. 

d. Sea Breeze Fronts. The presence of large bodies of 
water can create local airflows due to the differences in 
temperature between the land and water. Changes in wind 
velocity and direction can occur in relatively short distances 
in the vicinity of airports situated near large lakes, bays or 
oceans• 

e. Mountain Waves. These weather phenomena often create 
low level wind shear at airports that lie downwind of the wave. 
Altocumulus standing lenticular (ACSL) clouds usually depict the 
presence of mountain waves, and they are clues that shear should 
be anticipated. 

5. DETECTING WIND SHEAR, Airplanes may not 'be capable of 
safely penetrating all intensities of low level wind shear. 
Pilots should, therefore, learn to detect, predict, and avoid 
severe wind shear conditions. Severe wind shear does not strike 
without warning. It can be detected by the following methods: 

a. Analyze the weather during preflight. 

(1) If thunderstorms are observed or forecast at or 
near the airport, be alert for the possibility of wind shear in 
the departure or arrival areas. 

(2) Check the surface weather charts for frontal 
activity. Determine the surface temperature difference 
immediately across the front and the speed at which the front is 
moving. A 10° F [IPC] or greater temperature differential, 
and/or a frontal speed of 30 knots or more, is an indication of 
the possible existence of significant low level wind shear. 
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b. Be aware o f p i l o t repo r t s (PIREPS) o f wind shear . 
Par t 1 o f the A i rman 's In format ion Manual recommends that p i l o t s 
repor t any wind shear encounter to A i r T r a f f i c C o n t r o l . T h i s 
repor t should be in s p e c i f i c terms and inc lude the l o s s / g a i n o f 
a i rspeed due to the shear and the a l t i t u d e ( s ) at which i t was 
encountered. For example: "Denver tower , Cessna 1234 
encountered wind shear , l oss o f 20 knots at 400 f e e t . " T h i s 
s imple repo r t i s ex t reme ly important so that the p i l o t o f the 
next a i rp lane in sequence can determine the sa fe t y o f t r a n s i t i n g 
the same l o c a t i o n . Reported shear that causes a i rspeed losses 
in excess o f 15 to 20 knots should be avo ided . Reported shears 
associated w i th a thunderstorm should a lso be avoided due to the 
speed which some storms move across the ground. The storm 
movement can cause one a i r c r a f t to encounter an airspeed 
increase which may appear harmless where the next a i r c r a f t can 
encounter a severe a i rspeed l o s s . 

c . Assume that severe wind shear i s present when the 
fo l l ow ing cond i t ions e x i s t in combinat ion. 

(1) Extreme v a r i a t i o n s in wind v e l o c i t y and d i r e c t i o n 
in a r e l a t i v e l y shor t t ime span. 

(2) Evidence o f a gust f r on t such as blowing dust on 
the a i r p o r t su r f ace . 

(3) Surface temperature in excess o f 8CPF. 

(4) Dew po in t spread o f 40° F or more. 

(5) V i r g a ( p r e c i p i t a t i o n that f a l l s from the bases of 
h igh a l t i t u d e cumulus c louds but evaporates before reaching the 
g round) . 

d . Examine the approach or takeof f area wi th the a i r p l a n e ' s 
radar set to determine i f thunderstorm c e l l s are in the v i c i n i t y 
o f the a i r p o r t . A depar ture o r approach should not be f lown 
through or under a thunderstorm c e l l . 

e . Use the a i rp lane instruments to detect wind shear . 

(1) P i l o t s f l y i n g a i rp lanes equipped w i th i n e r t i a l 
nav iga t i on system (INS) should compare the winds at the i n i t i a l 
approach a l t i t u d e (1500-2000* above ground l e v e l (AGL)) w i th the 
repor ted runway sur face winds to see i f there is a wind shear 
s i t u a t i o n between the a i rp lane and the runway. 

(2) I f f r o n t a l a c t i v i t y does e x i s t , note the sur face 
wind d i r e c t i o n to determine the l oca t i on o f the f ron t w i th 
respect t o the a i r p o r t . I f the a i rp lane w i l l t r a v e r s e the 
f r o n t , compare the sur face wind d i r e c t i o n and speed wi th the 
wind d i r e c t i o n and speed above the f ron t to determine the 
po ten t i a l wind shear dur ing c l imbout o r approach. 
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(3) P i l o t s f l y i n g a i r p l a n e s e q u i p p e d w i t h a d e v i c e 
w h i c h r e a d s o u t g r o u n d s p e e d s h o u l d c o m p a r e t h e a i r p l a n e ' s 
g r o u n d s p e e d w i t h i t s a i r s p e e d . A n y r a p i d c h a n g e s i n t h e 
r e l a t i o n s h i p b e t w e e n a i r s p e e d a n d g r o u n d s p e e d r e p r e s e n t s a w i n d 
s h e a r . Some o p e r a t o r s h a v e a d o p t e d t h e p r o c e d u r e o f n o t 
a l l o w i n g t h e i r a i r c r a f t t o s l o w b e l o w a p r e c o m p u t e d m i n i m u m 
g r o u n d s p e e d o n a p p r o a c h . T h e m i n i m u m is * c o m p u t e d b y s u b t r a c t i n g 
t h e s u r f a c e h e a d w i n d c o m p o n e n t f r o m t h e t r u e a i r s p e e d o n 
a p p r o a c h . 

(4 ) P i l o t s f l y i n g a i r p l a n e s w h i c h d o n o t h a v e I N S o r 
g r o u n d s p e e d r e a d o u t s s h o u l d c l o s e l y m o n i t o r t h e i r a i r p l a n e ' s 
p e r f o r m a n c e w h e n w i n d s h e a r i s s u s p e c t e d . W h e n t h e r a t e o f 
d e s c e n t o n a n I L S a p p r o a c h d i f f e r s f r o m t h e n o m i n a l v a l u e s f o r 
t h e a i r c r a f t , t h e p i l o t s h o u l d b e w a r e o f a p o t e n t i a l w i n d s h e a r 
s i t u a t i o n . S i n c e r a t e o f d e s c e n t o n t h e g l i d e s l o p e i s d i r e c t l y 
r e l a t e d t o g r o u n d s p e e d , a h i g h d e s c e n t r a t e w o u l d i n d i c a t e a 
s t r o n g t a i l w i n d ; c o n v e r s e l y , a l o w d e s c e n t r a t e d e n o t e s a s t r o n g 
h e a d w i n d . T h e p o w e r n e e d e d t o h o l d t h e g l i d e s l o p e a l s o w i l l b e 
d i f f e r e n t f r o m t y p i c a l , n o - s h e a r c o n d i t i o n s . L e s s p o w e r t h a n 
n o r m a l w i l l b e n e e d e d t o m a i n t a i n t h e g l i d e s l o p e w h e n a 
t a i l w i n d i s p r e s e n t a n d m o r e p o w e r i s n e e d e d f o r a s t r o n g 
h e a d w i n d . A i r c r a f t p i t c h a t t i t u d e i s a l s o a n i m p o r t a n t 
i n d i c a t o r . A p i t c h a t t i t u d e w h i c h i s h i g h e r t h a n n o r m a l i s a 
g o o d i n d i c a t o r o f a s t r o n g h e a d w i n d a n d v i c e v e r s a . B y 
o b s e r v i n g t h e a i r c r a f t ' s a p p r o a c h p a r a m e t e r s - r a t e o f d e s c e n t , 
p o w e r , a n d p i t c h a t t i t u d e - t h e p i l o t c a n o b t a i n a f e e l f o r t h e 
w i n d h e i s e n c o u n t e r i n g . B e i n g a w a r e o f t h e w i n d - c o r r e c t i o n 
a n g l e n e e d e d t o k e e p t h e l o c a l i z e r n e e d l e c e n t e r e d p r o v i d e s t h e 
p i l o t w i t h a n i n d i c a t i o n o f w i n d d i r e c t i o n . C o m p a r i n g w i n d 
d i r e c t i o n a n d v e l o c i t y a t t h e i n i t i a l p h a s e s o f t h e a p p r o a c h 
w i t h t h e r e p o r t e d s u r f a c e w i n d s p r o v i d e s a n e x c e l l e n t c l u e t o 
t h e p r e s e n c e o f s h e a r b e f o r e t h e p h e n o m e n o n i s a c t u a l l y 
e n c o u n t e r e d . 

f . U t i l i z e t h e L o w L e v e l W i n d S h e a r A l e r t S y s t e m ( L L W S A S ) 
a t a i r p o r t s w h e r e i t i s a v a i l a b l e . L L W S A S c o n s i s t s o f f i v e o r 
s i x a n e m o m e t e r s a r o u n d t h e p e r i p h e r y o f t h e a i r p o r t , w h i c h h a v e 
t h e i r r e a d o u t s a u t o m a t i c a l l y c o m p a r e d w i t h t h e c e n t e r f i e l d 
a n e m o m e t e r . I f a w i n d v e c t o r d i f f e r e n c e o f 15 k n o t s o r m o r e 
e x i s t s b e t w e e n t h e c e n t e r f i e l d a n e m o m e t e r a n d a n y p e r i p h e r a l 
a n e m o m e t e r , t h e t o w e r w i l l l e t t h e p i l o t k n o w t h e w i n d s f r o m 
b o t h l o c a t i o n s . T h e p i l o t t h e n m a y a s s e s s t h e p o t e n t i a l f o r 
w i n d s h e a r . A n e x a m p l e o f a s e v e r e w i n d s h e a r a l e r t w o u l d b e 
t h e f o l l o w i n g : " C e n t e r f i e l d w i n d i s 230 d e g r e e s a t 7 k n o t s ; 
w i n d a t t h e n o r t h e n d o f R u n w a y 35 i s 180 d e g r e e s a t 60 k n o t s . " 
I n t h i s c a s e , a p i l o t d e p a r t i n g o n r u n w a y 35 w o u l d b e t a k i n g o f f 
i n t o an i n c r e a s i n g t a i l w i n d c o n d i t i o n t h a t w o u l d r e s u l t i n 
s i g n i f i c a n t l o s s e s o f a i r s p e e d a n d , c o n s e q u e n t l y , a l t i t u d e . 
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6 . A I R P L A N E PERFORMANCE I N W I N D S H E A R . T h e f o l l o w i n g 
i n f o r m a t i o n p r o v i d e s a b a s i s f o r u n d e r s t a n d i n g t h e o p e r a t i o n a l 
p r o c e d u r e s r e c o m m e n d e d i n t h i s c i r c u l a r . 

a . P o w e r C o m p e n s a t i o n . S e r i o u s c o n s e q u e n c e s m a y r e s u l t 
o n a n a p p r o a c h w h e n w i n d s h e a r i s e n c o u n t e r e d c l o s e t o t h e 
g r o u n d a f t e r p o w e r a d j u s t m e n t s h a v e b e e n a l r e a d y m a d e t o 
c o m p e n s a t e f o r w i n d . F i g u r e s 2 a n d 3 i l l u s t r a t e t h e s i t u a t i o n s 
w h e n p o w e r i s a p p l i e d o r r e d u c e d t o c o m p e n s a t e f o r t h e c h a n g e i n 
a i r c r a f t p e r f o r m a n c e c a u s e d b y w i n d s h e a r . 

A D D I T I O N 

F I G U R E 2 . H E A D W I N D S H E A R I N G T O T A I L W I N D OR CALM 

( 1 ) C o n s i d e r a n a i r c r a f t f l y i n g a 3° I L S o n a s t a b i l i z e d 
a p p r o a c h a t 140 k n o t s i n d i c a t e d a i r s p e e d ( I A S ) w i t h a 2 0 - k n o t 
h e a d w i n d . A s s u m e t h a t t h e a i r c r a f t e n c o u n t e r s a n i n s t a n t a n e o u s 
w i n d s h e a r w h e r e t h e 2 0 - k n o t h e a d w i n d s h e a r s a w a y c o m p l e t e l y . 
A t t h a t i n s t a n t , s e v e r a l t h i n g s w i l l h a p p e n ; t h e a i r s p e e d w i l l 
d r o p f r o m 140 t o 120 k n o t s , t h e n o s e w i l l b e g i n t o p i t c h d o w n , 
a n d t h e a i r c r a f t w i l l b e g i n t o d r o p b e l o w t h e g l i d e s l o p e . T h e 
a i r c r a f t w i l l t h e n b e b o t h s l o w a n d l o w i n a " p o w e r d e f i c i e n t " 
s t a t e . T h e p i l o t m a y t h e n p u l l t h e n o s e u p t o a p o i n t e v e n 
h i g h e r t h a n b e f o r e t h e s h e a r i n a n e f f o r t t o r e c a p t u r e t h e g l i d e 
s l o p e . T h i s w i l l a g g r a v a t e t h e a i r s p e e d s i t u a t i o n e v e n f u r t h e r 
u n t i l t h e p i l o t a d v a n c e s t h e t h r o t t l e s a n d s u f f i c i e n t t i m e 
e l a p s e s a t t h e h i g h e r p o w e r s e t t i n g f o r t h e e n g i n e s t o r e p l e n i s h 
t h e p o w e r d e f i c i e n c y . I f t h e a i r c r a f t r e a c h e s t h e g r o u n d b e f o r e 
t h e p o w e r d e f i c i e n c y i s c o r r e c t e d , t h e l a n d i n g w i l l b e s h o r t , 
s l o w , a n d h a r d . H o w e v e r , i f t h e r e i s s u f f i c i e n t t i m e t o r e g a i n 
t h e p r o p e r a i r s p e e d a n d g l i d e s l o p e b e f o r e r e a c h i n g t h e g r o u n d . 
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then the "double reverse" problem a r i s e s . This i s because the 
t h r o t t l e s are s e t too high f o r a s t a b i l i z e d approach in a 
no-wind c o n d i t i o n . So , as soon as the power d e f i c i e n c y i s 
r e p l e n i s h e d , the t h r o t t l e s should be p u l l e d back even further 
than they were be fore the shear (because power required for a 3 ° 
ILS in no wind i s l e s s than f o r a 20-knot headwind). I f the 
p i l o t does not q u i c k l y re tard the t h r o t t l e s , the a i r c r a f t w i l l 
soon have an exces s o f power; i . e . , i t w i l l be high and f a s t and 
may not be a b l e t o s t o p in the a v a i l a b l e runway length 
(Figure 2 ) . 

( 2 ) When on approach in a t a i l w i n d c o n d i t i o n that 
shears i n t o a calm wind o r headwind, the r e v e r s e o f the previous 
s tatements i s t r u e . I n i t i a l l y , the IAS and p i t c h w i l l increase 
and the a i r c r a f t w i l l b a l l o o n above the g l i d e s l o p e . Power 
should i n i t i a l l y be reduced t o c o r r e c t t h i s cond i t ion or the 
approach may be high and f a s t with a danger o f overshoot ing . 
However, a f t e r the i n i t i a l power reduct ion i s made and the 
a i r c r a f t i s back on speed and g l i d e s l o p e , the "double reverse" 
again comes in to p l a y . An appropr ia te power increase w i l l be 
necessary t o r e s t a b i l i z e in the headwind. I f t h i s power 
increase i s not accomplished prompt ly , a high s ink r a t e can 
deve lop and the landing may be short and hard (Figure 3 ) . The 
double r e v e r s e problem a r i s e s p r i m a r i l y in downdraft and f r o n t a l 
passage s h e a r s . Other shears may r e q u i r e a c o n s i s t e n t 
c o r r e c t i o n throughout the shear . 

FIGURE 3 . TAILWIND SHEARING TO HEADWIND OR CALM 
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(3 ) T h e c l a s s i c t h u n d e r s t o r m " d o w n b u r s t c e l l 1 ' a c c i d e n t 
i s i l l u s t r a t e d i n F i g u r e 4 . T h e r e i s a s t r o n g d o w n d r a f t i n t h e 
c e n t e r o f t h e c e l l . T h e r e i s o f t e n h e a v y r a i n i n t h i s v e r t i c a l 
f l o w o f a i r . A s t h e v e r t i c a l a i r f l o w n e a r s t h e g r o u n d i t t u r n s 
90 d e g r e e s a n d b e c o m e s a s t r o n g h o r i z o n t a l w i n d , f l o w i n g 
r a d i a l l y o u t w a r d f r o m t h e c e n t e r . P o i n t A i n F i g u r e 4 
r e p r e s e n t s a n a i r c r a f t w h i c h h a s n o t e n t e r e d t h e c e l l ' s f l o w 
f i e l d . T h e a i r c r a f t i s o n s p e e d a n d o n g l i d e s l o p e . A t P o i n t B 
t h e a i r c r a f t e n c o u n t e r s a n i n c r e a s i n g h e a d w i n d . I t s a i r s p e e d 
i n c r e a s e s , a n d i t b a l l o o n s a b o v e t h e g l i d e s l o p e . H e a v y r a i n 
m a y b e g i n s h o r t l y . A t P o i n t C t h e " m o m e n t o f t r u t h " o c c u r s . I f 
t h e p i l o t d o e s n o t f u l l y a p p r e c i a t e t h e s i t u a t i o n , h e m a y 
a t t e m p t t o r e g a i n t h e g l i d e s l o p e a n d l o s e e x c e s s a i r s p e e d b y 
r e d u c i n g p o w e r a n d p u s h i n g t h e n o s e d o w n . T h e n i n t h e s h o r t 
s p a n o f t i m e b e t w e e n P o i n t s C a n d D t h e h e a d w i n d c e a s e s , a 
s t r o n g d o w n d r a f t i s e n t e r e d a n d a t a i l w i n d b e g i n s i n c r e a s i n g . 
T h e e n g i n e s s p o o l d o w n , t h e a i r s p e e d d r o p s b e l o w Vref , a n d t h e 
s i n k r a t e b e c o m e s e x c e s s i v e . A m i s s e d a p p r o a c h i n i t i a t e d f r o m 
t h i s c o n d i t i o n m a y n o t b e s u c c e s s f u l . N o t e t h a t a m i s s e d 
a p p r o a c h i n i t i a t e d a t P o i n t C ( o r s o o n e r ) w o u l d p r o b a b l y b e 
s u c c e s s f u l s i n c e t h e a i r c r a f t i s f a s t a n d h i g h a t t h i s p o i n t . 
N o t e a l s o t h a t t h e p i l o t o f an a i r c r a f t e q u i p p e d w i t h a 
g r o u n d s p e e d r e a d o u t w o u l d s e e t h e t e l l t a l e s i g n s o f a d o w n b u r s t 
c e l l s h o r t l y a f t e r P o i n t B ; i . e . , r a p i d l y i n c r e a s i n g a i r s p e e d 
w i t h d e c r e a s i n g g r o u n d s p e e d . 

F I G U R E 4 . D O W N D R A F T S H E A R 
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b . A n g l e o f A t t a c k i n a D o w n d r a f t . D o w n d r a f t s o f f a l l i n g 
a i r i n a t h u n d e r s t o r m ( s o m e t i m e s c a l l e d a " d o w n b u r s t " ) h a v e 
g a i n e d a t t e n t i o n i n t h e l a s t f e w y e a r s d u e t o t h e i r r o l e i n w i n d 
s h e a r a c c i d e n t s . W h e n a n a i r p l a n e f l i e s i n t o a d o w n d r a f t , t h e 
r e l a t i v e w i n d s h i f t s s o a s t o c o m e d o w n f r o m a b o v e t h e h o r i z o n . 
T h i s d e c r e a s e s a n g l e o f a t t a c k , w h i c h i n t u r n d e c r e a s e s l i f t , 
a n d t h e a i r p l a n e s t a r t s t o s i n k r a p i d l y . I n o r d e r t o r e g a i n t h e 
a n g l e o f a t t a c k n e c e s s a r y t o s u p p o r t t h e w e i g h t o f t h e a i r p l a n e , 
t h e p i t c h a t t i t u d e m u s t b e s i g n i f i c a n t l y i n c r e a s e d . S u c h a 
p i t c h a t t i t u d e m a y s e e m u n c o m f o r t a b l y h i g h t o a p i l o t . H o w e v e r , 
a n o r m a l p i t c h a t t i t u d e w i l l r e s u l t i n a c o n t i n u e d s i n k r a t e . 
T h e w i n g p r o d u c e s l i f t b a s e d o n a n g l e o f a t t a c k - n o t p i t c h 
a t t i t u d e . C a u t i o n s h o u l d b e o b s e r v e d w h e n a p i l o t h a s t r a v e r s e d 
a d o w n d r a f t a n d h a s p i t c h e d u p s u f f i c i e n t l y t o s t o p t h e s i n k 
r a t e . I f t h a t p i l o t d o e s n o t l o w e r t h e n o s e o f t h e a i r p l a n e 
q u i c k l y w h e n i t e x i t s t h e d o w n d r a f t , t h e a n g l e o f a t t a c k w i l l 
b e c o m e t o o l a r g e a n d m a y a p p r o a c h t h e s t a l l a n g l e o f a t t a c k . 
F o r t h e s e r e a s o n s , a f l i g h t d i r e c t o r w h i c h s e n s e s a n g l e o f 
a t t a c k w i l l b e p r e f e r a b l e t o a f l i g h t d i r e c t o r w h i c h c a l l s f o r a 
f i x e d p i t c h a t t i t u d e i n a d o w n d r a f t . H o w e v e r , e v e n a n a n g l e o f 
a t t a c k b a s e d f l i g h t d i r e c t o r m a y b e c o m e i n e f f e c t i v e i f i t h a s a n 
a r b i t r a r y p i t c h u p c o m m a n d l i m i t w h i c h i s s e t t o o l o w ( w i t h 
r e s p e c t t o t h e d o w n d r a f t ) . 

c . C l i m b P e r f o r m a n c e . I n t h e t a k e o f f a n d l a n d i n g 
c o n f i g u r a t i o n s , j e t t r a n s p o r t s c l i m b b e s t a t s p e e d s n e a r V 2 

a n d V r e £ ( r e f e r e n c e s p e e d w i t h l a n d i n g f l a p s ) , r e s p e c t i v e l y . 
R e t r a c t i n g g e a r a n d f l a p s w i l l e v e n f u r t h e r i m p r o v e c l i m b 
p e r f o r m a n c e . H o w e v e r , j e t t r a n s p o r t a i r p l a n e m a n u f a c t u r e r s h a v e 
p o i n t e d o u t t h a t t h e i r a i r p l a n e s s t i l l h a v e s u b s t a n t i a l c l i m b 
p e r f o r m a n c e ( g e n e r a l l y i n e x c e s s o f 1 0 0 0 f p m ) a t s p e e d s d o w n t o 
s t a l l w a r n i n g o r s t i c k s h a k e r s p e e d , V s S . 

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

( 1 ) T h e e n e r g y o f m o t i o n ( k i n e t i c e n e r g y ) i s e q u a l t o 
1 / 2 M V 2 w h e r e M i s t h e m a s s o f t h e a i r p l a n e a n d V i s t h e 
v e l o c i t y . K i n e t i c e n e r g y i s d i r e c t l y c o n v e r t i b l e t o e n e r g y o f 
v e r t i c a l d i s p l a c e m e n t ( p o t e n t i a l e n e r g y ) . M o r e s i m p l y p u t , 
a i r s p e e d c a n b e t r a d e d f o r a l t i t u d e o r v i c e v e r s a . I t i s 
i m p o r t a n t t o n o t e t h a t a d d i n g 10 p e r c e n t t o t h e s p e e d o f t h e 
a i r p l a n e r e s u l t s i n a 21 p e r c e n t i n c r e a s e i n k i n e t i c e n e r g y 
b e c a u s e o f t h e v e l o c i t y b e i n g s q u a r e d . T h i s , o f c o u r s e , 
e x p l a i n s t h e c o n c e r n o v e r s t o p p i n g a n a i r c r a f t o n t h e a v a i l a b l e 
r u n w a y w h e n a d d i t i o n a l s p e e d i s a d d e d . 
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(2) The following table shows the altitude conversion 
capability of trading 10 or 20 knots of speed for altitude at 
various initial speeds. Independent of its mass, the capability 
of the aircraft to trade airspeed for altitude increases as its 
initial speed increases. 

10 Knot Change Equivalent 20 Knot Change Equivalent 
From - To Altitude, Ft. From - To Altitude, Ft. 

150-140 128 
140-130 119 
130-120 111 
120-110 102 
110-100 93 

150-130 247 
140-120 230 
130-110 212 
120-100 195 
110-90 177 

e. Trading Altitude for Speed. A pilot caught in low level 
wind shear who finds he is slower than the normal airspeed 
(even though he has gone to max power) could lower the nose and 
regain speed by trading away altitude. (This is trading 
potential energy for kinetic energy.) However, data shows that 
the penalty for doing this is severe; i.e., a large sink rate is 
built up and a great deal of altitude is lost for a relatively 
small increase in airspeed. Therefore, at low altitudes this 
alternative becomes undesirable. It is preferable to maintain 
the lower airspeed and rely on the airplane's climb performance 
at these lower speeds than to push the nose over and risk ground 
contact. Flight directors which attempt to maintain a given 
speed (such as V2 + 10, etc.) will automatically call for 
trading altitude for airspeed if the airplane is below the 
proper airspeed. Cases have been observed in simulators where 
following such a flight director will result in the pilot flying 
the airplane into the ground. It is the pilot - not the flight 
director - who should decide if trading altitude for speed is 
desirable. 

f. Trading Speed for Altitude. Conversely, a pilot caught 
in low level wind shear may pull the nose up and trade speed for 
altitude; i.e., trade kinetic energy for potential energy. If 
the speed is above V 2 or V r e f (as applicable), then this 
trade may well be desirable. If at or below V 2 or V r e f , 
such a trade should be attempted only in extreme circumstances. 
In doing so, the pilot is achieving a temporary increase in 
climb performance. After he has traded away all the airspeed he 
desires to trade, he will then be left with a permanent decrease 
in climb performance. In addition, if ground contact is still 
inevitable after the trade, there may be no airspeed margin left 
with which to flare in order to soften the impact. Wind shear 
simulations have shown, however, that in many cases trading 
airspeed for altitude (down to V « s ) prevented an accident, 
whereas maintaining V r e f resulted in ground impact. 
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g. Adding Speed for Wind Shear . The p o s s i b i l i t y o f having 
t o trade speed for a l t i t u d e in wind shear makes i t a t t r a c t i v e t o 
c a r r y a g r e a t dea l o f e x t r a speed . However, on l a n d i n g , i f the 
a i r speed margin i s not used up in the shear and the a i r p l a n e 
touches down at an e x c e s s i v e speed , the a i r p l a n e may not be ab le 
t o s t o p on the a v a i l a b l e runway. I t i s g e n e r a l l y agreed tha t i f 
a speed margin in exces s o f 20 knots above V r e f appears t o be 
r e q u i r e d , the approach should not be attempted or cont inued. 

h . D i f f i c u l t i e s of F ly ing Near V H R . Paragraph f s t a t e d 
t h a t in s i m u l a t i o n s , wind shear "accidents" had been prevented 
by trad ing speed f o r a l t i t u d e a l l the way down to V s s . There 
are d i f f i c u l t i e s a s s o c i a t e d with f l y i n g at or near V s s which 
should be r e c o g n i z e d . These i n c l u d e : 

(1) The p i l o t o f t e n does not know V s g . 

(2) The s t i c k s h a k e r mechanism may be m i s c a l i b r a t e d 
( e s p e c i a l l y on o l d e r a i r c r a f t ) . 

( 3 ) The downdraft v e l o c i t y may v a r y , which r e q u i r e s a 
change in p i t c h a t t i t u d e t o hold speed . 

( 4 ) I t i s hard t o f l y a p r e c i s e a ir speed in t u r b u l e n c e , 
which i s o f t e n a s s o c i a t e d with wind s h e a r . 

( 5 ) Turbulence might abrupt ly decrease the a irspeed 
from V s s t o V s . 

( 6 ) P i l o t s have h i s t o r i c a l l y had l i t t l e t r a i n i n g in 
mainta ining f l i g h t a t or near V s s . 

7 . PROCEDURES FOR COPING WITH WIND SHEAR. The most important 
e lements f o r the f l i g h t c r e w in coping with a wind shear 
environment are the crew's awareness o f an impending wind shear 
encounter and the crew's d e c i s i o n t o avoid an encounter or to 
immediately respond i f an encounter o c c u r s . 

a* Takeof f . I f wind shear i s expected on t a k e o f f , the 
PIREPS and weather should be eva luated t o determine i f the 
phenomena can be s a f e l y t r a v e r s e d wi th in the c a p a b i l i t y o f the 
a i r p l a n e . This i s a judgment on the part o f the p i l o t based on 
many f a c t o r s . Wind shear i s not something t o be avoided at a l l 
c o s t s , but r a t h e r t o be a s s e s s e d and avoided i f s e v e r e . Some 
r u l e s o f thumb for coping with wind shear on takeo f f f o l l o w : 
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( 1 ) An i n c r e a s i n g h e a d w i n d o r d e c r e a s i n g t a i l w i n d w i l l 
c a u s e an i n c r e a s e i n i n d i c a t e d a i r s p e e d . I f t h e wind s h e a r i s 
g r e a t e n o u g h , t h e a i r c r a f t w i l l i n i t i a l l y p i t c h up due t o t h e 
i n c r e a s e i n l i f t . The p i l o t s h o u l d n o t t r i m t h e a i r p l a n e a t t h e 
i n i t i a l h i g h p i t c h a t t i t u d e . A f t e r e n c o u n t e r i n g t h e s h e a r , i f 
t h e wind r e m a i n s c o n s t a n t , a i r c r a f t g r o u n d s p e e d w i l l g r a d u a l l y 
d e c r e a s e and i n d i c a t e d a i r s p e e d w i l l r e t u r n t o i t s o r i g i n a l 
v a l u e . T h i s s i t u a t i o n wou ld n o r m a l l y l e a d t o i n c r e a s e d a i r c r a f t 
p e r f o r m a n c e s o i t s h o u l d n o t c a u s e a p r o b l e m i f t h e p i l o t i s 
aware o f how t h i s s h e a r a f f e c t s t h e a i r c r a f t . 

( 2 ) The w o r s t s i t u a t i o n on d e p a r t u r e o c c u r s when t h e 
a i r c r a f t e n c o u n t e r s a r a p i d l y i n c r e a s i n g t a i l w i n d , d e c r e a s i n g 
h e a d w i n d , a n d / o r d o w n d r a f t . T a k i n g o f f under t h e s e 
c i r c u m s t a n c e s wou ld l e a d t o a d e c r e a s e d p e r f o r m a n c e c o n d i t i o n . 
An i n c r e a s i n g t a i l w i n d o r d e c r e a s i n g h e a d w i n d , when e n c o u n t e r e d , 
w i l l c a u s e a d e c r e a s e i n i n d i c a t e d a i r s p e e d . The a i r c r a f t w i l l 
i n i t i a l l y p i t c h down due t o t h e d e c r e a s e d l i f t i n p r o p o r t i o n t o 
t h e a i r s p e e d l o s s . A f t e r e n c o u n t e r i n g t h e s h e a r , i f t h e wind 
r e m a i n s c o n s t a n t , a i r c r a f t g r o u n d s p e e d w i l l g r a d u a l l y i n c r e a s e 
and i n d i c a t e d a i r s p e e d w i l l r e t u r n t o i t s o r i g i n a l v a l u e . 

( 3 ) When t h e p r e s e n c e o f s e v e r e wind s h e a r i s s u s p e c t e d 
f o r d e p a r t u r e , t h e p i l o t s h o u l d d e l a y t a k e o f f u n t i l c o n d i t i o n s 
a r e more f a v o r a b l e . 

( 4 ) I f t h e p i l o t j u d g e s t h e t a k e o f f wind s h e a r 
c o n d i t i o n t o be s a f e f o r d e p a r t u r e , he s h o u l d s e l e c t t h e s a f e s t 
runway a v a i l a b l e c o n s i d e r i n g runway l e n g t h , wind d i r e c t i o n s , 
s p e e d , and l o c a t i o n o f s t o r m a r e a s o r f r o n t a l a r e a s . He s h o u l d 
e x e c u t e a maximum power t a k e o f f u s i n g t h e minimum a c c e p t a b l e 
f l a p p o s i t i o n . A f t e r r o t a t i o n , t h e p i l o t s h o u l d m a i n t a i n an 
a i r p l a n e body a n g l e w h i c h w i l l r e s u l t i n an a c c e l e r a t i o n t o 
V 2 + 2 5 . T h i s s p e e d and t a k e o f f f l a p s s h o u l d be h e l d t h r o u g h 
1,000 f e e t AGL. Above 1,000 f e e t t h e normal n o i s e a b a t e m e n t 
p r o f i l e s h o u l d be f l o w n . I f p r e f l i g h t p l a n n i n g shows t h a t t h e 
a i r p l a n e i s runway l e n g t h l i m i t e d , o r o b s t r u c t i o n c l e a r a n c e i s a 
p r o b l e m , t a k i n g o f f i n t o e v e n a l i g h t s h e a r u s i n g t h e V 2

+ 2 5 
p r o c e d u r e s h o u l d n o t be a t t e m p t e d . T h i s i s b e c a u s e t o o much o f 
t h e t h r u s t a v a i l a b l e f o r c l i m b i s u s e d f o r a c c e l e r a t i o n , 
r e s u l t i n g i n t h e V 2 + 2 5 f l i g h t p a t h f a l l i n g b e l o w t h e 
e n g i n e - o u t f l i g h t p a t h a t V 2 • T h i s would g i v e i n s u f f i c i e n t 
c l e a r a n c e f o r an o b s t a c l e i n c l o s e p r o x i m i t y t o t h e d e p a r t u r e 
end o f t h e r u n w a y . 
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( 5 ) I f s e v e r e wind s h e a r i s e n c o u n t e r e d on t a k e o f f , t h e 
p i l o t s h o u l d i m m e d i a t e l y c o n f i r m t h a t maximum r a t e d t h r u s t i s 
a p p l i e d and t r a d e t h e a i r s p e e d a b o v e V 2 ( i f any) f o r an 
i n c r e a s e d r a t e o f c l i m b . D e p e n d i n g on t h e a i r p l a n e ' s g r o s s 
w e i g h t , p i t c h a t t i t u d e s o f 15 t o 22 d e g r e e s a r e t o be e x p e c t e d 
d u r i n g t h i s e n e r g y t r a d e , e s p e c i a l l y i f a d o w n d r a f t i s p r e s e n t . 
A s u d d e n d e c r e a s e i n h e a d w i n d w i l l c a u s e a l o s s i n a i r s p e e d 
e q u a l t o t h e amount o f w ind s h e a r . At t h i s p o i n t , t h e p i l o t 
s h o u l d q u i c k l y e v a l u a t e h i s a i r p l a n e ' s p e r f o r m a n c e i n t h e s h e a r . 
H e / s h e s h o u l d m o n i t o r a i r s p e e d and v e r t i c a l v e l o c i t y t o e n s u r e 
t h a t an e x c e s s i v e r a t e o f d e s c e n t d o e s n o t d e v e l o p . I f i t 
b e c o m e s a p p a r e n t t h a t an u n a c c e p t a b l e r a t e o f d e s c e n t c a n n o t be 
p r e v e n t e d a t V2 s p e e d o r g r o u n d c o n t a c t a p p e a r s t o be c e r t a i n 
a t t h e c u r r e n t d e s c e n t r a t e , t h e p i l o t s h o u l d g r a d u a l l y i n c r e a s e 
t h e a i r p l a n e ' s p i t c h a t t i t u d e t o t e m p o r a r i l y t r a d e a i r s p e e d f o r 
c l i m b c a p a b i l i t y t o p r e v e n t f u r t h e r a l t i t u d e l o s s . The t r a d e 
s h o u l d be t e r m i n a t e d when s t i c k s h a k e r i s e n c o u n t e r e d . The 
a i r p l a n e s h o u l d b e h e l d i n an a t t i t u d e t h a t w i l l m a i n t a i n an 
a i r s p e e d j u s t a b o v e t h e a i r s p e e d w h e r e t h e s t i c k s h a k e r was 
i n i t i a l l y e n c o u n t e r e d . A g e n e r a l r u l e i s t o r e d u c e p i t c h 
a t t i t u d e v e r y s l i g h t l y when s t i c k s h a k e r i s e n c o u n t e r e d . F u r t h e r 
p i t c h r e d u c t i o n s i n t h e s h e a r c o u l d r e s u l t i n a l a r g e d e s c e n t 
r a t e . As t h e a i r p l a n e d e p a r t s t h e s h e a r , t h e p i l o t s h o u l d 
r e d u c e t h e p i t c h a t t i t u d e and e s t a b l i s h a normal c l i m b . In 
s e v e r a l r e c e n t wind s h e a r a c c i d e n t s , t h e N a t i o n a l T r a n s p o r t a t i o n 
S a f e t y Board (NTSB) h a s f o u n d t h a t t h e f u l l p e r f o r m a n c e 
c a p a b i l i t y o f t h e a i r p l a n e was n o t u s e d f o l l o w i n g a s e v e r e wind 
s h e a r e n c o u n t e r . P o s t a c c i d e n t s t u d i e s h a v e shown t h a t , under 
s i m i l a r c i r c u m s t a n c e s , had f l i g h t t e c h n i q u e s o f an e m e r g e n c y 
n a t u r e ( s u c h a s t h o s e o u t l i n e d a b o v e ) b e e n u s e d i m m e d i a t e l y , t h e 
a i r p l a n e c o u l d h a v e r e m a i n e d a i r b o r n e and t h e a c c i d e n t a v e r t e d . 

b . Approach t o L a n d i n g . C o n s i d e r a t i o n s i n v o l v e d i n f l y i n g 
an a p p r o a c h and l a n d i n g o r g o - a r o u n d a t an a i r p o r t where wind 
s h e a r i s a f a c t o r a r e s i m i l a r t o t h o s e d i s c u s s e d f o r t a k e o f f . 

( 1 ) When wind s h e a r w e a t h e r a n a l y s i s , PIREPS, o r an 
a n a l y s i s o f a i r p l a n e p e r f o r m a n c e i n d i c a t e s t h a t a l o s s o f 
a i r s p e e d w i l l be e x p e r i e n c e d on an a p p r o a c h , t h e p i l o t s h o u l d 
add t o t h e V r e f s p e e d a s much a i r s p e e d a s h e e x p e c t s t o l o s e up 
t o a maximum o f V r e f + 2 0 . I f t h e e x p e c t e d l o s s o f a i r s p e e d 
e x c e e d s 20 k n o t s t h e a p p r o a c h s h o u l d n o t be a t t e m p t e d u n l e s s t h e 
a i r p l a n e i s s p e c i a l l y i n s t r u m e n t e d and t h e p i l o t s a r e s p e c i a l l y 
t r a i n e d . The p i l o t s h o u l d f l y a s t a b l i z e d a p p r o a c h on a normal 
g l i d e p a t h ( u s i n g an e l e c t r o n i c g l i d e p a t h and t h e a u t o p i l o t when 
a v a i l a b l e ) . In t h e s h e a r when a i r s p e e d l o s s i s e n c o u n t e r e d , a 
prompt and v i g o r o u s a p p l i c a t i o n o f t h r u s t i s e s s e n t i a l , k e e p i n g 
i n mind t h a t i f a i r s p e e d h a s b e e n p r e v i o u s l y added f o r t h e 
a p p r o a c h , t h e t h r u s t a p p l i c a t i o n s h o u l d be a imed a t p r e v e n t i n g 
a i r s p e e d l o s s b e l o w V r e f . An e q u a l l y prompt and v i g o r o u s 
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reduct ion in t h r u s t i s necessary once the shear has been 
t raversed and normal t a r g e t speed and g l i d e p a t h are r e e s t a b ­
l i s h e d t o prevent exceeding d e s i r e d v a l u e s . Ear ly r e c o g n i t i o n 
o f the need f o r thrus t i s e s s e n t i a l . Along with the t h r u s t 
add i t i on i s a need for a noseup r o t a t i o n t o minimize departure 
below the g l i d e p a t h . I f the a i r p l a n e i s below 500 f e e t AGL and 
the approach becomes uns tab le , a go-around should be i n i t i a t e d 
immediate ly . Airspeed f l u c t a t i o n s , s ink r a t e , and g l i d e s l o p e 
d e v i a t i o n should be as se s sed as p a r t o f t h i s d e c i s i o n . 

( 2 ) A p i l o t ' s chances o f s a f e l y n e g o t i a t i n g wind shear 
are b e t t e r i f he / she remains on ins truments . V i s u a l r e f e r e n c e s 
through a r a i n - s p l a t t e r e d windshie ld and reduced v i s i b i l i t y may 
be inadequate t o provide him/her with cues that would i n d i c a t e 
d e v i a t i o n from the d e s i r e d f l i g h t p a t h . At l e a s t one p i l o t 
shou ld , t h e r e f o r e , maintain a cont inuous instrument scan u n t i l a 
s a f e landing i s a s sured . 

( 3 ) Some a u t o t h r o t t l e systems may not e f f e c t i v e l y 
respond t o a irspeed changes in a s h e a r . A c c o r d i n g l y , the t h r u s t 
should be monitored c l o s e l y i f a u t o t h r o t t l e s are used. P i l o t s 
should be a l e r t t o o v e r r i d e the a u t o t h r o t t l e s i f the response t o 
increased t h r u s t commands i s too s l o w . C o n v e r s e l y , t h r u s t 
l e v e l s should not be a l lowed to g e t too low during the l a t e 
s t a g e s o f an approach as t h i s w i l l increase the t ime needed to 
a c c e l e r a t e the e n g i n e s . 

( 4 ) Should a go-around be required the p i l o t should 
i n i t i a t e a normal go-around procedure , e v a l u a t e the performance 
o f h i s a i r p l a n e in the s h e a r , and f o l l o w the procedures o u t l i n e d 
in the t a k e o f f s e c t i o n o f t h i s c i r c u l a r as a p p l i c a b l e . 

8* SUMMARY. The fo l lowing summarizes the c r i t i c a l s t e p s in 
coping with low l e v e l wind s h e a r . 

a . Be Prepared. Use a l l a v a i l a b l e f o r e c a s t s and current 
weather information t o a n t i c i p a t e wind s h e a r . A l s o , make your 
own o b s e r v a t i o n s o f thunderstorms, gus t f r o n t s and t e l l t a l e 
i n d i c a t o r s o f wind d i r e c t i o n and v e l o c i t y a v a i l a b l e to p i l o t s . 

b . Giving and Requesting PIREPS on wind shear are 
e s s e n t i a l . Request them and r e p o r t anything you encounter . 
PIREPS should inc lude: 

( 1 ) Locat ion o f shear encounter . 

( 2 ) A l t i t u d e o f shear encounter . 
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( 3 ) A i r s p e e d c h a n g e s e x p e r i e n c e d , w i t h a c l e a r 
s t a t e m e n t o f : 

( i ) t h e number o f k n o t s i n v o l v e d ; 

( i i ) w h e t h e r i t was a g a i n o r a l o s s o f a i r s p e e d . 

( 4 ) Type o f a i r c r a f t e n c o u n t e r i n g t h e s h e a r . 

c . A v o i d Known A r e a s o f S e v e r e S h e a r . When t h e w e a t h e r 
and p i l o t r e p o r t s i n d i c a t e t h a t s e v e r e wind s h e a r i s l i k e l y , 
d e l a y y o u r t a k e o f f o r a p p r o a c h . 

d . Know Your A i r c r a f t . M o n i t o r t h e a i r c r a f t ' s power and 
f l i g h t p a r a m e t e r s t o d e t e c t t h e o n s e t o f a s h e a r e n c o u n t e r . 
Know t h e p e r f o r m a n c e l i m i t s o f y o u r p a r t i c u l a r a i r c r a f t s o t h a t 
t h e y c a n be c a l l e d upon i n s u c h an e m e r g e n c y s i t u a t i o n . 

e . A c t P r o m p t l y . Do n o t a l l o w a h i g h s i n k r a t e t o d e v e l o p 
when a t t e m p t i n g t o r e c a p t u r e a g l i d e s l o p e o r t o m a i n t a i n a 
g i v e n a i r s p e e d . When i t a p p e a r s t h a t a s h e a r e n c o u n t e r w i l l 
r e s u l t i n a s u b s t a n t i a l r a t e o f d e s c e n t , p r o m p t l y a p p l y f u l l 
power and a r r e s t t h e d e s c e n t w i t h a n o s e u p p i t c h a t t i t u d e . 

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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APPENDIX 1 . WIND SHEAR RELATED REPORTS 

The fol lowing reports based on s t u d i e s made of the wind shear 
problem are ava i lab le from the National Technical Information Center, 
5285 Fort Royal Road, Spr ingf i e ld , Virginia 22216: 

Report No. 

FAA-RD-76-H4 

FAA-ED-15-2A 

FAA-RD-77-36 

FAA.-RD-78-3 

FAA-RD-77-33 

FAA-RD-77-166 

NASA-CR-3002 

FAA-RD-77-184 

FAA-RD-78 

FAA-RD-77-135 

T i t l e 

Wind Shear: A Literature 
Search, Analysis and 
Annotated Bibliography 

Engineering & Development 
Program Plan 

Wind Shear Modeling for 
Aircraf t Hazard Def in i t ion 
(Interim Report) 

Wind Shear Modeling for 
Aircraf t Hazard Def in i t ion 
(Final Report) 

Wind Shear Characterization 

P i lo ted F l ight Simulation 
Study o f low-Level Wind Shear 

Phase I 

" Fhase I I 

" Fhase I I I 

Turbulent Transport Model 
o f Wind Shear in Thunder­
storm Gust Fronts 

Low-Level Frontal Wind 
Shear Forecasts Test Report 

Gust Front Model V e r i f i ­
c a t i o n Study 

Derivation of Groundspeed 
Information from Airborne 
DME Interrogators 

Report Date 

Feb 1977 

Aug 1977 

Mar 1977 

Mar 1978 

Feb 1977 

May 1977 

June 1977 

April 1978 

May 1978 

May 1978 

Sep 1978 

Nov 1977 
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T i t l e Report Date 

Large Aircraft Accident 
Analys is 

Gust Front Analyt ica l Study 

Simulation and Analysis 
o f the Wind Shear Hazard 

Wind Shear Requirements and 
Their Application t o Laser 
Systems 

December 1977 

December 1977 

December 1977 

February 1978 

2 

Report No. 

FAA-RD-77-169 

FM-RD-77-119 

FAA-RD-78-7 

FAA-RD-77-120 


