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(BLDU) and blowing sand (BLSN) condi-
tion near Los Angeles (LAX):
ZLA1 CWA 160400
ZLA CWA 101 VALID TIL 160600
35ENE LAX

NUMEROUS ACFT REP LOW LVL WS
BLW 005. SFC WND GUSTS 50 KT.
VIS OCNL 1SM BLDU BLSA. CONDS
EXP TO CONT AFT 06Z. NO UPDATES
AFT 160500Z.

The Collaborative Convective Forecast
Product (CCFP), which is a joint effort of
the AWC, the FAA, and the airlines, is use-
ful for locations of convective LLWS, but
it does not specifically mention the LLWS
threat. It is implied, however, when thun-
derstorms are forecast.

Pilot reports of wind shear can be ex-
tremely helpful for other pilots and fore-
casters alike.  Sometimes pilots inadvert-
ently report LLWS as turbulence or turbu-
lence as LLWS.

The Details . . .
Normally a gradual, vertical trend in

wind speeds is present during the day. The
atmospheric temperature decreases with
height, characteristic of a well mixed lower
layer. Non convective LLWS occurs when
the layer near the ground is cooler than the
air above it, creating as a temperature
inversion.

This condition prevents the winds
from mixing in the boundary layer. Instead
the winds decouple within or at the top of
this boundary layer. Winds are light at the
surface, but remain stronger and possibly
blow from a different direction aloft.

This shear may be associated with
nocturnal inversions, marine layers,  sea
breeze fronts, warm and cold front pas-
sages, cold-air damming against a moun-
tain barrier and lee side mountain affects.
Sometimes,  the shear may not meet the
20kt/200ft NWS criteria, as with most warm
and cold fronts, or be too transient in na-
ture for inclusion in the forecast, as with
most sea breeze fronts.

In such situations, the shear is experi-
enced by pilots mainly as turbulence, with a
net vector change after passing through the
turbulent zone.

The most common type of non con-
vective LLWS is associated with nocturnal
inversions, which are often created by sur-

Figure 1: Convective LLWS, non-convective LLWS, and turbulence.
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face cooling due to radiation under clear
skies if surface winds are light.

Valleys can intensify the inversion de-
velopment through cold air drainage. In a
nocturnal inversion, a cool layer is trapped
under warmer air. If a low level jet (wind
maximum) develops in the warmer air just
above the inversion, very strong wind shears
will result.

The low level jet strengthens during
the night, and is accompanied by LLWS. It
often dissipates around sunrise when the
atmosphere begins to mix.

Marine layers, such as on the West
Coast during the summer, can also pro-
duce very strong cases of non-convective
LLWS. Typically, a marine layer increases in
depth with time, with the top of the inver-
sion lifting from around one thousand feet
to four to five thousand feet through a 4 to
5 day period. Santa Ana winds coming
down from the mountains and riding up
over the top of this layer can accentuate this
condition.

Sea breeze fronts can create non-con-
vective LLWS, although the depth of the
sea breeze changes fairly rapidly with time,
increasing a few thousand feet from mid-
morning into the afternoon hours. If the
sea breeze front is strong enough, and if
there is a prevailing wind above the front,
the vector change in winds aloft can meet
the NWS non-convective LLWS criteria.

Wind shears across frontal boundaries
don’t usually meet the LLWS criteria. The
shear across the frontal transition zone is
usually more characteristic of turbulence,
although the net vector change is still quite
significant. If the front is extremely strong,
wind shears across a frontal boundary can
meet NWS non-convective LLWS criteria.
Wind shears associated with a cold front
are at or behind the front’s surface posi-
tion. Wind shears associated with a warm
front are ahead of its surface position. In
addition, fronts that result from cold-air
damming accompanied by overrunning, as
occur in the Virginia and Carolinas Pied-
mont during the cooler part of the year,
can produce some significant shears.

Wind shears associated with moun-
tain waves on the lee side of mountains
can also reach within 2,000 feet of the
ground on occasion. These shears, how-

ever, which can be extremely strong, are usu-
ally too transient for inclusion in a TAF.

Convective LLWS is associated with
downdrafts and gust fronts from showers
and thunderstorms or microbursts. The na-
ture of the shear will depend upon the sym-
metry of  the outflow, the strength of  the
outflow, and the stage of  development.
Also, outflow regions from different thun-
derstorms can merge, further complicating
the situation. In their most intense form,
downdrafts and the resulting outflows are
referred to as downbursts.

The wind shears associated with low
level turbulence usually occur at a smaller,
more irregular scale than either convective
or non-convective LLWS. They consist of
eddies or waves on the order of a few meters
to a few hundred meters across. Low level
turbulence results primarily from:

♦ Mechanical mixing caused by high winds
interacting with the terrain

♦ Convection
♦ Frontal surfaces and boundaries
♦ Gravity waves
♦ Aircraft wake effect.

Over rough terrain, even light to
moderate winds can produce significant tur-
bulence.

How to Deal
With Wind Shear . . .

Non-convective LLWS, convective
LLWS, and low level turbulence can all af-
fect aircraft performance, sometimes dras-
tically. Sometimes these phenomena will
occur together, as is the case with thunder-
storms. An aircraft’s size, weight, speed,
power to weight ratio, and engine type are
critical factors in determining its response
to a given shear environment.

The pilot’s response to LLWS in-
volves both power settings and angle of
attack. Each aircraft is vastly different. The
best way to prepare and practice is to thor-
oughly review those sections of  the air-
craft operating handbook or practice in cer-
tified simulators for that aircraft type.

A pilot encountering non-convective
LLWS has a few options. In a tailwind
condition, the wings lose the lift of the
relative wind, and  the pilot can increase

power to increase IAS. For increasing
headwinds, the pilot may choose to back
on power. If the pilot is unsure about the
direction of the shear, an increase in power
may be warranted  to be on the safe side.

A pilot’s response to convective LLWS
may be different from that for non-
convective LLWS.  The primary difference
is non-convective LLWS presents the pilot
with one wind shift or vector wind change,
while convective LLWS often presents the
pilot with multiple wind shifts along the
flight path.  In an idealized scenario, an air-
craft may first experience a headwind, fol-
lowed by a downdraft, followed by a
tailwind. Pilot training is the best way to
learn the difference. No firm rules exist for
handling all situations.

A pilot encountering  low level turbu-
lence on take-off or final approach on a
windy day will usually increase power. This
will keep the fluctuating air speed from
dropping below the stall speed.

This response contrasts with what a
pilot would do when an aircraft encounters
turbulence at cruising altitude. With turbu-
lence, the pilot would slow the aircraft to
near the maneuvering, or turbulence pen-
etration, speed.

Low level turbulence is often more
dangerous to small aircraft than large
aircraft because their smaller wings allow
them to be influenced by smaller scales
of turbulence.

For both  LLWS and low level turbu-
lence,  the dangers for the approach phase
of flight are different from those for the
take-off phase. Approach can be danger-
ous because the aircraft has downward
momentum, is in a nose-down attitude
(until final flair out), and has throttled back
to idle.

It could have a hard time recovering
from an unexpectedly strong tailwind, es-
pecially in a downburst situation. Takeoff
can be dangerous for a different set of rea-
sons. Since the engines are at full power,
additional power, if needed, is not avail-
able and aircraft weight is usually signifi-
cantly higher due to fuel load.

In summary, there are distinct differ-
ences between the types of wind shear and
turbulence.  There are also differences in
how an aircraft responds to this shear. Vigi-
lance and training are the keys in dealing
with these invisible phenomena. 


