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WHAT AN OCCLUSION IS

g

To start out, let’s have a definition of “occlusion.” It
means to shut something in or out, as you shut light out
by lowering a window blind, or as you close off a passageway
by closing its doors.
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OCCLUDED

An “occluded” front occurs
in the atmosphere when a cold
front overtakes a warm front
and one or the other is lifted
aloft so that the warm air be-
tween the two fronts is shut off
from the surface of the earth,
hence “occluded.”

WARM AIR \3
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WHAT AN OCCLUSION IS

The occluded front is formed during the life cycle of a
cyclone, which is a traveling system of winds that, in the
northern - hemisphere, rotates counterclockwise around a
center of low atmospheric pressure. The reverse is true in
the southern hemisphere, but in the interest of simplicity,
this text deals solely with the northern hemisphere.

You already have studied in “Air Masses and Fronts” how §

air masses move, and you have learned about cold fronts
and warm fronts. In order to understand how occluded
fronts are formed it is necessary that you know something
about the cyclone—not the technical knowledge of the aerolo-
gist but enough to grasp its significance to an aviator.
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LIFE OF THE CYCLONE

Cyclones are like people in that they are born, they grow
to maturity and they die. Here is a simplified explanation
of how they are born:

The polar region is occupied by
cold, heavy air which produces pres-
sure. The polar front acts as a barrier
separating this polar air from the
warmer tropical air of the middle lati-
tudes. North of this front the winds
are easterlies while those in the mid-
dle latitudes are westerlies.

<)f

LIFE OF THE CYCLONE

As tropical air from the equator is heated it rises and
moves toward the north pole at high levels and piles up
behind the polar front. Air cannot blow through the polar
front, so consequently when the pressure behind it becomes
sufficiently great, it is forced to move. A small section of it
bulges out into the westerly wind stream of the middle lati-
tudes. When this happens, the westerlies are deflected and
become southwesterlies, causing an adjacent sector of the
polar front to retreat toward the north.

COLD AIR

The result is that there is a southward surge of cold air
and a northward surge of warm air, causing an apparent
counterclockwise rotation, something like an eddy in a pool

of water.
g
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LIFE OF THE CYCLONE e i LIFE Of THE CYCLONE

Thus a cyclone is born. : ] As more and more of the warm air flows up over the
i ; ; warm front, the center of lowest pressure moves in the
direction of the warm air current. Thus, southwesterly winds
of the northern hemisphere cyclone impel the cyclone to
move eastward.

i

o DIRECTION OF
MOVEMENT OF
LOW PRESSURE

Now, it is characteristic of a cold front that it moves more
rapidly than a warm front and thus, as the cyclone continues
on its way, the cold front gradually overtakes the warm
front.

As the bulge in the polar barrier con-

tinues south, it rides under and displaces
the warmer air ahead of it, forming a cold O
;

front. As the warm air from the south .
moves northward, it replaces the receding : o
cold air. This forms a warm front and the ‘
warm air is lifted, which causes a center
of low atmospheric pressure to form at the ?
intersection of the cold and the warm front. i , COLD FRONT

\

— OCCLUDED FRONT
WARM
FRONT
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WHAT AN "OCCLUSION" IS

Obviously, the surface of the earth does not have a con-
stant temperature over a widespread area, and therefore since
the earth’s divergent temperatures act upon both, the cold
air behind the cold front rarely has the same temperature
as the cold air ahead of the warm front.

Consequently, when one front overtakes the other, the
warmer and lighter mass of air gives way to the colder and
heavier mass and is forced aloft. This process, in which the
warm air is shut off from the surface of the earth, is called
an occlusion.

TYPES OF OCCLUSIONS

There are two types of occlusions and which one of them
occurs in any particular cyclone depends upon the tempera-
ture distribution in the mass of cold air that lies to the north

of the two fronts.

COLD AIR

" COOL AR
\ 0CCLUDED FRONT

When the air behind the cold front is colder
than the air ahead of the warm front, the cold
front pushes in under the warm front. The
cold front remains at the earth’s surface and
the resulting occlusion is called the cold front

type.
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TYPES OF OCCLUSIONS

WARM AIR

But sometimes the cold air ahead of
the warm front is of lower temperature
than the air behind the cold front. When
this happens, the cold front rides up over
the warm front, and the occlusion is
known as the warm front type.
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TYPES OF OCCLUSIONS

UPPER FRONT

\ OCCLUDED FRONT

The front which remains at the surface
is the “occluded” front. The front which is
raised aloft is the “upper” front of the sys-
tem. It is this upper front which is of pri-
mary importance to aviation because it is
held aloft where it is a danger along the
aviator’s flight path. It is difficult to locate
on the weather map and impossible to iden-
tify from an airplane.
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Already you have learned the hazards of a cold front and
of a warm front. In an occlusion you have a combination
of the two working together against you—a warm front at
the earth’s surface, say, and a cold front above that!
1 o An important thing for you
; 2 ' to remember is this: The
N most violent phase of the oc-
5 »5( clusion from the standpoint
GRS e \\§ of the aviator is in the early
SN ST ' o stages of the cyclone, because
G S S\ ‘t- at this time the weather along
b =SW 2 N
P\ : ~—¢re=r the upper front is raising
‘@a’:‘ cain.
YOUNG VIGOROUS gL

UPPER FRONT

THE UPPER FRONT

(Before you complete this course of study you will learn
how to locate this danger area on the weather map so that
you can avoid it.) ‘

In the latter stages of the Tl
cyclone, when the surface winds O
are at their maximum, the up- e i
per front no longer presents a XN Y
serious aviation problem. Nev- NG
ertheless, the safest thing to do { h\

is to assume the presence of an NS Y
active upper front in every e
occlusion. L

* OLD TIRED
UPPER FRONT
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TYPES OF OCCLUSIONS

But, to complete the parallel between the life cycle of a
cyclone and the life cycle of a human, the maturity of the
cyclone begins its death.

The process of occlusion starts near the low pressure
center, when the cold front begins to overtake the warm
front. This is when the cyclone’s maturity begins. After the
warm sector has been lifted aloft, and the requirements of

gravity have been satisfied, the conflict between the cold and

warm air ends and both fronts lose all their characteristics.
When this happens, the cyclone begins to die. :

P

Perhaps it will be helpful to you in understanding éyclonic
. action if you review this life cycle pictorially:

Figure A shows how
polar air is separated from
the warmer air of the mid-
dle latitudes by the polar
front, and how opposite
winds prevail in the two
separated regions.

Figure B— The polar
front has begun to bulge,
and a portion of it is mov-
ing into the region of
westerly winds as a cold
ront.

{

_ Figure C—In this closeup

- the cold front has moved

farther southward and the
change of the westerlies to
southwesterlies has caused a
warm front to form. A low
pressure center has formed
at the junction of the cold
front and the warm front.

Figure D—The warm sec-
tor has become pronounced
between the cold and the
warm fronts and the cyclonic
action is well under way. No-
tice that, characteristically,
winds in the cold air which
precede the warm front are

easterly. Those in the cold air |

behind the cold front are
northerly. Winds in the warm
sector blow from the south-
west.

Figure E—The cold front
has begun to overtake the
warm front, and therefore the
warm sector is beginning to
narrow.

TYPES OF OCCLUSIONS
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 WARM
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TYPES OF OCCLUSIONS ' CYCLONES FOLLOW ROUTES

Figure F—The cold front
has overtaken the warm front
and an occlusion has begun
near the low pressure center.
The cold front is riding up
the warm front, so this is a
warm front type occlusion.

By now you are well aware that weather is no chance
occurrence—it follows certain definite patterns based on
physical laws. Aerology is still an inexact science, but our
'O definite knowledge is increasing steadily. And a part of this

knowledge is that cyclones follow certain courses, or paths.

Figure G—Here the warm
sector between the fronts has
vanished. The conflict be-
tween the winds is over and
the cyclone dissipates and is
gone. We are right back
where we started.

7%
The three stages of the life cycle of the cyclone are these: £ ———>  PRINCIPAL TRACKS OF CYCLONES
- —=="> PRINCIPAL TRACKS OF HURRICANES
o .
L. - They form. : j The map above shows storm tracks that are typical of the

2. They occlude. movements of cyclones. Cyclones generally travel in “fam-
: ilies” of three to five, which follow one another across the
3. They die. : \ weather map. Cyclones in the northern hemisphere have a

—_—

tendency to reach their period of greatest violence and then
to disappear in the low pressure area near Iceland or the
Aleutian Islands, which makes those localities particularly
: important as sources of weather information. 3

16 : : ; : 17

It is in the early part of the
occluded stage when cyclonic
weather is most violent aloft.
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FOCUS ATTENTION ON LOW PRESSURE AREA

The cold front, the warm front, and the
occluded front result from the movement of a
low pressure center across the face of the
carth. It should be your constant aim as an
aviator to be wary of these fronts and their
weather bands, and this is the reason that the .
indication of the low pressure center of a
cyclone should receive the focus of your atten-
tion when you see it on the weather map.

w
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WEATHER bF THE OCCLUDED FRONT

Because the occluded front is a combination of a cold front
and a warm front, the resulting weather is a combination
of conditions that are associated with both fronts. The cold
front’s narrow band of violent weather, and the warm front’s
widespread weather area occur in combination along the
occluded front.

Therefore the flight problems of both the

cold front and the warm front must be met

when flying an occluded front.

N




WEATHER OF THE OCCLUDED FRONT ‘

Weéther conditions accorlrzlp';myin% bothret}:;) OV:/;rtrlllle i;;(::z
y i d the cold front type a
ek ned. Both are preceded
flicht operations are concerned.
is faftlrw’sifiespgreadp::urea of warm front weatht‘ar, anfl elacl; }tlﬁz
azl upper front along which the weather is typical o

cold front.
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WEATHER OF THE OCCLUDED FRONT

| PEAK OF \PEAK OF
~ WARM SECTOR  WARM SECTOR .

Along this upper front, the activity is particularly severe
in either type of occlusion for a distance of fifty to one
hundred miles north of the peak of the warm sector.

This particular area contains some of the worst possible
flying conditions. It MUST be avoided.

20

o

21




) )

 WEATHER OF THE OCCLUDED !‘ROH'I'

) ion
The primary difference between a warm front occlus

and the cold front occlusion is the location of the occluded

front—the surface front—in relation to the upper front:

OCCLUDED
FRONT

In a warm rt e occlusion the upper ‘firon.tl precedes
the occluded front by as much as two hundred miles.

OCCLUDED

47" FRONT

VInthe cold front type oclusion_ the upper front follows
the occluded front by twenty to thirty miles.

22
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_ FLIGHT

S ——

PATH
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Because of the counterclockwise rotation of winds around

the low center, there is a distinct wind shift associated with

the occluded front. If you are flying at a low level from
east to west through a cold front type occlusion, you will
encounter the wind shift very shortly after you run into the
weather of the upper front. In the case of a warm front
type occlusion, you will encounter the upper frontal weather
as much as an hour before the wind shift.

In the early stages of either type of occlusion the wind
shift is abrupt, but as the occlusion process progresses toward
its later stages the shift becomes more gradual and conse-
quently is less intense.

pie
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The principal difference between

cold front occlusion weather and the

warm front type is the width of the
weather band. In the warm front
occlusion, the cold air which follov}vls
the upper front flows up oveli tde
warm front surface, causing coxi s
to form, generally of the cumulus
type, within the cold air. In this arfjl3
precipitation and severe icing may

found.

w
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WEATHER OF THE OCCLUDED FRONT

FINAL STAGES PRESENT NO SERIOUS FLIGHT PROBLEMS

In either type, the activity along the upper front is most
violent during the early stages of the occlusion’s develop-
ment—when it is young and vigorous. As the occlusion
process continues, this activity diminishes and the vertical
clouds accompanying the upper front flattén out into layers.
Both the upper front and the occluded front lose their frontal
characteristics until in the final stages all that is left is a
wide area of intermediate cloud decks which present no
serious flight problems either at high or low levels.
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Particularly over oceans or areas where reports are sc:

When you plan a flight through an area of we:

ought about by an occluded front it is imperative |
the dangerous zone which extends fifty to one

dred miles north of the peak of the warm sector. -

¥

3

‘"h’ob‘sé' a flight path ,Which will take you at least one
dred to two hundred miles north or south of this zo
- di for the aerologist to locate this peak accurately
protect yourself, take his estimate and keep a safe margin
stance away from the peak. : S

course is to ~thg,north of the
‘will permit you to avoid the a \
ually it will not be practical you to
i  because the cloud tops generally are
g;m; byclyur plane. The!b'gst altitude for you, ther fore,
vel 53 ow‘-,6,00‘0 feel;, vlf the Eerrair,g permi SR

If your ,cou‘fsé‘.is'/ to the 'south,(f »
 you face the problem of fying the
~ cold and the warm fronts indi-
 vidually. : ’m, _'Pnts»u;’dl <
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when you are approaching
the appearance of both

d the cold front weather. If you are nearing

From the air, it is hard to tell

an occlusion, because 1t combines

the warm front an
'Mm A
COLD FRONT,

like a warm front.
ok like a cold front.

m the east, it will l.ook
from the west it will lo

the occlusion frq
1f you approach it

28
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This possibility of mistaking the identity
of an occlusion could get you into trouble.
You might plan a flight procedure which
would cope successfully with a cold front by
itself, but which might bring you grief in the
widespread area of warm front weather on the
other side. On the other hand, you might
choose a flight procedure to meet warm front
conditions alone, only to meet with the un-
pleasant surprise of running into the violent
activity of the upper front of the occlusion.

w
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PILOT COUNSEL L
PILOT COUNSEL

it is absolutely essential that you do

For these reasons,
extended flight:

four things before taking off on any

nows TH WEATHER MAP
WEATHER '”"""'"“
; 'room? ;ﬁ\

Discuss with the aerologist at your station the weather

0

you will encounter.

Sun
AeLEy

4. Make a definite flicht plan and include alternate

2. Study the weather map—get from it every blt of
alrports

pertinent information it presents.
31
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