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Airmasses

*An airmass is a large body of air with relatively uniform
thermal and moisture characteristics.

*Airmasses cover large regions of the earth, typically several
hundred thousand square kilometers.

*Airmasses can be as deep as the depth of the troposphere
or as shallow as 1 to 2 km.

*Airmasses form when air remains over a relatively flat region
of the earth™ with homogeneous surface characteristics for an
extended period of time.

(* Canadian and Siberian plains, cool oceanic regions such as the North Atlantic
and Pacific, deserts, such as the Sahara and the American southwest, and
tropical oceanic regions including the equatorial Atlantic and Pacific, and smaller
water bodies such as the Caribbean Sea and the Gulf of Mexico).



Fig. 8.1 SHW

Continental Polar.
or Arctic Airmass




upper air convergence
(curvature effect)

oy

weak subsidence
clear skies

mountains

Fig. 13.4 SHW

©2002 Kendall/Hunt Publishing 1000 miles



In winter, high-pressure centers form and are the dominant feature
over the northern parts of the continents of Asia and North
America.
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Fig. 13H SHW
Courtesy of the American Meteorological Society



Example of a high pressure system that moved southward into the central US in winter
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In summer, when the oceans
are cooler than the
landmasses, large high-
pressure centers are the
dominant feature of the
atmosphere over the North
Atlantic and Pacific Oceans.

The high-pressure center over
the Atlantic is called the
“Bermuda High” because it is
centered near Bermuda,

while its Pacific counterpart is

called the “Pacific High”

Fig. 25.1 SHW



4) Icelandic Low over the N. Atlantic
5) Aleutian Low over the N. Pacific in winter.

Note: Semi-permanent low-pressure centers differ substantially
from migrating tropical and extratropical low-pressure centers
associated with cyclones and hurricanes.



Observed (NCEP Reanalysis) SLP (mb)
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Low are associated
with airmasses that
are warm relative

to the surrounding
continental airmasses
in winter.
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Not all airmasses are in contact
with the ground

Airmasses exist aloft in the troposphere, residing on
top of other airmasses.

Airmasses are

three-dimensional,
and the boundaries
between airmasses
are often quite
sharp and distinct

Pressure (mb)

Stratosphere: a large
airmass that covers the
entire globe i
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the direction of movement of the airmasses

c) whether the boundary between the airmasses is
in contact with the ground (a surface front), or
can only be found aloft (an “upper level front”).
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Identifying a cold front on a surface weather map:

Surface Observations: Midwest 212 Sat Oct 12 2002
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Surface front is located at the leading edge of the strong temperature gradient.

3. Surface front is located at the leading edge of accompanying strong dewpoint

gradient.

5. Surface front coincides with pressure trough — pressure dropping as the front

approaches and rising after it passes.



Identifying a cold front on a surface weather map:

Surface Observations: Midwest 212 Sat Oct 12 2002

CUSS

- -
3 P AP a7 » ) a
% " DN
L P e . . _," o ‘-9
WWlne R w0 stmon v sde ) ARCAENM K SCHOCHs. Lindver wity of Mo o1 Lrens-C Samoes
r

Cold air is advancing with time, replacing warm air.
A sharp wind shift, generally from winds with southerly component to winds with

westerly or northwesterly component, will occur at front.
Precipitation may be behind, along, or ahead of front (or may not be present) but

when present, it will be organized along a line.



Identifying a cold front on a weather map:

Surface Observations: Midwest 212 Sat Oct 12 2002
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Leading edge of a cold front on radar often appears as a very
Long narrow line of high reflectivity
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Radar Image from National Weather Service: KILX 16:08 UTC 10/04/2002




POTENTIAL
TENPERATUAE (K)

‘5‘400
:
I [
i | / Y
200+~ | I u |
130 i 1
| 4 'b\ g R EM,
5 L/ 4
s |
%3 % ..—'-.‘%T‘);:_-,.__- - ﬂ
2000 2003 1006 1000  3na
i (b)

Potential Temperature
Wind Barbs

TEMPERATURE ('C)

% 3 By

& =

| -
pemt s 3
_.=  Front passed the tower
On 19 Sep 83.

“n g

1o B

g

- 5

<08 F

T

Temperature
Wind Speed

Shapiro et al. 1985, MWR, Fig. 2.6 Bluestein Vol. Il



Deep Tropospheric Cold Front and Jetstream
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Wallace and Hobbs 1977 Fig. 3.19/3.20
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The type of weather along a warm front
depends on the stability and
moisture content of the warm air



Analyzing warm fronts
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Analyzing warm fronts
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/" |Wide cloud shield often
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Equvalent potential temperature and ainmasses (color)

of precipitation
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Occluded fronts [ A
(Classical description)

Cold air to the west of
the cyclone

advances rapidly
southward

around the center of

low pressure C

Cool air to the north of
the warm

front retreats
northward slowly.

D COLDOCCLUSION

WARM OCCLUSION
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Cold air will then progress northeastward, approaching the
warm front. When cold air comes in direct contact with the cool
air north of the warm front, a new airmass boundary is created

called an occluded front.

Fig. 8.7 SHW
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A: Intrusion of upper level
front over warm front

-------------

: nd of warm moist
dry air air aloft
Y
upper level front

band of warm moist
air aloft

South
C: Warm Occlusion stratosphere

band of warm moist
air aloft

South North

New findings about occlusion structure in
many cyclones

Cold Occlusion: Classical occlusion structure

Warm Occlusion: Classic occlusion structure






Upper level front
(Also called Cold Front Aloft)

Boundary between:

Air descending from the
upper troposphere that
originates in the convergent
region of the trough

and

Air ascending from the
lower

atmosphere in the
southeastern quadrant of a
cyclone

Descending dry air
from upper troposphere upper-level

front \
\
\
\
\

frontdoes __g
not extend to
surface

scending moist air
lower troposphere
(flowing into page)

Atlantic
AR B Ocean

Pacific
Ocean A
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The upper level front is “upper level” in some cyclones, but may extend to the surface as
a continuous front in others. Where it reaches the surface as a single front the boundary
is sometimes analyzed as a surface dry line, while other times as a surface cold front.

moist air

Upper level front leads
dry line and cold front
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Dry lines develop when air flowing X northward
eastward from the high desert
plateau regions of Arizona,
Colorado, New Mexico, and Mexico
descends the Rockies into the
southern plains and encounters -
moist air flowing northward from the oceanA
Gulf of Mexico

| ) Warm moist air Atlantic
o B ocean




The Great Plains Dryline
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Severe thunderstorms often develop along dry lines
in late afternoon, particularly when dry air is present
aloft above the moist air east of the dry line.

Dry line boundary

Courtesy of Bruce Lee



Stationary Fronts

Fronts are sometimes
stationary.

Although the boundary is
stationary, air on both sides of

the boundary can be moving.

With a stationary front, air on
the cold side of the front will
always be flowing parallel to the
front.




ICE STORMS
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FRONTAL POSITIONS
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\ SURFACE ANALYSIS
“J\\ . 0000 UTC 15 FEBRUARY 1990 |

SURFACE ANALYSIS
< 1200 UTC 14 FEBRUARY 1990

Stationary front that led to 30 Million Dollar Ice storm in

1990



Topography and Fronts

Cold air dammed along the Colorado Rockies is often analyzed as a stationary
front. It is a boundary between air and rock.
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Courtesy of the Department of Atmospheric Sciences
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Topography and Fronts

Cold air trapped in Appalachian valleys is often analyzed as a distorted warm
front. The cold air in the front’s southward “dip” is quite shallow. Above the
top of the shallow air the front does not dip southward.
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