Wind and Atmospheric
Circulation

Chapter 5: Atmospheric and Oceanic Circulation



Factors that affect wind

* Gravity

* Pressure Gradient Force
 Coriolis Effect

* Friction

* Physical Features of the Earth



Understanding Atmospheric Pressure

* Airis a gas
 Motion and collision

of gas molecules
create pressure

* Pressure is the force
exerted by gas
molecules

e General Principle -
Air moves from areas
of high pressure to
low




Atmospheric Pressure

* Air is constantly pushing
down to the Earth’s
surface

* Air pressure is highest at
sea level

e Standard air pressure is
14.7 lbs per square inch

. Air pressure at atmosphere
7 region = 0 psi

Atmospheric pressure
at sea level = 14.7 psi




Atmospheric Density and Altitude

: ~ These molecules
Density: The amount contribute to the
of matter in a given | Pressiire Welghy

These molecules at this altitude.
unit contribute to the
pressure (weight)
at this altitude.

surface air pressure = weight of air in column above unit area




Atmospheric Pressure

* Barometric pressure

e Using a barometer you can measure
changes in Atmospheric pressure

* Using set of known variables

Glass tube sealed
at one end

Normal sea-level
pressure

Column of
mercury

N

Mercury
in dish
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Vacuum

760 mm of Hg
29.92 in.
1013.2 mb
101.325 kPa

Air pressure




Mapping Air Pressure: |sobar

iPad @ 4:50 PM 7 3 68% W)

Surface Preassure {mb)
GFS 000 Hour Analysis Wed 14 Mar 2018 12 UTC

T

76W T4 T2 7OW 63w

-
Q
Q
.
Q
il =
e
a0
Q
=
QD
o
0
@
g
a
B
p=
==
=
@)

8970 980 930 1000 1010 1020 1030




7 3 69% W)

Surface Pressure {mb)
GFS 000 Hour Analysis Wed 14 Mar 2018 12 UTC

. ad

© www.PassageWeather.com

T

70W ' 50W 40W I0W 200 10W

———T] | | I [——
960 970 980 990 1000 1010 1020 1030




Pressure Gradient Force

* Wind is the result of air moving horizontally along the earth’s surface
* Moving from areas of high pressure to low pressure

e Caused by unequal heating of the earth’s surface

High Net Low

Pressure Force Pressure

1004 mb 1000 mb




Cyclone and Anticyclone

Rising warm

Cyclone: low-
pressure cell more s
Air converges
and ascends
Anticyclone: high-
pressure cell
Air descends

Air spirals upwards
an d anticlockwise at

low levels

Cold air sinks

b

High pressure
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: Air spirals out
Air flows towards
| S clockwise at low

levels

diverges




PGF and wind velocity

* The larger the pressure gradient the higher the wind velocity

e Heavier air remains closer to earth’s surface as warmer air rises

direction
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Coriolis Effect

* Direction of Movement
e Response to Earth’s rotation
* Deflects the movement of air from high to low pressure

Pressure
Gradient
Force

Coriolis Resulting
Force Path




Impact of Coriolis Effect

* Helps to cause winds to
move in more of a spiral
instead of straight-line

* Wind deflected to the right
in Northern Hemisphere
and left in Southern

e Geostrophic Winds: Above
1000m (without friction)
winds can travel parallel to
Barometric Gradients

t - Pressure gradient force

H l GH w (Coriolis force

oy Direction of movement




LOW PRESSURE Pressure
gradient force




Friction

* Wind speeds slowed and
even change direction at
lower altitudes

* Drag along earth’s surface

* Friction works opposite the
direction of wind

* Friction layer only a factor
for about 1000m above the
earth’s surface

Altitude (feet)
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Sea and Land Breezes —

e Sea Breezes - when the land | cool sea breeze
is significantly warmer than e '
sea (usually summer or day)

* Land Breeze - when the land is
significantly cooler than the
sea (usually winter or night)

land breezN

night  land cooler sea warmer
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Foehn/Chinook Winds

Foehn arch

* Interaction between

Condensation,

winds and mountains e

and precipitation

lead to differences Fa
between windward R A ‘ Rt

and dry air

a n d I e ewa rd S i d e S Relatively cool \‘::T:‘\\‘\‘\:\‘.\‘ \‘; 2 o

and moist air

Foehn arch

Potentially warm
and dry air

Flow blocked by mountain barrier

Relatively warm

— - _ and dry air
Relatively cool ~ — —

and moist air
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Katabatic Winds and Valley Winds

e Katabatic Winds — Winds that flow
from cooler mountain tops to
warmer lowland areas

e Can also be from higher polar areas to
lower warmer open seas

* Valley winds affected by daily
patterns of warming and cooling

()
%, Cooled air flows
2 4, downward
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Wind Speeds in the United States

Source: Wind resource estmales developed by AWS Truepower,
LLC for windNavigator®. Web: hitp Jiwww windnavigator.com |
hitpcdwww. awstruepower.com. Spatial resolution of wind resowrce
data 2.5 km, Projection: Albers Equal Area WGS84
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General Patterns of Air Movement
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General Patterns of Air Movement: Hadley
Cells, Ferrel Cells, and Polar Cells

Altitude (km) Tropical
tropopause

Polar front mid-latitude

tropopause
10| tropopause €\ /

, Hadley cell

. Polar cell Ferrel cell
\ "

High pressure  Low pressure High pressure  Low pressure




General Patterns of Air Movement: Doldrums
and Horse Latitudes

e Subtropical Highs (Horse Latitudes)
(30 ° N and S) — Caused by
simultaneous movements of Hadley
Cells and Ferrel Cells

* Associated with little moisture and little
wind
* Intertropical Convergence Zone (ITCZ)
Located near equator — Caused by
movement of air up between two
Hadley cells (aka Doldrums)

* Characterized by lots of precipitation Gy ir [ Wevrm st
but little wind




Easterlies and Westerlies

* Trade Winds - As winds from Hadley and Ferrel cells work back
towards areas of low pressure the Coriolis effect causes them to curve

* Westerlies — Winds moving -
from low pressure to low . Westerlies 4
pressure away from poles ‘
again curving
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Jet streams

* Two cores of high-speed winds
at high altitudes

 Form where warm and cold air
masses meet in atmosphere
* 5-9 miles high
* High altitude and high speed (110
- 250mph)
e Usually 2-3 per hemisphere

e Polar front jet stream
e Subtropical front jet stream




Monsoons

e Summer causes heat
difference over Indian
Subcontinent

 Shifts the ITCZ causing air filled
with moisture to drop into
India and Southeast Asia

SUMMER

/ High pressure:

cooler ocean

pal

Cold land surface

Low pressure:
Warmer ocean
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* Disruptions in the Polar Front

e Caused by the movement of warmer air northward
e Causes undulations of polar air into lower latitudes




