
  

MET 200  Lecture 11   Local Winds

• Scales of Motion
• Eddies
• Sea Breeze
• Mountain-Valley 

Circulations
• Chinook - Snow 

Eater
• Drainage Wind - 

Katabatic Wind
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Last Lecture: Forces
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Review of Forces

1. Pressure Gradient Force* – changes in 
pressure over a distance causes air to move.

2. Gravity* – only acts in the vertical direction

3. Coriolis Force – due to Earth’s rotation 
underneath the moving air.

4. Centrifugal Force – whenever there is curved 
flow (curved isobars)

5. Friction – only important near the Earth’s 
surface

* Only the pressure gradient force and gravity 
can cause winds in air that is initially at rest.
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Balance of Forces 
• Cyclostrophic Balance – Pressure Gradient Force = Centrifugal Force
• Geostrophic Balance – Pressure Gradient Force = Coriolis Force
• Gradient Wind Balance – Pressure Gradient Force = Centrifugal + 

Coriolis Forces
• Hydrostatic Balance – Pressure Gradient Force = Gravity
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• A change in pressure over 
some distance (pressure 
gradient) causes air to 
move.

• Elevation changes cause 
pressure differences, but 
not necessarily motion. 
Why? P1

P2

Surface Pressure vs Sea Level Pressure

P1 > P2
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Surface Pressure vs Sea Level Pressure

• Pressure is force per unit area.
• Air pressure is determined by the 

weight of air above.
• So pressure drops as you move to 

higher elevation. That is how an 
altimeter works on an airplane.

• Stations in mountains will show 
large pressure gradients as a 
result of elevation changes.

• Therefore, pressures must be 
altitude adjusted on weather maps 
to convey forces and winds 
correctly.
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Surface Pressure Maps

 Altitude-adjusted surface station pressures are used 
to construct “sea-level” pressure contours that 
convey forces correctly.
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Scales of Motion

Phenomena with large length scales occur over long 
time scales and vice versa.

What balance of forces 
operates at these scales?
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Scales of 
Motion

• Microscale:  meters
– Turbulent eddies

• Formed by friction near the surface or by wind shear near jetstreams or convection
• Lifetimes of minutes

• Mesoscale:  km’s to 100’s of km’s
– Local winds and circulations

• Land/sea breezes, mountain/valley winds, thunderstorms, tornadoes
• Lifetimes of minutes to hours

• Synoptic scale:  100’s to 1000’s of km’s
– Circulations around high and low pressure systems

• Lifetimes of days to weeks

• Global scale:  systems ranging over entire globe
- Hadley circulation, waves in the jetstream, ENSO

• Lifetimes of months to seasons and longer
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 Microscale: Eddies
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Dust Devils
• Surface heating produces 

convection
• Wind blowing past object twists 

rising air
• Air rushes into rising column lifting 

dirt and debris
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Wind Shear-Induced Eddies

 Large gradients in wind speed over short distances cause strong wind shear
– Clear air turbulence can result, producing dangerous conditions for aircraft
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Wind Shear-Induced Eddies
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Mountain Waves

 Waves and eddies are 
produced by flow past a 
mountain range in a stable 
atmosphere
– Can form lenticular and rotor 

clouds
– Rotor clouds indicate dangerous 

conditions for aviation, including 
strong up and down drafts and 
turbulence.
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Mountain Waves
 Rotor clouds indicate 

dangerous conditions for 
aviation, including strong 
up and down drafts and 
turbulence.

Rotor cloud

Wave cloud
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Mountain 
Waves

Mt. Wave Cloud
or Lenticular Cloud

16



  

Friction 
Induced 
Eddies
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Sea Breeze and Land Breeze 
Circulations
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Sea Breeze and Land Breeze Circulations

19

  

Sea and Land Breezes

• Mesoscale coastal winds
• Thermal circulations driven by differential heating/cooling of 

adjacent land and water surfaces
• Most prevalent when/where solar heating is strong
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Sea breeze front from 
pearl harbor to Waikiki.
Offshore sinking air 
over the North Shore 
and windward waters.

Oahu Sea-Breezes Cause Clouds

21

  

Oahu Sea-Breezes Cause Clouds

Sea breezes on Oahu are strongest on light trade wind days.
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Daytime Cloud Fraction 
for Oahu
Sea breeze front from 
pearl harbor to Waikiki.
Offshore sinking air 
over the North Shore 
and windward waters.

Oahu Sea Breezes Cause Clouds
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Island of Hawaii July Diurnal Winds

Island of Hawaii with contours for elevation plotted every 3000 ft and average 
winds (mph) during a six-week period during July and August, 1990.
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Sea Breeze Circulation
 Converging Gulf of Mexico and Atlantic sea breezes produce 

uplift and thunderstorm development in Florida.

Cumulonimbus due to converging 
sea breezes on Florida Key
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Sea Breeze 
Development

 We can think of sea breeze formation in terms of pressure 
gradients

1. Land is heated creating “bulging” pressure surfaces
2. Heated column produces “H” aloft over land
3. Air aloft flows outward from land to ocean
4. Upper flow creates surface “H” over water
5. Surface flow responds with flow toward land at low levels
• Large scale ascent over land destabilizes column - enhances cloud 

development -thunderstorms
• descent over ocean stabilizes oceanic column
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Sea and Land Breezes

 Sea breezes
– Cool coastal communities
– Bring more humid air

• Haze
• Fog

– Often produce summer thunderstorms inland from the coast
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Sea and Land Breezes

Sea breeze development summary
– Solar heating raises land temperature more than water
– Air in contact with land warms and rises
– Cooler (denser) sea air moves in to replace rising air over land
– Air sinks over the water in response to surface air movement, 

producing return circulation (land-to-sea breeze) aloft
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Sea Breeze

 The leading edge of the 
cooler sea breeze air is 
like a shallow cold front, 
which forces warmer 
inland air to rise, 
triggering showers and 
thunderstorms.
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Sea Breeze
• Converging Gulf of Mexico and Atlantic sea breezes produce 

uplift and thunderstorm development in Florida
• Disruption of sea breezes reduces rainfall and can lead to a 

bad fire season
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Sea Breeze Circulation
 Converging Gulf of Mexico and Atlantic sea breezes produce 

uplift and thunderstorm development in Florida.
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Lake Breeze
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Lake Breeze
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Land Breeze
 Land breezes form at night due to stronger radiative 

cooling of the land surface leading to sinking and 
offshore flow of this cooler air mass with return flow aloft 

34

  

Land Breeze
 Land breezes form at night due to stronger radiative cooling 

of the land surface leading to sinking and offshore flow of 
this cooler air mass with return flow aloft. Thunderstorms 
may form at night over the offshore waters. 
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Mountain/Valley Winds
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Mountain/Valley Winds

37

  

• Sunlight heats mountain slopes during the day and they cool by radiation at 
night

• Air in contact with surface is heated/cooled in response
• A difference in air density is produced between air next to the mountainside 

and air at the same altitude away from the mountain
• Density difference produces upslope (day) or downslope (night) flow
• Daily upslope/downslope wind cycle is strongest in clear summer weather 

when prevailing winds are light

Mountain/Valley Winds
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Consequences of Mountain/Valley winds
• Upslope flow during the day leads to formation of clouds 

and precipitation along mountain ranges
– When is the best time for hiking and climbing?

• Upslope flow along the Front Range transports pollutants 
from the urban corridor into the high country
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Combined Sea Breeze and 
Mountain - Valley Circulations

In Hawaii, the sea-breeze and mountain-valley circulations 
are combined to produce an island scale circulation that can 
be quite vigorous, especially when trade winds are light.
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Chinook Winds

Chinook means snow easter.  Why?
– The relative humidity during a Chinook is very low, often less 

than 10%.
– The temperatures are often quite warm, often in the 50’s or 60’s 

in the middle of winter.
– Coupled with the strong wind, snow rapidly sublimates and 

disappears. 
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Chinook Downslope Winds

• Main source of heating is compression during downslope flow
– Key is loss of moisture on upwind slope so downslope heating occurs at 

higher dry adiabatic rate
• Latent heat release from condensation during upwind ascent 

also contributes
– If condensed water is removed as precipitation on upwind slope
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• \
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NASA Image of Hawaii
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Annual Rainfall for Oahu
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Annual Rainfall for Island of Hawaii
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Annual Rainfall for Island of Kauai
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Annual Rainfall for Maui & Molokai
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Chinook Down-slope Winds

• High pressure over the mountains
• Low pressure over the plains
• Very stable atmosphere on the upwind slope

– Often a temperature inversion
• Strong winds aloft -  above 15,000 ft

– Jet Stream present
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Local to mountainous regions.
Occur under calm, clear conditions. 
Cold, dense air flows down valleys onto the land below. 
Drainage winds can be extremely cold and strong.

Drainage Winds (katabatic winds)
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Known by different local names 
• Yugoslavia - Bora 
• France - Mistral 
• Alaska - Taku 

Drainage Winds 
(katabatic winds)
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 Time-average winter surface wind flow pattern in East 
Antarctica.  Cape Denison is the windiest place on Earth.

Katabatic winds 
over Antarctica

53

  

Santa Ana Winds
A kind of gap wind

Surface weather map in February
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Santa Ana Winds
A kind of gap wind
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  • October 2003

California 
Wild Fires
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Central American Gap Winds
(often exceed 50 mph in winter)

Wind & sea surface temperature (oC) 
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Questions?
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