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Pressure and Wind

4 ELEMENTS OF WEATHER & CLIMATE


temperature


moisture


pressure


wind

Pressure differences (one place to another on Earth) cause wind
Temperature differences cause pressure differences

Wind can change:

temperature


moisture
by moving air that is colder or warmer or wetter or dryer from one place to another.
Unequal heating of the Earth's surface by the Sun and wind are the causes of the 


temperature differences.
PRESSURE


is the weight of the atmosphere


is measured in BARS (106 dynes/cm2)


so 1 millibar (1 mb) is 1 kgf/cm2  (103 dynes/cm2)

There are tides in the atmospheric pressure each day


Semidiurnal (2 maxima, 2 minima)

               [image: image1.emf]
Isobars connect areas of equal pressure.

If the Earth wasn't rotating, winds would blow directly


from the Highs to the Lows

The rotating Earth is the cause of the Coriolis force which makes moving things turn to the right in the Northern Hemisphere and to the left in the Southern Hemisphere.
Upper Atmosphere


Horizontal wind speed is much higher at the jet stream (35,000 ft) than near the surface.

Winds are nearly Geostropic (wind blows along isobars)


(an isobar is a line of constant pressure)

This is also true over a smooth ocean


Jet streams in the Northern & Southern Hemispheres move west to east.

This causes weather systems in both N. & S. hemispheres to move west to east.

Near the Earth's Surface


Winds blow quasi-geostrophically


(i.e. they blow around High and Low's, but have a


small component from the High to the Low.)
Winds are strongest in the region of greatest pressure change (where the isobars are closest together).

Rising air cools because the pressure decreases.  This is an adiabatic temperature change.

Subsiding (sinking) air warms because the pressure increases.  This is an adiabatic temperature change.
Air tends to rise above a surface low pressure region (cyclone) creating cloudy conditions

Air tends to sink above a surface high pressure region (anticyclone) creating clear conditions.
Valley Breezes blow from the valley.

Mountain Breezes blow from the mountains.

Sea Breezes blow from the sea during the day.
Land Breezes blow from the land out to sea during the night
A Lake Breeze is like a Sea Breeze.
Lake Breeze over Lake Tanganyaki in Tanzania Africa.  Air subsides over the cool lake and rises over the warm land creating clouds.

In the Hadley circulation, air rises over the warm equator.  In a non-rotating Earth, one Hadley cell would form.  Rotation of the Earth creates the Coriolis force which causes three cells to form in each hemisphere.  The Hadley cell air descending over 30 degrees north and south becomes warm due to adiabatic compression and this causes deserts at 30 degrees N and S latitude.  But these deserts are confined to the West side of the continents.  
Tropical Storms, Hurricanes, Cyclones, Typhoons bring needed rain to the east side of Continents at 30 degrees N and S latitude.  These areas such as Houston and Atlanta,

Southeast Asia, Eastern Austrlia, and Madagascar would otherwise be deserts.

Monsoons

Winter Asian High pressure


directs winds out to sea & causes dry conditions

Summer Asian Hot Weather


directs winds onto land & causes rain

Currents reverse like the winds

Vertical movement of air is small compared to horizontal movement.  This is because

the atmosphere is a very thin layer compared with the diameter of the Earth.

15 km versus 6,378 km.

El Niño
Strong winds blown towards the west over the Pacific equator pushing warm water into the East Indies (near Australia).

The strong Peruvian current causes upwelling off the coast of Peru (bringing up nutrients supporting phytoplankton and fish)

During El Niño, this wind reverses and blows the warm water back towards Peru, stopping the upwelling and making for poor fishing.  Winters in Texas are wetter and colder and there are fewer hurricanes in the Atlantic.
Rainfall is heaviest near the Equator.
The United States ranks 2nd (China is first) in the production of electricity from wind power  Wind energy in 2017 was 6.3% of the total in the U. S. (20% by 2030).
There are about 250 wind turbines producing 500 megawatts which are now beginning to operate on the Kennedy Ranch west of Sarita Texas.

They monitor bird migrations using radar and shut down the turbines to protect the birds.

The problem with wind and solar generation of electricity is that the wind stops at times which requires power plants to be operating to pick up the slack.
We need smarter and larger grids to redistribute electricity.
http://en.wikipedia.org/wiki/Category:Wind_farms_in_the_United_States

Hundreds of Wind Turbines are located North of Abilene Texas.  Probably owned by FPL energy which has 43 wind farms across the United States. Land owners get $3,000 to $7,000 per year per generator.

Total electric power in the world is 4,000 GW

Total World Solar  & Wind power is 1,000 GW in 2019

Total World Wind power is 600 GW

China is the World Leader 200 GW   U. S. is 2nd with 100 GW

By 2025 World power needs will be supplied by Wind and Solar
Wind power


Texas produces 12,212 megawatts (leader in the U. S.)

There are more ethan 7,960 wind turbines in Texas

Mean wind speed 11-13 mph needed.

Wind and Solar are intermittent and we must build smarter electrical grids to compensate

Solar photovoltaic power is quicker to install

10 to 15 years to install 2 GW of conventional power

Levelized Cost of energy sources including construction, maintenance, generation, transmission, etc (2013 prices)



average is about 100 dollars per megawatt hour



Solar Photovoltaic is now the cheapest



Natural Gas is next


Solar Thermal is twice as expensive



Coal, Biomass, wind, hydroelectric (dams) are about equal.
PV (solar) together with batteries is now cheaper than Fossil Fuel.
