Sea, Sky and Land:
The Climate Connection

Oceans and Heat

Oceans and Ice

Air-Sea Interaction

Graphic: Bergy bits, the size of houses, being released into the ocean in Southeastern Alaska, J.Bortnaik, photographer (NOAA Corps), courtesy of NOAA.  
Uneven Solar Heating
The Earth is tilted on its axis

Current angle is 23.5°

Seasons are the result

Greatest solar heating at low latitudes

Minimal solar heating at high latitudes

Graphic: Garrison figure 8.5
Heat Exchange and Climate

Heat transfer between ocean and atmosphere is a primary driving force for climate

Different climates can be produced with the same amount of incoming solar energy

Graphics: Garrison, Fig. 8.4, pg 189.
Heat Capacity

Heat needed to raise the temperature of 1 gram of a substance by 1 degree C

Substance

Heat capacity (cal/g/C)


granite



0.20


dry air



0.24


pure water



1.00
Water absorbs (or releases) lots of heat with little change in temperature

Oceans store large volumes of heat and moderate climate

Graphic: The Atlantic Ocean peeks out from behind sea oats growing along Tybee Island, Georgia, Photo by Mr. William B. Folsom, NOAA, NMFS, Courtesy of the NOAA photo library. 
Land, Sea and Seasonal Temperature

Summer to winter temperature change:

Smaller where the ocean influences climate

Peak summer temps:

Occur several months after summer solstice where the ocean influences climate

Graphic: Garrison, Fig. 6.9, pg 153.
Impact of Wind-Driven Ocean 
Circulation on Climate

Wind-driven currents move heat and influence climate

During summer:

Warm western boundary currents produce warmer air temperatures along the east coast

Cool eastern boundary currents produce colder air temperatures along the west coast

Graphic: Garrison, Fig. 9.13, pg 219.
Wind-Driven Flow Near the Coast

In coastal regions, ocean currents also flow perpendicular to the wind

This can lead to:

- onshore or offshore flow

- vertical flow known as  downwelling and upwelling
Graphic:  Garrison, Fig. 9.15, pg 221. 
Solar Heating of Land and Sea

During the day...

Air above land warms and rises

Air above ocean cools and descends

This sets up atmospheric convection and an onshore "sea breeze"

At night...

Land cools more rapidly than ocean, sets up an offshore "land breeze"

Graphic:  Garrison, Fig. 8.16 pg 197.
Monsoons: Air-Sea Interaction on a Continental Scale

N. Hemisphere Summer...

Air above land warms and rises, drawing cool, moist air onto the continent from the ocean
N. Hemisphere Winter...

Air above land cools and sinks.  Dry terrestrial air is driven offshore to replace rising air over the ocean

Graphic: Monsoon winds, also see Garrison, Fig. 8.15, pg 197.
Ice and Climate

Ice insulates the ocean from the atmosphere

Large amounts of heat moves from the ocean to the atmosphere as polar ice forms in the winter

Ice decreases absorption of solar energy in polar areas by reflecting energy back to space

Graphic: (top) View of Earth as seen by the Apollo 17 crew travelling toward the moon, Dec. 7, 1972.  Photo courtesy of NASA. (bottom) Sea ice cover in the Arctic in February (left) and September (right).  Courtesy of National Snow and Ice Data Center.
The "Ice-Albedo" Feedback
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- As ice melts, patches of open water develop



- These patches absorb energy and heat



- This heats the ocean, further melting the ice

Climate and Ice - North and South

About 2 meters of sea

 1000's of meters of ice

  ice floats on the ocean

 rests on the land

A small amount of heating in the Arctic can have a larger impact on climate than a small amount of heating in the Antarctic

Graphic: (left) Sea ice in the Arctic, (right) land ice in the Antarctic (thicknesses not to scale).

