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Solar energy reaching the Earth varies with latitude, as shown above, and with the time of the year. Note that
during the polar summers, the insolation is actually higher than it ever is at the equator — this is due to the
increased day length; at the equator, half of the day is typically dark, with no sunlight, which brings down the
daily average in comparison to the polar summer condition where there is 24 hours of sunlight.
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https://csl.noaa.gov/assessments/ozone/2018/twentyquestions.pdf

These differences occur because northern polar latitudes have a greater prevalence of 
contrasting patches of ocean and high altitude land than southern polar latitudes, which creates 

more meteorological disturbances that warm the Arctic stratosphere.

https://csl.noaa.gov/assessments/ozone/2018/twentyquestions.pdf
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AAIW: Antarctic Intermediate Water                 AABW: Antarctic Bottom Water
NADW: North Atlantic Deep Water
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A schematic diagram of the global ocean circulation pathways, sometimes referred to as the "Ocean Conveyor.“
(W. Broecker, modified by E. Maier-Reimer)
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In North Atlantic, cold surface waters sink to the abyss, and salty, warm surface and near-
surface currents, including the Gulf Stream, flow northward from the tropics to replace them. When the
warm waters reach high latitudes, they release heat to the atmosphere and warm the region. The
waters become colder and less buoyant. They sink to continue this grand ocean overturning, which is
approximately equal to 20 times the combined flow of all the world’s rivers.

This overturning circulation carries a tremendous amount of heat northward, while also
generating a huge volume of cold, salty water—which we call North Atlantic Deep Water. After
descending, this great mass of water flows southward, filling up the deep Atlantic Ocean basin and
eventually spreading into the deep Indian and Pacific Oceans.

https://www.whoi.edu/oceanus/feature/the-once-and-future-circulation-of-the-ocean
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We and other paleoceanographers have found evidence for very different patterns of ocean circulation in the
past. This evidence come from clues that are preserved in sediments deposited on the seafloor over tens of thousands
of years. The sediments contain fossilized shells of foraminifera—ocean-bottom-dwelling, single-celled organisms the
size of sand grains. The shells contain differences in trace elements and carbon isotopes, which reflect different
seawater conditions at the times when the foraminifera were alive and growing.

The foraminifera analyses showed us where and when different types of water masses formed in the past. Water
masses similar to today’s North Atlantic Deep Water seemed to have intensified and diminished in the past—sometimes
sinking deeply and spreading to fill the North Atlantic basin and beyond, and sometimes sinking only to intermediate
depths and spreading to a far lesser extent.

The carbon isotopes and trace elements, however, don’t provide information on how fast or how vigorously these
different water masses circulated. To investigate that, we used a different set of clues preserved in deep-sea mud,
based on the “clock” inherent in the radioactive decay of naturally occurring uranium in seawater to its daughter
isotopes, protactinium and thorium.

https://www.whoi.edu/oceanus/feature/the-once-and-future-circulation-of-the-ocean
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Both chemically adhere to particles in the ocean that sink to the seafloor. Thorium is inherently “stickier;”
however, so it is removed from seawater within decades, while protactinium remains in seawater for centuries.

As a result, about half of the protactinium produced in North Atlantic water today lasts long enough in the water
column to be exported into the Southern Ocean by the ocean’s overturning system. At times when the rate of
overturning circulation slows, the proportion of protactinium buried in North Atlantic sediments increases. Thus, the
ratio of protactinium-to-thorium levels in the sediments tells the story of past changes in how fast North
Atlantic Deep Water was produced and exported by the overturning circulation.

When we compared ocean circulation records to records of climate since the peak of the last ice age 20,000
years ago, we confirmed that the rate of ocean overturning, with its northward heat transport, has a critical influence on
climate. When North Atlantic Deep Water filled the deep ocean and spread southward vigorously, the climate of the
North Atlantic region was warm and generally stable. When North Atlantic Deep Water filled less of the Atlantic and did
not spread southward extensively, the climate was generally cold and more variable.

https://www.whoi.edu/oceanus/feature/the-once-and-future-circulation-of-the-ocean
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Today (top), the ocean's overturning circulation carries a tremendous amount of heat northward, warming the North Atlantic region. It 
also generates a huge volume of cold, salty water called North Atlantic Deep Water—a great mass of water that flows southward, filling 

up the deep Atlantic Ocean basin and eventually spreading into the deep Indian and Pacific Oceans.

Paleoceanographers have found evidence for very different patterns of ocean circulation in the past. About 20,000 years ago (bottom), 
waters in the North Atlantic sank only to intermediate depths and spread to a far lesser extent. When that occurred, the climate in the 

North Atlantic region was generally cold and more variable. (Illustration by E. Paul Oberlander, Woods Hole Oceanographic Institution)
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https://www.researchgate.net/figure/a-Global-deep-ocean-d18O-from-Zachos-et-al4-and-b-estimated-deep-ocean-temperature_fig1_256666715
See also https://cp.copernicus.org/articles/17/1483/2021/
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