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OCEAN CURRENTS:

E > H > A > E (Ice melt can upset thermohaline circulation resulting in more CO2 in the atmosphere causing more ice melt

One of the ways the sun's energy is transported from the equator toward the poles is through the globally interconnected movement of ocean waters primarily driven by differences in heat and salt content, known as the thermohaline circulation (“thermo” for heat and “haline” for salt). 

At present, the Gulf Stream current that flows from the Gulf of Mexico to the coasts of Europe warms the winds and provides much of the moisture that falls as precipitation over northwestern Europe. As the water moves northward, it becomes cooler, saltier and denser. As a result, surface water eventually becomes heavier than the water(s) below it and sinks deep into the ocean. This process drives the global seawater “thermohaline circulation” (sometimes referred to as the “conveyor belt”) which pulls warm waters northward. Part of this global circulation is known as the Gulf Stream, providing some of the heat that keeps Europe warmer in winter than regions of North America at the same latitude. Climate change could interfere with the formation of the cold, dense water that drives oceanic circulation and thus bring about further changes in climate. 

Slowing the thermohaline circulation would have major global effects: 

· The decreasing transport of CO2, contained in water from the surface to the deep ocean. This would contribute to further increases in the level of CO2 in the atmosphere and thus to further warming (due to CO2). 

· Regional cooling, for instance in Europe. This could result from the slowing of the northward transport of heat by Atlantic Ocean currents, even while the rest of the planet warms rapidly.

· Reduced sinking of cold, dense water in the Arctic. This would, in turn, reduce the amount of nutrients carried back toward the surface elsewhere in the world that sustain marine life living near the surface. 
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Greenhouse gases are exchanged between the atmosphere and Arctic soils and sediments. These processes can also be affected by global climate change and in turn affect it.
Ocean currents also affect global heat exchange by redistributing heat, especially in coastal regions. In fact, the oceans have the greatest impact on the Earth's climate. Scientists fear that continued melting of sea ice could weaken the North Atlantic Current, the northward continuation of the Gulf Stream. The Gulf Stream transports 25 times more water than all the Earth's rivers, and a diversion could result in extremely cold winters in the North Atlantic regions, especially in northern Europe (Source: US Geological Survey). (ECOL)

Less ice means more open water. More open water means greater absorption of solar energy. More absorption of solar energy means increased rates of warming in the ocean, which naturally tends to yield faster rates of ice loss. (NG3)

E > H (Ice Melt affects salinity of the ocean currents)

However, with the first measurements of ocean temperature and salinity at the SHEBA site in early October, we found the upper ocean to be less saline and warmer than we had expected, and surmised that this indicated excessive melting." (GP)
By carefully examining the salinity and temperature of layers of ocean water up to 500 meters deep, the SHEBA scientists were able to construct a history of the 1997 melt season in the Beaufort Sea. They concluded that the equivalent of more than two meters of ice must have melted in the Beaufort Sea that year to explain the unusually low levels of salt. (GP)
E > A > H > E 
The dense, cooled water becomes part of what is termed the Ocean Conveyor and the water eventually returns to the surface in the Indian and Pacific Oceans. As warm water returns to the Atlantic, the current moves polewards as the Gulf Stream and North Atlantic Drift, warming northwestern Europe substantially. In addition, the formation of deep-water also dissolves carbon dioxide from the atmosphere and effectively removes it. This is of significance in the global cycling of carbon. The Arctic region, therefore, plays a fundamental role in ocean circulation patterns, which in turn determine climate patterns over the rest of the globe. (GP)
In 1968, a large area of unusually cold, fresh water appeared off the west coast of Greenland. Subsequent analysis suggests that this water was derived from melting sea ice which had broken off the Arctic ice pack and drifted south. This area of water, now called the Great Salinity Anomaly (GSA), significantly reduced deep water formation in the North Atlantic. Fresher water is less dense than saltier water, and the GSA made the GIN and Labrador seas more buoyant, reducing the deep water formation that drives global ocean circulation. (GP)
E > A > H 

However, the most likely source for increased freshwater in the far North Atlantic is increased precipitation. As the climate warms and the sea ice melts, scientists expect that more rain and snow will fall on the Arctic Ocean and the North Atlantic, reducing the saltiness and density of the water. But would this be enough to shut off thermohaline circulation? (GP)
Evidence for melting Arctic sea ice is available from many different sources. Warming Arctic landmasses; declining sea ice area, extent and thickness; decreasing salinity; and major changes in Arctic and North Atlantic air and ocean circulation all form part of the picture. Impacts have already been observed on many scales: to Arctic ice algae and other micro-organisms, to walrus and polar bear populations and to Arctic human inhabitants, such as the Inuit. Long term climate records suggest that most of this warming, especially after 1920, is driven by increasing levels of human-created greenhouse gases in the atmosphere. 

Computer modeling suggests that, if warming and levels of greenhouse gases continue to increase, most of the permanent ice pack is likely to melt and be replaced by seasonal winter ice. This Arctic meltdown would threaten the productivity of the Arctic Ocean and the continued existence of many Arctic animals, including walrus, many seal species, and polar bears. It would also threaten the traditional lifestyle of the Inuit, the indigenous inhabitants of the Arctic coast. 

The accelerated Arctic warming that would result from the removal of the permanent ice pack would significantly increase precipitation over the Arctic Ocean and far North Atlantic. This precipitation, combined with meltwater from sea ice and the Greenland ice sheet, would reduce the salinity of the North Atlantic. Computer models suggest that these changes in salinity, especially if they happen quickly, may severely reduce or completely switch off the North Atlantic Conveyor, which is the major driving force for the Gulf Stream and global ocean circulation. This may significantly cool the climate of northern Europe, and is likely to severely disrupt global marine life and fisheries, as well as reducing the ocean's ability to remove greenhouse gases from the atmosphere. (GP)
The same climatic conditions that created the glaciers, which are essentially great ice sheets formed on land, also formed the Arctic Ice Cap. Yet the ice sheet covering the Arctic Ocean rests directly on top of the ocean instead of land, and it has remained relatively stable and frozen since it was formed... until now.The Arctic Ice Cap is shrinking dramatically. Roughly the size of the United States, it has lost an area roughly the combined size of Massachusetts and Connecticut each year since the late 1970s. Since the 1950s, when data was first collected on the Arctic, the ice cap has lost nearly 22% of its volume. It is projected that in another 50 years, nearly half of the Arctic Ice Cap will be gone. (ECOL)

Global warming is real, and the melting of the Arctic Ice Cap is one of its symptoms.
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	This chart compares the actual loss of Arctic Ice Cap volume between the 1950s and 2000, and the projected loss by 2050. The more ice that is lost, the faster the ice cap shrinks due to the loss of albedo, the amount of light energy that is normally reflected back out into space by the ice cap. (Image: NOAA)


Human activity, such as the burning of fossil fuels, is releasing enormous volumes of carbon dioxide and other greenhouse gases that are contributing to the Earth's natural greenhouse effect ? the Earth's natural process of trapping the sun's warmth. About 5-6 billion tons of carbon dioxide are emitted each year due to human activity (Source: Ohio State University Department of Mechanical Engineering, printed in Science Daily). This increase results in additional heat being trapped within the Earth's atmosphere; (ECOL)
The Polar Ice Cap itself reflects sunlight energy (heat) back into space, rather than the heat being absorbed by the Earth. This is called albedo, the amount of sunlight reflected by an object. As the Ice Cap melts however, the albedo is reduced and the Earth absorbs the energy that is not reflected. Thus, more heat is retained in the Arctic; (ECOL)
The Earth's natural carbon cycling process ? the amount of carbon dioxide that enters and leaves the atmosphere as a result of the natural cycle of water exchange from and back into the sea and plants ? accounts for about 95% of the carbon dioxide in the atmosphere which contributes to the greenhouse effect; (ECOL)
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	Ocean waters constantly move along a giant oceanic conveyer belt which travels from the North Atlantic to the Atlantic, Pacific and Indian Oceans. This circulation distributes warm tropical waters northward, which are then chilled and returned to the warmer southern oceans. This heat exchange also has a significant impact on global weather patterns. (Image: NASA)


Ocean waters are constantly on the move, carrying warmer waters north toward the Arctic and cooler waters south to the temperate and tropical zones. This ocean circulation is referred to as the great oceanic conveyer belt, which is a single continuous current that carries chilled water from the North Atlantic into the Atlantic, Indian and Pacific basins. The conveyer belt returns water warmed in the tropics back to the North Atlantic. (ECOL)
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	Antarctica is a continental land mass 98% covered by thick ice sheets. It contains 70% of Earth's fresh water and 90% of Earth's ice. The average ice thickness is 1.5 miles, reaching 3 miles deep in some regions. (Image: NASA)


E > H (Sea melt affects “caps” water convection affecting ocean circulation)

Excessive melting of sea ice, along with runoff from the Greenland Ice Sheet, also has the potential to "cap" deep water convection in the North Atlantic. This could profoundly impact global ocean circulation and climate, Serreze said. "In other studies, changes in the North Atlantic circulation have been implicated in starting and stopping Northern Hemisphere ice ages."

"The unusual conditions seen in 2002 are part of a larger pattern of recent Arctic change," said Serreze. This includes pronounced warming over sub-Arctic land areas. These changes are associated at least in part with a positive trend in the "Arctic Oscillation," characterized by reductions in atmospheric pressure over the Arctic and higher pressures in the mid-latitudes that are associated with more storms and warmer temperatures in the high Arctic.

For the past century, the world's ocean water level has risen at a rate of about .07 inches per year, primarily due to human-induced global warming, according to the United Nations-sponsored Intergovernmental Panel on Climate Change (IPCC). The rate of rise is increasing, measuring .12 inches annually between 1993 and 2003, and it will likely accelerate further as greater amounts of ice melt near the globe's northern and southern poles. (EHOW)








