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http://www.newmediastudio.org/DataDiscovery/Hurr_ED_Center/Easterly_Waves/Trade_Winds/Trade_Winds.html 
As the descending air approaches Earth's surface, it is warmed by compression. Upon reaching the surface it moves away from the tropics, toward either the equator or higher latitudes. A high-pressure belt develops in the subtropics owing to the dense air that descends in these regions. 
The portion of air that completes the loop and flows back to the equator is called a Hadley Cell. A Hadley Cell is a thermally driven unit of atmospheric heat that extends in both directions from the equator to about 30° and refers to the air rising at the equator, flowing poleward, descending and then flowing back to the equator. It is named after G. Hadley who described the phenomenon in 1735. 
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The trade winds blow out of the northeast because as the air mass moves south from the subtropical region near 30°N latitude. This air mass is also moving with the rotating Earth in an easterly direction at about 1400 km/h. The air mass starts moving toward a point on the equator at the same longitude that is moving east at 1600 km/h. The distance that the air mass must cover to reach the equator is about 3200 km. If it moves to the south at 32 km/h, it will require 100 hours to arrive at the equator. 
The air mass is moving south at 39 km/h and east at 1400 km/h. For every hour that the air mass moves in the southerly direction, the point on the equator toward which it started moves east 200 km farther than does the air mass (1600 km/h-1400 km/h). In the period of 100 hours it takes the air mass to make the trip, the point on the equator toward which it started will be 20,000 km (100 h X 200 km/h) east of the air mass when it reaches the equator while the air mass was also moving the 3200 km in a southerly direction. The air mass would appear, as a result of Earth's rotation, to have moved 20,000 km in a westerly direction. 
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Fisherman in coastal waters of Peru recognized that the annual influx of warm water from the reversed current (Peru Counter Current) would temporarily result in reduced catches.
As illustrated the coastal waters off Peru are normally cooler than average for this low latitude, a result of the upwelling of deep cold waters along the coast. Because deep waters are nutrient-rich, these cool waters along the Peruvian coast support a rich fisheries industry. 
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The trade winds change direction every few years. Warm surface waters accumulated in the west move eastward, pooling in central Pacific and beginning El Niño during October or November. During El Niño, several changes occur in the ocean and the atmosphere to the dynamic and thermodynamic processes described previously. Oceanographers and meteorologists do not yet know what initiates an ENSO event but they are able to identify and describe the changes associated with ENSO. These changes impact atmospheric circulation patterns and can alter climate conditions across the globe.
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Warm waters reach the Pacific coast in December resulting in the suppression of upwelling of cold water. Upwelling of deep ocean currents off the coast of Peru create one of the most productive fishing waters in the world. The upwelled ocean currents bring nutrient rich waters to the surface. When ENSO conditions prevail, the upwelling of nutrient rich waters is slowed and sometimes even stopped if the event is strong enough. The reduced upwelling decreases the amount of planktonic diatoms which are the base of the food chain. Without plankton, higher level life-forms starve or migrate out of the region. Marine species such as zooplankton, macaral, anchovies, bait fish and squid perish from the lack of nutrients, disrupting fishing industries. 
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In the 1970s the terms El Nino and Southern Oscillation were combined to ENSO and many attempts to find cycles and mechanisms began. There is a general period of 4 years but this varies from 2 to 7 years. Intensity and location of the events also vary. This is a major stumbling block for computer models. “The ENSO oscillator models produce periodic solutions, whereas ENSO variability in nature is known to be irregular.” 
During ENSO events, a large body of warm water moves from the western Pacific to the eastern Pacific in the form of an internal oceanic wave. The stronger the event, the warmer and larger the body of water is that migrates across. This warm water wave hits the western coast of South America and propagates north and south along the coast as far north as Alaska and as far south as the Strait of Magellan. In 1983, the warm waters of the 1982-83 ENSO event traveled around the tip of South America and east to the Falkland Islands were the warm waters provided an exceptional breeding year for penguins there. 
Such large scale changes in the oceanic circulation patterns enhance the redistribution of organisms and larvae to new regions. This extension of marine organisms natural range sets the stage for evolution and new species development. Organism mix and mingle in their new environments and the probabilities for new beneficial genetic combinations are increased. Other effects of the warmer seas in the eastern Pacific are not as advantageous. For example, warm sea surface temperatures along the west coasts of the North and South American continents entice fish to migrate to exotic locations far from their normal breeding and feeding areas. In 1983 a triggerfish was sighted 2800 kilometers farther north than any had previously been sighted. The triggerfish was spotted in the normally near-arctic waters offshore of Alaska. The fish must have followed the warm currents fed by the ENSO event northward from the tropics. Other tropical fish species sighted off the North American coast included swordfish, yellowfish, tuna and marlin.
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La Niña seems to be associated with weather phenomenon opposite to that of El Niño. La Niña is characterized by unusually cold ocean temperatures in the equatorial Pacific, as compared to El Niño, which is characterized by unusually warm ocean temperatures in the equatorial Pacific. The pop up animation compares the development of the La Niña in 1998-99 with a very large one that developed in 1988-89. The animations run from January 1988-February 1989 and January 1998-February 1999 respectively. As with El Niña no two events are exactly alike. 
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Thermocline: a thin but distinct layer in a large body of fluid in which temperature changes more rapidly with depth than it does in the layers above or below. In the ocean, the thermocline may be thought of as an invisible blanket which separates the upper mixed layer from the calm deep water below. 
http://www.pmel.noaa.gov/tao/proj_over/diagrams/index.html
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Low atmospheric pressure tends to occur over warm water and high pressure occurs over cold water, in part because deep convection over the warm water acts to transport air. El Niño episodes are defined as sustained warming of the central and eastern tropical Pacific Ocean. This results in a decrease in the strength of the Pacific trade winds, and a reduction in rainfall over eastern and northern Australia. 
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The Southern Oscillation Index (SOI) is calculated from the monthly or seasonal fluctuations in the air pressure difference between Tahiti and Darwin.
A strongly and consistently positive SOI pattern (e.g. consistently above about +6 over a two month period) is related to a high probability of above the long-term average (median) rainfall for many areas of Australia, especially areas of eastern Australia (including northern Tasmania) - La Niña.
Conversely, a 'deep' and consistently negative SOI pattern (less than about minus 6 over a two month period, with little change over that period) is related to a high probability of below median rainfall for many areas of Australia at certain times of the year - El Niño.
However, it is important to remember that the pattern of relationship between SOI and rainfall (and temperature) can vary depending on the particular season and region. Additionally, the change in SOI over a specified period can be as important in understanding relationships between SOI and rainfall as is the absolute value in SOI.
No it works across the entire Pacific. They simply use Tahiti and Darwin as two long term bases for pressure records to measure the Southern Oscillation. 
The pattern is normally dominant in the Southern Hemisphere in Northern South America and Central America. 
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El Niño plays havoc with world weather via 'teleconnections'. It results in such climate changes as a worsening drought in the Sahel of Africa and a weakened Indian Monsoon. In the photograph a refugee at Nouakchott carries a load of scarce firewood. Wood is the chief fuel throughout the Sahel, and the role of trees in stabilizing dunes and ameliorating climatic extremes often gives way to the demands of the hearth.
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El Niño pushes mid-latitude storms poleward. The reason for this is that winds at the jet stream level (small arrows), five to fifteen miles above sea level, change their course between normal (above) and El Niño (below) winters. A ridge of high pressure over North America's west coast during El Niño winters keeps temperatures normal in the orange region and steers storms that would otherwise pass through British Columbia, Washington and Oregon northward toward the coast of Alaska as indicated by the heavy arrow. El Niño also creates a favorable environment for storms to develop in the Gulf of Mexico, bringing heavy rains to much of the southern United States. The shift in the jet stream also causes drought in central North America. 
An analogous strengthening of the westerlies in the Southern Hemisphere during its winter season brings heavy precipitation to parts of southern Brazil and northern Chile and Argentina (not pictured). 
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During December, 1997 drought and high temperatures in Alberta triggered massive wildfires that destroyed livestock and homes. High winds and tinder-dry conditions brought on by an unusual lack of snow complicated attempts to combat more than a dozen grass and forest fires in Alberta. One blaze near Granum, 130 km south of Calgary, forced the town's 350 residents to flee, and destroyed six homes, 1,000 km of fencing, about 200 square kilometers of grassland and an undetermined number of cattle. Frieda Kaiser, 80 the only person to be hurt, suffered third-degree burns as she fled her home above.
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Early effects included drought and high temperatures triggering fires in Australia in the fall of 1997. The photograph is of a suburb of Sydney, Australia engulfed in flames. Cyclones also pounded the Mexican Pacific coast through this interval.
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An intense ice storm that lasted for several days enveloped the northeastern United States and eastern Canada during the week of January 5, 1998. The map shows the worst hit areas during this storm.
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The storm heralded as the worst of century caused extensive power outages. 40 % of electricity delivery infrastructure destroyed in southern Quebec and eastern Ontario. At peak, outages more than 3 million customers were without power. This photograph is of downed transmission towers near Trois-Rivieres, Quebec. Encrustations of up to 75 mm of ice was never previously experienced in memory anywhere in North America. Thus despite design tolerances built to withstand 45 mm of ice transmission towers crumpled under the weight. 
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Power was not restored to some customers for over four weeks. As one might imagine this was a disaster, particularly in the middle of winter. If the storm had occurred 100 years ago the impact might not have been as great because almost all homes then would have had wood stoves. Even in rural areas the majority of homes, particularly in rural Quebec, were overly dependant on electricity to generate heat. Following the storm there was a rethinking of this strategy in many households.
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The damage from this icestorm has been categorized as the single largest natural disaster in Canadian history. Twenty-seven deaths were attributed to effects of the storm including automobile accidents, CO poisoning, and hypothermia. Clean-up costs were over two billion dollars.   The tremendous ice load on powerlines caused many to snap, such as these ones near the town of Greely, just south of Ottawa. Once a line would break, the release of energy would propagate down the line often knocking down kilometres of poles. 
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A typical impact of El Niño on North America and the Atlantic basin is a below normal number of tropical storms/hurricanes in the Atlantic, although this does not imply any limits on the strength or location of any given tropical system.
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Implications of El Nino for the Nation's Economy Weather and climate sensitive industries directly impacted by weather (such as agriculture, construction, energy distribution, and outdoor recreation) account for nearly 10 percent of GDP. Further, weather and climate indirectly impacts an even larger portion of the nation's economy, extending to parts of finance and insurance, services, retail and wholesale trade, as well as manufacturing. Some analysts estimate that nearly 25 percent of North American GDP, or $2.7 trillion (as of 2002), is either directly or indirectly impacted by weather and climate. El Nino impacts important business variables like sales, revenues, and employment in a wide range of climate-sensitive industries and sectors. Overall, total North American economic impacts of the 1997-1998 El Nino were estimated to be on the order of $25 billion.
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Variation in the thickness and types of organisms contained in the various layers can tell researchers a lot about previous oceanographic and climatic conditions. The Ocean Drilling Program's (ODP) ship 'Resolution' is capable of collecting drill core deposited over millions of years from these anoxic basins resulting in researchers being able to glean a very long climate record.
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Analysis of microfossils from these deposits laid down in the Miocene and younger rocks of California reveal that the El Niño cycle did not exist until onset of much cooler global conditions in the Pleistocene. In addition, as we will discuss in the unit on causes of climate change until the Isthmus of Panama closed in the Pliocene the oceanographic sloshing that goes on in the present day vast Pacific bathtub could not occur as water could easily flow into the Atlantic through this portal. This sloshing is a prerequisite of El Niño formation. 
These illustrated pebbles of Miocene-age diatomite from the Monterey Formation have eroded out from cliffs near Santa Barbara, California. Diatomites are extremely light weight. 
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The modern El Niño began at termination of Holocene Hypsithermal about 6000 yBP.  Since then about 435 moderate to strong El Niño’s detected in Bainbridge Crater Lake in the Galapagos Islands.  There is a cyclicity in these events with Intensity tending to increase during cold intervals (e.g. Iron Age Cold Period and Little Ice Age). Riedinger, M.A. et al. 2002.  A ~6100 yr record of El Niño activity from the Galapagos Islands.  Journal of Paleolimnology 27: 1-7.
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The "Pacific Decadal Oscillation" (PDO) is a long-lived El Niño-like pattern of Pacific climate variability. While the two climate oscillations have similar spatial climate fingerprints, they have very different behavior in time.  We believe we entered the cool phase of the PDO in 1999. The PDO waxes and wanes approximately every 20 to 30 years. From TOPEX/Poseidon data, together with other oceans and atmospheres data, scientists think we have just entered the 'cool' phase. The 'cool' phase is characterized by a cool wedge of lower than normal sea-surface heights/ocean temperatures in the eastern equatorial Pacific and a warm horseshoe pattern of higher than normal sea-surface heights connecting the north, west and southern Pacific. In the 'warm' or 'positive' phase, which appears to have lasted from 1977-1999, the west Pacific Ocean becomes cool and the wedge in the east warms. 
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This seesaw in the North Atlantic wintertime climate is now known as the NORTH ATLANTIC OSCILLATION (NAO) and is a major mode of global climate variability. The NAO describes the simultaneous strengthening of the Iceland Low and Azores High. The NAO index is often defined as the difference of sea-level pressure between 2 stations situated close to the "centers of action" over Iceland and the Azores. 
Stykkisholmur (Iceland) is invariably used as the northern station, whereas either Ponta Delgada (Azores) Lisbon (Portugal) Gibraltar are used as the southern station. It is also sometimes possible to use only the pressure in Iceland as a proxy index for the NAO because of it being so strongly correlated with pressure at the southern stations. The pattern generally cycles between decade-long warm and cold phases. A cold phase, in fact helped stall Hitler’s campaign against Moscow. 
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Three-dimensional ocean models are constructed in a manner similar to atmospheric models. Their lower boundary is the sea floor, broken into flat stair-steps within each gridbox. Their upper boundary is the atmosphere. The size of the horizontal gridboxes that subdivide the ocean is 3-4° of latitude and longitude. The dozen or so vertical layers in the ocean are more closely spaced near the sea surface where the flow is fast and interactions with the atmosphere are complex, and less closely spaced at greater depth, where ocean flow is generally slow. Typical climatic output data from ocean GCM experiments are ocean temperature, salinity, and sea-ice extent. 
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Ocean models are at a far more primitive stage of development than atmospheric models. Part of this is due to the fact that we know much less about the circulation of the oceans today, and especially about highly critical processes such as the brief but intense episodes of formation of deep and bottom water at high latitudes. As a result of our ignorance of these present-day processes, ocean models do not have as well-defined a modem "target" to attempt to simulate as do the models of the atmosphere. 
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Mismatches between geologic data and climatic output from the model could imply several possible problems: other more important factors (such as additional changes in boundary conditions) are missing from the initial experiment run; the model may not adequately simulate some parts of the climatic system; or the geologic data used for comparison with the model output may have been misinterpreted. Although this might seem to open up too many uncertainties, in actual practice the cause of data-model mismatches often becomes quickly obvious, and this leads to useful refinements in boundary conditions, data interpretation, or model construction. The science of reconstructing past climates moves ahead best when the strengths and the limitations of both the data and the models are constantly being tested against each other. 
Slide 54
One important use of climate simulations of the past is to test the performance of climate models under conditions very different from today. The modem-day climate used as the target for the control-case simulations is just one of many possible configurations. Models also have to be able to produce reasonable simulations of climate under different conditions. The altered configurations used to test models usually come from the more recent geologic past when conditions on Earth's surface are known well enough to put quantitative constraints on past climate, so that any failure of the model to match the geologic record can be attributed to model inadequacies. 
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Many of the computer models that receive great media coverage and political endorsement fail under some of these headings; and , indeed, some fail under all of them. Yet they are used as the excuse for profound, and often extremely damaging, policies that affect everyone.
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