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Atmosphere – Lecture Script 
 
To begin this lecture, let’s review some basic terminology we use to describe different latitude regions on the globe. This 
image shows how the planet can be divided into zones – the northernmost zones, near the poles are referred to as the 
polar regions. Just below the poles, we have the subpolar regions. Moving to the equator, we have the equatorial zone 
that runs between the two hemispheres. Just north and south of this zone we have the tropical zone. Naturally these 
zones have upper limits at the locations of the tropic of cancer and Capricorn. Just above these tropics is the area known 
as the subtropics. Between the subtropics and the subpolar region lies the temperate zone, otherwise known as the 
midlatitudes. So once again, starting from the equator, we move from the equatorial zone to the tropical zone to the 
subtropical zone to the temperate zone to the subpolar zone to the polar zone. We will use some of these terms later in 
this lecture, so please refer back to this image as needed. 
 
The sun heats up the surface of the Earth through the heat transfer method described last week: radiation. This radiation 
consists of ultraviolet, visible, and infrared light. Ultraviolet, or UV, is the shortest in wavelength – Infrared, or IR, the 
longest.  
 
For every 100 units of heat that radiate towards a particular area of Earth’s surface, 17.5% is absorbed by the atmosphere, 
specifically by the area known as the ozone layer. This layer absorbs mostly the UV radiation. 35% of the incoming 
radiation is reflected right back to space – most from the upper atmosphere, a small amount from the surface. 47.5% of the 
incoming radiation is absorbed at the surface, which raises the temperature of the surface. That higher-temperature 
surface material reradiates its heat upward in the form of IR radiation. It also conducts some of its heat to the air above it 
and transfers some it to latent heat of evaporation of water. Some of the reradiated heat escapes to space, but most is held 
in the lower atmosphere, because the IR radiation, being longer wavelength, is absorbed by greenhouse gases such as 
water, carbon dioxide, and methane.  
 
Eventually the heat of the atmosphere also is transferred back to space from the upper atmosphere.  This image shows the 
ongoing balance of heat between what arrives and what is returned. It also highlights the reservoirs where heat is 
distributed within this balance. If the Sun stopped radiating heat, all Earth’s heat would eventually radiate to space, and 
the surface would get progressively colder and colder until it was unlivable. If there was no ozone layer to trap the UV 
radiation, the Earth’s surface would receive even more heat, and some of that in the harmful light spectrum that damages 
biological molecules – life would not be able to live on the surface. If the greenhouse gases that absorb the reradiated 
thermal heat disappeared, Earth’s surface would be much colder because it wouldn’t have the insulated heat-rich 
atmospheric layer that currently sits above it. 
 
As you are undoubtedly aware, the amount of greenhouse gases in our atmosphere is increasing. More greenhouse gases 
means more of the thermal IR heat is absorbed or trapped in the lower atmosphere and a warming of Earth’s surface. This 
table shows the main greenhouse gases at work in our atmosphere in decreasing order of importance. Water is the most 
important. If we set the IR absorption capability of carbon dioxide at 1, for comparison purposes, we can see that methane 
is an even more powerful absorber than carbon dioxide – 25 times more powerful. Ozone is 2000 times more powerful. 
Water is only 1/20th as powerful, yet it is considered the most important greenhouse gas on the planet, followed by 
carbon dioxide. Why is water so important? Volume – there is a LOT more water in the atmosphere than any of the other 
molecules combined. The next most abundant is carbon dioxide.  
 
This graph shows the carbon dioxide levels in Earth’s atmosphere since 1750, just before the Industrial Revolution began, 
and fossil fuel combustion began to increase globally. You can see here that we’ve been increasing this important 
greenhouse gas in the atmosphere and oceans since the late 1700s.  
 
This next graph from the National Oceanic and Atmospheric Administration (NOAA) shows atmospheric carbon dioxide 
levels over the past half a million years during which there have been a number of ice ages. The high points on this graph, 
represent the interglacials when the global temperature was at its warmest. The low points show the glacial periods when 
as much as 30% of Earth’s land surface was covered by glaciers. This graph is useful for showing the recent increase in 
CO2 and how it compares to Earth’s recent past.  
 
This graph, also from NOAA, shows average global surface temperature data from four different agencies. You should 
notice from the jagged nature of this graph that average temperature fluctuates greatly over a 5 to 10-year time frame. But 
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you can also see the general upward trend when you look over one hundred of years. Since 1900, there has been a 1.2 
degree Celsius increase in global temperature. 
 
The oceans are affected by this process in two key ways: 

1) Global warming causes the average ocean temperature to rise and hence sea level 
This graph based on tidal data from NOAA shows that mean sea level has increased almost 9 cm since 1960, 
when the data was first collected.  
 

2) Increased carbon dioxide emissions means greater CO2 dissolved in the oceans and leads to greater acidity of the 
oceans as discussed in the Carbonated Oceans video. As you can see in this image, the majority of carbon dioxide 
stored in the world’s various reservoirs is found in the oceans! 

 
   
 
Now let’s return to the ozone layer, a major absorber of solar UV radiation. The ozone layer resides in the stratosphere 
around 25 km above Earth’s surface. We call the lowest layer of Earth’s atmosphere, where all weather occurs, the 
troposphere. The layer above it is called the stratosphere. You’ll notice that as we move from Earth’s surface upward, the 
temperature drops to a low at the top of the troposphere of about -60 degrees Celsius. The stratosphere on the other hand 
warms back up again as you move into and above the ozone layer. 
 
In the ozone layer, the sun’s radiation, which is ultraviolet, collides with the oxygen molecules – O-2 – and splits them. 
These split molecules immediately recombine with a nearby oxygen molecule and create O-3 – ozone. Ozone is also 
naturally broken down in the stratosphere by sunlight and by a chemical reaction with various compounds containing 
nitrogen, hydrogen and chlorine. Normally there is a balance between the amount of ozone being produced and the 
amount of ozone being destroyed so that the total concentration of ozone in the atmosphere remains relatively constant. 
However, the addition of ozone-destroying compounds, like chlorofluorcarbons, has led to a diminishing of the ozone 
layer over many parts of the Earth’s surface. An international effort to eliminate these compounds from production has 
made a big impact, and the reduction of the ozone layer is diminishing and is expected to return to its full thickness by 
2100 – assuming all goes well. The ozone layer destruction by human-made chemicals is a perfect example of the response 
time of the natural world to human influences. Though we did finally recognize the causes and effects, righting the ship 
can take decades or centuries. 
  
The solar constant describes the maximum amount of Sun’s radiation that could be absorbed by Earth’s surface if there 
were no atmosphere to remove it en route and if that radiation was directed straight down on the surface at a 90 degree 
angle. The numbers is 2 calories of heat per square cm per minute. Just how much heat is that? Well, assuming we really 
did have no atmosphere and were directly under the Sun’s rays, such that they hit us at a 90-degree angle, how much heat 
would be transferred to the surface of a football field in a single hour? We take 2 calories of heat per square centimeter per 
minute and multiple it by the area of the football field in square centimeters and the number of minutes in an hour. That 
gives us 6.42 billion calories or 6.42 million kilocalories – the food calories that we are more familiar with.  
 
A few things to keep in mind about this number. First, there is only one latitude on Earth’s surface that is at a 90 degree 
angle to this incoming radiation on any day. As the Earth orbits the Sun, as discussed in the first few weeks of the 
semester, that location of 90-degree-straigh-on-sunlight migrates between the equator at equinoxes, the tropic of cancer at 
the June solstice, and tropic of Capricorn at the December solstice. As this image from an equinox shows, when you’re at 
any other latitude on that day, because of the spherical nature of the Earth, the sun’s rays are NOT coming in at a 90-
degree angle, and hence some of that sunlight reflects off the surface and isn’t available, what IS available is spread over a 
larger surface area because of the angle, AND more of the atmosphere must be travelled through. In fact, all of those 
problems become bigger ones as you move away from the equator and toward the poles. As a result, the most Sun is 
available at the equator, the least at the poles.  
 
This graph shows the actual value of incoming radiation per square centimeter per minute with latitude and confirms that 
the area between 25 degrees North and South of the equator – the tropical and equatorial zones – get the highest incoming 
heat with numbers as high as 0.5 calories per square centimeter per minute – values ¼ that of the solar constant. That 
gives you an idea of how much of an impact the atmosphere has. You can also see that less than 0.1 is available at the 
poles. When compared with the outgoing heat from thermal radiation, which is also higher at the equatorial regions 
because they are actually higher temperature, there’s a net gain of heat between 38 degrees north and south, and a net loss 
of heat as you move poleward from there. That means the equatorial regions should be getting hotter and hotter each day 
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as they accumulate heat, and the poles colder and colder. This graph shows the average annual temperature on the planet 
– red as the hottest, purple as the coldest. You can see the correlation with the rest of this lecture – that it’s hottest at the 
equator and coldest at the poles. But that difference isn’t increasing daily – the equator isn’t getting hotter. The poles 
aren’t getting colder. So we next need to explain what happens to that excess heat at the equator. Clearly some of it is 
delivered to the poles to make up for what’s lost there. What are the mechanisms for this heat transfer? Currents – 
moving packets of air and water. For more on the ocean currents, refer to next week’s lecture. 
 
Earth’s atmosphere, when totally dry (no evaporated water) is composed of approximately 78% of nitrogen gas (N-2), and 
21% oxygen gas (O-2). All other gases, including the greenhouse gases mentioned earlier, are found in abundances of less 
than 1%. For example, carbon dioxide, even in its ever-increasing abundance, is still only 0.035% of the atmosphere. Water 
is a little different. As discussed over the past two weeks, wet air can change those percentages, as water can be present in 
amounts of 4% or less. When air is warm, it has a greater capacity for water. Warm wet air at 100% relative humidity can 
contain as much as 4% water.  
 
The atmosphere is made of gases. Atmospheric pressure is the pressure you feel from the weight of all the gases above 
you. It probably seems as though air weighs nothing. But in fact, the overall weight of air at sea level is 14.7 pounds per 
square inch. 14.7 lbs is a lot of weight. We don’t feel that weight because it’s pushing against us on all sides. Hold out 
your arm. There are 14.7 lbs pushing on it from above, below, and the sides. That’s why we don’t sink down under that 
weight. It supports us from every direction. To prove that, fill a glass with water and cover it with a note card. Then flip 
the glass over quickly. The card will be pushed upward against the glass by the same air pressure. As long as the force of 
gravity of your water isn’t greater than 14.7 lbs, the water will stay in the glass. 
 
Meteorologists devised the units of atmosphere and bars to help compare pressures at various levels in the atmosphere. 
At sea level, the pressure is approximately 1 atmosphere – otherwise stated as 1 bar or 1,000 millibars. As we move up a 
mountain or fly in a plane and move higher into the atmosphere, there is less weight or pressure above us. As we 
descend, there is more. We might not be able to feel this change in pressure, but our bodies do respond to it. Fewer 
molecules around us of gas means less oxygen to breathe, so we have to pressurize the insides of airplanes and carry extra 
oxygen in case the fuselage is punctured. Potato chips and water are bagged and bottled at the same pressure as the air 
around them. That way the pressure of the air inside matches that of the air outside, and the bags/bottles retain their 
shapes.  When we carry potato chips that were bagged at sea level UP to the mountains, where the outside pressure is 
lower, the inside pressure is now much greater than the surroundings, and the bags expand and can pop. Similarly, if we 
fill a water bottle in the mountains, and then bring it back to sea level where the air pressure is higher, the bottles will 
compress, because the inside air pressure isn’t great enough to withstand the outside pressure. 
 
Air rises and falls on our planet as it changes its density – a concept we’ve talked about for many weeks this semester. 
What would change the density of air? Two things – temperature and water content. Let’s look at them more closely. If I 
heat up air, the molecules get a higher kinetic energy, and if they have space to move, they’ll move outwards and the 
entire air mass will expand. That makes it less dense. If we cool air, its molecules would lose kinetic energy and slow 
down. They could now get closer together. They would contract and becomes more dense. How does water fit in? The 
water molecule, at 18 grams per mole is less dense than the nitrogen and oxygen molecules. So as water evaporates and 
enters the air, it displaces a nitrogen or oxygen (kicks it out so to speak), and makes the overall air mass weigh less – thus 
it’s less dense. Remove the water, and the nitrogen and oxygen return, and the water becomes denser. So the densest air 
on the planet is cold and dry – the least dense is warm and wet.  
 
If air becomes less dense than the air around it, it will rise, and the surrounding air will fill in that space. If air becomes 
denser than the air below it, the denser air will sink. So what happens to air as it rises and falls? As air rises, it reaches 
areas of lower pressure. Like the potato chips bagged at sea level, this causes the air to expand outwards. That creates an 
adiabatic temperature change – a fancy way of saying that when molecules have more space in which to move, they 
collide less and slow down, bringing their overall temperature down. You can experience this first hand when you release 
air from your bike tires. In the tires, the air is under high pressure. When your release the air from that high pressure, it 
expands and immediately loses kinetic energy and hence cools down. You can feel that cold air on your hand. 
 
Conversely, when dense air sinks, it’s like bringing the water bottle down the mountain – it compresses under the higher 
pressure at sea level. That compression also creates an adiabatic temperature change. This time it causes the molecules to 
collide more with each other because there’s less space. The molecules speed up, gaining kinetic energy, and the 
temperature rises. You can feel this when you pump up a bike tire. You are putting air into a higher pressure 
environment and the air and the tire heat up.  
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Now let’s go one step further – when air rises, it expands and cools. But we also know that cool air has a lower capacity 
for water. Relative humidity of this air will rise until it reaches 100%. If there are solid particles available for the water to 
precipitate on, we’ll get rain. Wet! Conversely, when air sinks, it contracts and warms. Its capacity for water increases. Its 
relative humidity decreases. No risk of rain. Lots of potential for increased evaporation. Dry. 
 
You’ll also notice, from this picture, that as the low density air rises, it creates a bit of a vacuum effect on the surface 
below. There’s not as much air pressure on the surface anymore, because the weight of air pushing down is less. This 
creates a surface LOW PRESSURE system. Conversely, when denser air sinks, it adds more weight to the air pushing 
down, and we get a slightly higher air pressure on the surface. We call this a HIGH PRESSURE system. 
 
Winds are what we call the air that moves along the surface of the Earth FROM a high pressure system TOWARDS a low 
pressure system. You can also think of it as the low pressure system is sucking the air away from the high pressure 
system where it’s collecting. The greater the pressure difference between these two systems, the faster the winds! 
 
One more piece to this puzzle before we can describe global wind patterns and air motion: the coriolis effect. Because the 
Earth is a rotating sphere, anything that’s connected to Earth’s surface is rotating with that surface – once every 24 hours. 
Notice in this picture though that the circumference or area of travel for the equator is much greater than for the poles. 
That means that objects at the equator are rotating faster than those at the poles. So what happens when an object at the 
equator moves poleward? Let’s imagine an airplane takes off from the Galapagos near the equator and flies North. It lifts 
off WITH the rotational speed of the equator. It’s moving north but also rotating east with the planet. However, it will 
travel over latitudes that are rotating more slowly. So its net motion will appear to be not just north, but also east. In 
reality the ground below it is moving east at a slower rate than the plane is. Conversely, if the plane takes off from the 
north pole and heads southward, it lifts off with a slow rotational speed. As it travels south, the objects below it are 
rotating more quickly, and it will end up west of its target unless corrections are made. 
 
The coriolis effect causes all objects moving above Earth’s surface to be deflected to the right of their path in the northern 
hemisphere and the left in the southern. That includes planes, ocean currents, and winds. 
 
Let’s return to the rising and falling air. As air rises, it creates a low pressure on the surface and sucks in surface winds. 
As these winds move towards the low pressure center, they are deflected to their right in the northern hemisphere. The 
net result? A counterclockwise flow of air around the low-pressure system. The reverse is true for high pressure. As air 
moves away and is deflected to ITS right, the result is clockwise flow of air. This image also reminds us that the rising air 
that produces low surface pressure will cool, increasing relative humidity, and bringing rain. The sinking air that 
produces high surface pressure will warm, decreasing relative humidity, and bringing clear skies and dry conditions. So 
when those weather forecasters say a high pressure is coming into the area, what should you expect? Sunny cloudless 
skies. When they say the pressure is falling, prepare for a storm, they are saying a low pressure is coming into the area, 
and we should expect rain. 
 
Most of the weather we experience is happening in the lowest level of the atmosphere, the troposphere. The stratosphere 
and troposphere sit atop each other with limited mixing, like different densities of water. The tropopause is the boundary 
between the two – much like the pycnocline in the oceans – and occurs at about 12 km elevation. Remember that the top 
of Mt. Everest is at about 9 km elevation, so the tropopause sits just 3 km above that. When air rises from the surface and 
creates a low pressure on the surface, it stops when it reaches the tropopause and then spreads out to make way for the 
air that’s continuing to rise beneath it. Jet aircraft try to fly above the tropopause to avoid the weather systems and create 
less turbulent rides. 
 
Now lets take a look at global atmospheric circulation. Specifically, let’s start with a round globe and show what happens 
to air at various locations around the planet (in general). What do we know for sure? The hottest spot is at the equator 
(during an equinox), and the coldest is at the poles. So lets start there. Air that is cold will also have a low water capacity. 
Its density will be the highest possible, and such air should be sinking air. Air that is warm will have a high water 
capacity. Its density will be the lowest possible, especially if it’s over the oceans and has a high relative humidity. This air 
will be rising. So, in general on planet Earth, during the equinox seasons (Spring and Fall), there should be a low pressure 
system on the surface of the equator as air rises, hits the tropopause and spreads laterally. At the poles it should be 
sinking to the surface, creating a high pressure on the surface and spreading out laterally. These arrows are placed on the 
outside of the globe to indicate they represent what’s happening in the troposphere. However their height is GROSSLY 
exaggerated. Remember, the planet radius is about 6400 km. The troposphere is only 12 km thick.  
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What happens to the air that sinks at the poles? It has warmed up with the compression as it sinks, and then it spreads 
outward from the poles evaporating water all along its path and being deflected by the coriolis effect. By the time it 
reaches 60 degrees North and South it collides with air masses coming from the other direction. More about this later. 
What happens to the air that’s spreading out in the upper atmosphere and moves away from the equator? Because of its 
rising, it has cooled and lost a lot of water. As it continues to move away, it’s deflected right or left, due to the coriolis 
effect, and it continues to cool and lose water. Once it has made it to about 30 degrees North and South, it is now so cold 
and dry that it’s denser than the air around it, and it sinks. That sinking air creates a high pressure system on the surface. 
Air that piles up there will spread outward, just like it does at the poles. It will also warm up with compression, further 
decreasing its relative humidity and become a major zone of evaporation in the world’s oceans and land. This high-
pressure zone, also called the subtropical highs, corresponds to the desert belts on land and the high surface salinity in 
the oceans, as discussed last week. 
 
What happens at 60 degrees north and south where we see two air masses colliding? These areas are called the polar 
fronts, and they represent areas of frequent storms. Ultimately the cold denser air is overridden by the less dense warmer 
air. Where the warmer air is rising, we get a local low pressure system on the surface and rain along its journey upward 
and poleward. This air continues moving poleward and losing its water, until it’s cold and dry and sinks again at the 
poles. 
 
Let’s look more closely at two kinds of fronts that can occur in this zone. When warm air moves into an area already 
occupied by cold air, the warmer, less dense air gradually rises up and over the cold air. During this gradual ascent, the 
air cools and loses it moisture over a wide swath of ground. A good indication that a warm front is coming is when you 
see high clouds coming, with progressively lower and lower clouds behind them. 
 
When cold air is the one advancing; and warm air is already in the area, the cold air will shove its way under the warmer 
air. The warmer air gets pushed upwards rapidly and directly. That makes the air cool rapidly and lose its moisture in a 
very narrow belt of intense rains. The rapid upward movement of the air can also rip electrons off the gas molecules in 
the air and generate lightning. 
 
This image shows the global precipitation in cm/year – with red the wettest areas on the planet. You can see a clearly 
defined belt at the equator, which corresponds to the ITCZ or intertropical convergence zone. This is where the 
equatorial low pressure is sucking in air from the north and south. Those two air masses cross a lot of water, reaching 
100% relative humidity and then rise at the equator, creating massive rains. This image also shows the rains associated 
with the polar fronts.  
 
Going back to our general picture of global atmospheric circulation, let’s focus only on the suface winds. The dashed lines 
in this picture show the winds that correspond to the surface winds we already described on the right and left of the 
diagram. We have two sets of winds that are travelling towards the equator – one from the north, the other from the 
south, as they get sucked up into the ITCZ and pulled away from the subtropical highs. There are also two wind systems 
that converge at the polar fronts at 60 degress north and south – the winds that have been pushed outward from the polar 
highs, and those pushed outward from the subtropical highs. These arrows are dashed because they represent only the 
predicted path without the coriolis effect taken into account. When we add in that effect, we should see that the wind 
directions move in the direction of the arrow AND to the right of the path of that arrow in the northern hemisphere and 
the left in the southern hemisphere. They then get names associated with the direction FROM WHICH they are coming. 
All winds that contain a simple direction are name for the direction FROM WHICH they are coming. Notice that the Polar 

Easterlies originate in the east and move westward. The Westerlies start in the west and move eastward. The Trade 

Winds start in the east and move westward. 
 
Imagine traveling across this globe in a sailboat. You need the wind to move from point A to point B. Are there any 
locations where the winds would fail you? Where air is not moving horizontally, but instead vertically? These areas 
receive special names from the mariner community because of the history of life at sea in these locations and the 
challenges encountered. The ITCZ is also known as the Doldrums. It is an area where ships came to a standstill, waiting 
for a breeze to move them along. While they waited, they would use up their food and beer stores. Fortunately, they 
wouldn’t die of thirst, because at the ITCZ, the one thing they could be assured of was plenty of rainwater! However, 
what was life like when a ship hit the subtropical highs, otherwise known as the Horse Latitudes? While waiting for a 
breeze, and eating all food and drink, no rainwater appeared, and to the contrary, evaporation rates were high. It is 
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rumored these mariners would toss overboard their horses, rather than watch them die of thirst here. Samuel Taylor 
Coleridges Rime of the Ancient Mariner captures the mood perfectly:  

Day after day, day after day, We stuck, nor breath nor motion; As idle as a painted ship Upon a painted ocean. 
Water, water, every where, And all the boards did shrink; Water, water, every where, Nor any drop to drink. 

 
So here we have our general circulation pattern. Just remember that it is a baseline for the equinoxes. As the seasons 
change, and the sun’s rays hit the tropics directly, the major high and low pressure systems will migrate accordingly. 
 
One more follow up on wind naming. A westerly is a wind that originates in the west and moves eastward. A sea breeze 
then is one that originates from the sea and moves onto the land. Why? Higher pressure over the ocean than on the land. 
This is typical when the sun heats up the land and ocean simultaneously, but the low heat capacity of the land allows it to 
raise in temperature much faster and higher. The air above heats up from conduction and radiation, and it rises, sucking 
in the air that was colder and denser and higher in pressure over the ocean. Note: we also call a sea breeze an onshore 
wind (it’s not moving FROM onshore in this case; it’s moving TO the shore – this is a naming exception that has the 
potential to confuse you if you’re not careful). A land breeze, or offshore wind, is one that moves from the land towards 
the ocean. It is caused usually at night, when the low heat capacity of land causes it to drop its temperature quickly, 
meaning the air over the oceans is warmer, lower in pressure, and rising, while that over the land is sinking. 
 
In California and other Mediterranean climates worldwide, prevalent westerly winds bring in cool, high-relative-
humidity air masses that collide with and are pushed up inland mountains. Our mountains, the Sierra Nevada, act as a 
barrier, forcing the air to climb to areas of lower pressure, where the air expands and cools and loses its moisture. The 
western side of the mountains receive a lot of rain. And when the now-mostly-dry air crosses over the crest of the 
mountains, it then sinks down the opposite side, where it contracts and warms. Its relative humidity is close to zero. Its 
capacity for water is high because it’s so hot. Evaporation reigns supreme, and we get what’s called a rainshadow desert. 
Those of you who have traveled to Hawaii have seen similar climate zones associated with the windward (northeastern) 
side of the islands that are directly hit by the northeast trade winds as they move equatorward. These are the wet sides of 
the island. The opposites sides, the leeward sides, are much drier. 
 
The proximity of the ocean to the land on the coast of California helps moderate its temperature by acting like air 
conditioning. The breezes that come across the ocean evaporate water and cool off. They then collide with the coast and 
cool the coastal land.  In the winter, they do the reverse. They warm the land and keep it from getting too cold. That’s 
thanks to the high heat capacity of the oceans, which keeps its temperature about the same year round. The land nearby 
benefits from this high heat capacity. Without the nearby water, like in Death Valley, the low heat capacity of the land 
causes huge, unmoderated fluctuations in temperature, from warm summer with temperatures as high as 120 degrees 
Fahrenheit to cold winters where it gets below freezing and snow falls. 
 
What about hurricanes? What are they? By definition, a hurricane is a low-pressure tropical storm system in which the 
winds surpass speeds of 74 miles per hour. You’ll remember that to get wind speeds this high, we need to have a large 
pressure difference. That means we need a REALLY low pressure system to develop, which means REALLY low density, 
which means HOT AND WET – and that’s why it happens in the tropical oceans. 
 
Hurricanes can extend over 400 miles wide with a center, or eye, about 20-30 miles wide. Because they are low-pressure 
systems, they exhibit the counter-clockwise (or cyclonic flow) that we described earlier (for the northern hemisphere). The 
motion is clockwise in the southern hemisphere, because the leftward deflection causes winds to be deflected to the left of 
the low pressure as they are sucked in. What happens if these storm systems head toward the equator? The coriolis effect 
weakens, and the storm peters out. Hurricanes can NOT cross the equator. Instead they usually get pushed by the trade 
winds until they collide with land. Once they do their primary energy source (the latent heat of evaporation of water) 
disappears, and they also peter out. But not before flooding the land with a massive storm surge – a dome of water that 
the low pressure system has sucked up and carried along with it. 
 
This picture shows the path of a hurricane that moves north along the eastern US coastline. You’ll notice that the air is 
moving in a counter-clockwise motion around the center, where mostly air is rising. However, you should also notice a 
small eye in the center, where air is sinking. The rising air brings rain, of course. The sinking air should be cloudless. Why 
both? With all the rising air in the center of this massive low pressure system, there will be a huge pileup at the 
tropopause. Some of it will migrate ouwards along the tropopause, but some also gets shoved down in the center. 
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Here is an image of hurricane Katrina on August 27, 2005 as it heads toward Louisiana. Notice the extremely warm sea-
surface temperatures that are fueling this storm. Imagine what the residents of the gulf coasts would have experienced – 
first the winds moving from the northeast to the southwest, getting stronger as the center of the storm approached and 
accompanied by more and more rain. The storm surge is carried onto the land, and the coastal regions are flooding. Then, 
when the winds and rain are at their worst, the eye hits, and there’s a short moment of calm. However, you are also now 
under the extreme of the storm surge and coastal flooding. Then from calm to chaos, as the rain and winds come back 
fiercer than ever but in the opposite direction. Then gradual diminishing of rain, wind, and coastal flooding until the 
hurricane has dissipated. If you live in a coastal area with regions that are normally below sealevel, like parts of New 
Orleans, it can be weeks before the storm surge waters can be pumped out. 
 
This picture shows the most common paths of hurricanes, as they are pushed by the Trade Winds. Hurricanes are also 
called cyclones in the Indian Ocean, and Typhoons in the southwestern Pacific. 
 
The El Niño Southern Oscillation (ENSO) is a cyclic climate phenomenon that affects our California weather systems 
greatly. Under normal circumstances, the trade winds blow across the equatorial Pacific from a high pressure system in 
the East towards a low pressure in the west. These winds drag on the surface water and create a current of water that 
moves westward and piles up off the eastern coasts of northern Australia and Indonesia. Some of this water slides back 
eastward and creates a small trickle of warm water called a counter current. Because so much surface water is removed 
from the East, deep water wells up to take its place. The surface layer is removed. The deep water rises to the surface, and 
brings with it nutrients and cold temperatures. Autotrophs thrive due to the high nutrient content, and the water is 
considered highly productive, sustaining a number of large fisheries. The weather on the western coastlines of northern 
Peru and Ecuador and Central America is dry with lots of deserts, associated with the high pressure. On the western 
Pacific, the trade winds which have picked up lots of moisture in their journey across the Pacific dump on the rainforests 
of Indonesia and Northern Australia when they collide with the land. When the Trade Winds increase in their fierceness 
and the rains are greater in the west and the land is drier in the east and the upwelling is even more intense, we call it a La 
Niña.  
 
An El Niño occurs when the pressure systems weaken or reverse. The normal trickle of a countercurrent intensifies as the 
entire dome of water in the west slides back over the water in the east. Air masses now move eastward, picking up 
moisture, and dumping it in the desert regions of the Eastern Pacific. Coastal erosion is high as wave energy increases in 
the area. As upwelling has stopped, the biological productivity is decimated. Autotrophs die, and the heterotrophs that 
feed on them either migrate or die themselves. In the western Pacific, droughts and fires come to the rainforests. 
 
This graph shows the regular oscillation between El Niño (warm water in the Eastern Pacific – upwelling stopped) and La 
Niña (cold water in the Eastern Pacific as upwelling intensifies). You can see that El Niño or La Niña events can last 1 to 6 
years and be of varying intensities. This image shows the sea-surface temperature off of the Los Angeles Basin during 
January 1982, on the left, and January 1983, on the right – an extreme El Niño year, as indicated by the much warmer 
surface water that is moving northward up the coast from the equatorial regions where upwelling has stopped. 
 
This final image reviews the major weather and biological effects and consequences of El Niño versus La Niña. 
 
 


