EAS 4300
Final Exam Questions
12-3-08

Ocean-Atmosphere Group





QUESTION 1: Wind stress, currents, and ocean transport





Figure 1.1
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Figure 1.1 shows the mean surface winds over the ocean.
A) What is the difference between Ekman and Geostrophic Currents?
The forces involved in Ekman currents include the wind stress, friction, and the coriolis force.  The resultant Ekman surface current is directed 45 degrees to the right of the wind direction (in the Northern Hemisphere).  The velocity decays exponentially with depth and the total Ekman transport is a vertically integrated transport which is 90 degrees to the right of the wind direction (in the Northern Hemisphere).  Ekman transport results in upwelling/downwelling at continental margins or in gyre circulations.  

Geostrophic currents result from a balance between horizontal pressure gradients and the coriolis force and are representative of the general ocean circulation forced by the geostrophic winds.  
B) Indicate whether upwelling or downwelling will occur along the California coast.  How will this affect the local sea surface height and why?  Upwelling since the wind direction is towards the south and Ekman transport will transport water 90 to the right or away from the California Coast.  Conservation of mass dictates that upwelling must occur in response.  The Ekman transport away from the coast will result in a local depression in Sea surface height, which will be compensated from the transport over water from below.  
C) Indicate whether upwelling or downwelling will occur at point C.  
Upwelling, since this is the Southern Hemisphere, Ekman transport directed to the left of motion, transporting mass away from the coast, resulting in upwelling
D) Sketch the North Pacific Gyre and indicate the region of highest sea surface height of the gyre. The North Pacific gyre is a clockwise circulation (anti-cyclonic).  The highest SSH will be near the center of the gyre (you can draw the Ekman transport to confirm this) since the Ekman transport results in a convergence of water mass near the center of the gyre.  
QUESTION 2: Fronts, Atmospheric Pressure, and Surface Currents
2.1)

Figure 2.1 shows a diagram of a low pressure system and two lines representing fronts. 

A) Label the warm front and the cold front on the figure.  Explain the differences between a warm front and a cold front based on air temperatures and precipitation expected.  
A cold front is the boundary created when a cold air mass advances into a warmer air mass.  The denser, cold air goes beneath the warm air causing the warm air to lift rapidly, creating more intense precipitation and thunderstorm activity along the frontal boundary.  A warm front is created along the boundary between warm air advancing into cooler air.  Since the warm air gradually advances over the cool air mass, precipitation is generally lighter and more widespread.  
B) Draw arrows to indicate the geostrophic wind around the low.

Geostrophic winds flow counter-clockwise around the Low pressure system.
C) What two forces are responsible for the geostrophic motion?  Label these forces on the force balance indicated by the two arrows.

Pressure gradient (directed toward the center of the Low) and Coriolis (directed outwards)
D) How would surface friction affect the wind direction and speed around the Low?  Would you expect convergence or divergence at the center of the Low?  

Surface friction would reduce the wind speed, thereby reducing the magnitude of the coriolis force.  The pressure gradient force is then stronger causing the wind direction to be more directed to the center of the low, causing convergence.
E) Given what you know about fronts, indicate the region of coldest and warmest air temperature, and indicate the region where you would most likely find intense rainfall / thunderstorm activity and give a brief explanation why.   
Coldest air would be located behind the cold front, warmest air ahead of the cold front, between the cold front and warm front.  The most intense rainfall/thunderstorm activity would occur along the cold front boundary, where the warm air is forced to lift because the denser cold air is forced beneath it.  
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2.2)

Figures 2.2 A and B show the global December mean sea level pressure and global ocean surface currents. 
A) On the pressure map (A), identify the main semi-permanent pressure features by labeling them as H for high and L for low.  Draw arrows to indicate the geostrophic winds.  See Figure
B) Based on these two figures, would you say that the ocean-atmosphere is a coupled system (i.e. one influences the other)? Explain how the semi-permanent pressure features lead to formation of oceanic gyres.  
Yes, the ocean-atmosphere is a coupled system, where the large scale atmospheric circulation and  surface winds influence the ocean circulation, resulting in the formation of the oceanic gyres, the equatorial current, and the Antarctic Circumpolar Current.  
C) Draw in the trade winds and equatorial winds for both hemispheres.  Along the equator, notice that the current flow is in the same direction of the winds, but this is not true for the gyres.  Explain.   

At the equator, there is no coriolis force.  The equatorial winds perturb the ocean surface and cause it to move over a large scale, and this motion is not deflected due to no rotation or coriolis force.  Therefore, the currents move in exactly the same direction as the equatorial winds.  
 
Figure 2.2 A


Figure 2.2 B



QUESTION 3: Ocean Circulation

A) Give a brief explanation/description of thermohaline circulation. What properties effect it?  The Thermohaline circulation is driven by density differences, resulting from changes in temperature and/or salinity.  Seas surface temperature can be affected by winds leading to evaporative cooling, or general heating/cooling.  Salinity can be affected through evaporation, freshwater fluxes, or influx of salty water as with the Mediterranean outflow.  Rather than a surface current, the Thermohaline circulation is considered an overturning circulation that ranges the full depth and scale of the ocean basin.  
B) What are some sources of deep water? What are the differences in formation in the northern latitudes compared to the southern latitudes? Which is the most dense?

In the North Atlantic, deep water is formed through winter storms cooling the surface through evaporating as well as the transport of salty water from the Mediterranean outflow.  When this salty water cools further, it becomes dense enough to form deep water.  In the southern latitudes, ice formation leads to increased salinity of the water which then cools through cracks in the ice, forming some of the densest waters.  

C) In figure 3.1, label the two water masses to their corresponding deep water name. (Hint: one is AABW and the other is MIW). Which of the two is more dense?  More salty? AABW is more dense (coldest and salty due to brine rejection), MIW is more salty (evaporation exceeds precipitation in Med. basin)  
D) What are Polynyas? How do they contribute to the forming of deep water in the antarctic?  A Polynya is an area of open water surrounded by ice, that can then refreeze.  As winds come off the Antarctic Ice Sheet, they can detach ice.  The open water from the cracked/detached ice is then exposed to the air and can cool further.  As new ice is formed, the water mass becomes even denser as the salt is left behind.  The densest water occurs just beneath the sea ice in a Polynya.  




Figure 3.1



QUESTION 4: El Niño Southern Oscillation and Walker Circulation
(4a)  Determine which image in the accompanying figure (Figure 4.1) depicts the anomaly associated with El Niño conditions and label it as such.

[image: image10.emf]
(4b) On the above figure (Figure 4.1), draw the Sea Surface Height (SSH) and the thermocline for both conditions in both the Indian and Pacific Oceans.

(4c)  The accompanying figure (Figure 4.2) shows how the Walker Circulation and Easterly trade winds generate the Equatorial Undercurrent.  What effect would El Niño conditions have on the Equatorial Undercurrent? Explain.
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Question 4 Solutions

(4a)  Image (a) in Figure 4.1 is associated with El Niño anomalies.

(4b)  The thermocline is closest to the surface at the areas where upwelling is indicated; near Africa and SA normally, but closer to Indonesia under ENSO. SSH is obvious. Under El Niño conditions the thermocline in the Pacific is flattened or leveled-out. 

  
[image: image3]
(4c)  Anomalies associated with El Niño conditions reduce the strength of the Equatorial Undercurrent. El Niño weakens the Easterly trade winds which in turn decreases the pressure gradient on the western boundary of the basin and therefore reduces the returning undercurrent. 
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Figure 4.1





Figure 4.2
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