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Instructors:  Dr. Changsheng Chen 

                                                                Dr. Geoffrey Cowles

                                                                Dr. Lou Goodman
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Course Description and Requirement:

This course is aimed principally at understanding the structure and dynamics of the oceanic circulation, water mass formation, waves, tides and turbulent mixing over global-basin-regional-coastal-estuarine scales.  It is designed for graduate students in an interdisciplinary field of marine science whose concentration is not pure physical oceanography.  Students will learn the basic concepts and dynamics that drive and influence multi-scale physical processes that are related to fisheries, biological and chemical oceanography.  Students will be evaluated on their knowledge and ability to apply the basic principles of oceanic dynamics to explain the complex interdisciplinary oceanic system. 

Lectures comprise 8 major topics: 1) How the Atmospheric-Ocean System Is Driven; 2) The Upper Oceanic Circulation; 3) The Oceanic Water Masses; 4) The Deep Oceanic Circulation; 5) Fundamental Dynamics of Oceanography; 6) Oceanic Waves and Tides; 7) Coastal Physical Processes; and 8) Physical Processes in the Gulf of Maine and New England Shelf

Homework will be assigned to students on a weekly basis.  Students will be evaluated based on their class participation (20%), homework (50%), mid-term test (15%) and final examination (15%).  Tests will be geared towards process-oriented problems requiring integration of materials from lectures and textbooks. 

Recommended Textbook: 

“Ocean Circulation” prepared by the Open University 

“Introductory Dynamical Oceanography” by Stephen Pond and George L. Pickard

In addition, the lecture notes for each topic will be provided to the students and power point presentations used for the lectures will be made available online. 

Lecture 1: How the Ocean-Atmosphere System is Driven

The ocean and atmosphere are coupled together to form a closed system. The principal energy that drives this system comes from the sun.  Because the earth rotates with time, the oceanic and atmospheric motions are affected by the earth’s rotation. To understand the ocean circulation, one first needs to know how the oceanic-atmospheric system receives the energy from the sun and how an equilibrium state can be reached. For this reason, in the first several lectures, we will give a brief review of heat budget in the oceanic-atmospheric system and introduce the concept of so-called “Coriolis force”, which results from the motion of the rotating earth relative to the stars. 

1.1. Basic Concepts

a). Radiation spectrum.  Energy from the sun is received through radiation.  While the wavelength range of this energy is quite large, from Gamma rays to radio waves, the majority of the incident radiation energy falls within the wavelength range of 0.2 to 4 micrometer ((m) (Figure 1.1). About 43% of the radiation in this range is comprised of visible light, energy that can be discerned by the human eye which has a rough range of 0.4 to 0.67 (m (note: the visible light often is referred as the white light because it appears “white” in color). The bulk of the remainder includes the near-infrared (~49%) and ultraviolet (~7%) parts of the spectrum. 

[image: image1.wmf]
b).  Solar constant.  The solar constant S is the average solar radiation flux per square at a mean orbital distance (d) between the sun and earth (Figure 1.2). It is equal to
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Based on the solar constant, we can calculate the total radiation energy received from the sun per unit time, which is equal to: 
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where R is the radius of the earth. Therefore, the average amount of solar radiation energy received per unit area of the earth’s surface per unit time is
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This is the radiation energy for the case without consideration of the earth tilting.  Taking the earth’s tilting into account, then 
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where ( is latitude in degree. It equals to zero at the poles and S/( at equator. 

c). The Albedo. Not all the solar radiation energy from the sun is received by the earth. The albedo 
[image: image5.wmf] is defined as the reflected or scattering rate of solar radiation. The total reflected or scattered radiation energy is equal to 
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If we don’t consider the reflected energy, then the average radiation flux reaching the earth’s surface is equal to 
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The albedo varies with the amount of cloud coverage as well as the present of ice or snow on the surface. The average value of 
[image: image8.wmf] is ~ 0.3. When the sky is clear, that is, no cloud cover, 
[image: image9.wmf] is ~0.15. When the sky is fully covered by cloud, 
[image: image10.wmf] is ~0.6. The influence of coverage of ice or snow is very similar to clouds. In the real ocean, 
[image: image11.wmf] ranges from 0.2 to 0.4 between 40oS and 40o N, with the minimum value of <0.1 in some regions at the equator and a maximum value of > 0.6 in the high latitude regions. 


1.2. Radiation Equilibrium Models (Equilibrium Climate Models)

As described above, the average heat flux received on a section of the earth is 1.37(103 W/m2. Considering an average reflection rate of 30%, a 1-m diameter dish in space could still receive enough radiation energy from the sun to run a 1-KW heater! This incoming solar energy would cause the surface of the earth to warm up. The temperature increase must cease only when the incoming solar energy is balanced by the outgoing reflection and radiation.  This balance is referred to as an “equilibrium” state in meteorology and oceanography. To better understand how radiation is affected by the atmosphere and ocean, we would like to introduce two simple equilibrium models in this section. 

a). Bare earth case (no cloud).  Let Te be the temperature of the earth surface, E is the amount of energy emitted per unit time from the earth. Then, E is given by Stefan’s law in the form of 
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where ( is Stefan-Boltzmann constant equal to 5.7(10-8 W/(m2 K4).  In the case without cloud coverage, the equilibrium state can is reached when the incoming solar energy is balanced by the emitted energy from the earth surface (Figure 1.4). This balance is given as 

                                                      
[image: image13.wmf].

This equation can be rewritten as 
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For given 
[image: image15.wmf]=0.3, S= 1.376 kW/m2 and (=5.7(10-8 W/(m2 K4), we can calculate the temperature of the earth surface, which is equal to 
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If we consider the variation of S and 
[image: image17.wmf] with latitude, the temperature could be in a range of 
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This is obviously much colder than reality.  In fact, the earth’s surface is much warmer and the difference between the equator and poles is much less.  The incorrect answer we obtained from this simple model suggests that the cloud cover and the atmosphere of the earth must play an important role in the solar energy balance. 

b). Cloud cover case (a single cloud layer model).  Assuming the earth is covered by a single layer of cloud, then the cloud will act to (1) reduce the long-wave radiation from the earth and (2) reflect and scatter the incoming short-wave solar radiation flux. This is in some ways analogous to the mechanism of a greenhouse.

Let e be the fraction of the radiation absorbed by the cloud, the radiation energy in the region below and above the cloud layer is balanced by 
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Adding these two equations together yields
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Then, 
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Assuming that e =1 (the long-wave radiation emitted from the earth is completely absorbed by the cloud), then 
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This simple model implies that the effect of the cloud acts as a greenhouse to keep the heat of the earth. 

Two examples described above are based on the radiation equilibrium solutions. These solutions, however, are not strictly true in the real atmospheric and oceanic system because the absence of the fluid motion, evaporation, etc. For example, in the bare earth case, the atmosphere absorbs no radiation at all, the ground would warm up and the air above the ground would remain cold. This is an absolute unstable system in which the convection must occur to move the warmer air up and colder air down. This convection process redistributes the heat in the vertical, which directly influence the heat balance. An example of convection is so-called “Hadley cells” present in the large-scale atmospheric circulation. Here, the non-uniform heating on the earth (higher at the equator) causes a rising motion in the tropics and descending motion in the high latitudes (Fig. 1.6). 
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Figure 1.6: Schematic of three Hadley (1935) cells on the northern hemisphere and vertical convection in the convergence zones around the equator and ~60o on the southern and northern hemispheres. 





Figure 1.5: Schematic of the radiation energy balance in an idealized earth system covered by a single cloud layer. 





Figure 1.4: Schematic of the energy balance in the atmosphere for an idealized case without the cloud coverage.  





Figure 1.3: The annually averaged albedo estimated from a composite of satellite data between 1964 and 1977. This figure is from Stephens et al. (1981).  











Figure 1.1: The radiation spectrum.








PAGE  
1

_1153237130.unknown

_1153237224.unknown

_1153282164.unknown

_1153302094.unknown

_1153302136.unknown

_1153820551.unknown

_1153301815.unknown

_1153301954.unknown

_1153302047.unknown

_1153301764.unknown

_1153281632.unknown

_1153281981.unknown

_1153237356.unknown

_1153236793.unknown

_1153236191.unknown

_1153236547.unknown

_1153235588.unknown

