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Name: ______KEY__________ 

This quiz is worth 50 points, will take 30 minutes, and it is worth 5% of your grade. 

You may use a calculator, but not a cell phone. If you need more paper, let me know.  

A. Short-Answers: (10 points total: each worth 1 point) 

 

1. Where is the warmest surface water found in the global ocean? 

 

The warmest surface water is 

located in the “warm pool”.  

This  area spans across the 

western tropical Pacific Ocean 

and the tropical Indian Ocean  

 

 

 

 

 

 

 

 

2. At 4000 m depth in the ocean, which one is 

higher: in-situ water temperature or potential 

temperature? 

 

As we go deeper into the water column, the local 

(in-situ) water temperature (t) becomes larger 

than the potential temperature (Θ)  

 

3.  What three factors determine the density of 

seawater? Which of these can be measured with 

the least accuracy? (+0.25 each) 

 

Density is a function of:  

Pressure, temperature and salinity 

Pressure is the factor measured with the least accuracy 

(This is based on the precision of the measurements) 
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4.  If the density of a parcel of seawater is 1024.035 kg m-3, what is sigma? 

 

σ(s,t,p) = (ρ(s,t,p)) – 1000 

 

1024.035 – 1000 = 24.035 

 

 

5.  How is sigma theta different from sigma t? 
  sigma(t) (σt)  = σ(s,t,0) = ρ(s,t,0) - 1000 

  Where t stands for in-situ temperature. 

  The effect of pressure is removed. 

 Does not consider adiabatic temperature changes. 

 

sigma(theta)  or sigma(ϴ) or  (σ ϴ)  

σϴ is σ(s,ϴ,0) = ρ(s,ϴ,0,) – 1000 

Where ϴ stands for potential temperature. 

The effect of pressure is removed. 

Considers adiabatic temperature changes. 
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6.  Is surface salinity higher in the equator or mid-latitudes (30 deg)? 

 

 

Higher at 30 deg (N 

and S).  

This is the high 

pressure latitudinal 

belt, where 

evaporation > 

precipitation. 

 

7. Which of these variables generates the largest density changes in the 

ocean: _Pressure_                    a. Temperature, b. Salinity, c: Pressure 

 

8.  What two parameters are used to measure sea water salinity? 

 

   Conductivity or chlorinity (measured directly or via silver) 
 

9. Rank the following surfaces in order of decreasing albedo, by labelling them 

from 1 (highest albedo) to 4 (lowest albedo) (+0.25 each) 

Ice: ___1___    ocean:  ___4___    forest:  ___3___ desert:   ___2___ 

 

 
 

10. At what depth in the water column is sigma theta always equal to sigma? 

 

At the surface 
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B. 1. Draw the typical summer and winter temperature profiles for three 

different regions of the global ocean (Hint: there should be 6 lines). To get 

full credit, make sure you capture the right shapes of the curves and the 

right temperature values (2 points for each curve).  Draw the summer and 

winter curves differently, and label them “s” and “w” 

 

 

 

Answer these brief questions: 

 

Which area has the largest seasonal variability in the 

temperature profile?  Why?  (1 point) 

 

The polar latitudes: there is a large change in the entire 

water column, not just near the surface.   

 

At mid-latitudes, there is a large change in the near-

surface waters (upper 200 m). 

 

 

Which area has the smallest seasonal variability in the 

temperature profile?  Why?  (1 point) 

 

The tropics 
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C. Plot a series of 6 vertical temperature plots (from the surface to 100 meter 

depth), for the North Pacific Ocean, showing the seasonal progression from winter 

to fall.  Make sure you plot 6 curves for the following months: three in each panel 

(March, May, July), and (September, November, January).  (1 point per profile). 
 

 

 
 

 

Briefly describe what happened between March and July (2 points) 

 

The water column, which is well mixed in March, is warmed at the surface.  This 

heat penetrates into the water column, and develops a seasonal thermocline and a 

surface mixed layer. The seasonal thermocline deepens and the temperature of the 

mixed layer increases progressively, reaching the warmest temperature in August. 

 

Briefly describe what happened between September and January (2 points) 

 

After the peak surface temperature in August, fall storminess (starting in 

September) leads to the cooling of the surface and to the deepening of the mixed 

layer.  Heat penetrates deeper into the water column, pushing the seasonal 

thermocline into deeper depths.  This process continues through fall, with larger 

mixing events pushing the thermocline deeper.  By January, the thermocline is at 

the deepest depth and the mixed layer reaches down to 100m.  Ongoing mixing over 

winter erases the seasonal thermocline and mixes the water column down to 100 m. 
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D.1 Define the greenhouse effect (+2 points): 

The process by which radiation from a planet's atmosphere warms the planet's 

surface to a temperature above what it would be without its atmosphere. 

Trapping of the sun's warmth in a planet's lower atmosphere, due to the greater 

transparency of the atmosphere to visible radiation from the sun than to infrared 

radiation emitted from the planet's surface. 

 

2. Consider the global heat budget, including the greenhouse effect.  List the 

magnitude of these fluxes (Watts/m 2) and show the sign (positive or negative)           

(1 point each). 

 

 
- Incoming Solar Radiation: + 342 watts / m2 

 - Absorped by the Atmosphere:  + 67 watts / m2 

 - Absorped by the Earth’s surface: + 168 watts / m2 

- Total Reflected Solar Radiation: - 107 watts / m2 

 - Reflected by clouds, aerosols and Atmospheric Gases: -77 watts / m2 

 - Reflected by the Earth’s surface: - 30 watts / m2 

- Total Outgoing Longwave Radiation: - 235 watts / m2 

- Longwave radiation emitted by the Earth’s surface: - 390 watts / m2 

- Back longwave radiation reabsorbed by the Earth’s surface: + 324 watts / m2 

- Latent heat from Earth’s surface: - 78 watts / m2 
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E. Define these terms (1 point each):  

 

Conservative property:  A water property not affected by biology 

(temperature and salinity) 

 

Sensible heat:  Sensible heat is heat exchanged by a thermodynamic system 

that changes the temperature of the system. As the name implies, sensible 

heat is the heat that you can feel. The sensible heat possessed by an object 

is evidenced by its temperature. 

 

Latent heat:  Latent heat is energy released or absorbed by a 

thermodynamic system during a constant-temperature process (usually a 

phase transition). Latent heat can be understood as energy in hidden form, 

which is supplied or extracted to change the state of a substance without 

changing its temperature. 

 

 

Albedo: The proportion of the incident light (or radiation) that is reflected 

by a surface, rather than being absorbed.  Values are expressed as 

proportions of the total incident light (or radiation).  


