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» Ocean circulation is driven by density differences (among
other things)

» Density is affected by temperature and salinity

» Temperature and salinity work in opposing ways. Which effect
dominates circulation?
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The First Model

First: Nondimensionalize the equations.
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The First Model

First: Nondimensionalize the equations.
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The new equations:
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d is considered to be small. This means that salinity changes are
slower than temperature changes.
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The First Model

These are both 1D linear equations. We can solve them!
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The First Model

These are both 1D linear equations. We can solve them! The
solution is:

y = 14+(-1)e"

x = 1+(xo—1)e "
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The First Model

These are both 1D linear equations. We can solve them! The

solution is:
y = 1+(m—-1)e"
x = 1+(xo—1)e "

Notice: x,y — 1, but y — 1 more quickly. Recall: x=1=y =
x=8 y="T.
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The First Model

How is density affected by Temperature and Salinity?
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How is density affected by Temperature and Salinity?

p=po(l —aT +p3S)

Julie Leifeld Stommel’s Ocean Circulation Box Model



The First Model

How is density affected by Temperature and Salinity?
p=po(l —aT +p3S)
In terms of x and v,

p=po(l+aT(-y+ Rx)
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The First Model

How is density affected by Temperature and Salinity?
p=po(l —aT +p3S)
In terms of x and v,
p=po(l+aT(—y+ Rx)

R= % R measures the effect of salinity vs. temperature at the
final equilibrium, x =y = 1.
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The First Model

How does the density change over time?
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The First Model

How does the density change over time?

% = po(aT)(—% + RZ ) = po(aT)(y — 1+ R3(1 - x))
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The First Model

Consider the case: RO <1, R>1,x =y =0
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The First Model

Consider the case: Rd <1, R> 1, xg = yop = 0 When 7 =0,
% = po(aT)(—1+ RJ) < 0 Hidden assumption: 7 > 0
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The First Model

Consider the case: Rd <1, R> 1, xg = yop = 0 When 7 =0,

% = po(aT)(—1+ RS) < 0 Hidden assumption: 7 > 0 When
T—00, p=po(l+aZ(—1+ R)) > po The point: Temperature is
the dominant effect at first, but after sufficient time, salinity effects
take over, and the final density is higher than the initial density.
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The First Model
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Until 7=1, pis
decreasing (the density
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negative) After T =1, p is
increasing. After 7 =4,
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