
GEF2610 - Problem set 1

Due O
tober 3, 2018

Problem 1

1. Des
ribe four major sour
es or sinks of freshwater in the surfa
e o
eans.

Explain how su
h freshwater �uxes 
hange the salinity of the upper o
ean?

2. Explain brie�y what parameters the density of seawater depend on? In

whi
h dire
tion do ea
h of these properties impa
t density (explain why

it makes sense)?

3. What is potential temperature? Is potential temperature higher or lower


ompared to in situ temperature in the o
ean, and what is 
ausing this

di�eren
e?

4. What is potential density? What is the di�eren
e between σt and σθ?

5. Explain how the buoyan
y frequen
y is a measure of the stability in a

water 
olumn. What is a �uid's response to an unstable density strati�
a-

tion? How do you explain this in terms of what happens to the buoyan
y

frequen
y?

6. Write down the mass 
onservation equation. What do we assume when

we apply the Boussinesq approximation? Show how applying Boussinesq

turns the equation for 
onservation of mass into an equation for 
onserva-

tion of volume (the 
ontinuity equation).

Problem 2

For the three verti
al density pro�les in Figure 1, show (
al
ulate) that the

potential energies (PE ) take on the values shown in the right in the �gure.
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Figure 1: Three di�erent verti
al density strati�
ations (same total mass).

Problem 3

For a slanted density strati�
ation, as shown in Figure 2, the potential energy


hange ∆PE due to an ex
hange of parti
les is

∆PE = −g
∂ρ

∂z
(∆x)

2
(sex − sρ) sex,

where g is the gravitational a

eleration, ∂ρ/∂z is the ba
kground verti
al den-

sity strati�
ation and sex and sρ are the slopes of the parti
le ex
hange and of

isopy
nals (lines of 
onstant density), respe
tively. We assume a stable verti
al

strati�
ation, i.e. ∂ρ/∂z < 0.

1. De�ne and dis
uss the three regimes: ∆PE < 0, ∆PE = 0 and ∆PE > 0.
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2. Show that the maximum release of PE is a
hieved when sex = sρ/2. (Hint:
Here you need to di�erentiate to �nd the maximum of the expression).

Figure 2: The ex
hange of �uid par
els in a slanted density strati�
ation.

Problem 4

Download temperature and salinity data from a hydrographi
 station in the

Greenland Sea (73.03◦N, 2.83◦W). The text �le 'wod_003308505O.dat' 
an be

downloaded from the 
ourse web pages. It 
ontains three 
olumns of data: z

(depth, negative sin
e it is below the sea surfa
e), S (salinity on the 'pra
ti
al

salinity s
ale') and T (in situ temperature). Plot the hydrographi
 data as a

fun
tion of depth and also in a T-S diagram. Do you �nd any eviden
e of

warming at great depths due to pressure?

Problem 5

The 
urrent equation of state for seawater, whi
h des
ribes water density as a

fun
tion of temperature, salinity and pressure, is 
alled TEOS-10. This new

des
ription repla
es an earlier one, 
alled EOS-80.

1. Use the information given at www.teos-10.org (and, if you like, other

sour
es) to dis
uss some di�eren
es between TEOS-10 and EOS-80. Com-

ment, for example, on the di�eren
es between the new 'absolute salinity'

S

A

and the old 'pra
ti
al salinity' S

P

and on the di�eren
e between 'po-

tential temperature' θ and '
onservative temperature' Θ.

2. Use software found on www.teos-10.org or, if you don't know any of the

programing languages Matlab, Fortran or C, use the web interfa
e at

https://monre
ifamoi.saulme.fr/salinite/sea_water_
al
ulator_teos10.php

to 
al
ulate and plot the density for the T-S data of problem 4. (If you

use the web interfa
e, you'll have to enter value by value, and then it is

su�
ient to do the 
al
ulations for a subset of the pressure values.)
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Problem 6

We have mentioned in 
lass how a freshwater �ux through the sea surfa
e 
an


hange the upper-o
ean salinity, but have not gone into details. To arrive at a

dire
t relationship we imagine an o
ean surfa
e layer having salinity S, density
ρ and thi
kness H. It re
eives fresh water (rain) FW per unit time per unit

horizontal area (having units kg s−1m−2) as shown in Figure ?. Assume that

salinity is well-mixed verti
ally all the time so that there is no verti
al salinity

or density gradient. Show that the salinity of the layer 
hanges as

∂S

∂t
= −S

FW

ρH
.

Hint: The salinity of the layer is S = ms/(M +ms), where ms is the mass of

the salt in the water and M is the mass of freshwater so that (M +ms) = ρH
is the total mass of the water (per unit horizontal area). Now take the time

derivative of S.

Figure 3: The �ux of freswater FW (from rain) into an o
ean surfa
e layer of

thi
kness H and having salinity S and density ρ.

Problem 7

A 
olumn of water, 100 m thi
k, has upward-dire
ted verti
al velo
ities of

2 mm/s and 0.5 mm/s at the top and the bottom, respe
ively. What is the


onvergen
e of the horizontal �ow needed to sustain this 'stret
hing' of the wa-

ter 
olumn?
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Problem 8

Mole
ular di�usion of heat or salt in the o
ean is a tremendously slow pro
ess,

and it 
an usually be negle
ed. But turbulen
e in
reases the e�e
tive di�usivity

by orders of magnigude and is therefore an important pro
ess for maintaining

the observed density strati�
ation. When studying the e�e
t of turbulen
e we


an repla
e the mole
ular di�usivity in the 
onservation equations with a (mu
h

larger) turbulent di�usivity value.

Imagine an o
ean region in whi
h the potential temperature is horizontally

homogeneous but de
ays exponentially as

θ(z) = θ(0m) exp (z/zd) ,

where the surfa
e temperature is θ(0m) = 20◦C and the verti
al de
ay s
ale is

zd = 200m. Assume that turbulen
e 
reates a 
onstant e�e
tive di�usivity of

κT ∼ 10−4m2s−1.

1. What is the temperature at 500 m depth (z = −500m)? And what is

the di�usive temperature �ux? In what dire
tion is it dire
ted (upward

or downward)?

2. If turbulent di�usion a
ts alone, what will be the time rate of 
hange of

temperature at 500 m depth? How long would it take to take to 
hange

the temperature there by 1◦C?

3. If the verti
al di�usion of potential temperature is instead balan
ed by

verti
al adve
tion of temperature, so that ∂θ/∂t = 0, what verti
al velo
ity
is found at 500 m depth? Is the verti
al velo
ity upwards or downwards?

Is it large or small 
ompared to what you would expe
t?

Problem 9

A relationship between depth and pressure in the o
ean is found by use of the

so-
alled hydrostati
 balan
e, an assumption that for the verti
al momentum

equation there is an approximate balan
e between the verti
al pressure gradient

and the gravitational for
e,

dp

dz
= −ρg.

So verti
al a

eleration Dw/Dt as well as fri
tional stresses are assumed to be

small (even tiny) in 
omparison. Assuming density is approximately 
onstant,

ρ = 1027 kgm−3, integrate this equation to �nd the pressure in dbar (1 dbar =

0.1 bar = 10

4

Pa) at 1000 m depth. You 
an assume that the pressure at the

o
ean surfa
e is 0 dbar.

Problem 10

The last problem is about wind-driven 
urrents in a non-rotating referen
e

frame. In the o
ean this problem is more 
omplex, sin
e rotational e�e
ts ki
k in
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and limit the depth to whi
h the wind have a dire
t in�uen
e, but the analyti
al

treatment of the wind stress is the same.

We have a �uid of 
onstant density ρ0, dynami
 vis
osity µ, and let the

surfa
e be given by z = 0 and with a �at bottom at z = −H. The momentum

equation for the �uid is then

ρ0
Dv

dt
= −∇p− ρ0gk + µ∇2

v,

where k is the unit ve
tor in the z-dire
tion. Furthermore, we assume that the
velo
ity is given

v = (u(z), 0, 0) ,

that is, the only �ow is in the x-dire
tion and it only varies with depth.

1. Show that the z-
omponent of the momentum equation be
omes

∂p

∂z
= −ρ0g.

2. The pressure at the surfa
e is taken to be 
onstant, i.e. p(z = 0) = p0.
Show that the x-
omponent of the momentum equation be
omes

µ
∂2u

∂z2
= 0.

3. There is a wind stress τwind at the surfa
e, whi
h means that the upper

boundary 
ondition is

µ
∂u

∂z
(z = 0) = τwind.

At the bottom we have a no-slip 
ondition, i.e. u(z = −H) = 0. Find the

solution for u(z).

4. What is the stress a
ting on the bottom due to the �uid �ow?
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