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CHAPTER 4, DIVINE WIND (Emanuel)
The Tropical Hothouse
All Energy that heats the Earth comes from the Sun.
The energy is manifested in the forms of UV, Visible, Gamma 
Rays, X-rays, IR; from 0.1 to 100 microns wavelength.

{1 Micron = one millionth of a meter, (1/10^6 of a meter)   }

All bodies (above absolute zero) emit some radiation.
The sun (surface temp 6000 deg C/10,000 deg F) primarily emits 
radiation  in  the  0.2  -  3.0  micron  range.  (Solar  radiation 
sometimes called shortwave radiation). 
Earth emits mainly IR, w/ wavelengths between 5-50 microns, 
with a much lower average temp. Earth radiation often called 
Longwave radiation.



Amount of energy dependent on temp, due to Stefan-Boltzmann 
Equation:

TOTAL RADIANT ENERGY = εσT^4,    (4.1)
Where: 
• T is the absolute temp of the body
•  σ (sigma) is the Boltzmann constant
•  ε (epsilon) is the emissivity of the body (varies from 0 to 
1)
• Note: a perfect emitter of radiation is a 'blackbody' with  
ε=1 
Given equation 4.1, we could calculate the average surface temp 
of earth (without atmosphere), which would be 0 deg F. But the 
real average surface temp is 60 deg F.
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Greenhouse Effect –noun 
1
.

an atmospheric heating phenomenon, caused by short-wave solar radiation being readily  
transmitted inward through the earth's atmosphere but longer-wavelength heat radiation  
less readily transmitted outward, owing to its absorption by atmospheric carbon dioxide,  
water vapor, methane, and other gases; thus, the rising level of carbon dioxide is viewed  
with concern. 

2 The phenomenon whereby the earth's atmosphere traps solar radiation, caused by the  
presence in the atmosphere of gases such as carbon dioxide, water vapor, and methane  
that allow incoming sunlight to pass through but absorb heat radiated back from the  
earth's surface. 

Quoted from: http://www.dictionary.com/
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
The Atmosphere provides a "Greenhouse effect" which acts to 
warm the surface.  How does this work?
98% of atmosphere is comprised of N2 and O2. These are simple 
molecules.  Imagine they are two balls attached by a spring.
Motion  is  restricted  to  stretching/compression.  In  order  to 
emit  radiation,  the  molecule  must  change  its  rate  of 
stretching/compression.  N2/O2  only  has  limited  reaction  to 
energy changes.
However,  H2O  (and  C02,  O3  &  N2O  Nitrous  Oxide)  have  three 
atoms,  and  can  perform  more  'gymnastic'  feats.   They  can 

http://www.dictionary.com/


stretch/compress,  bend  and  rotate.  These  (as  well  as  CH4 
methane)  can  more  readily  absorb  and  emit  radiation.  These 
molecules collide with other molecules and spread the energy to 
those neighboring molecules.
These gases in the atmosphere only interact with wavelengths 
with certain discrete values (quantum properties on atoms and 
molecules).
(Show absorption Figure). 

At  these  wavelengths,  the  atmosphere  absorbs  and  re-emits 
radiation. The atmosphere also absorbs/re-emits radiation from 
longwave IR from earth's surface. This radiation further heats 
the atmosphere and the surface of the earth.
The  new  calculation  for  average  surface  temp  with  solar 
radiation and atmosphere derived radiation is 135 degrees F 
(!!)...much warmer than observed. Why?
The  cause  is  convection.   Warm  air  near  surface  will  rise 
naturally, carrying heat away from earth's surface.  This cools 



the surface.  Remember that earth's surface is also WET, so 
some air is moist.  This air will contain EVAPORATED moisture, 
and  evaporation will induce cooling, because a certain amount 
of  thermal energy must go into the water in liquid form to 
convert it into vapor – this becomes the latent heat in the 
water vapor. 
This moisture (as vapor) carries latent heat within, so that 
condensation  begins  to  occur  in  the  upward  drafts  of  air, 
forming Cu and CB. When water condenses, the latent heat in the 
vapor is released and heats the air further.
See Figure 4.4 (p.28) for summary of energy processes.
____________________________________________________________
____________________________________________________________



CHAPTER 1, ATMOSPHERE-OCEAN DYNAMICS (Gill)
How the Ocean-Atmosphere System is driven
Section 1.1: Introduction

The main focus here is the winds, ocean currents, & distribute. 
of heat in the atmosphere. & Ocean, due to the Sun.
Consider basic processes.  
One such process: Absorption of radiation by certain gases 
(H2O, CO2, O3)

Taken from 
http://www.globalwarmingart.com/wiki/Image:Atmospheric_Transmission_png

http://www.globalwarmingart.com/wiki/Image:Atmospheric_Transmission_png


Section 1.2: The Amount of Energy Received by the Earth

Energy received by the Sun comes in the form of Radiation:
Wavelengths between 0.2 and 4 microns. 
40% arrived in the visible spectrum, 0.4 - 0.67 microns
Solar Constant (average energy Flux from sun):

S = 1.368 kW/(m^2)
Earth's elliptical orbit only represents a change of +/- 3.5%
(Max in January)
- - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - -
FLUX (Physics) 

• The rate of flow of fluid, particles, or energy through a given surface. 

o See flux density. 

• The lines of force of an electric or magnetic field. 

Quoted from: http://www.dictionary.com/
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
TOTAL ENERGY RECVD from SUN PER UNIT TIME = (pi) S R^2
Where R= radius of the Earth
Given the area if Earth's SFC is 4(pi)R^2, the average energy 
received per unit area per unit time = (1/4)S = 344 W/(m^2)
 
NOTE: Great Web link:
http://edmall.gsfc.nasa.gov/inv99Project.Site/Pages/science-briefs/ed-stickler/ed-irradiance.html

If Earth were not tilted, the radiation would vary from zero at 
the poles to [S/(pi)] at the equator, but the tilt induces 
season variations as given by Figure 1.1
See FIGURE 1.1

Not all radiation is absorbed. A fraction α (alpha) is 
reflected or scattered. α (alpha) is called the ALBEDO. For 
Earth, the average value of α (alpha) is 0.3, so the new 
calculation for the average energy received per unit area per 

http://edmall.gsfc.nasa.gov/inv99Project.Site/Pages/science-briefs/ed-stickler/ed-irradiance.html
http://www.dictionary.com/
file:///browse/flux%20density


unit time (seconds) is:

Average Energy = (1/4)[1- α ]S = 240 W/(m^2)

α IS DEFINED AS THE FRACTION OF IMPINGING RADIATION THAT IS 
REFLECTED OR SCATTERED

α CAN VARY GREATLY, depending on whether there are clouds, or 
snow/ice on the surface.

α is nearly 0.1 over the oceans within 40 deg of the equator. 
Section 1.3: Radiative Equilibrium Models

How is Radiation affected by the atmosphere/ocean?
Radiation comes in, some is reflected/scattered, and the rest 
is absorbed.
Consider the situation where the earth had no atmosphere. When 
the surface reaches its equilibrium temp, the amount of energy 
emitted by earth is:

E = σ T^4

      σ = 5.7 X 10^(-8)   W/{(m^2 K^4)}
This would result in equilibrium temps of 270K at the equator, 
150K at the South Pole, and 170K at the North Pole.  THe real 
temps are much warmer, and the contrast between the equator and 
poles is much less.  This difference MUST be due to the 
existence of the atmospheric envelope. The fluid envelope 
around the earth affects temps in two ways:
(1) Radiation can be absorbed within the atmosphere itself
(2) Both the atmos and the ocean can carry heat from one area 

to another, affecting the balance.  
If the atmosphere were static (no motion), the avg temperature 
profile would be the solid line in figure 1.4, pg.8.
In the lower 70% of the atmos (by mass), the main factor 
responsible for the equilibrium that is reached (in figure 1.4) 
is the absorption of radiation by water vapor in the atmos.



At higher levels, the following gas constituents become 
important: Ozone (O3) and Carbon Dioxide (CO2).
In figure 1.4, note that the sfc temps are much higher than 
without an atmos.  This is due to the ‘greenhouse effect’. 
Section 1.4: The Greenhouse Effect

See Figure 1.5.

Consider a greenhouse where we place a horizontal, transparent 
piece of glass above the ground.  The glass is transparent to 
radiation with wavelengths below 4 microns, but partially 
absorbs wavelengths above 4 microns.  Assume the glass and 
ground are initially ‘cold’, and then we turn on a downward 
flux “I” of solar radiation.  This radiation will pass through 
the glass unattenuated and be absorbed by the ground. The 
ground will warm up to equil. Temp ‘Tg’, and the ground will 
emit upward radiation flux “U”:

U = σ Tg^4                 (1.4.1)



Almost all the radiation emitted at atmos temps has wavelengths 
of 4-100 microns, so a fraction ‘e’ will be absorbed by the 
glass. Then the glass will warm up and emit radiation. Assume 
the flux emitted by the glass (in each direction) is “B”. 
Equil. will be reached on the ground when upward fluxes balance 
downward fluxes:
_______________________________________________________________

I = (1-e)U + B = U – B                   (1.4.2)
______________________________________________________________
NOTE(1):

B +  I = U     This is the expression of balance
I = U – B ‘’   ‘’  ‘’  ‘’         ‘’  ‘’

_______________________________________________________________
NOTE(2):

(1-e)U + B = U – B
U-eU   + B = U – B
 -eU   + B =   – B
 -eU       =   – 2B
  eU       =     2B
  eU/2     =      B
   U       =     2B/e

_______________________________________________________________
NOTE(3):

(1-e)U + B      = I
(1-e)U + [eU/2] = I
 U-eU + eU/2    = I
 U-     eU/2    = I
 (1-e/2)U       = I

_______________________________________________________________
Using  1.4.2 to solve for 1.4.1, the result for the ground temp 
is:

       σTg^4 = U = I/(1-e/2)          (1.4.3)
Therefore (since e is nonzero), the final temperature Tg of the 
ground will be higher (~19%) WITH the atmosphere than without 
the atmos.
For non-zero values on “e”, the ground receives a back 
radiation flux “B” in addition to shortwave flux “I”, so the 
ground reaches a higher value than it would otherwise.  
In the atmos, the absorbing material is distributed {somewhat} 
continuously in the vertical rather than in a thin sheet. 



More accurate calculations require the radiative energy to be 
divided up into many wavebqnds rather than just 2 (such as long 
and short wave radiation), and must take into account the 
absorption of each band separately.  Also, we must allow for 
reflection and scattering, which depends on the albedo of the 
clouds and underlying surface.
The summary of radiation balance in the atmos is found in fig 
1.6, page 10 (see next page).
If the total radiation was set to 100 units:

• Reflection/scattering: 100α = 100 X 0.3 = 30
o This leaves 70 units net down. Flux of S/W rad.at the 

top of the atmos.
• 19 units are absorbed by atmos.
• 51 units absorbed by earth sfc.
• Also, the earth sfc absorbs longwave rad BACK from the 

atmos.
• The net sfc emission (the excess of upward over downward 

radiation) is 21 units
o the remaining upward flux of 30 units being by 

convection 
• The upward flux at the top of atmos is 70 units, as 

required to balance the s/w radiation recvd. 

• The mean sfc temp is that corresponding to 98+51  = 149 
units of radiated energy at the ground 

o rather than the corresponding 70 units at the top of 
the atmos. 

o This flux is closely identified with a temp. at cloud 
top height.



Section 1.5: Effects of Convection

Previously, we assumed a static atmos, but this is not reality. 
The radiative equilibrium solution in section 1.3 is based on 
observed distrib. of water vapor. Water vapor distrib. is the 
RESULT of fluid flow.

- Start by looking at an atmos with no water vap, but in 
radiative equilibrium.  Assume the atmos does not absorb 
radiation. The sfc would heat up. This would not be in 
dynamic equilibrium, since the air in contact with the sfc 
would heat up and want to rise. Convection would occur. 
This would bring heat up into the atmos.  

- Now bring in the water at sfc. This water, being heated, 
will evaporate, and be drawn up into the atmos. (The 
evaporation would also have the effect of cooling the sfc 
to some extent).  This airborne H2O has different 
radiation absorption properties that N2/O2, so the 
radiation balance would then be altered. 

- The final state then is a balance between radiation and 
convective effects, called radiative-convective 
equilibrium.

Will convection occur? Depends of lapse rate – rate of decrease 



of temp with incrg hgt. 
- Will the parcel ascend adiabatically or not?
- If yes, the lapse rate = 10K/km, the DALR (dry adiab. 

Lapse rate
o If temps of surroundings falls off more quickly with 

hgt, the  parcel will be warmer than suyrrondings and 
rise on its own buoyancy – unstable – UVM – 
convection takes place

- If the atmos. is dry (little vapor), the DALR must be 
exceeded to have cvnvtn.

- The air only holds so much H2O vapor – rel Humidity.
- If 100% RH, water droplets condense and form clouds. H2O 

returns to earth as pcpn.
- This hydrological cycle affects the balance:

o Clouds have important effect on total amnt of energy 
absorbed in atmos du to scat/refect.

o Water vapor in atmos impacts the amnt of radation 
absorbed by earth sfc, potentially reducing sfc 
temps.

o Cooling takes place with evaporation at sfc. This 
‘latent heat’ in water vapr is then released in 
clouds as a result of pcpn.  

 This accounts for 75% of heat moved by 
convective transport

o The subsequent release of latent heat also has an 
impact.  As the air rises, it cools, due to lower 
pressure, so the parcel of air becomes saturated, and 
the water vapor  will condense, which results in a 
release of latent heat, which warms the atmos., so 
the lapse rate in this situation will be less than 
for dry air.  This is the MALR (Moist Adiabatic Lapse 
Rate) and the value depends on temp/pressure.  

 In lower atmos, it is 4 deg/km @ 20 deg C
 It is 5 deg/km @ 10 deg C
 The rate is quite different if ICE is formed 

instead
o The MALR is approp. for ascending air, but not 

descemding air. Here, the parcel can hold more water 
(as press. decreases, temp. increases) so the parcel 
in unsaturated. Thus the DALR is used here.

o Thus in a convecting atmos, potential energy is 
realeased on ascent, but work is done against gravity 
where the air is descending. 

o Another consequence of moist cnvctn in the 
distribution of moisture in the atmos. In Approx, the 
mean distribution decreases linearly  with press from 
77% at the sfc to 0% at the topf of atmos. RH does 



not change that much from season to season, but total 
amt of water (vapor) does vary a lot.

o Problems with Modeling that atmos:
 How to represent the cnvctn w/o details on 

ascending/descending air parcels
 Radiative/Convective models represent effects of 

cnvctn in simple ways
• 1. Ignore horiz. Variations
• Temp/other items ae function of 

altitude/press.
• Distrib. of radiation absorb gases (CO2, 

O3) are fixed.
• Either relative or absol. Humidity is fixed
• Downward flux of s/w rad. @ top of atmos. 

is constant
• Initial temp distrib is allowed to adjust 

to equilibrium
o Takes account of convective and 

radiative fluxes
• Convection occurs when lapse rate reaches a 

certain critical value. Typical value is US 
Std Atmnos 1975 6.5 deg C/KM.



Section 1.6: Effects of Horizontal Gradients
Earlier, we saw that radiation acting in isolation 

produces Large vertical temperature gradients.  THESE result in 
convection that reduce the gradients. Also, the variation with 
latitude of the absorbed radiative flux (fig 1.1) leads to 
large horizontal temp gradients if radiation acted in 
isolation. Fluid motion also takes place that tends to reduce 
these gradients. These motions depend on dynamical processes 
(later chapters).

One expects the nonuniform heating of the atmos to cause 
rising motions in the tropics and descending motion at higher 
latitudes. Halley (1686) & Hadley (1735) proposed this type of 
circulation, which is now known as the Hadley cell (see Section 
2.3). A similar circulation might be expected to occur in the 
ocean, so that the excess heat received in the tropics would be 
transported poleward in both atmosphere and ocean.

The circulation (in the meridional plane) that actually 
occurs is known quantitatively (but with limited accuracy) for 
the atmosphere from observations and is shown in fig 1.7.

Fig. 1.7. 
Streamlines of the 
mean meridional 
mass flux in the 
atmosphere for (a) 
December-February 
and
(b) June-August. 
Units are megatons 
per second 
[ Mt S^-1    or 
  10^9 kg S^-1 ].
 
The horizontal 
scale is such that 
the spacing
between latitudes 
is proportional to 
the area of the 
earth's surface 
between them, 
i.e., is linear in 
the sine of the
latitude. [Adapted 
from Newell el 
al. (1972, Vol. 1, 
p. 45)



By comparison, the meridional circulation in the ocean is 
very poorly known, but order of magnitude estimates exist.  

A brief description of the atmospheric part of the 
circulation is as follows: 

• The Hadley cell is confined to the tropics. 
• Moist air from the trade wind zone, where evaporation 

exceeds precipitation, is drawn into the areas of 
rising motion.

• Because they are wet and cloudy, they show up as 
regions of high  reflectivity (Figure 1.2).

• Important regions of rising motion:
o Indonesia, Congo, and Amazon Basins. 

• Over the Atlantic and Pacific, rising motions are 
concentrated in fairly narrow band called the 
Intertropical Convergence Zone (ITCZ).

o Found between  5-10 degrees to the North of 
equ. 

• ITCZ is a region of high reflectivity in fig 1.2. 
• The regions of descending air are dry and include in 

particular the desert regions (marked by X's in fig 
1.2), which are found between latitudes 20-30 deg. 

o These show up as regions of high albedo over 
land in Fig. 1.3. Where the descent is over cold 
ocean, low non-precipitating cloud decks (marked 
Y  in Fig. 1.2) are often found.

In mid-lats, the picture is different. 
• Due to rotation of the earth, the motion produced by 

horizontal density gradients is mainly east-west
• Little meridional circulation. 
• However, the situation is not stable; 

o large transient disturbances (cyclones & 
anticyclones) develop. 

o Disturbances are effective at transporting 
energy poleward.

Fluid motion is effective in reducing horizontal 
gradients. See the two lower curves of Fig. 1.1. 

• The solid curve shows the variation with latitude of 
the absorbed flux of radiative energy. 

o In pure radiative equilibrium (or a radiative- 
convective equilibrium), the outgoing radiation 



would be equal to the absorbed radiation at all 
latitudes. 

• the dashed line in Fig. 1.1 shows reality 
o the outgoing flux of radiative energy, is much 

more uniform 
• From the difference between the two curves, the 

amount of energy that must be transported across each 
circle of latitude by fluid motion can be calculated. 
That curve (for the northern hemisphere) is shown in 
Fig. 1.8. 

• The difference between the two curves (the shaded 
region in Fig. 1.8) provides an estimate of the 
energy transport by the ocean. 

Fig. 1.8. 
The northward transport of energy (in units of petawatt = 
10^15 W) as a function of latitude. The outer curve is the 
net transport deduced from radiation measurements. The white 
area is the part transported by the atmosphere and the shaded 
area the part transported by the ocean. The lower curve 
denotes the part of the atmospheric transport due to 
transient eddies and is the mean of the monthly values from 
Oort (1971, Table 3). The horizontal scale is such that the 
spacing between latitudes is proportional to the area of the 
earth's surface between them, i.e., is linear in the sine of 
the latitude. [From Vonder Haar and Oort (1973).'

• According to these results, ocean and atmosphere are 
equally important in transporting energy 

o the atmosphere being most important at 50 deg N 
o the ocean most important at 20 deg N. 



o There is, however, considerable uncertainty in 
the measurements

o For instance, the probable error in the 
transport of energy by the ocean at 20 deg N is 
about 70%.

A distinction is made between the energy transported by 
the mean (time-averaged) circulation and the energy transported 
by transient motions. 

• If this calculation is done for each month in turn 
and the results are averaged, the curve in the 
unshaded part of Fig. 1.8 is obtained. 

• In latitudes where the transport by the atmosphere is 
important, the transient motions account for most of 
the transport. 

o This observation is the basis for simple 
equilibrium models in which the radiative heat 
flux is balanced not by small-scale convection, 
as in radiative- convective equilibrium models, 
but by energy fluxes due to large-scale 
transient motions 

 E.G. Cyclones and anticyclones 
o These motions transport heat vertically as well 

as horizontally, so calculations of both 
vertical and horizontal gradients can be made

The structure of the atmosphere and ocean depends on the 
motions driven by radiation and their effectiveness in 
redistributing heat.
If the effect of the dominant energy- transporting mechanism 
can be estimated in some simple way, reasonable estimates of 
basic features can be obtained 

• Like mean horiz & vert. temperature gradients of the 
atmosphere



Section 1.7: Variability of Radiative Driving of the Earth

The present state of the ocean and atmosphere is a result of 
their response to the radiation received from the sun; What’s 
the variability there is in this driving  ?  
The total amount of radiation incident on the earth in 1 year 
depends only on the output of radiation from the sun, which is 

measured by the solar constant S, (see 1.2.1 .(
 -     Measurements since the 1920s show variations no larger 

than the probable measurement errors 
 -     S didn’t vary more than 1 or 2% since then

 -     Thus the hypothesis that S is constant, as suggested by 
the name "solar constant," is consistent with observations to 
date, although other possibilities are not ruled out.
The amount of radiation incident at a   particular point   on the 
earth does, however, vary enormously between day and night and 
from season to season.
It is important to realize that the existence of daily 
variations can affect the state of the atmosphere over longer 
periods, the magnitude of the effect depending on the amplitude 
of the daily variations. 

• An example of such an effect is the mixing of the lower 
atmosphere. 

o In summer especially, the ground can become very hot 
during the day, causing strong convection that stirs 
up a considerable depth of air. 

o The air is not "unmixed" at night, so the net effect 
is substantially different from that which would be 
achieved with uniform radiation.

Seasonal variations are due to: 
(i) the tilt of the earth's axis relative to the 

plane of its orbit at present 23.5° 
(ii) the ellipticity of the earth's orbit. The 

ellipticity is such that the total amount of 
radiation incident on the earth varies by 3.5% 
with the maximum in early January. 

• The consequent changes with latitude and time of 
the incident radiation are available (see text) as 
well as the observed changes in outgoing 
radiation. 

• These are smaller than the changes in incident 
radiation



i. Result:there is a net gain of energy between 
October and March when the earth is nearer 
the sun 

ii. A net loss in the remainder of the year. 
iii. The variations show a marked asymmetry 

between the two hemispheres because of the 
different proportions of land and sea, 
changes over the latter being relatively 
small.

The existence of seasonal variations has important effects 
on the mean state of the atmosphere and ocean, the magnitude of 
the effect depending on the amplitude of the variations. 

• The most important contributing factor was found to be the 
melting of snow in high latitudes in summer, thus reducing 
the net albedo. 

• Another factor was found to be the development of a warm 
surface layer in the ocean in summer, giving a higher mean 
sea-surface temperature.

The fact that seasonal variations affect the mean state of 
the ocean-atmosphere system is the basis of an astronomical 
theory of climate change due to Milankovich (1930, 1941). 

Because of perturbations caused by other planets, 
• the tilt of the earth's axis varies between 22 and 

24.5° 
• the eccentricity of the earth's orbit changes 

o time scales of these changes are 10^4 to 10^5 
years 

• The net radiation incident over a year is altered 
very little, but the distribution in time and space 
is changed. 

• The eccentricity varies sufficiently for the 
amplitude of seasonal variations in the incident 
radiation to change between 0 and 15% and the time of 
the maximum also changes. 

• The effects of these changes on the incident 
radiation are referencec in the text. 

• Periods during which the amount of radiation received 
in summer over the high latitude continental areas of 
the northern hemisphere was small appear to coincide 
with ice ages. 

o Geological evidence in support of the theory 
exists (see text)



____________________________________________________________
____________________________________________________________



CHAPTER 2, ATMOSPHERE-OCEAN DYNAMICS (Gill)
Transfer of Properties between Atmosphere and Ocean 
Section 2.1: Introduction
w
Section 2.2: Contrasts in Properties of Ocean and Atmosphere
w
Section 2.3: Momentum transfer between Air & Sea, & the 
Atmospheres Angular Momentum Balance 
w
Section 2.4: Dependence of Exchange Rates on Air Sea Velocity, 
Temp, & Humidity Differences
w
Section 2.5: The Hydrologic Cycle
w
Section 2.6: The Heat Balance of the Ocean
w
Section 2.7: Surface Density changes & the Thermohaline 
Circulation of the Ocean
w

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
The thermohaline circulation (THC) is the global density-driven circulation of the oceans.  
Derivation is from thermo- for heat and -haline for salt, which together determine the density  
of sea water. Wind-driven surface currents (such as the Gulf Stream) head polewards from the  
equatorial Atlantic Ocean, cooling all the while and eventually sinking at high latitudes 
(forming North Atlantic Deep Water). This dense water then flows into the ocean basins.  
While the bulk of it upwells in the Southern Ocean, the oldest waters (with a transit time of  
around 1600 years) upwell in the North Pacific (Primeau, 2005). Extensive mixing therefore 
takes place between the ocean basins, reducing differences between them and making the 
Earth's ocean a global system. On their journey, the water masses transport both energy (in  
the form of heat) and matter (solids, dissolved substances and gases) around the globe. As 
such, the state of the circulation has a large impact on the climate of the Earth. The 
thermohaline circulation is sometimes called the ocean conveyor belt, the great ocean 
conveyer, the global conveyor belt, or, most commonly, the meridional overturning circulation 
(often abbreviated as MOC). 

Quoted from: 

http://www.reference.com/search?r=13&q=Thermohaline

http://www.reference.com/browse/wiki/Earth
http://www.reference.com/browse/wiki/Climate
http://www.reference.com/browse/wiki/Southern_Ocean
http://www.reference.com/browse/wiki/Upwelling
http://www.reference.com/browse/wiki/Ocean_basin
http://www.reference.com/browse/wiki/North_Atlantic_Deep_Water
http://www.reference.com/browse/wiki/Atlantic_Ocean
http://www.reference.com/browse/wiki/Gulf_Stream
file:///go/http://wikipedia.org/wiki/Water_(molecule)%23Density_of_saltwater_and_ice
file:///go/http://wikipedia.org/wiki/Water_(molecule)%23Density_of_saltwater_and_ice
http://www.reference.com/browse/wiki/Salinity
http://www.reference.com/browse/wiki/Thermo
http://www.reference.com/browse/wiki/Ocean_current
http://www.reference.com/browse/wiki/Density


- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

____________________________________________________________
____________________________________________________________



- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
All below taken from: 
http://www.rsmas.miami.edu/personal/lbeal/MPO%20503/Lecture%202.html

2. Scale analysis 
A very small set of equations governs all the motions of fluids (5 equations for the ocean). 
This small set governs all scales from nearly-molecular scale to capillary waves to global 
circulation. As we will see, this set of equations is nonlinear, which means that many terms are 
products of two things that vary (i.e. velocity times velocity, or velocity times density, etc). 
We can't possibly solve for all ranges of motion at the same time - direct solutions of the 
complete governing equations (pencil and paper) are impossible and there simply isn't enough 
compuatation power to cover all possible motions. The nonlinearities make theoretical 
solutions difficult. 
Therefore, fluid mechanics is a science of approximation. This differs from the traditional 
physics and math that you might have studied before, with precise answers and proofs. 
Advanced applied mathematics includes the rigorous, justified approximation methods used in 
fluid mechanics. Approximations must be justified. Much of the debate about validity of a 
particular numerical model of this or that centers on justifying either the physical 
approximation or the numerical resolution (time and space scales that are resolved). Almost all 
fluids models include scales of motion that are smaller than the modeled scales. These 
unresolved processes might impact the outcome of the resolved processes, and so a lot of work 
goes into "parameterizing" the "sub-grid" scale processes. In theoretical analyses, this step is 
called "closure". 
As a first and necessary step, we evaluate the scales (approximate sizes) of the motion that we 
wish to resolve. We then perform a rigorous analysis of the governing equations, based on this 
scale analysis. All properties that characterize the fluid can be scaled - for instance, distance, 
height, time, velocity (horizontal and vertical), density (variations), temperature, salinity, 
pressure. 
When we want to compare the sizes of two terms that have the same units (i.e. same units in 
terms of meters, seconds, kilograms, degrees C), we first figure out the approximate sizes 
(scales) of the terms. The scale of a particular term will have exactly the same units as the term 
itself. For instance, the time derivative of velocity, du/dt, where u is velocity and t is time, has 
the scale U/T, where U is the typical size of the velocity, and T is the typical time scale. 
Then to compare the two terms, we look at the ratio of the two terms' scalings. In order to 
compare the two terms, they must have the same units to start with. Therefore the ratio of the 
two scalings will have no units (units = 1), that is, no length, time, etc. This ratio is called a 
non-dimensional parameter since it is dimensionless. For example, if we want to compare 
dw/dt and du/dt, where w is vertical velocity and u is horizontal velocity, the scales of the two 
terms are W/T and U/T. Each of these dimensional scales has units length/time^2. The non-
dimensional ratio of the two is W/U, i.e. no units. If the horizontal and vertical velocities in a 
particular motion are of about the same size, then this ratio is order (1). If vertical velocity is 
much smaller than the horizontal velocity, then this ratio is small. 
After evaluating the relative size of all of the terms in our equations, using these scalings, 
which are based entirely on the physical system we are looking at (i.e. is it a surface wave or 
the whole Pacific general circulation), we then start our modeling. We carefully take into 
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account which terms are small, and ignore them "at first order", meaning in the first step of our 
analysis. We might look at how they correct the flow later in the same analysis. 
A very basic non-dimensional parameter that comes from our discussion of the geographic 
setting above is the aspect ratio, which is the ratio height/length. For some fluid motions in the 
ocean, such as surface waves in deep water or convection cells, the aspect ratio is order (1). 
(That is, the height and length are the same order of magnitude, although they might not be 
precisely the same number.) In this case, the horizontal and vertical flows for instance could be 
about the same size. For other oceanic flows, such as surface waves in shallow water or the 
general circulation, the aspect ratio might be small (order 0.1 or 0.01 or smaller). In this case, 
motion in the vertical direction will be very different (smaller) than motion in the horizontal 
direction. 
Another very useful ratio is that of the earth's rotation time scale to the time scale of the 
motion (~ 1 day/T). For surface waves, this is a large number, and earth's rotation is not 
important. For internal waves, tides, this is order 1, and rotation and changing motion are both 
important. For the ocean circulation, this ratio is very small, and time dependence is much less 
important than rotation. 
This is all rather abstract, and we will not belabor it. We will also not spend any time in this 
course developing the equations of motion and scaling them - this is the task of fluid 
mechanics and geophysical fluid dynamics courses. However, it is important to have a feel for 
how physical oceanographers justify simplifying the governing equations to study each 
particular process. 
3. Example of scales: the general circulation 
Horizontal spatial scale: 100s to 1000s of kilometers 
Vertical spatial scale: 1 to 5 km 
Aspect ratio: H/L = O(.01) to O(.001) << 1 
Time scales: many years (decades to 100s of years). Small seasonal, interannual to 
decadal/century changes in flows which basically retain the same patterns as long as the land 
configuration doesn't change and the atmosphere is dominated by trades and mid-latitude 
westerlies. 
Earth's rotation time scale relative to time scale of circulation: 1 day/T <<< 1 
Average current speeds: 1-5 cm/sec (horizontal) in the interior of the ocean, and 50-150 
cm/sec (horizontal) in the fastest currents such as the Gulf Stream and Antarctic Circumpolar 
Current. The vertical velocity for the general circulation is on the order of 10^-4 cm/sec and is 
almost always inferred, not measured.

All above taken from: 
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