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CHAPTER 1- GEOPHYSICAL PERSPECTIVE

GEOGRAPHICAL ISSUES

From the point of view of the Earth as awhole, the world' s oceans (Figure 1.1) occupy
relatively shallow indentations on the earth’s surface. In fact if the Earth were shrunk to
the sze of a basketba|l the presence of the oceans would make the basketbal | feel
damp! Inwhat followswe explore (@) the “thinness’ of the oceanic layer rdative to
other layers which form the Earth, (b) the reasons for the existence of ocean basins and
findly (c) the nature of the shape of the Earth.

Asshownin Figure 1.2, there are severd distinct layersto the inner earth structure as
inferred by geophysicids (see Table 1.1).

Figure 1.1. Theworld ocean in Bartholomew’s petal projection. [Adapted from Plate 2 of The
Times Atlas of the World, Val. 1] (Von Arx, 1974)
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Figure1.2. Layersof the earth. The core, about 7,000 km. (4,400 miles) in diameter, consists of
exceedingly hot, dense material. It isthought to have two parts: a solid center and aliquid outer
layer. Surrounding the coreisthe mantle, about 2,000 km. (1,800 miles) of denserock. Next isthe
crust, or outermost layer of the earth. Thisisvery thin in comparison, its thickness varying from as
little as 5 km. (3 miles) to at most 50 km. (30 miles). (Ericson & Wollin, 1967).

The mogt griking feature of Table 1.1 istheincrease of density with depth. This

understanding dong with other geophysicd dataincluding the relatively small gravity
anomalies observed over the Earth's surface has led scientists to conclude that these
layers of the Earth are in isostatic equilibrium. The Stuation of isostasy is congstent

with the fact that on average layers within the Earth “float on one another”. (The specid
case of this Stuation in weter is hydrostatic equilibrium).

|sostasy and the large difference in thickness between continental and oceanic crust
explainsthe existence of ocean “basins’. Archimedes principle tdls us two things; (1) a
piece of buoyant (i.e. floating) materid, such aswood in water, that isless dense than an
equaly thick piece of more dense materid will rise higher in afluid and (2) a piece of
buoyant materid that is thicker than a thinner piece of equaly dense material will dso
rise higher in afluid. Asshownin Figure 1.3, the thicker continenta crust “floats’

© 2003 Wendell S. Brown 14 September 2004



Chapter 1-pg. 3

higher in the mantle below relaive to the thinner oceanic crust. The density differences
of the earth crustd layers are so smdl that they are much lessimportant than layer
thickness differences. (The Theory of Seafloor Spreading and Plate Tectonics explains
why the densities and thicknesses of the different crustd layers differ).

Figure 1.3 (right) A hypothetical section of the earth’s crustal layer — as defined at depth by the
“Moho” discontinuity. Note that the continental crust in the mountain region plunges much
further into the mantle than does the relativey thin oceanic crust to the left. (left) This earth
geological configuration can be modeled with slabs of wood floating in afluid.

To undergtand the physics of this and other Earth configurations, we need to know a
little bit about how the Earth responds to different forces. When sustained loads are
applied over geologic time scales, Earth materid flows like afluid and undergoes
permanent deformation sometimes known as* plastic deformation.” The samekind
of behavior is observed when loads, which have been applied for long periods of
geologic time, are “suddenly” released. For example, Scandinaviais ill risng & the
rate of about 1 cm per year in response to the mdting of the last glacier 10,000 years

ago.

When loading is gpplied to the Earth on time scdes that are short compared to
geologicd time scales, the Earth exhibits * elastic deformation” — that isit distorts and
springs back to its origind configuration. For example, the Earth’ s surface temporarily
bulges outward about 1 meter in response to moon and sun-induced tidal forcing.

How are these ideas rdevant to the Earth’ s surface configuration in general and the
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oceansin particular? First we know that the earth is dmost a sphere. Infact, the 3¢
century B.C. Greek astronomer Eratosthenes assumed a spherical Earth and estimated
its circumference reasonably accurately. (I wonder if the sailors between his and
Columbus time knew of this computation).

The Earth, however, isactudly an dlipsoid with a polar radiuswhich is 22 km less than
the equatoria radius. To understand why, consider arotating spherical earth (Figure
1.4). Here each “parcd” of earth materid is acted upon by centrifugd force (per unit

mass) of T, avector that can be resolved into itslocdly vertica €, and horizonta C,
components (see the Appendix ). The vertical component €, can not move an earth
parcel upward (hence no distortion) becauseit is opposed by the very large

gravitationa force per unit mass (i.e. | @ [<=<1.). On the other hand, C, isunopposed -
g

anon-equilibrium Stuation in which Earth materia will be forced to move horizontally
equatorward until a non-spherica, dynamic equilibrium Earth configuration arises.

Figure 1.4. Centrifugal force due to earth rotation results in an unbalanced horizontal force
component ¢, on aspherical earth.
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“‘ - force balance on
. ellipsoidal earth.

Figure 1.5. Force balances for an rotating elipsoidal Earth in dynamic equilibrium Note that the
local tangential components of the geocentric gravitational force (per unit mass) gy, and centrifugal
force c, areequal.

As a consequence of this tendency for deformetion toward a dynamic equilibrium
configuration, the Earth has had an dlipsoida shape throughout its approximate 13
billion year history (see Figure 1.5). The actud dimensions of the lipsoidd shape have
changed with time because the Earth rotation rate has been dowly decreasing sinceits
formation (due to ocean tidd friction).

Why andlipsoida shape? It turns out that the dynamic equilibrium configuration of a
rotating Earth isone with an dliptica cross-section. The surface Earth materid does not
move in this equilibrium configuration This occurs because the component of geocentric
gravitetional force (per unit mass) that is tangent to the Earthi s surface @, isequa and
opposite to the tangentia component of the “centrifugd force” (per unit mass) ¢,.
Note that the “effective gravitationd force’ gt (i.e. localy perpendicular to the Earth
surface) is the vector sum of the geocentric gravitationd force, g, and the centrifuga
forceC. Because the centrifugd force is o much smdler than the gravitationd force, the
geometrica angle abetween , g, and gt isvery smdl. (Laer you will have achanceto
show that the angle is less than a degree). Due to an increased centrifugd force at
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locations closer to the equator and the larger distances from the Earth’ s surface to the
center (see Figure 1.6) the effective gravitationa acceleration gt decreases by 0.3% (or
3 cmysec?) going from pole to equator.

geopotential surface

T geopotential surface

g’ pole than

ol g"equator

Figure1.6. Thevariation of the effective gravitational force per unit mass on the ellipsoidal Earth.

Under these circumstances, the Earth including the ocean surface is a surface of

constant geopotentia (or a surface that has a uniform gravity potentia above the Earth’s
geocenter). It turns out that the true equilibrium shape of the Earth (caled the geoid)
departs from the ided dlipsoid because Earth materid is not distributed homogeneoudly.
For example, the sea surface departs from the ided dlipsoid by nearly 30minthe Indian
Ocean. Itis this“bumpy” geoid that is composed of motionless parcels thet isthe
reference surface of the ocean.

That ocean water parcels making up the geoid will remain motionless is a consequence
of there being part of a geopotential surface (thet is a surface that has auniform gravity
potentia above the Earth’ s geocenter). This means that the geoid is composed of Earth
parcelsfor which it takes equal amounts of work to move them from the center of mass
of the Earth to the surface againg effective gravity g according to
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Wok =F- 1

where F =g andr istheradid distance from the Earth’ s center of mass.

HEAT BUDGET OF THE EARTH SYSTEM

The sun isthe ultimate source of energy* for the Earth system. Overdl thereisa
balance between incoming solar short wave energy intercepted by the Earth and the
outgoing long wave energy being reradiated by it. (Figure 1.7). We know this because

the annua mean temperature of the Earth System as awholeis nearly congtant. This
does not mean that this balance is achieved everywhere. and in fact the radiant energy
reaching the Earth’ s surface is quite nonuniform.

Equal amounts
of incoming
solar radiation

Figure 1.7. A depiction of the basic elements of the annually -averaged Earth System heat budget;
(1) incoming solar radiation, which is unevenly distributed due to geometric factors, and (2) theis
more evenly distributed outgoing long wave radiation.

Geometrica spreading accounts for much of the nortuniformity. Figure 1.8 shows how
the same amount of solar radiant energy is spread over a greater areain the higher
latitudes relative to the equatorid latitudes. Hence the incoming energy flux at the outer
edge of the aimosphere islessin the more polar latitudes than the tropic d latitudes.
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Figure 1.8. Equal amounts of solar energy at (a) are spread over increasingly larger areas at more
polar latitudes asillustrated in (b) and (c) respectively. (Duxbury & Duxbury, 1984)

However the digtribution of outgoing long wave energy is much more even over the
earth a the edge of the atmosphere than is that of solar radiation energy. Consequently
there is a surplus of incoming solar energy at the edge of the aamospherein the
equatorid regions and deficit of incoming solar energy to supply the long wave radiation
demand.

The amount of heet flux reaching different areas of the Earth will dso be affected by the
locd length of day. The actud amount of heat flux which eventualy reaches the Earth's
surface will be affected by other factors, including the amount of (1)  absorption by
dust; (2) cloud absorption and scatter and (3) surface reflection due to ice cover, etc.

The overdl heat budget of the Earth at the surface varies with latitude in away shown in
Figure 1.9. The thermd energy imbaancesimplied by in Figure 1.9 are the basis for the
poleward heat trangport by the atmosphere/ocean system (Figure 1.10). The combined

ocean and atmospheric circulaion (weather) result from this therma energy gradient.
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Mogt of the direct solar energy is absorbed initidly by the land and oceans. Because of
the ocean’ sextensiveness (71% of the Earth surface) and relatively high heeat capacity, it
isthe principa heat reservair in the Earth sysem. The aimosphere with itsrdatively low
heet capacity is principaly a conveyor of heat from the equatorid regions to the polar
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regions. The exchange of hest between the ocean and atmosphere is affected by a

complex suite of heat transfer processes. Heat from the ocean causes atmospheric

winds, which in turn cause ocean currents. The winds and the oceans partner to move

heat poleward.

Ocean

surfice

TROPICS SUBTROPICS SUBPOLAR POLAR

I T 1 T 717
[nsolation
600 —
% | Surplus |
E ?‘_ e s e '_‘ -
£ £ 4001 Outgoing radiation
5=
;5 B ;
= Insolation
200
L -
& Northern
20+ v\:" Hemisphere _
B Southern
= 10 Hemisphere _
3
=
b
@9 4 y B
i, | Initial freezing point of
=——=——-seawaler S5=32/.,=
1 I i " 1 | J

Ili'ﬂ:

0® 0°  20° 30° 40° 507 60°

Latitude

Figure 1.9. (a) Incoming (solar insulation) and outgoing heat
flux asafunction of latitude, (b) Ocean surface temperature
distributions.
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Figure 1.10. Poleward heat transport via the atmosphere/ocean partnership.

The details of the processes that couple the ocean and the atmaosphere are important to
understanding the climate dynamics of the Earth as awhole; aswell asthe ocean
environment itsdf. A discussion of the details of these important heet transfer processes
that combine in the smooth operation of the PLANETARY HEAT ENGINE begins
with the series of definitions thet follow.

HEAT ENERGY - The amount of energy contained in al molecular motions within the

particular fluid, gas or solid. Heat or therma energy is measured in units of gm-calories

(or more commonly calories) which are defined by:

1gm-cd will raise the temperature of 1 gram of digtilled water by ~ 1°C.

Because therma energy isjust one form of energy, it can be converted to the usud

measures of mechanica energy according to following:

1gm cdorie =4.183 joules (kg m?/ sec?)

2
= 4.183x 10" egs (gn_crzn)
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This meansthat the frictional process of stirring 4.183 x 10 ergs of mechanica energy
into 1 gm of water will raise it's temperature by 1°C.

SPECIFIC HEAT or HEAT CAPACITY (Cy) - Theamount of hest energy required
to raise 1 gm of materid by 1°C, when working at constant pressure.

C, for seawater isabout (~) 0.95+.05cd/gm °C,

The specific heat of water, which depends weakly on salinity (S), temperature (T) and
pressure (p), is reaivey high in comparison to other common Earth materids, for
which ¢, @0.2 cd/gnv °C.

HEAT FLUX (Q) - Theamount of heat energy passing through a unit areain a unit
time. Hest flux is measured in units of cal/crmf/sec (or langleys / sec or ly/sec).

The effect of heet flux on the temperature changes D T ina laterdly infinite dab of
materid with thickness Dh, density r  specific heat at constant pressure C,, (see

Figure 1.11) over atimeincrement Dt, according to

:(\)in-Qout 1 Dt
Dh rcC,

DT

where Q, and Qo are total incoming and outgoing heat fluxes repectively.

T [=
LA
< .

out

Figure 1.11 A laterally semi-infinite slab of material with incoming and outgoing heat fluxes.
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We do thisin the ocean where there are severa kinds of heat fluxes between the ocean

surface and the atmosphere (see Figure 1.12), namely

Qs - incoming short wave radiation
Qp - outgoing long wave re-radiation (or back-radiation)
Qe - outgoing latent heat flux

Qn - outgoing sengble heat flux

1 L 11,

Figure 1.12. Thedifferent heat flux components at the sea surface.

Both Qs and Q, are radiative heet fluxes which can be characterized the set of physica
lawsthat are considered in the following digresson

khkhkhhkhhkhhhkhdhhhhhhhdhdhdhhhhhdhhdhhhhhdhhdhhhhhdrhdhhhhhdrhdrhhrddhrdrhhrdrrdrhhrsk

Digression: Radiation Laws for a Black Body

kkhhkkkhhkkhhhkkhhhkkhhhkhhhkhhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhhkhhhkhhhkhhhkhkhhkhkhhkkhkkkkkk*x*x

The tota amount of heat flux radiated from ablack body can be estimated according to
the Stefan-Boltzmann Law , which is

Q=sT1* :
where T is the absolute temperature of the radiating body in degrees Kevin ( °K)
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whichis

°K=°C+273.15 ;
and sisthe Stefan-Boltzmann congtant with avaue of

s =1.36x10™cd/ crr?- sec-°K .

The maximum wavelength at which the heat flux is radiated from a body can be
estimated according the Wien Digplacement Law, whichis

| mex T=2.9%x10"cm°K,

where | . Isthewaveength of the peek of the energy spectrum as shownin Figure
1.13.

energy

Amax

wavelength A

Figure1.13. Thefamily of energy spectrafor radiation leaving bodies of differing absolute
temperatures. The Wien Displacement Law (dashed line) defines the wavelengths (? )
associated with the peaks of different spectra.
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RADIATIVE HEAT FLUX COMPONENTS
The nature of solar and long wave radiation heat fluxes are condgdered in terms of the
Stefan-Boltzmann and the Wien Displacement (W-D) radiation laws.

Solar Radiation (Qs): The effective surface temperature of the sun is 5800°C. So
according to the W-D law, its characterigtic wavelength is | . =0.54 microns

(1 micron = p = 10° m), with 99% of the energy a wavelengths | < 4. Thus Qs is
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short wave radiation (typicaly 1.54 x 10* cal/crf/sec) impinging on the Earth. This
quantity is sometimes referred to as solar insolation.

Back Radiation (Qy): The Earth dso radiates energy back into space, athough its
absolute temperature is much lower that thet of the sun. The effective surface
temperature of the Earth is 290 °K. So according to W-D| ., =10microns , with
90% of the energy in the 3 to 80 wavedength band. Thus Q,, departs fromthe Earthi's
surface aslong wave radiation. Thethetypica net oceanic Q, vaueis0.96 x 102
cal/cn/sec, depending on sea surface temperature as well as the water vapor content
of the air above.

NON-RADIATIVE HEAT FLUX COMPONENTS
Latent and sensible heet fluxes are due to complex air-seainteraction processes and are
edimated usng empirically-derived bulk formula based on experimenta observations.

Latent Heat Flux (Q.): Heet, drawn from the local ocean environment, is required to
evaporate water - that is provide enough energy to convert water molecules a the
surface from liquid to gas ...and thus bresk away from the ocean surface. Latent heat
flux is associated with this process and can be estimated by

Q.=LxF,

where F isthe mass flux of water evgporated from the seasurface and L (cad/gm)
isthelatent heat of sea water

L =[596-.52Ts(°C)].

which depends on sea surface temperature Ts .

F isdifficult to measure, so it isusudly estimated from the “bulk relation”
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F(——) = 014(e.-e) W,
cm?’- day

where W (m/sec) isthewind speed a 10 m devation, es (millibars mb) isthe
saturated water vapor pressure at the sea surface temperature T (es = 0.98 x the
saturated vapor pressure of distilled water &5 -shown in Figure 1.14); e, (mb) isthe
water vapor pressure at 10 m above the sea surface based on measured (@) air
temperature Taand (b) relative humidity RH. Egtimating water vapor pressure and
RH are addressed in the following digression.

hhhkhkhkhkhkhhhhhhhhhhhhhddhhhhhdhhhhddhhhhhdhhhhdddhhhhhhhdhdddhhhhkxdddxdx*k

Digression - Water Vapor Pressure and Relative Humidity

RO R R b b b S b b SR b S b b SR b R b b b SR R b SR R b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b
Water vapor pressure (or partid pressure) isthe portion of the totd ar pressure
caused by the water vapor. The phase diagram for water (Figure 1.14) relates the
saturated vapor pressure to temperature.

water vapor
pressure (mb) 10—

-40 -20 0 20
Temp (°C)

Figure 1.14. Phase diagram showing distilled water vapor pressure ;. The line dividing liquid and
vapor isthe saturated water vapor pressure.

Relative Humidity (RH) isthe retio of the water vapor pressure of a parcd of ar e, to
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the saturated vapor pressure e at the same specified temperature or

e
e

as

a

RH =

kkhkhkkkhhkkhhkkhhhkkhhhkhhhkhhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhhkhhhkhhhkhkhhkkhkhkkkkx%x*x

Sensible Heat Flux: Q, isthe combined transfer of heat due to conduction and
forced convection. It can be estimated usng measured quantities and the Bowen réio

R, according to

Ts-Ta
€5~ €a

R=h-0p4
Qe

where T, e are at seasurface valuesand T, e, arevauesat 10 m devation

respectively.

HEAT BUDGET OF THE OCEAN

In consdering the heat budget of the ocean, the sources and sinks of heat flux must be
identified.

Sources:
Qs short wave radiation from sun and diffuse skylight
Q»  long wave radiation from the atmosphere
Qn,  sengble heat transfer from the atmaosphere by conduction
Qe latent heet transfer by water condensation on the sea surface
Sinks:

Qv  long wave radiaion loss from the sea surface
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Qn,  sengble heat loss by conduction

Qo  latent heat loss through evaporation of surface water
The rdatively complicated picture of incoming and outgoing heet fluxes (Figure 1.15).

represents an annua- and globa averaged picturein which dl heat fluxes are expressed
as a percentage of the total incoming solar heet flux.
Notes.
(1) Only about %2 of the incoming solar radiation reaches the sea surface
and only %2 of that directly from the sun.
(2) Only 5% of thelong wave radiation leaving the sea surface escapes
directly to space. Therest is absorbed by the H,O/CO, rich
amosphere; 114% vs. 16% due to short wave solar radiation.
(3) The amosphere reradiates a sgnificant proportion of the long wave (or
infrared) radiation back to the sea surface where it is absorbed and

reradiated.
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Figure 1.15. The mean annual radiation and heat balance of the atmosphere, relative to 100 units
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of incoming solar radiation, based on satellite measurements and conventional observations.
(Tolmazin, 1985)

This cyding of long wave radiation is the basis of the so-called GREENHOUSE
EFFECT. (Actudly green houses do not trap hest in thisway.) A warmer atmosphere
produces shorter wavelength back radiation - thus escaping absorption by “greenhouse”’
gases (see Figure 1.16).
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Figure 1.16. Radiation spectraof sun and earth and absorption spectra of the atmosphere. (Goody
& Robinson, 1951)

Asafunction of |atitude the ocean hesat budget |ooks something like whet is pictured in
Figure 1.17.
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Figure1.17. Thelatitudinal distribution of the different heat flux components. (Pickard & Emery,
1982)
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The ocean, like the earth as awhole, dso has a surplus of heat in the equatorid regions
and adeficit in the polar regions. The heat surplus must be transported away from the
equatorial zones by ocean currents to achieve the loca baance. The amount of heat
trangported a each latitude can be determined by considering alatitudinal band of
ocean between |atitude lines as shown in Figure 1.18.

,—"’—
e Qou't Q’ln - -

Figure 1.18. Schematic for estimating net meridional heat transport in the 10°N to 20°N latitudinal
band.

The corresponding heet baance for a particular latitude band is

DT
Q- Quu=T CpDh—,
an QOUt Qtrans p Dt

Whae Qn = Qs total
out: anet + Qenet + Qh'

Sinceonaverage DT ~ 0, Qyans Can be determined from the digtributions of  Qs, Qe
Qb, Qrnasshownin Figure 1.17. Thuswe can derive the didtribution of the poleward
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trangport of heat across each line of latitude for the Earth as awhole, the ocean and the
atmosphere separately (Figure 1.19).
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Figure 1.19. Poleward heat transport distribution for the Earth (total), atmosphere and oceansin
the Northern Hemishere. (After Vonder Haar and Oort, 1973).
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Chapter 1 - PROBLEMS

© 2003 Wendell S. Brown 14 September 2004



Chapter 1 - pg. 23

Problem 1.1 Isostasy — The Weathering Problem
Consider the model earth below with material densities (gm/cn?®) are; Rock r g = 2.85;

mantler y = 3.27; seawater r syw= 1.03; sediments-r s = 2.77.

+04km] N
- 1km
< _A e —A_
~ _A_ A
B T seawa;eT \ Okm SeaLeve
......................... —— -45km
A N AR AR R ARE T IRARRARRERI
6.5km
-336km [T Rok TTTITIITITTIIM. 11 km
Moho
50 km
}\ mantle
1km — -50km

N sk —— 7km ———

a) Show the systemisin isostatic equilibrium, i.e., that the pressure at 50 km depth is
equal under the continents and the ocean.

b) For each kilogram of sea water 600 grams of rock were weathered in the past.
Calculate the total number of grams of rock weathered. What is the volume of
rock in cm’® and km®?

c) The sdts in the weathered rock have been dissolved and the rest has sttled to
the sea floor as sediments. Now for each kilogram of sea water remove 30 gm
of sdlts leaving pure water (density = 1.00 gm/cn?) and 570 gms of sediment
from the seafloor. What is the volume of sediment removed in km®?

d) Pacing dl of thismass as rock on the continents yields a system that appears as

/ Pure Water } 45km
:E:E:E:E:E:E:E:E:Remamm sediments:

/NG <

mantle

Conserving the amount of mantle rock, adjust the system to isostatic equilibrium. What is the
elevation of the unwesthered continent relative to sealevel? What is the depth of the bottom

of the continent relative to bottom of the ocean crustal rock?
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Problem 1.2 Ocean Volume

Given that (@) approximately 70% of the Earth is covered by the oceans, (b) the
mean depth of the world's oceans is gpproximately 4000 m; and (c) the mean
radius of the Earth is 6000 km., caculate the percentage of the Earth's volume that
is comprised by the oceans. Show dl of your work including adiagram of the
problem.
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Problem 1.3 Solar Heating — The Greenhouse Effect

@

(b)

(©

d)

The sun (radius Rs) radiates energy uniformly in dl directions a a temperature
Ts. If agphericd planet of radius R is a a distance d from the sun, how much
energy does it intercept in terms of Ts, Rs, R, d and the Stephan-Boltzmann

condant s ?

Suppose the planet is perfectly heat conducting and is black so that it is uniform
temperature. If the planet radiates away the same amount of energy that it
receives from space, then what mugt its temperature be in terms of the varigbles
in part (8?7 Now compute this temperature assuming the planet is the Earth
using

Ts  =5800°K d =150 x 10° km

Rs =6.9x10°km R =6371km

Suppose 1/2 of the solar heat flux is reflected from the Earth and 1/2 is
absorbed and then re-radiated. Then what would the Earth’'s temperature T
be?

Explain why the Earth's surface is warmer than the temperature in part (c).

Suppose only 40% of the radiation radiated by the Earth in case (C) can escape.

What is the temperature a the surface necessary for a radiation baance?
Suppose by adding CO, to the atmosphere, the window opening decreases by
2% s0 that only 39% of the radiation can escapes. What is T under that
scenario?
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Problem 1.4 Air-Sea Heat Transfer
3 Weather B °
— 10m H er Buoy T(°C)
7> N To W, RH, QQ, o >
/
s 25
100m 50
75
100

Consider the situation depicted”in”thé figure above wheré the generaly cold dry wind
blows offshore along the coast of Maine during the winter. An offshore weather buoy
measures the air temperature, T, the wind speed, W, the relative humidity, RH, and the
air pressure, P, a an devation of 10m. In addition, a radiometer (chapter 6 in Pickard) is
used to provide the net radiative heat flux to the sea surface (Qs-Qp). An array of
thermistors (black dots) are attached to the mooring line of the wesather buoy to measure
water column temperature time series, which are averaged to obtain the average
temperature profile (shown to the right) for the day in question. Given the daily averaged
values of T,= -10°C, W = 20 ms ™, RH = 0.30, and Qs-Qb = 100 cal/cm?/day, P.= 1000
mb and the assumption that the saturated water vapor pressure over distilled water ey, can
be expressed as

eq(mb) =0.61" T(°C)+6.1 for 0°E£TE£15°C
and e4(mb) =0.32" T(°C)+6.1 for-15°CET £ 0°C
(a) What is the average amount of water (per unit surface area) evaporated this day? What

is the latent hesat flux associated with this mass transfer?

(b) What is the average sensible heat flux during this day?

(c) What is the average net heat flux from the sea surface during this day?

(d) Assume the upper 25 m of the ocean is well mixed and at 10°C. If the same amount of
heat in (c) were to be transferred each successive day and the upper 25 meters of the
ocean were to remain well mixed, what would be the water temperature after three days?

(e)Assume that water density is determined solely by temperature. What do you expect

would happen to the water column if this cooling process were to continue?
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Problem 1.5 Daily Heating - Ocean

a)

b)

Suppose the heet flux at the surface of the ocean is 1/4 ly/min. What is the
change in temperature if this heating continues through 12 hours and is distributed
through the upper 10 meters? -- upper 100 meters?

Below isatime series record of the upper ocean temperature T (in °C) with a
diurna (i.edaily) variability superposed on a secular increase. This record

27
26
25
24 1 1 1 1 1 1 1 1 1

10 1 12 13 14 15 16 17 18
Date (Tick marks at 0000 local time)

suggests that the daily net air-to-sea heet flux could be modeled as

wheret, = 24 hr.

(& Assuming that the heet entering the water is evenly ditributed over the mixed
layer depth of H, what is the equation for the temperature of the layer asa
function of time?

[Hint: From your classnotesr C,DT = QDt/H...or DT/ Dt ~ dT/dt = Q/(r C,H)]

(b) If the amplitude (peek to peak) of the sea surface temperature change is 1°C
and Q, is 1 ly/min, then whet is the depth H of the mixed layer?
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