TABLE 4-1
Anomalous Physical Properues of Water
and The:r Effects on Seawater and the Ocean

| COMPAR!SON WITH '
! PROPERW - OTHER SUBSTANCES IMPORTANCE: IN OCEAN
Heat capacity Highest of all mluis and Prevents extreme ranges in
liquids except liquid am- acean emperature
monia Heat transfer by currents is
_ _ farge . _
Latent heat of Highest except ammonia Acts as thermostat at freezing
fusion _ ‘ point owing (o uptake or re-
lease of latent heat
Latent heat of Highest of all substances lmportant in heat and water
evaporation ‘ | transfers to atmosphere
Thermal expansion Temperature of maximum  Freshwater and dilute sea- |
density decreases with waters reach maximum density
increasing salinity. For pure at temperatures above freezinf
water. it is at 4°C. point  (newlisams €= f(Rmp
Surface tension Highest of all liquids - Controls drop formation and

behavior; also surface phenom- |
ena. such as capillary waves

' Dissolving power  Dissolves more substances

, and in greater quantities
than any other liquid - |
. Transparency Relatively great _ - Absorption of radiant energy is
| large in infrared and ultravio-
let. In visible portion of energy
spectrum there is relatively
little selective absorption—
hence is “*colorless™

* Modified after Sverdrup et al.. 1942,
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Figure 11 The reistionship of density 10 temperaiure for pixe walsr. Note that points C and D both
rmmmmmmmmmmdm Because the density of
ioe is less than the density of liquid water, ice floats.

Fgure I3 A graph of lemperature versus et 1MoVl &8 water
freazes (or ice meits). The horizontal line between painis C and D
represenis the lstent heat of fusion. when heat is being remaved but
temperakye is ot changing. (Note that points A—-E on this graph ' il
are the seme as those in Figuee 71} . Migwe mdeNm
_ \usn of sussimurm canaily on selinlly. As we-éaw in Figure 71, pire
waler is denasst &t 3.98°C (30.2°F) (paint 85 ans ls freezing point
i8 0"C (A2°F). Saawalir wilh 19%e salinity s densoet 2t 0.73°C
{33.31F}, and its Ireezing point is-—0.80°C (30.56°F). The tempera-
ture of maximwm density and freezing point coincide at -1.33°C
(29.61°F) in seawstar with & saliniy-of 24. 790. Al salinities graptec
than 24.7%0, the density of water siwsys decresses as temperaturg
incregses. . . . )
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FiG. 2. Relstionship between water mre and depﬂy
The symbols T, and T, refer to river onll e temperatures.
respectively, and denote conditions shaws in Fig. 3.

Fic. 3. Schematic illusiration of river-induced cunvective circulilion difing
spring averturn assuming & nearly constant lake temperature of 2°C and a river
inflow that warms rapudly from @ 10 8°C
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Seurce. Weller, Rubert & and David M Farmer Dystmics of 1he Ouean Mised Lager. Oresn,
Summer 1992, ¥ol. 35, Ns, 2, .47

AT = mean seasonal dilference in Lemperature ("C) from the sea
surface Lo degth, b (cm)
C = heat capacity of seawater (094 ogs)
P = gensity of ssawster [ | 02% cga)
0 = sepsonal heat storage in ocean surface (nmxed) laver calores

Q=pCATh

for h=100m= 109 cm
AT = 3C
0 = 28844 calormes
a layver of atmosphere of Lhe same thickness, h sxparnsnoing
the same AT would be much less
Cair =025

Pair = 1073
Ui = S calores
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Sigma notation, ¢

e 0 = (p — 1000) in mks units, or (p — 1) x 1000 in cgs

Now,

e g =050 WwWhile 0, = 0ysp
Lastly, Op = Trsp or Op = Oysp
Ranges: &, 20 - 28, and o, 20 - G0.

The 'standard’ o, at p = 0. S = 35.00, and T = 10.00, is o, = 26.99

Scales for the oceah

Temperature (°C) | Salinity (/o) Pressure (dbar)
2t030 p ~ 4130 to 38 iz = 34.7| 0 to 10%, fhoriom ~ 3850

The SI unit for pressure is the Pascal.
1 Pa=1kg / ms® 1 dbar = 10' Pa.
Why use dbar? 1 dbar ~ 1 meter depth in the ocean.
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The Equation of State

® £ = BdT — bdS — KdP

o 0= i-%’]-s,}, : The Coefficient of Thermal Expansion
eb=-— -é-?rg TP The Cocfficient of Saline Contraction
o K= - %g—% ST The Coeflicient of Comnpressibility

You may ask, why all the negative signs that cancel each other
out —so that 3, b, and I\ are greater than 0.

e b ~ constant. This means that salinity has about the same effect
on water whether it is at great depth or at the surface, whether
it is warm or cold.

o3 > 0for S > 24.695. B8 = B(T') What does this mean?
You may have heard that there is a density maximum for water
at 4°C. This is true only for fresh water. Sea water, with S
> 24.695, is increasingly denser the colder it gets.

% > 0 means 3 i1s smaller for cold water, i.e., warm water
experiences a larger change in density for a given dT than does
cold water. This has hnplications for the stability of the water
column and the strength of vertical mixing, especially in polar
regions, and the phenomenoun of cabbeling.



Cabbeling Two parent water masses of equal density mix and
produce a water type denser than either original, which sinks.
This is especially a case in polar regions, where éS is a determin-
ing factor in relative densities, and the water column stability is
weak.

aK

Compressiblity, K: 57 < 0, or colder water is more compressible

than warm water. This produces a rotation of o, lines in T-§
space.

%’-}g < 0, or water at depth (under pressure) is less compressible
than surface water, for the same change in pressure.

%%{ < 0, or salty water is less compressible than fresh water -
this makes sense if you think of the salt as taking up spaces left
between water molecules.

Scales:

B =0(1.4x1071/° C)

K = O(4 — 5 x 10~%/dbar)
b = O(7 X 107¢/o)



aanjeadus muod pus AHUNes Jo suoHdUn] §B (vp) asnssand
a._na_une 000F 18 puE (%) aamssad wwqep OOOZ 19 '(02) onssald owpms-wee 18 Apsua) ‘1 g

g v

InBuence of Norwegisn-Gireenland and Weddell seas on Indian and Pecific oceans 1065

O T 2
T | 3 H \ op
- e - \ .- '
_\\\ o ‘%\ : \\ o \
i} ] A, v
\ z \\ \_\ z \
L L~ P %ﬁ\ .
| e ] - \\ i
\\ ' P ] e \\ \
3 i \\\ + L \\ .
[ ] .
A i I e B R B
ey Aoy Aqaeg



