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Overview 
 
A ship is designed for a purpose. This may be: 
 
To give pleasure to a yachtsman; 
To deploy a weapons system; 
To carry cargo or passengers;  
To provide a service. 
 
To fulfill this purpose the ship must: 
 
Have enough internal capacity to contain everything requiring to be stowed in the ship. Be 
divided internally into compartments serving a specific function (e.g. machinery space, 
accommodation, cargo holds etc). Each compartment must be of a size suitable for its 
function, must be positioned suitably within the ship in relation to other compartments (e.g. 
a galley adjacent to a dining saloon) and accessible via appropriate passage and stairways. 
Each compartment must be suitably equipped. 
 
Float at its designed waterline when fully loaded, and float reasonably level. This is 
important from the point of view of seaworthiness and maneuverability. Excessive trim 
bow or stern down will make steering difficult and may result in excessive amounts of 
water coming on deck in rough weather. The draught to which a merchant ship may be 
loaded is governed by law. 
 
The ship must be stable and float upright in calm water. It should also be safe from capsize 
in rough weather. The ship should be stable in all conditions of loading and should be 
capable of sustaining a reasonable degree of damage (resulting in partially flooding the 
hull) without sinking or becoming unstable. The hull must be so shaped that it does not 
require an excessive amount of propulsion power to achieve its service speed. The hull 
must be so shaped that it does not pitch, roll or heave excessively in rough weather, and so 
that it does not get excessive amounts of water on deck or experience slamming damage. 
The hull structure must be strong enough to sustain the loads applied to it in service. The 
structure must not vibrate excessively. The structure should not deteriorate too rapidly in 
service (e.g. through corrosion). 
 
The power installed in the ship must be adequate for the required service speed and there 
must be enough fuel capacity for the required operating range. The vessel must represent 
value for money i.e. is so designed as to maximize return on capital invested. Hence with 
all these drivers in mind the first part of the book is tackled which is that of the 
environment. 
 
1. Properties: Fresh Water; Salt Water; Air 
 
1.1. Water 
 
Two of the most important variables in seawater are temperature and salinity (the 
concentration of dissolved salts). The two quantities work in conjunction to control the 
density of seawater. Since the composition of seawater is affected mainly by the addition 
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of dissolved salts brought to it by the rivers, volcanic eruptions, erosion of rocks, and 
many other ways, the composition differs from one region to the next. 
 
The physical properties of seawater are quite different from those of freshwater. The 
presence of various salts make seawater undrinkable The total dissolved salts in seawater 
are approximately 34.4 g/l, some 300 times that of river water. The main dissolved 
constituents in seawater include sodium and chloride. Since salt ions are heavier than 
water molecules, seawater is denser than freshwater. The density of seawater ranges from 
1020 to 1030 kg/m3 while the density of freshwater is about 1000 kg/m3. Variations in 
salinity also cause the freezing point of seawater to be somewhat lower than that of 
freshwater. Freshwater freezes at zero degrees Celsius. Since salt ions interfere with the 
formation of hydrogen bonds, seawater does not have a fixed freezing point. 
 
Often in calculations of ship hydrostatics a standard sea water density of 1025 kg/m3 is 
used. However, if the ship is to operate in other water courses that are fresh or brackish 
then the appropriate water density for this situation is used. 
 
The density is much more temperature dependent, freshwater density generally 
decreasing as the temperature increases, with a maximum at about 04 .C Salinity also 
influences water density. Away from coasts the salinity of ocean water varies from 32 − 
37 ppm. The variations in salinity result from the differences in the relative rates of 
precipitation and evaporation from the ocean surface. Ocean water does not show the 
anomalous thermal expansion of freshwater. The density decreases monotonically with 
increasing temperature, right from the freezing point. When temperature and pressure are 
constant, density of sea water increases with salinity. A difference of 1 ppm in salinity has 
an effect on the density of sea water which is about five times greater than the change 
caused by 01 C  of temperature. The large scale density structure of the ocean is 
dominated by variations in temperature, while salinity differences have more effect on 
smaller scale motions. The densest waters are formed off Greenland and in the 
Norwegian Sea. Dividing by density ρ  shows that in the fundamental equation of motion 
the viscosity appears in the ratio /μ ρ . This is the kinematic molecular viscosityν : 
 

μν
ρ

=  

 
Typical values for air and water are such that air waterμ μ  1.8 × 10−2.  
 
However 3

air water 1.2 10ρ ρ −= × , and calculating the ratio of the kinematic viscosities 
gives: 
 

air water 15ν ν = . 
 
Hence we find that in its effect on the flow patterns, air is fifteen times more viscous than 
water! 
The kinematic viscosity for sea water of salinity 35ppmS =  and temperature o 20 CT =  
is 1.064×10−6 m2 s−1. 
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Temperature Pressure Density Dynamic 
Viscosity 

0C  Pa 3kgm−  1 1kgm s− −  
0.00 101325 999.82 0.001792 
1.00 101325 999.89 0.001731 
2.00 101325 999.94 0.001674 
3.00 101325 999.98 0.001620 
4.00 101325 1000.00 0.001569 
5.00 101325 1000.00 0.001520 
6.00 101325 999.99 0.001473 
7.00 101325 999.96 0.001429 
8.00 101325 999.91 0.001386 
9.00 101325 999.85 0.001346 
10.00 101325 999.77 0.001308 
11.00 101325 999.68 0.001271 
12.00 101325 999.58 0.001236 
13.00 101325 999.46 0.001202 
14.00 101325 999.33 0.001170 
15.00 101325 999.19 0.001139 
16.00 101325 999.03 0.001109 
17.00 101325 998.86 0.001081 
18.00 101325 998.68 0.001054 
19.00 101325 998.49 0.001028 
20.00 101325 998.29 0.001003 
21.00 101325 998.08 0.000979 
22.00 101325 997.86 0.000955 
23.00 101325 997.62 0.000933 
24.00 101325 997.38 0.000911 
25.00 101325 997.13 0.000891 

 
Table 1. Properties of fresh water 

 
Salinity/(g kg-1) 

20 25 30 35 40 
 
ρ /kg m-3 

1016.04 1020.06 1024.08 1028.10 1032.14 
1015.84 1019.78 1023.73 1027.68 1031.64 
1015.31 1019.18 1023.07 1026.96 1030.86 
1014.48 1018.30 1022.13 1025.97 1029.82 
1013.39 1017.17 1020.96 1024.75 1028.56 

Temperature 
 

0 C  
 

0 
5 

10 
15 
20 
25 1012.07 1015.82 1019.57 1023.34 1027.12 

 
Table 2. Density ρ of sea water at atmospheric pressure  Kaye & Laby 2005 
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Property 0 0 C  20 0 C  
 
Dynamic viscosity  

 
1.88 x 10-3 Pa s 

 
1.08 x 10-3 Pa s 

Kinematic viscosity, ν  1.83 x 10-6 m2 s-1 1.05 x 10-6 m2 s-1 

Thermal conductivity  0.563 W m-1 K-1 0.596 W m-1 K-1 

Thermal diffusivity, κ  1.37 x 10-7 m2 s-1 1.46 x 10-7 m2 s-1 

Prandtl number, /ν κ  13.4 7.2 
Specific heat capacity, Cp 3985 J kg-1 K-1 3993 J kg-1 k-1 

Thermal expansion coefficient    
     Pressure =  0.1 MN m-2 52 x 10-6 K-1 250 x 10-6 K-1 
     Pressure = 100 MN m-2 244 x 10-6 K-1 325 x 10-6 K-1 

Ratio of specific heat capacities, Cp/Cv 1.000 4 1.010 6 
Velocity of sound 1449 m s-1 1522 m s-1 

Compressibility 4.65 x 10-10 Pa-1 4.28 x 10-10 Pa-1 

Freezing point  -1.910 0 C  
Boiling point  100.56 0 C  

 
Table 3. Mechanical and thermal properties of sea water at salinity 35 g kg-1 and 

atmospheric pressure (unless otherwise stated) Kaye & Laby 2005 
 

Temperature 
t 0 C  

Density 
ρ  kg/m3 

Specific heat 
capacity 
pC kJ/kg K 

Kinematic 
Viscosity 

ν  m2/s x 10-6 
-150 2.793 1.026 3.08 
-100 1.980 1.009 5.95 
-50 1.534 1.005 9.55 
0 1.293 1.005 13.30 
20 1.205 1.005 15.11 
40 1.127 1.005 16.97 
60 1.067 1.009 18.90 
80 1.000 1.009 20.94 
100 0.946 1.009 23.06 
120 0.898 1.013 25.23 
140 0.854 1.013 27.55 
160 0.815 1.017 29.85 
180 0.779 1.022 32.29 
200 0.746 1.026 34.63 

 
Table 4. Properties of Air (Kaye & Laby 2005) 

 
In heavy storms, the waves and ship motions can become so large that water flows onto 
the deck of a ship. This problem is termed as shipping of water, deck wetness or green 
water loading. The term green water is used to distinguish between the spray which is in 
reality, small amounts of water and foam flying around and the real solid seawater on the 
deck. When the wave relative to the ship motion does not ship green water onto the deck 
there can be another effect on a ship i.e. slamming. Such an impact between the water and 
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a ship can cause important local and global loads on the vessel. Slamming on ship hulls is 
often categorized as bottom slamming and bow flare slamming. When a bow flare section 
of a ship enters the water, the local loads around the flare are not influenced by 
hydroelasticity. 
 
1.2. Air 
 
Air is a mixture of gases, predominantly nitrogen (78%) and oxygen (21%) with traces of 
water vapor, carbon dioxide, argon, and various other components. Air is usually 
modeled as a uniform (no variation or fluctuation) gas with properties that are averaged 
from all the individual components. 
 
The values and relations of the properties define the state of the gas. The pressure, p  of a 
gas equals the perpendicular (normal) force exerted by the gas divided by the surface area 
on which the force is exerted. A gas can also exert a tangential (shearing) force on a 
surface, which acts like friction between solid surfaces. This frictional property of the gas 
is called the viscosity, µ and it plays a large role in aerodynamic drag. The same is also 
true for the frictional coefficient of water and its effect on hydrodynamic drag. The 
temperature, T of a gas is a measure of the kinetic energy of the gas.  
 
The density (specific volume), pressure, and temperature of a gas are related to each other 
through the equation of state. There is a universal gas constant which relates these 
variables and the molecular weight of any gas. Including the value of the molecular 
weight, we can define a particular gas constant ( R ) for air. The state of a gas can be 
changed by external processes, and the reaction of the gas can be predicted using the laws 
of thermodynamics. Studies of the zeroth and first laws introduce the idea of the heat 
capacity of a substance. The specific heat of a gas is a measure of the amount of energy 
necessary to raise the temperature of the gas by a single degree. Since the amount depends 
on the process used to raise the temperature, there is a specific heat (

vC ) coefficient for a 
constant volume process, and a different valued coefficient for a constant pressure (

pC ). 
The symbol γ  denotes the ratio of these coefficients. 
 
Typical values of the density, pressure, and temperature of air at sea level static 
conditions for a standard day are:  
 
• Density: 1.229 kg/m3 (00237slug/ft3) 
• Specific Volume: 0.814 m3/ kg (422 ft3/ slug)  
• Pressure: 101.3 kPa(14.7 lbs/in2)  
• Temperature: 15oC (59oF) 
• Absolute Temperature: 288oK (519oR) 
• Viscosity: 173 cP 
• Gas Constant: 0.286 J/g oK. 
• Specific heat at constant volume Cv: 0.715 J/g oK . 
 
Values given in the table are based on the standard atmosphere of the International 
Aviation Organization (ICAO). They are representative of average atmospheric 
conditions in temperature latitudes 
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1.3. Ice 
 
Ice is the state of fresh water below zero degrees centigrade. When we consider the icing 
of salt water the problem becomes quite complicated. This is a small summary of the vast 
amount of literature on the study of sea-ice.  
 
When ice grows in the sea the first year growth is significant. It differs in two ways from 
that of fresh water. Firstly, salt reduces the freezing point of water according to: 
 

2
f w w0.003 0.0527 0.00004T S S= − −  

 
Where fT  is the freezing temperature, wS  is the salinity of the water in parts per 
thousand. Secondly, the temperature of the maximum density of seawater for salinities 
greater than 24.7% is less than the freezing point. This results in cooling of seawater in 
this salinity range producing an unstable vertical density distribution. This leads to 
continued overturning that continues until the water reaches the freezing point. Because 
of the sea water density structure this convection s limited to a relatively shallow layer. 
This well mixed layer, which is between 10m and 40m thick, must to the freezing point 
before freezing starts again. Initial ice formation begins at the water surface where heat 
loss is greatest. This provides a small amount of super cooling necessary for ice to grow. 
The growth starts with the formation of small platelets and needles, called frazil. As the 
frazil crystals continue to form a mixture of unconsolidated crystals and sea water is 
created, often called grease ice. With further freezing under good conditions, the frazil 
begin to coalesce to form a solid cover about 10cm thick. This ice which behaves 
elastically is called nilas. In large open areas of say, the Arctic or Antarctic wind and 
wave action causes the formation of pancake ice which consists of circular masses of 
semi-consolidated frazil. These pancakes have diameters in the range 0.3m to 3.0m. 
These also develop raised rims from constant movement between each other and the 
resulting sloshing of newly formed crystals between the pancakes eventually forming 
either a solid ice sheet or a solid pancake. Table 5 gives some properties of ice. 
 

Temperature T Density ρ Thermal 
Conductivity k 

Specific Heat 
cp 

oC kg/m3 W/mK kJ/kgK 
0 916.2 2.22 2.050 
-5 917.5 2.25 2.027 
-10 918.9 2.30 2.000 
-15 919.4 2.34 1.972 
-20 919.4 2.39 1.943 
-25 919.6 2.45 1.913 
-30 920.0 2.50 1.882 

 
Table 5. Ice Properties was a function of temperature 
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2. Water Waves 
 
Waves at sea are generated by the wind, which might be self evident since on windy days 
the sea is rough. Waves are the response made by the water as gravity on a large scale, or 
surface tension on the micro-scale try to restore the surface back to its original level 
before the wind disturbed it. The size of the waves, both in terms of length or height 
increases with the time for which the wind is blowing and also the length of water surface 
over which the wind blows, also called the fetch. The first waves generated by the wind 
are very short in length maybe no more than 10mm and are due to the effects of surface 
tension on the water surface. Gradually as the length of the waves increase the effect of 
gravity takes over as the restoring force. As the wind persists, the wave height normally 
referred to as the vertical distance between the bottom of a trough and the top of a nearby 
crest increases. The wavelength, which we might take to be the distance between 
prominent crests, is around 50m - 800m. Watching the waves for a few minutes, it is 
noticed that wave-height and wave-length are not constant. The actual heights vary 
randomly in time and space, and the statistical properties of the waves, such as the mean 
height averaged for a few hundred waves, change from day to day. When the wind ceases 
the waves are still present. In the big oceans of the world these waves can travel hundreds 
of kilometers and are often called swell waves. These waves produce breaking waves on 
the beach when there may have been no wind for days. 
 
If the sea is observed for a protracted period of time there is a slow change in the average 
level of the water. This slow rise and fall of sea level is due to the tides, another type of 
wave on the sea surface. Tides have wavelengths of thousands of kilometers, and they are 
generated by the motion of the Sun and the Moon relative to Earth. All these different 
wav types are illustrated in Table 6. 
 

WAVE PERIOD WAVELENGTH WAVE TYPE CAUSE 
Capillary < 0.1 sec < 2 cm  deep to shallow local winds 
Chop 1-10 sec 1-10 m deep to shallow local winds 

Swell 10-30 sec up to hundreds of 
m deep or shallow distant storm 

Seiche   10 min-10 hr up to hundreds of 
km 

shallow or 
intermediate 

wind, tsunami, 
tidal resonance 

Tsunami 10-60 min up to hundreds of 
km 

shallow or 
intermediate 

submarine 
disturbance i.e. 
earthquakes or 

volcanic 
eruptions under 

(or near) the 
ocean 

Tide 12.4-24.8 hr thousands of km shallow 
gravitational 
attraction of 

sun and moon 
 

Table 6. Classification of wave types 
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2.1. Linear Theory of Ocean Surface Waves 
 
To solve the problem of the prediction of wave motion there is an apparent paradox. 
Surface waves are inherently nonlinear. The solution of the equations of motion depends 
on the surface boundary conditions, but the surface boundary conditions are the waves we 
wish to calculate.  
 
To solve this problem it is assumed that the amplitude of waves on the water surface is 
infinitely small so the surface is almost exactly a plane. To simplify the mathematics, it is 
also assumed that the flow is two dimensional with waves travelling in the x − direction. 
It can also be assumed that the Coriolis force and viscosity can be neglected.  
 
With these assumptions, the sea-surface elevation ζ  of a wave travelling in the x −  
direction is: 
 

sin( )a kx gtζ ω= −         (1) 
 
With 
 

2 22 ;f k
T
π πω π

λ
= = =        (2) 

 
Where, ω  is wave frequency in radians per second, f  is the wave frequency in Hertz 
(Hz), k  is wave number, T  is wave period, λ  is wave-length. This is shown in Figure 1 
(Holmes, 2001) 

 
 

Figure 1. Regular wave properties (Holmes, 2001) 
 
The wave period T is the time it takes two successive wave crests or troughs to pass a 
fixed point. The wave-length λ  is the distance between two successive wave crests or 
troughs at a fixed time. 
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Quarterly Journal of the Royal Meteorological Society 40, 123−135.[The pioneering of air balloons to 
measure weather variables is described in detail]   
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Doodson A.T. (1922). Harmonic development of the tide-generating potential. Proceedings of the Royal 
Society of London A 100, 305−329.[The idea of tides having other than diurnal harmonics is shown to be 
true] 

Ekman V.W. (1905). On the influence of the Earth’s rotation on ocean currents. Arkiv for Matematik, 
Astronomi, och Fysik: 2 (11).[This is a fundamental paper that develops the effect of the rotation of the 
Earth and the effects that follow from this being allowed for within theories of ocean currents] 

Feynman R.P., Leighton R.B., Sands M. (1964). The Feynman Lectures on Physics. Addison-Wesley 
Publishing Company.[This lecture series is an excellent introduction to physics] 

Fofonoff N.P., Millard R.C. (1983). Algorithms for computation of fundamental properties of sea water. 
UNESCO Technical Papers in Marine Science 44.[The basic methods for estimation of sea water properties 
are now available in algorithmic form] 

Gargett A.E., Holloway G. (1992). Sensitivity of the GFDL ocean model to different diffusivities of heat 
and salt. Journal of Physical Oceanography 22 (10), 1158−1177.[This paper explores the physical effects 
of heat and salt on ocean modeling] 

Gates W.L. (1992). AMIP: The Atmospheric Model Intercomparison Project. Bulletin American 
Meteorological Society 73, 1962−1970.[There are many atmospheric models available and this paper 
brings together those at this time and produces a comparative study] 

Gent P.R., McWilliams J.C. (1990). Isopycnal mixing in ocean circulation models. Journal of Physical 
Oceanography 20, 150−155.[The problem of mixing using the surface of constant density within a fluid] 

Gill A.E. (1982). Atmosphere-Ocean Dynamics. New York: Academic Press.[This textbook allows the 
interaction of the physics of the atmosphere and the Ocena to be studied] 

Gleckler P.J., Weare B. (1997). Uncertainties in global ocean surface heat flux climatologies derived from 
ship observance. Journal of Climate 10, 2763−2781.[real data obtained from ship bourne instruments are 
used to calibrate global ocean models] 

Goldstein S. (1965). Modern Developments in Fluid Dynamics: Two Volumes. New York: Dover 
Publications, Inc.[A major textbook at the time on Fluid Dynamics. Contains really good illustrations] 

Gordon H.R., Clark D.K., Brown J.W., Brown O.B., Evans R.H., Broenkow W.W. (1983). Phytoplankton 
pigment concentrations in the Middle Atlantic Bight: comparison of ship determinations and CZCS 
estimates. Applied Physics 22 (1), 20−36.[The title of the paper is the whole point of this paper] 

Gregg M.C. (1991). The study of mixing in the ocean: a brief history. Oceanography 4 (1), 39−45.[A good 
point to start from, in 1991, of the problems of mixing in the ocean] 

Hall M.M., Bryden H.L. (1982). Direct estimates and mechanisms of ocean heat transport. Deep-Sea 
Research 29, 339−359.[The estimate of energy within an ocean column is vital to provide a sound model 
for understanding the effects of Ocean Currents] 

Hartmann D.L. (1994). Global Physical Climatology. Academic Press.[A textbook that is still very useful 
in the current time] 

Hasselmann K. (1961). On the non-linear energy transfer in a gravity-wave spectrum Part 1. General theory. 
Journal of Fluid Mechanics 12 (4), 481−500.[These three papers provide a very sound basis for the whole 
problem of energy transfer between the atmosphere and the ocean using both linear and non-linear methods. 
The series takes the reader through the complex problems.] 

Hasselmann K. (1963) On the non-linear energy transfer in a gravity wave spectrum. Part 2. Conservation 
theorems; wave-particle analogy; irreversibility. Journal of Fluid Mechanics 15 (2), 273−281.[see 
previous] 

Hasselmann K. (1963). On the non-linear energy transfer in a gravity wave spectrum. Part 3. Evaluation of 
the energy flux and swell-sea interaction for a Neumann spectrum. Journal of Fluid Mechanics. 15 (3), 
385−398.[see previous] 

Hasselmann K. (1966). Feynman diagrams and interaction rules of wave-wave scattering processes. Rev. 
Geophysical. 4 (1), 1−32.[This paper builds upon the previous three and allows the method of interaction to 
be given some structure] 
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Hasselmann K. (1970). Wind−driven inertial oscillations. Geophysical Fluid Dynamics 1, 1 463−502[The 
physics of energy transfer are derived  in a deeper manner in this paper]. 

Hasselmann K., Barnett T.P., Bouws E., Carlson H., Cartwright D.E., Enke K., Ewing J.A., Gienapp H., 
Hasselmann D.E., Kruseman P., Meerburg A., Mller P., Olbers D.J., Richter K., Sell W., Walden H. (1973). 
Measurements of wind-wave growth and swell decay during the Joint North Sea Wave Project 
(JONSWAP). Ergnzungsheft zur Deutschen Hydrographischen Zeitschrift Reihe A(8) (Nr. 12), 95.[ The 
seminal paper for data in shallow water areas] 

Hasselmann K., Hasselmann S. (1991). On the nonlinear mapping of an ocean wave spectrum into a 
synthetic aperture radar image spectrum and its inversion. Journal of Geophysical Research C96 
10,713−10,729.[This is a really good paper that gives the theory and methodology for modern techniques 
for estimation of ocean wave measurements] 

Heaps N.S., Ed. (1987). Three-Dimensional Coastal Ocean Models. Washington DC: American 
Geophysical Union.[A good text on Ocena modeling] 

Hirst A.C., O’Farrell S.P., Gordon H.B. (2000). Comparison of a coupled ocean/atmosphere model with 
and without oceanic eddy-induced advection. Part I: Oceanic spinup and control integration. Journal of 
Climate 13 (1), 139−163.[Usueful for understanding how this phenomenon affects the ocean model] 

Hoffman D., Karst O.J. (1975). The theory of the Rayleigh distribution and some of its applications. 
Journal of Ship Research 19 (3), 172−191.[This probability density function is used throughout wave 
statistics and this paper places it on firm footing that many can understand] 

Hogg N., McWilliams J., Niiler P., Price J. (2001). Objective 8−To determine the important processes and 
balances for the dynamics of the general circulation. In: 2001 U.S. WOCE Report. College Station, Texas, 
U.S. WOCE Office, 50−59.[This report contains important data that helps validate Ocean Modeling]  

Holloway G. (1986). Eddies, waves, circulation, and mixing: statistical geofluid mechanics. Annual 
Reviews of Fluid Mechanics 18, 91−147.[This is a good text to understand the process of the 
hydrodynamics of waves and eddies within the Ocean and Atmosphere] 

Holloway G. (1986). Estimation of oceanic eddy transports from satellite altimetry. Nature 323 (6085), 
243−244.[same as above] 

Holmes, P (2001) A course in defense systems: Chapter 5 Coastal processes: waves. Organized by 
Department of Civil Engineering, The University of the West Indies, in conjunction with Old 
Dominion University, Norfolk, VA, USA and Coastal Engineering Research Centre, US Army, Corps of 
Engineers, Vicksburg, MS, USA.St. Lucia, West Indies, July 18-21, 2001 
 
Horikawa K. (1988). Nearshore Dynamics and Coastal Processes. Tokyo: University of Tokyo Press.[Good 
textbook on littoral water areas] 

Houghton J.T. (1977). The Physics of Atmospheres. Cambridge: Cambridge University Press.[Good 
general textbook] 

Houghton J.T., Filho L.G.M., Callander B.A., Harris N., Kattenberg A., Maskell K. (1996). Climate 
Change 1995: The Science of Climate Change. Cambridge: Cambridge University Press.[Climate change 
explained in a really good fashion] 

Johns T.C., Carnell R.E., Crossley J.F., Gregory J.M., Mitchell J.F.B., Senior C.A., Trett S.F.B., Wood R.A. 
(1997). The second Hadley Centre coupled ocean-atmosphere GCM: model description, spinup and 
validation. Climate Dynamics 13[This paper conatins good measured data that can be used for calibration of 
Ocean models] (2), 103−134.[A detailed paper that allows a full understanding of the concepts  

Joseph J., Sender H. (1958). Uber die horizontale diffusion im meere. Deutsches Hydrographiches Zeitung 
11, 49−77.[Diffraction in the sea is studied in this paper]  

Kaye G.W.C., Laby T.H. (2005) Tables of Physical & Chemical Constants (16th edition 1995). 2.1.4 
Hygrometry. Kaye & Laby Online. Version 1.0 (2005) www.kayelaby.npl.co.ukKallberg P., Berrisford P., 
et al. (2005). ERA-40 Atlas, European Centre for Medium Range Weather Forecasts.[ An up to date  atlas] 

Kantha L.H. (1998). Tides−A modern perspective. Marine Geodesy 21, 275−297.[The theory of tides has 
developed since the times of Newton and Darwin this gives an update] 
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Kent E.C., Taylor P.K. (1997). Choice of a Beaufort Scale. Journal of Atmospheric and Oceanic 
Technology 14 (2), 228−242.[Always a good discussion point: What is the Beaufort Scale? This paper 
allows some quantification] 

Komen G.J., Cavaleri L., Donelan M., Hasselmann K., Hasselmann S., Janssen P.A.E.M. (1996). 
Dynamics and Modeling of Ocean Waves. 1st paperback ed. Cambridge: Cambridge University Press.[A 
textbook that is vital for the understanding of Ocean Waves] 

Lamb H. (1945). Hydrodynamics. 6th, first American edition. New York: Dover Publications.[This 
textbook is still useful today 70 years since it was first producd, most solutions are buried within its pages] 

Lang K.R. (1980). Astrophysical Formulae: A Compendium for the Physicist and Astrophysicist. 2nd ed. 
Berlin: Springer-Verlag.[This allows an easy access to most formulae used within Engineerign and 
Physics] 

Langmuir I. (1938). Surface motion of water induced by wind. Science 87, 119−123.[This is an early set of 
observations of the effect of wind shear on the surface of the Ocean] 

Lawrence M.G., Landgraf J., Jckel P., Eaton B. (1999). Artifacts in global atmospheric modeling: Two 
recent examples. EOS Transactions American Geophysical Union 80 (11), 123− 128.[A paper that uses 
recent global atmospheric events for demonstrate the modeling effects] 

Levitus S. (1982). Climatological Atlas of the World Ocean. NOAA, Professional Paper 13.[Basic data] 

Levitus S. (1994). World Ocean Atlas 1994 CD-ROM Data Set. NOAA National Oceanographic Data 
Center.[Basic data] 

Lewis E.L. (1980). The Practical Salinity Scale 1978 and its antecedents. IEEE Journal of Oceanic 
Engineering OE-5, 3−8.[An update of the vital measurement criteria for salinity] 

Longuet-Higgins M.S., Phillips O.M. (1962). Phase velocity effects in tertiary wave interactions. Journal of 
Fluid Mechanics. 12(3), 333−336.[This paper from the two modern times Fluid dynamics goliaths is still 
quoted today and measurements are given to prove their theories]  

Lynch D.R., Ip J.T.C., Naimie C.E., Werner F.E. (1996). Comprehensive coastal circulation model with 
application to the Gulf of Maine. Continental Shelf Research 16, 875−906.[Often papers addressing the 
problem of coastal circulation look on the very large world scale, this paper deals with a relatively small sea 
area] 

MacKenzie K.V. (1981). Nine-term equation for sound speed in the ocean. Journal of the Acoustical 
Society of America 70, 807−812.[Basic physics of the estimation of the speed of sound within the water 
column] 

Malanotte-Rizzoli P., Ed. (1996). Modern Approaches to Data Assimilation in Ocean Modeling. 
Amsterdam: Elsevier.[Modern techniques are demonstrated in this paper on Ocean Modelling] 

Margules M. (1906). Uber Temperaturschichtung in stationarbewegter und ruhender Luft. Meteorologische 
Zeitschrift 241−244. 

Merryfield W.J., Holloway G., Gargett A.E. (1999). A global ocean model with double diffusion mixing. 
Journal of Physical Oceanography 29 (6), 1124−1142.[An incremental paper on global ocean modeling] 

Miles J.W. (1957). On the generation of surface waves by shear flows. Journal of Fluid Mechanics 3(2), 
185−204.[A seminal paper on this subject] 

Millero F.J. (1996). Chemical Oceanography (2nd ed). New York, CRC Press.[ Many textbooks deal with 
physical oceanography in terms of currents, ocean movements this book looks at the chemical aspects of 
oceanography] 

Millero F.J., Chen C.T., Bradshaw A., Schleicher K. (1980). A new high pressure equation of state for 
seawater. Deep-Sea Research 27A, 255−264.[An interesting paper on the effects of large pressure on the 
equation of state of seatware] 

Millero F.J., Perron G., Desnoyers J.F. (1973). Heat capacity of seawater solutions from 5° to 35°C and 
0.05 to 22°/°° chlorinity. Journal of Geophysical Research 78 (21), 4499−4506.[ This paper gives basic 
data on the properties of sea water in terms of temperature] 
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Millero F.J., Poisson A. (1981). International one-atmosphere equation of state of seawater. Deep-Sea 
Research 28A(6), 625−629.[The paper allows standards to be presented for the equation of state of sea 
water at one atmosphere.] 

Montgomery R.B., Stroup E.D. (1962). Equatorial Waters and Currents at 150°W in July−August, 1952. 
Baltimore: The Johns Hopkins Press.[ An old text but still contains vital data of equatorial currents in a  
specific sea area] 

Morel A. (1974). Optical properties of pure water and pure seawater. In: Optical Aspects of Oceanography. 
Edited by N. G. Jerlov and E. S. Nielson. 1−24. Academic Press.[This is different from nay papers in that 
the results are associated with the propagation of light through different water colums] 

Moskowitz L. (1964). Estimates of the power spectrums for fully developed seas for wind speeds of 20 to 
40 knots. Journal of Geophysical Research 69 (24), 5161−5179.[The basis for the Pierson Moskowitz 
spectra] 

Munk W.H. (1950). On the wind-driven ocean circulation. Journal of Meteorology 7 (2), 79−93. [The 
theory of wind driven ocean currents and their effects is discussed] 

Munk W.H., Cartwright D.E. (1966). Tidal spectroscopy and prediction. Philosophical Transactions Royal 
Society London Series A. 259 (1105), 533−581.[The harmonics of the tides and their prediction is taken 
forward at this time] 

Munk W.H., Palmen E. (1951). A note on the dynamics of the Antarctic Circumpolar CurrenTellus 3, 
53−55.[see above] 

Munk W.H., Spindel R.C., Baggeroer A., Birdsall T.G. (1994). The Heard Island feasibility test. Journal of 
the Acoustical Society of America 96 (4), 2330−2342.[Unusually a paper on sound in oceanographic areas] 

NAS (1963). Ocean Wave Spectra: Proceedings of a Conference. Englewood Cliffs, New Jersey: 
Prentice-Hall, Inc.[The quantification of wave spectra and the uses being mad ein terms of engineering 
design meant data was required. This is a good text now superseded with computer based hind casting] 

Neumann G., Pierson W.J. (1966). Principles of Physical Oceanography. New Jersey: 
Prentice-Hall.[Classic textbook with one of the major researchers as an author] 

Parke M.E., Stewart R.H., Farless D.L., Cartwright D.E. (1987). On the choice of orbits for an altimetric 
satellite to study ocean circulation and tides. Journal of Geophysical Research 92, 11693−11707.[When 
satellites are launched the areas of water that they monitor has to be considered in terms of the orbit and 
height of the satellite. This paper puts this into context] 

Parker R.L. (1994). Geophysical Inverse Theory. Princeton: Princeton University Press.[This classic 
textbook is always worth reading] 

Pedlosky J. (1987). Geophysical Fluid Dynamics. 2nd ed. Berlin: Springer Verlag.[This textbook allows 
the non specialist reader to understand the aspects of fluids that are affecte din terms a Geophysical context] 

Pedlosky J. (1996). Ocean Circulation Theory. Berlin: Springer−Verlag.[This textbook allows ocean 
circulation modeling to be understood by the typical undergraduate studney] 

Phillips, O.M. (1957). On the generation of waves by turbulent wind. Journal of Fluid Mechanics. 2 (5), 
417−445.[Owen Phillips produced so many good papers on oceanographic phenomena this is the start of 
the understanding of the physics of energy transfer wind to wave] 

Phillips O.M. (1960). On the dynamics of unsteady gravity waves of finite amplitude. Part I. The 
elementary interactions. Journal of Fluid Mechanics 9 (2), 193−217.[ The start of modern theories which 
show how interactions play a role in wave propagation] 

Pierson W.J., Moskowitz L. (1964). A proposed spectral form for fully developed wind seas based on the 
similarity theory of S.A. Kitaigordskii. Journal of Geophysical. Research 69, 5181−5190.[The modern 
wave spectrum that is used by Engineers for designing ships and offshore platforms] 

Press W.H., Teukolsky S.A., Vetterling W.T., Flannery B.P. (1992). Numerical Recipies in FORTRAN. 
2nd ed. Cambridge: University Press.[Good computer programmes that can be used with great 
confidence] 
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Preston-Thomas H. (1990). The International Temperature Scale of 1990 (its-90). Metrologia 27 (1), 
3−10.[Specific data about the temperature scale] 

Proudman J. (1916). On the motion of solids in a liquid possessing vorticity. Proceedings Royal Society 
(London) A 92, 408−424.[A very early paper that addresses the mass transport of solids in a fluid which is 
not a uniform flow] 

Pugh D.T. (1987). Tides, Surges, and Mean Sea-Level. Chichester: John Wiley & Sons.[A textbook that 
gives details of tides and other associated phenomena] 

Reynolds O. (1883). An experimental investigation of the circumstances which determine whether the 
motion of water will be direct or sinuous, and the law of resistance in parallel channels. Philosophical 
Transactions of the Royal Society of London 174, 935−982.[Now review of fluid dydnamcis should be 
without this fundamental paper that allowed the theories used nowadays to have a firm foundation] 

Rossby C.C. (1936). Dynamics of steady ocean currents in the light of experimental fluid mechanics. 
Papers in Physical Oceanography and Meteorology, Massachusetts Institute of Technology and Woods 
Hole Oceanographic Institution. 5(1).[Major paper by a very important far thinking researcher] 

Saunders P.M. (1986). The accuracy of measurements of salinity, oxygen and temperature in the deep 
ocean. Journal of Physical Oceanography 16 (1), 189−195.[It is important in all science to understand the 
error bands that are within all measurements. This paper deals with those associated with those within the 
deep ocean] 

Schmitt R.W., Bogden P.S., Dorman C.E. (1989). Evaporation minus precipitation and density fluxes for 
the North Atlantic. Journal of Physical Oceanography 19, 1208−1221.[The momentum within the global 
ocean models incorporating both air and water need to take due allowance for the evaporation and rainfall 
in aregion] 

Schmitt R.W., Perkins H., Boyd J.D., Stalcup M.C. (1987). C-SALT: An investigation of the thermohaline 
staircase in the western tropical North Atlantic. Deep-Sea Research 34 (10), 1655−1665.[The physical 
phenomena of the thermohaline process is reported for one particular sea area] 

Scott Russell J (1844). Report on waves, Fourteenth meeting of the British Association for the 
Advancement of Science.[This is where the first report on Solitons was given with evidence] 

Stewart R.H. (1980). Ocean wave measurement techniques. In Air Sea Interaction, Instruments and 
Methods. Edited by L. H. F. Dobson and R. Davis. 447−470. New York: Plenum Press.[Stewart has 
provided the basis for the understanding of the physical processes in the Ocean with this textbook] 

Stewart R.H. (1985). Methods of Satellite Oceanography. University of California Press.[This is an early 
but good treatise on satellite Oceanography] 

Stokes G.G. (1847). On the theory of oscillatory waves. Camb. Trans. 8, 441−473.[This is where it all starts 
in terms of wave theory!] 

Stommel H.M., Moore D.W. (1989). An Introduction to the Coriolis Force. Cambridge: Cambridge 
University Press.[The use of the Coriolis Force is demonstrated for Ocean Modelers] 

Sverdrup H.U., Johnson M.W., Fleming R.H. (1942). The Oceans: Their Physics, Chemistry, and General 
Biology. Englewood Cliffs, New Jersey: Prentice-Hall, Inc.[ An excellent summary of all aspects of Ocean 
Modeling] 

Taylor G.I. (1921). Experiments with rotating fluids. Proceedings Royal Society (London) A 100, 
114−121.[The work of taylor is fundamental for all scientists and engineers to read at an early stage in their 
career] 

Ursell F. (1950). On the theoretical form of ocean swell on a rotating earth. Monthly Notices Roy. Astron. 
Soc., Geophysical Supplement 6 (1), G1−G8.[As always with this author a good reasoned set of arguments 
but now incorporated into Ocean Modeling] 

von Arx W.S. (1962). An Introduction to Physical Oceanography. Reading, Massachusetts: 
Addison-Wesley Publishing Company, Inc.[ A textbook about Physical oceanography] 

WAMDI Group S. Hasselmann, Hasselmann K., Bauer E., Janssen P.A.E.M., Komen G.J., Bertotti L., 
Lionello P., Guillaume A., Cardone V.C., Greenwood J.A., Reistad M., Zambresky L., Ewing J.A. (1988). 
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The WAM model−A third generation wave prediction model. Journal of Physical Oceanography 18, 
1775−1810.[ Update on the WAM model well worth reading] 

Wang X., Stone P.H., Marotzke J. (1999). Global thermohaline circulation. Part 1. Sensitivity to 
atmospheric moisture transport. Journal of Climate 12 (1), 71−91.[Good paper concerning thermohaline 
circulation i.e. large scale circulation driven by density gradients] 

Whitham G.B. (1974). Linear and Nonlinear Waves. New York: John Wiley & Sons.[Superb textbook 
giving the latest at that time of the wave propagation theories] 

Wiegel R.L. (1964). Oceanographical Engineering. Englewood Cliffs, New Jersey: Prentice 
Hall.[ Somewhat dated textbook on Ocean Engineering but a reasonable starting point] 

Wilson, P. A. (1981) The effect of truncation of spectra in computing subjective motion, Ship Science 
report Number 21, ISSN 0140-3818. 
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