
2.0 Physical Properties of Sea 

Water

2.1 Temperature: in situ and potential Temperature

2.2 Salinity: Conductivity

2.3 Depth: Pressure

2.4 Density: Sigma
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Objectives

Understand the vertical and horizontal 

distribution of ocean waters and how it 

changes

Explore the importance of T-S in 

oceanography research



HMS Challenger, 1872

•127,500kms

•3 ½ years

•20years to compile 

data of 50 volumes 

books



RV Discovery - UMT
Explored the southern South China Sea



Physical properties of sea water

Temperature: in situ and potential Temperature 

Salinity: Conductivity

Depth: Pressure

Density: Sigma-t, specific volume anomaly

Primary properties we need to look at are the following 

as they define the circulation and mixing of different 

waters



Temperature

The ocean can be divided into three vertical 

zones, depending on temperature:

• The top layer is the surface layer, or 

mixed layer.  This layer is influenced by 

solar energy, wind and rain.  

• The second layer is the thermocline.  

Here, the water temperature drops as the 

depth increases.  

• The third layer is the deep-water layer.  

Water temperature in this zone decreases 

slowly as depth increases.  Water 

temperature in the deepest parts of the 

ocean averages about 2° Celsius.



CTD Equipment: 

Conductivity, temperature and depth

https://www.youtube.com/watch?v=rJGrDoR9NVM



Terminology: Gradients/ ‘-cline’

Remember that thermocline refers to a ‘gradient’ where 
characteristic changes rapidly with depth

Thermocline - temperature
Halocline          - salinity

Density - pycnocline



Surface Temperature



Vertical Structure of Ocean



Vertical Structure in shallow sea

Data taken from South China Sea (Terengganu waters) - WOD
(Johari and Akhir, 2019)



Temperature can change through:

• Heat input/loss at the surface

• Mixing with other waters

• With increasing pressure

• Friction (usually negligible)

Influences density, heat exchange



Surface Salinity



Vertical Structure of Ocean - salinity



Vertical Structure in shallow sea

Data taken from South China Sea (Terengganu waters)



Salinity can change through:

• Evaporation/precipitation at the sea surface

• Ice formation

• Freshwater inputs (rivers, groundwater)

• Mixing with other waters

Influences density, freezing point, ice formation







Climatological mean temperature on 10 m level (a) and along 180° meridional section (b) in the 
tropical Pacific derived from gridded Argo data (2001–2017). The dashed contour in (a) denotes 
the isotherm of 28 °C, and solid contours in (b) denote isopycnals.



WORLD OCEAN DATABASE (WOD)



Zheng Lili, Wang Dongxiao, Chen Ju, et al. 2016. SCSPOD14, a South China Sea 

physical oceanographic dataset derived from in situ measurements during 1919-2014. 

Scientific Data, 3: 160029, doi: 10.1038/sdata.2016.29

WOD in South China Sea



WOD in Southern South China Sea




