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Introduction
Thermal expansion is a concept of sea level changes quite 

frequently discussed today. The concept goes far back in time 
and was then known as steric changes in sea level caused by 
change in temperature or salinity [1]. The Holocene sea level 
oscillations on a centennial bases were sometimes proposed 
to be driven primarily by steric sea level changes [2]. Mörner 
showed [3] that the sea level changes were dominated by 
glacial eustasy up to about 6000-5000 BP (regardless of 
tectonic differentiation) and thereafter was dominated by 
the redistribution of water masses. When satellite altimetry 
commenced in 1992, the lateral redistribution of water masses 
over the oceans was well monitored [4], whether caused by 
lateral dislocation of water masses or by differential thermal 
expansion (or rather a combination of both). Thermal expansion 
became a part of the concept of global warming [5], claiming 
that the general warming from 1970 to 2000 also generated a 
global sea level rise component due to thermal expansion. Often 
it is used without basic anchoring in physical and oceanographic 
facts as straightened out in the Encyclopedia of Coastal Science 
[6]. 

The Theory of Thermal Expansion
The water column of the ocean varies from 0 (zero) at the 

shore to about 6000 m in the abyssal. Only the upper part is 
susceptible for thermal expansion, however. The largest changes  

 
are in the upper 100 to 300 m. Some heating is observed down  
to 700 m and even 2000 m [7]. 

Thermal expansion refers to the tendency of matter to 
change its shape, area and volume in response to a change in 
temperature. The application of thermal expansion to the 
evaluation of sea level changes has been discussed by several 
authors [6]. The accumulated effect during a century was 
estimated at 5 cm by [8] and 10 cm by [3]. In the estimate of 
expected sea level changes in the future, it is necessary to 
consider the frames within which one must work [9]. Figure 1 
gives the relations among water expansion, temperature and 
water column affected [3,6,9]. A rise of 0.55 °C in the upper 100 
m [10] would rise sea level by +9 mm, and a rise in temperature 
of 0.4 °C in the upper 700 m [11] would generate a rise of +4.5 
cm (Figure 1).

Figure 2 gives the changes with depth from the open ocean to 
the shore at a heating of +2 °C, which is quite much and can only 
affect the uppermost ocean layer. It may therefore be regarded as 
an overestimate for the 2000 m depth, 300 m depth, and maybe 
even the 100 m depth. The figure is included in order to illustrate 
the decrease in thermal expansion towards the shore, and the 
absence of any sea level rise at the very shore, where most tide 
gauges are located, and where changes in shore morphology and 
shore criteria provide evidence of sea level changes [12].
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Temperature changes in the ocean water masses affect the vertical height of the water column by expansion at heating and contraction at 
cooling. The surface change is a function of the amount of heating and the depth of heating (or cooling). A heating of 0.55 °C as observed for the 
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to expand, and the offshore expansion will not flow laterally to the shore (Thermal Expansion, Encyclopedia of Coastal Science, 2017). We will 
demonstrate this with a simple physical experiment (communicating vessels), which can be repeated by anyone. 
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Figure 1: Relations among water expansion, water column affected and heating by increased temperature (modified from [9]). Each 
variable has its strict frames. On a regional basis, the heating can hardly exceed a couple of degrees. Approaching the coast, the expansion 
of the water columns progressively decreases, becoming zero at the shore (red dots). Therefore, coasts are not affected by thermal 
expansion of the sea [6].

Figure 2: Illustration of the depth dependence on thermal expansion at an assumed +2 °C rise in ocean temperature (which is exceptionally 
much and only possible for the oceanic surface layer). At the shore, the water column is zero and hence there can be no thermal expansion, 
and no water is flowing coastward from the rise seaward. 
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A simple Experiment	

Figure 3: Bottles A and B are connected at the base into two communicating vessels and filled with water (a). The water level is of course 
at the same height in the two bottles. The upper part of bottle B is now heated with a hairdryer (whilst bottle A is completely shielded from 
heating). The water level in bottle B will rise whilst the water level in bottle A remains unchanged.

One of us (SSB) designed the following experiment (Figure 
3), tested it and double-checked it a couple of times.

1.	 Two bottles (A & B) were connected by an open 
communication at the base into two communicating 
vessels (Figure 3a). They were filled with water, which – in 
accordance with the law of two communication vessels – was 
at the same level in the two bottles (Figure 3). The bottom 
water pressure (weight/area) is now the same in bottle A 
and bottle B.

2.	 The upper part of bottle B was heated with a hairdryer 
(whilst bottle A was completely isolated from heating).

3.	 After heating, the water level in bottle B rose whilst the 
water level in bottle A remained unchanged (Figure 3b). 

Heating implies a change in volumetric mass density forcing 
the water level to expand and rise in bottle B. This does not 
change the weight of the water in bottle B, which implies that 
the water pressure (weight/area) at the bottom of bottle B 
remains unchanged, and still is the same as the water pressure 
at the bottom of bottle A. Consequently, there is no pressure 
imbalance, no water will flow between the bottles, and the water 
level in bottle A will remain unchanged.

This provides an excellent experimental test of the theoretical 
thermal expansion irregular distribution as a function of 
temperature increase and height of the water column heated 
as illustrated in Figure 2 and Figure 1, too. The experiment is 

simple, costless and expressive. It can be recommended for 
schools, but also for deeper climatic and sea level research at 
universities. Instead of our bottles, we would recommend the use 
of two graduated measuring cylinders with an open connection 
at the base.

Conclusion
Thermal expansion is an important factor. It is often 

exaggerated, however. Heating of the oceans is confined to 
the surface layer; i.e. the upper 100-300 mm but even reaches 
down to 700–2000 m. This heating is always cyclic; never linear 
over multi-decadal and longer periods. The contribution to sea 
level changes is estimated not to exceed 10 cm by year 2100. 
Whatever the thermal expansion may be in the open ocean, it 
continuously decreases landwards with the decrease in water 
depth (i.e. the water column of expansion) and becomes zero 
at the shore, where there is no water column to expand (Figure 
2). There is no flow towards the shore from the offshore water 
expansion (Figure 1). The theory is solid [6]. Figure 3 provides 
a simple experiment showing that, indeed, when two bottles 
are connected at the base as communicating vessels, and one 
bottle is heated, the water level will rise in this bottle but remain 
unchanged in the other.
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