
APPENDIX B

Extreme water levels
There are many different factors contributing to overall water levels. Short-term (hours to days) variability 
includes tides, surface waves and storm surges (wind and barometric pressure). Seasonal (intra-annual) 
variability includes the warming and cooling cycles. Inter-annual to decadal variability includes events such 
as El Nino and the Indian Ocean Dipole. Long term (decades) variability is sea level rise through warming of 
the oceans causing thermal expansion (CSIRO & ACECRC, 2008).

Short term variability

Tidal levels are driven by astronomical forces and can be predicted. But even though tidal ranges can be 
predicted, observed water levels can differ from predicted levels according to the meteorological conditions. 
Water level rise brought about by low barometric pressure associated with winter storms and elevated wind 
speed and intensity is termed ‘storm surge’ (BoM, 2009).

Tides are predicted for average barometric pressure. When the pressure is lower, the sea level will be higher. 
These changes rarely exceed 0.3m. Wind affects sea level by elevating it in the direction towards which the 
wind is blowing. This is called wind setup. Intense winds blowing onshore will ‘pile’ the water up, creating 
higher-than-predicted water levels (BoM, 2009). The effects of storm surge are most severe when low 
pressure and intense wind setup combine with a high tide (DPI, 2008).

Generally, storm surges in temperate latitudes are 1m or less (AGO, 2003). As mentioned previously, changes 
in barometric pressure rarely exceed 0.3m (BoM, 2009). The larger contribution to storm surge is wind setup 
(CSIRO & BoM, 2007).

Seasonal (intra-annual) variability

Seasonal variability is caused by the cycle of warming and cooling. During summer the oceans warm causing 
the water level to rise. During winter, the oceans cool resulting in lower water levels. During the Northern 
Hemisphere’s winter, an increased amount of water is stored in ice caps and snowfall meaning less water is 
in the ocean and the global sea level is lower. Changes to ocean currents resulting from movement of ocean-
atmosphere weather patterns can also alter the sea level (CSIRO & ACECRC, 2008).

Inter-annual to decadal variability

Events such as the El Nino and the Indian Ocean Dipole can cause changes to sea level. El Nino events 
can result in sea level changes of around 20 to 30cm in the Indian Ocean (CSIRO & ACECRC, 2008). El 
Nino events, which involve changes in the atmospheric pressure difference between the Indian and Pacific 
Oceans, render the Leeuwin Current (consisting of warmer water) weaker (Dept of Fisheries, 2005).

Large-scale changes can also result from the Indian Ocean Dipole (IOD) (CSIRO & ACECRC, 2008). The 
IOD is an ocean and atmosphere phenomenon which is the difference of sea surface temperatures between 
the western and eastern parts of the equatorial Indian Ocean. In positive IOD years, the eastern areas of the 
Indian Ocean have cooler than normal water, and in negative years, the water is warmer than normal (BOM, 
2010).

Long term variability

Long term sea level change is brought about by thermal expansion through warming of the oceans (CSIRO 
& ACECRC, 2008). As atmospheric temperatures continue to rise, so will the oceans. Over the period from 
1961 to 2003, global oceans absorbed enough atmospheric heat to increase the global mean sea level by 
roughly 22 millimetres, which made up about one third of the total global mean sea level trend over that time 
(CSIRO & ACECRC, 2008).
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