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How to transfer a vertical datum between islands or coast and island

Let’s say we want to compare the vertical level of an island benchmark with an onshore benchmark which has been levelled into a national datum. There are a number of ways this can be done. Here I discuss three of them.

1. Traditional laser levelling. This is best for channels up to (say) 100 metres, but can be used for somewhat longer distances. Beyond 100 metres, the stability of the tripod and other issues limit the accuracy. Obviously the survey can be “closed” (reversed) to establish accuracy.

2. Continuous GNSS (CGNSS)*. This is basically a matter of setting up a GNSS on the island benchmark (or on a stable surface which can be tied to the benchmark) and letting it run for an extended period, taking continuous readings at short intervals (say 30 seconds) and tying the readings into a wider network of CGNSS stations. Two instruments can be used (one on either side), or if only one GPS is available, the survey can be done first on one side, then the other. In one recent survey, this method yielded 25 mm accuracy after one day and 15 mm accuracy after one week of continuous operation. Sub-centimetre accuracy can be expected with a month or more of data.  

3. Mean Sea Level (MSL). The idea here is that over time, the water level can be used to transfer a vertical datum. Tide gauges are set up on either side of a channel, generally fixed to some form of pier so that they can be surveyed to a fixed local benchmark. To get sub-centimetre accuracy in an area with typical tides of a metre or so, a month of data will probably be required, same as for CGPS. For best results, the tides are analysed from the data and subtracted, and then a lowpass filter applied, prior to computing the mean. Neither of those two operations should be affect the mean.   

For CGNSS or MSL methods, confidence limits can be associated with the difference between the mean levels calculated on either side of the channel by use of a simple “Student’s t” test and assuming there is no “systematic” error in the data (only random error).
* Continuous Global Navigation Satellite Systems – includes GPS (US), GLONASS (Russia), Galileo (EU) & Beidou (China) – all modern equipment uses at least 3 of the satellite constellations .
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