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WHAT IS THE PSMSL?
(PERMANENT SERVICE FOR MEAN SEA LEVEL)



THE GLOBAL TIDE GAUGE NETWORK AT PSMSL.ORG

The PSMSL is a global databank for mean 

sea level data measured at tide gauges, 

and also provide advice on collection, 

distribution of sea level data.

PSMSL data forms the core of our 

understanding of sea level rise over the past 

couple of centuries, but is also used to 

study ocean currents vertical and land 

movement.

The global tide gauge network continues to 

improve, but gaps still exist, particularly in 

the Southern Hemisphere. Furthermore, 

funding issues mean that the quality of data 

from long running records is under threat.



WHY AREN’T THERE MORE TIDE GAUGES?

While tide gauge sensors themselves are not very 

expensive, there are considerable costs involved in 

operating them over a long period of time, particularly 

when budgets are tight:

• Water based sensors (e.g. pressure transducers) 

suffer from biofouling, and can require divers to 

perform maintenance.

• Land based sensors (e.g. radar or acoustic) are 

exposed to damage from storms, vandalism, or 

general accident in often busy port environments.

• Gauges can be located in remote, hard to access 

areas



WHAT IS GNSS INTERFEROMETRIC 
REFLECTOMETRY?

(GNSS-IR)



GNSS INTERFEROMETRIC REFLECTOMETRY (GNSS-IR)

This technique allows sea level to be measured using only a 

GNSS receiver.

As well as a receiving a direct signal from a GNSS satellite, the 

GNSS receiver detects a reflected signal off the surface of the 

water. The phase delay between the direct and reflected signal 

will vary as the height of the water changes.

The emerging technology of GNSS-IR gives 

us the opportunity to measure sea levels 

without getting our feet wet



MEASURING SURFACES WITH GNSS-IR

Credit: Kristine Larson



HOW SNR CHANGES WITH SEA LEVEL HEIGHT

The plot of the signal-to-noise ratio as the GNSS satellite passes overhead changes as the height of the water 

changes. Lower water levels means the reflected signal has to travel further, resulting in greater frequency 

modulation. The water level can be extracted from this (see Larson et al., 2013)

https://doi.org/10.1016/j.asr.2012.04.017
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EXTRACTING THE SEA LEVEL FROM THE SNR

Credit: Kristine Larson



GNSS-REFLECTIONS.ORG

API for online processing of GNSS data

Python package hosted on GitHub

Tools for investigating satellite tracks 

above a site

Created by Kristine Larson

Tutorials & more on YouTube:

@funwithgps



GNSS-IR IN PRACTICE



NOC INSTALLATIONS - SHEERNESS



THE PSMSL GNSS-IR DATA PORTAL



DATA PORTAL AT HTTPS://PSMSL.ORG/DATA/GNSSIR

https://psmsl.org/data/gnssir


THINGS TO KNOW ABOUT THE DATA

Time steps are irregular – observations represent one passing of a GNSS satellite overhead

Example notebook: https://psmsl.org/data/gnssir/gnssir_example.html

Simple csv format – one liner to read in Python (Pandas), Matlab, perhaps R? 

https://psmsl.org/data/gnssir/gnssir_example.html


THINGS TO KNOW ABOUT THE DATA

Time steps are not unique

Satellites transmit multiple frequencies, which are processed separately

Different channels may have different biases

Which channel?

Which Satellite?

1-99: GPS

101-199: GLONASS

201-299: Galileo

301-400: BeiDou

Example notebook: https://psmsl.org/data/gnssir/gnssir_example.html

Simple csv format – one liner to read in Python (Pandas), Matlab, perhaps R? 

https://psmsl.org/data/gnssir/gnssir_example.html


MORE THINGS TO KNOW ABOUT THE DATA

• We provide two heights: “raw” and “adjusted”

adjusted accounts for the vertical movement of the sea 

as the satellite passes overhead.

• GNSS measurements are geocentric, but!

These data are relative sea levels

• We’ve used approximate ellipsoidal height as a 

datum, but if you’re comparing with geocentric data 

(e.g. satellite altimetry), you’ll need to account for land 

movement (using direct GNSS observations).

• This is delayed mode processing (although we have 

proof of concept it can be done in near real time)



OTHER USEFUL GNSS-IR PAGES

https://psmsl.org/data/gnssir/useful_files.php https://psmsl.org/data/gnssir/gnssir_example.html

https://psmsl.org/data/gnssir/gnssir_daily_means.html

https://psmsl.org/data/gnssir/useful_files.php
https://psmsl.org/data/gnssir/gnssir_example.html
https://psmsl.org/data/gnssir/gnssir_daily_means.html


FUTURE PLANS

• We are developing a mechanism to deliver NRT GNSS-IR data through ERDDAP

• In the future we hope to improve the metadata available for each GNSS receiver to provide proper credit to the 

agencies involved in collecting the data, and making identifying where data comes from easier.

• Operators of GNSS sites near bodies of water can assist us by ensuring the signal-to-noise ratio is recorded in 

RINEX files (using RINEX version 3 or 4) and recording all constellations and frequencies possible. Please tell 

us about your site by emailing psmsl@noc.ac.uk - photographs and maps are very useful for establishing 

areas around the receiver likely to produce genuine reflections off the water

mailto:psmsl@noc.ac.uk


NOC.AC.UK

THANK YOU

PSMSL GNSS-IR Portal: https://psmsl.org/data/gnssir/

Kristine Larson’s Web App: https://gnss-reflections.org/

Kristine’s YouTube channel: https://www.youtube.com/@funwithgps


