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On the absolute sea level at the Swedish west coast estimated by
VLBI, GNSS, and tide gauges

G. Elgered and R. Haas

Abstract We analyse the existing ten year timeseries of sea level observations at the Onsala SpaceObservatory. A time series of ten years is howevertoo short to result in a stable value for a linear trend.Therefore we compare the sea level data acquiredat Onsala with those from the nearby tide gaugestation Ringhals. The tide gauge at Ringhals startedoperations in late 1967. Using Ringhals sea level datawe estimate a linear trend for the relative sea levelof 0.54 mm/year. Space geodesy observations usingVery Long Baseline Interferometry (VLBI) from 1980to 2020 and Global Navigational Satellite Systems(GNSS) from 1994 to 2020 have resulted in estimatesof the land uplift of 2.9 mm/year and 2.7 mm/year,respectively. Combining the relative sea level trendat Ringhals with the land uplift at Onsala result in anestimate of 3.3 mm/year for the linear trend of theabsolute sea level for this region. This is in agreementwith recent estimates for the linear trend of the globalsea level rise during this time period.
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1 Introduction

The geodesy Very Long Baseline Interferometry (VLBI)radio telescopes and the Global Navigational SatelliteSystems (GNSS) stations at the Onsala Space Observa-tory are all located within a few hundred metres fromthe Kattegat coastline. Therefore, a collaboration be-
Gunnar Elgered, Rüdiger HaasChalmers University of Technology, Onsala Space Observatory,SE-439 92 Onsala, Sweden

Fig. 1 The tide gauge station at the Onsala Space Observatory.

gun with the Swedish Meteorological and HydrologicalInstitute (SMHI) to install a tide gauge station at theobservatory (see Figure 1). SMHI is responsible for thenational observational network of sea level in Swedenand the data are available by open access. This stationhas been operational since June 2015 and its charac-teristics have been presented at an earlier EVGA meet-ing (Elgered et al., 2019). There is now a time series ofthe relative sea level for almost ten years. It is still abit short to combine with geodetic height data to as-sess long term trends in the absolute sea level. How-ever, the tide gauge station Ringhals, located 20 kmsouth-south-east of Onsala has been operational since1 November 1967. In the following we present observa-tional data from these two stations and combine theresults with recent estimates of the land uplift fromVLBI and GNSS in order to derive a value for the lineartrend of the absolute sea level rise in this region.
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Fig. 2 Sea level observations at Onsala (top). The estimated lin-ear trend from the start to a specific date show that seasonaland yearly variability is significant (bottom).

2 Onsala tide gauge

The tide gauge station is equipped with several sen-sors, three radar sensors, one laser sensor, and twopneumatic sensors (Elgered et al., 2019). The officialsensor is the CS476 radar. Hourly values of the sea levelare archived and available via the SMHI web pages(open access ). We show the complete time series,from 00 UT 24 June 2015 to 24 UT 28 February 2025,in Figure 2. Starting five years from the first obser-vation we also present estimates for the linear trendwhen adding one more month of data for each esti-mate. We note that the variability is significant, alsotowards the end of the time series, and conclude thatthe changing weather conditions, mainly in terms ofpressure and winds from year to year, have a large in-fluence on the overall trend.The sea level at Onsala has roughly varied betweenhalf a metre below to one and a half metre abovethe average sea level. The variations are dominatedby changes in weather, i.e., the pressure and the di-rection and the speed of the wind. An example when

Fig. 3 An example time series of the sea level at Onsala duringfive days in July 2019 when the weather conditions were ratherstable and the tides are clearly visible.

the weather conditions are rather stable is presentedin Figure 3. The tidal signal is hence rather weak, a typ-ical peak-to-valley difference of about 20 cm.

3 Comparison: Sea level at Onsala and
Ringhals

We use the existing simultaneous data (from June 2014to February 2025) to assess the question of how rep-resentative the Ringhals tide gauge station is for thecorresponding one at Onsala. The Onsala and Ringhalsstations provide 84,819 and 84,329 data points, re-spectively. This corresponds a coverage of 99.86 % and99.29 %, respectively. Before the comparison is done,we select only data points that are acquired on thesame hour resulting in 84,235 data points, correspond-ing to 99.2 % of the total period. The sea level observa-tions at Ringhals are shown in Figure 4. When compar-ing Figure 2 and Figure 4 we see an overall agreementbut a difference in the sea level trends of about half amm/year: 5.13 mm/year at Onsala and 5.61 mm/yearat Ringhals.

Fig. 4 Sea level observations at Ringhals, c.f. Figure 2.

The mean sea level averaged over this time periodis 7.1 cm at Onsala and 9.0 cm (RH2000) at Ringhals.The observations are shown together with their dif-ferences in Figure 5. We note that occasionally duringhigh sea level, the difference is large with higher valuesat Ringhals.This effect is studied further using Van de Casteelediagrams in Figure 6. The horizontal error bars in theright graph indicate the formal uncertainty assuming agaussian distribution.The reason for the differences during high sea levelis not known. The high sea levels occur during storms,
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Fig. 5 Sea level observations at Onsala and Ringhals (top) andtheir differences (bottom).

Fig. 6 Van de Casteele diagrams showing the differences in sealevel at Onsala and Ringhals. Individual hourly observations areshown in the left graph and mean values for 10 cm intervals inthe sea level at Onsala are shown in the graph to the right.

and we may speculate that the local environment,i.e., the location of the tide gauge station relativethe shape of the coastline, plays a role during theseoccasions, see Figure 7. We estimated the sea leveltrends also by ignoring values of the sea level at timeswhen one or both sites observed a sea level above acertain level. However, we find that the difference ofthe half mm/year remains in all cases.

Fig. 7 The locations of the tide gauge stations at Onsala andRinghals; © maps Lantmäteriet.

4 The absolute sea level

There are several geodetic reference markers in andaround the Onsala tide gauge well. Levelling of themarkers in the well relative to those in the bedrock arecarried out roughly on a yearly basis. All markers are,however, not visited every time. The reference marker827a is located on the mounting plate of the main radarsensor CS476 and the markers 827 b, c, and d, are alsolocated in the well, see Figure 8.These results are presented in Table 1. They show astandard deviation in the range from 0.3–0.5 mm rel-ative to the the reference marker 822, in the bedrockclose to the well.
Table 1 Levelling results to the reference points in the well

Height in RH2000a

Date 827a 827b 827c 827d(m) (m) (m) (m)
2015-02-01 2.54617 – – –2015-08-13 2.545 2.487 2.544 2.4872016-08-05 – – – 2.4872
2017-06-01 – 2.4870 2.5446 2.48782017-07-26 – – – 2.4882017-08-11 – – – 2.4876
2019-08-20 2.5453 2.4872 2.5447 2.48772020-03-31 – – – 2.48682020-10-05 2.5451 2.4865 2.5440 2.4878
2021-03-12 – – – 2.48682021-07-06 2.5459 2.4874 2.5450 2.48782024-08-13 2.5458 2.4870 2.5447 2.4877
Mean 2.5456 2.4870 2.5445 2.4875SDb (mm) 0.47 0.30 0.41 0.43
a Assuming that the reference marker 822 is at 2.1064 m
b SD: Standard Deviation

The complete time series of the relative sea levelat Ringhals is shown in Figure 9. The linear trend esti-mated from these data is 0.54 mm/year. We also note aslight increase in the rate when including the data fromthe last ten years. This in agreement with the higherrates observed at Onsala and Ringhals using the obser-vations from 2015 to 2025 only.In order to derive trends in the absolute sea levelthe relative results need to be corrected for any on-going vertical motion of the Earth’s crust. In north-ern Europe this long term trend is dominated by theglacial isostatic adjustment since the last ice age, see
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827b 827d827a827c

Fig. 8 Reference markers in the well. Marker 827a was first measured in February 2015. The additional markers 827b, 827c, and827d were added thereafter and were first measured on August 13, 2015.

Fig. 9 Top: The complete time series of sea level observationsat Ringhals. Bottom: The estimated linear trend from the start in1967 to a specific date.

e.g. Kierulf et al. (2021). Geodetic observations as sum-marized in ITRF2020 (Altamimi et al., 2023) give an es-timated uplift of:
• 2.7 mm/year using GNSS data (1994–2020)• 2.9 mm/year using VLBI data (1980–2020)

It is reasonable to believe that these values for theuplift of the Earth’s crust are rather constant over a sev-eral decades. This is different from the sea level trends.Assuming that the sea level measured at Ringhals,during the 57 years of operation, is representative alsofor Onsala, and that the uplift at Onsala is approxi-mately equal to that at Ringhals, means that an overalllinear trend of the regional absolute sea level has beenapproximately 3.3 mm/year averaged over the period1967–2025.

5 Conclusion

The sea level at a specific site or region show largevariations, depending on the variability of the weatherconditions from season to season and from one yearto another, compared to the expected values for thelong-term trends. Therefore, stable and reliable valuesfor any trends can only be obtained by averaging ei-ther over a very large area or over a long time. The ab-solute sea-level rise from 1967 to 2025 in the Onsala /Ringhals area of Kattegat has been 3.3 ± 0.2 mm/year.We also see an indication that there is an accelerationtowards the end of the time series. If this is true it isconsistent with recent results reported for the globalsea level trend (Hamlington et al., 2024).

References

Altamimi Z, Rebischung P, Collilieux X, Métivier L, & Cha-nard K (2023). ITRF2020: an augmented referenceframe refining the modeling of nonlinear station mo-tions. J.Geod., 97:47, https://doi.org/10.1007/
s00190-023-01738-wElgered G, Wahlbom J, Wennerbäck L, Pettersson L, & Haas R(2019). The Onsala Tide Gauge Station: Experiences fromthe first four years of operation. Proc. of the 24th European
VLBI Group for Geodesy and Astrometry Working Meet-
ing, eds. R. Haas, S. Garcia-Espada, and J. A. Lopez Fernan-dez, Las Palmas de Gran Canaria, Spain, March 2019, pp.75–79, ISBN: 978-84-416-5634-5, https://doi.org/
10.7419/162.08.2019Hamlington B D, Bellas-Manley A, Willis J K, Fournier S, Vino-gradova N, Nerem R S, Piecuch C G, Thompson P R, &Kopp R (2024). The rate of global sea level rise dou-bled during the past three decades. Communications Earth
& Environment, 5(1), https://doi.org/10.1038/
s43247-024-01761-5Kierulf H P, Steffen H, Barletta V R, Lidberg M, JohanssonJ, Kristiansen O, Tarasov L (2021) A GNSS velocity fieldfor geophysical applications in Fennoscandia, J. Geodyn.,146, 101845, https://doi.org/10.1016/j.jog.
2021.101845

156


