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Introduction

• The main focus in this lecture will be on the 
national geodetic infrastructure for height 
determination in Sweden, concentrating mainly on
– Traditional levelling networks

– National height systems (vertical reference systems/frames)

– Permanent networks for GNSS (CORS networks)

– National 3-dimensional reference systems/frames.

– Positioning services like Network RTK

– Geoid models (gravity networks, systems, data)

– Postglacial land uplift models and corrections.

• The work on the Swedish geodetic infrastructure 
is to a rather large extent made in cooperation 
with our neighbours (Norway, Denmark, Finland 
and Iceland, Estonia, Latvia and Estonia) within 
the Nordic Geodetic Commission (NKG).

• To some lesser extent we will also describe the 
work made by NKG over the whole Scandinavia.



International terminology concerning 
reference systems and reference frames

• Reference system
The theoretical system definition: The set of all conventions, algorithms and 
constants that are needed to go from the observations to coordinates/heights when 
realising the system. For height systems this includes for instance a specification of

 how the vertical datum is to be defined (zero level),

 type of heights (orthometric, normal, etc.)

 permanent tide system (non-tidal, mean, zero) 

• Reference frame
The materialisation of the reference system.  The frame realises the system by 
specifying coordinates/heights/velocities for a set of physical points (reference 
network)

• In many languages there is no exact translation of the word “frame”. In for instance 
Sweden, the word reference system is used to cover both the above components, i.e. 
including both definition and realisation. 

• Below we will mostly talk about height systems in this last sense. (This is the way we 
typically talk about it in Sweden and also within the NKG.)



Situation in the middle of the seventies

• Sweden had two (one old and one new) 
national height systems, RH 00 and 
RH 70, which were the result of the first 
and second precise levellings, 
respectively. 

• But most users did not work in the 
national height systems. The majority 
used one of the around 290 local height 
systems, typically one per municipality.

• These municipality height systems had for 
instance been established using a 
densification of RH 00 or a purely local 
reference level.

• Also when RH 70 was released, the 
available densifications were as bad as 
before (see next page). 

• It was therefore decided to start a new 
Swedish precise levelling (without 
different orders) as soon as possible.

The first Swedish precise levelling… 
resulted in the height system 
RH (19)00

The 290 Swedish 
municipalities



Densification of RH 00 and RH 70 
to obtain heights for mapping 

• Second and third order levelling between 1913-1975.

• Was made in a “quick and dirty” way to obtain heights for the ongoing 
mapping of Sweden, as fast as possible. 

• Much lower accuracy compared to the precise first order levellings.



• 1979 - 2003

• 100 km long loops, 1 km between the benchmarks.

• About 50 000 benchmarks

• Connection points for local networks planned from 
the beginning. No orders this time.

• About 50 000 km double run motorised precise 
levelling (totally 122 582 km levelling)

The third Swedish precise levelling 
… resulted in the height system RH 2000



Motorised precise levelling

• Calibrated invar staffs with double scales.

• The lowest 50 cm blanked out to reduce 
refraction.

• Corrections for 

− Rod grading and temperature expansion

− Earth curvature

− Earth tides



Definition and final computation of RH 2000

• Computation made in cooperation with 
the other Nordic countries (NKG) and 
EUREF, finished 2005.

• Defined in accordance with the 
European Vertical Reference System 
(EVRS, version available then).

• Zero level: Normaal Amsterdams Peil
(NAP, as for EVRF2000).

• Conversion to geopotential numbers 
using observed gravity.

• Normal heights.

• Zero system for the permanent tide.

• Land uplift model: NKG2005LU. 
(Computed by NKG; see below)

• Epoch: 2000.0. (chosen by NKG)
Baltic Levelling Ring (BLR)
• The common NKG adjustment of BLR was

made in the mean permanent tide system
and delivered as geopotential numbers.

• This was then converted to the zero tide and 
normal heights when used to establish the national
height systems in Sweden, Norway and Finland.



The postglacial land uplift …

GIA = 
Glacial Isostatic Adjustment



… can be measured using for instance …

Time series Stockholm
(cm)

Tide gauges

Repeated levelling

GPS/GNSS



NKG2005LU - Land uplift observations: 
Tide Gauges

• Ekman (1996)

• 58 mareographs

• 1892 – 1991 (100 years)

• Apparent land uplift (relative  to 
MSL)

• Standard uncertainty estimated by 
Ekman: 0.2 mm/year



NKG2005LU - Land uplift observations: 
Permanent GNSS

• BIFROST, Lidberg (2004)

• 55 stations

• 1996 – 2004 

• Absolute land uplift in ITRF2000

• Standard errors estimated by 
Lidberg: ≈ 0.2 – 0.6 mm/year

• Lidberg (ibid.) concludes that the 
latter estimates are probably too 
optimistic.



NKG2005LU

• The ”official” NKG land uplift model 
computed by the Working Group for 
Height Determination.

• A combination of the empirical land uplift 
model of Vestøl (2005), computed by 
least squares collocation from
– GNSS,

– tide gauges and 

– Levelling observations from Sweden, 
Norway and Finland

with the geophysical GIA model of
Lambeck et al. (1998).

• Relationship between apparent and 
absolute uplift 

Absolute uplift = (Apparent uplift + 
1.32 mm/year)·1.06

• The apparent uplift is relative to the MSL 
for the time period 1892-1991.

• The absolute uplift is in the reference 
frame ITRF2000.

Apparent uplift:



Definition and final computation of RH 2000

• Computation made in cooperation with 
the other Nordic countries (NKG) and 
EUREF, finished 2005.

• Defined in accordance with the 
European Vertical Reference System 
(EVRS, version available then).

• Zero level: Normaal Amsterdams Peil
(NAP, as for EVRF2000)

• Conversion to geopotential numbers 
using observed gravity.

• Normal heights

• Zero system for the permanent tide.

• Land uplift model: NKG2005LU

• Epoch: 2000.0

• Variance component estimation.

• Standard error of unit weight: 
1.0 mm/km1/2 (for Sweden)

Baltic Levelling Ring (BLR)



Comparison of RH 2000 with the two latest 
pan-European realisations of EVRS

• Notice that the postglacial land uplift 
epoch is not included as part of the 
EVRS definition.

• The main explanation for the large 
differences between RH 2000 and 
EVRF2000 is that the land uplift 
epochs are different for the Nordic 
area (2000.0 vs 1960.0).

• The permanent tide systems are also 
different (zero vs mean/undefined).

• EVRF2007 agrees much better with 
RH 2000, within about 1 cm.

• This mainly depends on that 
EVRF2007 uses the land uplift model 
NKG2005LU with the standard epoch 
2000.0 and the zero permanent tide 
system.

• Just like the Baltic Levelling Ring and 
RH 2000. 

RH 2000 minus EVRF2000 



Replacement of the local
height systems with RH 2000

• RH 2000 was published in 2005.

• After that, the time consuming work 
started to replace the municipality height 
systems.

• 168 of the 290 municipalities are now using 
RH 2000.

RH 2000, 168
Recalculated, 30
Work in progress, 20
No info, 72



Height determination using GNSS 
(and a geoid model)

• The accuracy of height determination using GNSS 
increases constantly. Today, it is possible to determine 
height differences with 
– ~ 5-10 mm standard uncertainty over long to very long 

distances using the static method.

– ~ 10-30 mm standard uncertainty in real time using single 
station RTK or Network RTK with respect to a Network of 
permanent reference stations for GNSS. (CORS network) 

• For many, many applications this is already sufficient, 
– assuming of course that a consistent geoid model (height 

correction model) with high enough quality is available.

• Over short distances, spirit levelling is still the most 
accurate height determination technique, but GNSS 
methods are closing in. 

• However, it will always be a good thing to combine 
different methods in optimum ways.



SWEPOS™ stations and control centre



SWEPOS Network-RTK service

• Correction data for GPS and GLONASS

• Connection to the service via GSM or Mobile 
Internet

• Data format RTCM 3.0  (and RTCM 2.3)

• National Network-RTK –services
- Lantmäteriet SWEPOS
- Trimble VRSNow
- Leica SmartNet
- Topcon TopNet Live 

• The private network operators use data from 
the SWEPOS network 

• Ellipsoidal height standard uncertainty 
~10-25 mm depending on the distance 
between reference stations in the area 
question (~10-70 km).

Number of subscriptions



SWEREF 99, the Swedish 3-dimensional 
reference frame 

• Established by GPS observations at 21 permanent 
reference stations in the SWEPOS® network. 

• Densified down to 5-10 km in two steps.

• Certified ETRS 89 realisation.

• GPS network computed in the Bernese Software in 
ITRF 1997, then transformed to ETRS89 => 
ETRF1997. 

• Internal epoch: 1999.5, Plate tectonic epoch: 1989.0

• National system/frame in the horizontal.

• A set of map projections: Transversal Mercator with 
different central meridians 



The official Swedish geoid model: 
SWEN08_RH2000

• Relates h in SWEREF 99 and H in 
RH 2000.

• Developed 2005 to 2008. Released 
2009.

• Gravimetric model KTH08 computed 
using the LSMSA method developed at 
the Royal Institute of Technology 
(KTH) by Prof. Lars E Sjöberg’s group. 
Cooperation between Lantmäteriet and 
KTH here. 

• Then adapted to the national reference 
systems/frames by means of 
GNSS/levelling data covering the 
whole country.

RH 2000 SWEREF 99 SWEN08_RH2000H h N= −



GNSS/levelling observations

The GPS/Levelling observations and their approximate standard errors. 
 

Approximate standard errors (mm)  
Data set 

 
# 

 
Short description GPS 

height 
Normal 
height 

Height 
anomaly 

SWEPOS 25 Permanent GPS stations in the 
SWEPOS network. The coordinates of 
21 of them define SWEREF 99 (Jivall 

2001) 

5-10 5-10  7-14 

SWEREF 181 Determined relative to SWEPOS using 
48 hours of observations, DM T 

antennas and the Bernese software. 

10-20  5-10 11-22 

RIX 95 1364 Densification of the above stations 
using static GPS with 0.5-1.0 hours of 
obs. per session. Network adjustment. 

15-30 5-10 16-32 

                   1570 

/GNSS levelling GNSS levellingN h H= −

• The GNSS/levelling observations are obtained 
by observing with GNSS on benchmarks with
levelled heights, 



• Least Squares Modification of Stokes’ formula with Additive corrections 
(LSMSA or KTH-method; see Sjöberg 1991, 2003,…), as documented in 
Ågren et al. (2009). 

• Surface gravity anomalies gridded using a remove-interpolate-
restore technique. EGM and RTM gravity anomaly effects 
removed/restored. RTM effect computed using TC  (Forsberg).

Method used to compute the gravimetric  
quasigeoid model KTH08
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The NKG gravity database (2004 version)

270 204 gravity observations were used 
for KTH08 (SWEN08_RH2000)



• Permanent tide and land uplift corrections applied 
(known systematics).

• The gravimetric model KTH08 shifted by the weighted 
mean value of the deviations from GNSS/levelling 
(shift, 1-parameter transformation).

Statistics for the residuals [m]:

• Some systematic effects, most likely long wavelength 
errors in the gravimetric model (KTH08) and/or in 
RH 2000. 

GNSS/levelling residuals for KTH08 

Points # Min Max Mean Standard 
Deviation

SWEPOS 25 -0.056 0.021 -0.003 0.018

SWEREF 181 -0.071 0.057 -0.006 0.022

RIX 95 1364 -0.086 0.071 0.001 0.024

All 1570 -0.086 0.071 0.000 0.024



• Interpolation/extrapolation: Least squares collocation 
with the following a priori standard errors for the 
different types of GNSS/levelling observations (the 
relation is most important):

• Covariance function with the correlation length 85 km 
chosen after empirical covariance analysis (2nd order 
Gauss-Markov covariance function).

• These settings gives a comparatively smooth residual 
surface, which is exactly what we want to reduce the 
influence of noise in the GNSS-observations. 
(The geoid is a smooth surface, and levelling is very 
accurate over short distances.)

• Notice also that we have explicitly decided to view RH 
2000 as being realised by the levelled heights of the first 
order benchmarks.

SWEN08_RH2000: Residual Surface

Type Apriori standard errors

SWEPOS 10 mm

SWEREF (50km) 14 mm

RIX 95 21 mm



SWEN08_RH2000 = 
KTH08 + corr. land uplift/permanent tide 

+ shift + residual surface



• Same scale as above.

• Statistics for the residuals [m]

• Note that these residuals do not necessarily 
provide good information concerning the 
accuracy of the model. 

• (If an exact interpolation method would have 
been used, exact agreement is obtained!)

SWEN08_RH2000: Remaining residuals

Points # Min Max Mean Standard 
Deviation

SWEPOS 25 -0.018 0.023 -0.005 0.009

SWEREF 181 -0.021 0.019 -0.002 0.008

RIX 95 1364 -0.038 0.047 0.001 0.011

Alla 1570 -0.038 0.047 0.000 0.011



Accuracy evaluation using 
high quality test points

• 51 new SWEREF GNSS/levelling points (48 hour 
stations) were observed during 2007, in areas 
previously without such points. The goal was to get 
one point per 50 km.

• All the new SWEREF-points were excluded from the 
computation and then exactly the same 
SWEN08_RH2000 technique was applied utilising 
the remaining GNSS/levelling observations.

• The new 51 SWEREF points were then used as 
(comparatively) independent test points.

• Statistics for the differences (m):

• This confirms that the standard uncertainty is well 
below 13 mm, as

# Min Max Mean StdDev RMS

51 -0.031 0.029 -0.004 0.013 0.013

12 14 16 18 20 22 24
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2 2
08 _ 2000 test points /SWEN RH GNSS levRMSσ σ= −



Accuracy of SWEN08_RH2000

• The standard error (standard uncertainty) of 
SWEN08_RH2000 has been estimated and 
specified to 10-15 mm on land in Sweden 
(except for in the highest mountains to the far 
north west).

• The accuracy in the Baltic Sea is considerably 
worse, but not well known. Perhaps 
around 10-15 cm far away from land.

• Remember that the height accuracy depends on 
both the accuracy of the geoid model and of the 
GNSS (ellipsoidal) height determination as:

• SWEN08_RH2000 is freely available and can be 
downloaded from

http://www.lantmateriet.se/en/Maps-and-geographic-
information/GPS-and-geodetic-
surveys/Geodesy/Transformations/Geoid-models/

2 2
SWEN08_RH2000GNSSHσ σ σ= +

http://www.lantmateriet.se/en/Maps-and-geographic-information/GPS-and-geodetic-surveys/Geodesy/Transformations/Geoid-models/


• A new Nordic geoid model is presently 
being computed in Nordic and Baltic 
cooperation under the umbrella of NKG. 

• Expected to be finished during 2015.

• Much efforts has been spent on updating 
the NKG databases for gravity and 
GNSS/levelling. A new NKG Digital 
Elevation Model (DEM) and ice thickness 
model has been produced

• The project is now in the computation 
phase. At least three computation centres 
will compute models using different 
methods.

• The preliminary results are much better 
than the previous NKG2004.

The NKG2015 geoid model project

GNSS/levelling residuals after a 1-parameter fit 
NKG2015_prel_LS2_150312 

(Using national EVRS realisations 
with GNSS heights transformed to ETRF2000 epoch 2000)

# Min Max Mean StdDev

1991 -0.135 0.143 0.000 0.028



EVRS as unified chart datum in the Baltic Sea

• The Baltic Sea Hydrographic Commission has decided to 
introduce EVRS with epoch 2000.0 as unified chart 
datum in the Baltic Sea by 2020. To be called Baltic Sea 
Chart Datum 2000 (BSCD 2000)

• On or close to land, BSCD 2000 will be realised by the 
national height systems.

• At sea (away from the coast), the primary way of 
realisation will in the future be through GNSS and a 
geoid model, which should preferably cover the whole 
Baltic Sea.

• Presently, the following gravimetric geoid models can be 
mentioned that covers the whole Baltic Sea (where only 
the last has been adapted to EVRS),
– NKG2004
– EGM2008 (and follow-up modifications)
– EGG08

• The accuracy in the Baltic Sea is about the same as for 
the national models (~10-15 cm)

• The above geoid models all build on more or less the 
same terrestrial gravity data set for the Baltic Sea; 



• The first subproject (FAMOS Freja) 
lasts from 2014 to 2016. 

• The - by far - greatest component of 
FAMOS is to finalise the hydrographic 
surveying in those areas of the Baltic 
Sea that are of interest for commercial 
shipping.

• Activity 2 (harmonising vertical datum) 
aims at supporting the introduction of 
EVRS as unified chart datum in the 
Baltic Sea by improving important 
geodetic tools and infrastructure.

• Mainly to improve the Baltic Sea geoid 
model by making marine gravity 
measurements on board the FAMOS 
survey vessels.

• Activity 2 is a cooperation between  
Sweden, Germany, Denmark and 
Finland

Improved geoid and gravity measurements for the 
Baltic Sea in the FAMOS project

Example of a marine gravimeter:
LC&R S-meter



NKG project to compute an improved model 
of the postglacial land uplift

• So far NKG2005LU is sufficient, but increasingly better 
land uplift models will be needed in the future.

• Work is going on within NKG to compute an official update 
of NKG2005LU using

– Improved underlying geophysical GIA model 
(based on an ice model of Lev Tarasov)

– Improved GNSS velocities (from BIFROST)

– Repeated levelling also from Denmark, Estonia and 
Latvia (and probably Lithuania) 

– Updated tide gauge data set 

• A preliminary model for evaluation was computed in 2014 
(Vestøl et al. 2014). It was - and is still - called 
NKG2014LU_test. 

• A new test model, NKG2015LU_test is planned for release 
by the end of this year (based on a new BIFROST GNSS 
solution).

NKG2014LU_test



Final words

• The main purpose of this lecture has been to sketch the now available 
geodetic infrastructure for height determination in Sweden, which has to a 
large extent developed in Nordic/Baltic cooperation within the NKG.

• Another aim has been to mention a selection of on-going work. 

• Of course not everything can be mentioned, for instance not the 
improvement of the Swedish gravity networks/systems and gravity data on 
land, which is made to improve the future geoid models (see my 
presentation on Thursday).

Thanks!
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