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system coincides with European Vertical Reference 
Frame 2007” (Paršeliūnas et al. 2015).

Since December 1, 2014 a new height system LAS-
2000,5 had been enacted by Latvian Geospatial Infor-
mation Agency (LGIA) as an EVRF2007 realization in 
Latvia (Aleksejenko 2014; Liepins 2015; Liepiņš 2015). 
According to the EUREF Resolution (EUREF2007, 
2008) the levelling data of epoch 2000.0 have to be 
used for the EVRF2007 national realizations. The La-
tvian first order levelling was carried out in time span 
2000–2011 and, consequently, the Latvian national le-
velling network had been aligned to the epoch 2000.5 
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Abstract. According to the decision of  IAG Reference Frame Sub-commission for Europe (EUREF) the 
EVRF2007 solution as the vertical reference has to be deployed in EU countries.The new height system LAS-
2000,5 had been enacted as the European Vertical Reference System’s EVRF2007 realization in Latvia and the 
new geoid model LV’14 had been introduced by Latvian authority Latvian Geospatial Information Agency. 
However, the appreciation of the quality of quasi-geoid model LV’14 is rather contradictious among the us-
ers in Latvia. The independent estimate and comparison of the two Latvian geoid models developed till now 
has been performed by the Institute of Geodesy and Geoinformatics. Previous geoid model LV98 which was 
developed for Baltic-1977 height system almost 20 years ago is outdated now. Preparatory actions described 
in order to fulfil the task of comparison the geoids in two different height systems. The equations and trans-
formation parameters are presented in this article for the normal height conversion from Baltic-1977 height 
system to the Latvian realization named LAS-2000,5. The comparison is performed of both Latvian quasi-
geoid models – the new one LV’14 and previous LV98. The quality of both models estimated by controlling 
the geoid heights at the properly densified GNSS/levelling network sites. The distribution of discrepancies in 
comparison with normal distribution N(x,µ,s) is depicted in corresponding figures. For LV’14 quasi-geoid 
model the standard deviation of discrepancies is 3.2 cm, 75% of discrepancies x ≤ 3.2 cm. For LV98 quasi-
geoid model the standard deviation of discrepancies is 4.7 cm, 80% of discrepancies x ≤ 6 cm. Without 
doubt, the newly developed LV’14 quasi-geoid model is of higher quality.
Keywords: quasi-geoid determination, EVRF2007, LV’14, LV98, GPS/levelling network densification, 
ETRS89.

Introduction

The IAG Reference Frame Sub-commission for Europe 
(EUREF) has adopted the EVRF2007 solution as the 
vertical reference for pan-European geo-information 
(EVRF2007 2008). The implementation of this height 
system is under development in many countries (Sa-
cher, Liebsch 2015). “New set of transformation pa-
rameters (to compute the normal heights from Baltic 
Height System to EVRF2007) was estimated in Esto-
nia” (Kollo et al. 2015). “In August 20, 2014 Lithuania 
government issued the Decision No 791 to introduce 
in Lithuania new height system LAS07. The new height 
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(Aleksejenko 2014; Liepiņš 2015). The request to mo-
dify the national geoid model arisen as well and the 
new quasi-geoid model LV’14 had been developed by 
LGIA (Liepiņš 2015) which is used in surveying now 
instead of previous geoid model LV98. Currently, the 
development of the Baltic Rail Project in Latvia is in 
progress at a stage of the rail trace planning and pla-
cement dispute (Rail Baltic 2014). The land surveying 
and topographic mapping activities for railroad cons-
truction in Latvia will commence soon. GNSS applied 
measuring and navigation technologies are crucial for 
all of the engineering processes and therefore the need 
for high quality quasi-geoid model is very important. 
Up to now the appreciation of the quality of quasi-ge-
oid model LV’14 is rather contradictious among the 
users (Vallis et al. 2015). Obviously, any quality estima-
tion and improvements applied now are beneficial for 
various future applications. 

1. Densification of the GNSS/levelling network  
for geoid control

High precision homogeneous GNSS/levelling network 
is required in order to achieve the reliable geoid fitting, 
testing and control quality. The attempt to develop 
such a network has been performed at the Institute of 
Geodesy and Geoinformatics (GGI) for the control of 
the mentioned above Latvian geoid models. The GNSS 
careful static measurement 4 hour  sessions  were car-
ried out in order to significantly densify the GNSS/le-
velling network for test area of Eastern part of Latvia 
covering Latgale, Vidzeme and partly Zemgale regions. 
The measurements were performed at the 114 bench-
marks of the first order levelling network and at the 40 
sites of the second order levelling network. Ellipsoidal 
heights of both the current day measured GNSS/level-
ling point(s) and LatPos network stations (Zvirgzds 
2005) were computed in ITRF08 system using Berne-
se 5.2 software (Dach et al. 2007) and IGS/EPN refe-
rence network data. In order to avoid  both the GNSS 
measuring discrepancies and national network’s local 
deformations  on the current day the results of  Lat-
Pos station coordinates are used for  Helmert trans-
formation parameter determination for the measured 
in corresponding date GNSS/levelling point coordinate 
transformation ETRS89 of fixed epoch 2015.0, similar-
ly, like it is applied in RTK survrying in Latvian LKS92 
coordinate system. 

Additionally, for 120 sites the measuring results 
were obtained from LGIA. Those GNSS measurements 
were performed in time span 2010–2014 and the 

results in LKS-92 framework were computed. Howe-
ver, the difference between LatPos station coordinates 
in ETRS89 and LKS92 frameworks correspondingly 
has achieved the notable values (Balodis et al. 2015; 
Kenyeres et al. 2015a, 2015b). In order to avoid dis-
crepancies all the LGIA performed GNSS measuring 
results are reduced to the ETRS89 to date 2015.0. The-
refore the total number of GNSS/levelling points incre-
ased up to 274 points with an average space between 
the GPS/levelling points of about 10 km.

2. Transformation parameters of the geoid  
in BAS-77 height system to LAS-2000,5

The Baltic height system BAS-77 (in Latvian) was 
used in Latvia till December 1, 2014. BAS-77 was in-
troduced in former Soviet Union. The transformation 
formula (1) for a height  BH of the single point (ϕ, λ, 

BH ) to height LH in the new Latvian height system 
LAS-2000,5 and set of values of transformation para-
meters { φ0 , λ0 , 1 a  , 2a , 3a }  is given by M. Kaļinka 
(Kaļinka 2015): 

     1 2 0 0 3 0 0 cosL BH H a a M a N      ,  (1)

where 
( )φ λ0 0 0P  – origin for the height transforma-

tion in Latvia with geodetic latitude and longitude of 
GRS80 ellipsoid; 

φ0 = 56º 58’ 0.0000”, in radians 0.994 255 897;
λ0 = 24º 53’ 0.0000”, in radians 0.434 296 096;  

1a = 1.4 9392 900 367 864 E–1 m (displacement in 
vertical direction);

2a = 7.99 066 182 789 555 E–8 m (displacement 
along meridian);

3a = – 9.48 289 473 646 151 m (displacement 
along prime vertical);

0N – the radius of curvature of the prime vertical 
for the point 0P ;

0M – the radius of curvature in the meridian for 
the point 0P .

The geodetic coordinate values φ λ,  in Equation 
(1) are used in radians. 

The formulas for M0 and N0 can be found in other 
sources, for example (Clych 2006):
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The Equation (1) is modified in order to make the 
transformation of the geoid model LV98 from height 
system BAS-77 to height system LAS-2000,5.

( ) ( )= − − φ−φ − λ −λ φ1 2 0 0 3 0 0 cos , L BG G a a M a N  (4)

where geoid height GB ∈ BAS-77 system and height 
GL ∈ LAS-2000,5 system.

3. Comparison of geoid models LV 98 and LV’14

The geoid model LV98 was developed by Dr janis Ka-
minskis (Kaminskis 2010) and this geoid model had 
been used by Latvian land surveyors and geodesists 
since 1998. The quasi-geoid model LV’14 has been de-
veloped by LGIA (Liepiņš 2015) recently and it is used 
in Latvia now. The data from the EGM2008 global ge-
opotential model was used as a framework for LV’14 
quasi-geoid modelling while the data from the EGM96 
global geopotential model was used for LV98 quasi-ge-
oid modelling. The LV98 model was developed on the 
basis of digitized gravity anomalies from Soviet gravity 
maps while LV’14 developed on the basis of real gravi-
ty measurements performed by LGIA personnel. 

The height values from LV98 quasi-geoid grid 
file in BAS-77 height system were converted into LAS-
2000,5 system using Equation (4) in order to make 
available the  comparison with LV’14.  The comparison 
results of both models is depicted in Figure 1. 

Then the measured results of 272 (2 points were 
excluded due to outliers) GNSS/levelling control 
points were applied for comparison of normal height 
values resulted from both geoid models. Unfortunately, 
the area of this data set cover just Eastern part of La-
tvia. It doesn’t cover the Western part of Latvia.

The control of the LV’14 model was performed by 
comparing the normal heights obtained from LV’14 
model at the 272 sites of the set of GNSS/levelling 
points of ETRS89 at epoch 2015.0 mentioned above.  
Obtained normal height values compared with normal 
heights in LAS-2000.5 catalogue. The distribution of 
discrepancies in comparison with normal distribution 
N(x, µ, s) is depicted in Figure 2. The standard devia-
tion of discrepancies is 3.2 cm, 75% of discrepancies 
x ≤ 3.2 cm. Skewness is normally distributed (0.003), 
kurtosis 3.9 tells on the height and sharpness of the 
relative to that of a standard bell curve.

The control of the LV98 model was performed by 
comparing the normal heights at the same 274 sites 
of GNSS/levelling points and compared with normal 
heights from LAS-2000,5 catalogue as well. The dis-
tribution of discrepancies in comparison with normal 

distribution N(x, µ, s) is depicted in Figure 3. The 
standard deviation of discrepancies is 4.7 cm, 80% of 
discrepancies x ≤ 6 cm. Skewness is almost normally 
distributed (–0.15), kurtosis 2.5.

Conclusion

The formula for normal height conversion from Soviet 
time system BAS-77 to EVRF2007 system realization in 
Latvia named LAS-2000,5 is presented.

Fig. 1. Results of comparison of LV98 and LV’14 models (m)

Fig. 2. The distribution histogram of the discrepancies of 
LV’14 (mm) and normality plot

Fig. 3. The distribution histogram of the discrepancies of 
LV98 and normality plot from LAS-2000.5 (mm)
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Implicitly, the LV’14 quasi-geoid model is of 
higher quality than LV98. LV’14 has been developed 
20 years after the LV98 on the basis of more advanced 
gravity measuring data and probably, of larger set and 
higher quality GNSS/levelling data. 

The standard deviation of LV’14 in current rese-
arch appears ±3.2 cm comparing with ±4.7 cm of LV98 
where the shift of the error distribution plot is obser-
ved as well..

For LV’14 the discrepancies of  59%  resulted 
≤ 2 cm, 75% resulted ≤ 3.2 cm, 97% resulted ≤ 6 cm, 
while for LV98 38%  resulted ≤ 2  cm, 54% resulted 
≤ 3.2 cm, 82%  resulted ≤ 6 cm.

Probably, the LGIA authors of LV14 quasigeoid 
model will improve the precision in near future by 
densifying and improving precision  of the applied set 
of fitting points. Actually, the number of fitting points 
in test area for LV’14 were applied 3 times less compa-
ring with current set of 274 control points.

Acknowledgement

This work was supported by the ERAF activi-
ty 2.1.1.1. “Support science and research”. Pro-
ject “One centimetre accuracy Latvian geoid mo-
del for GNSS measurements” under Grant number 
2014/0039/2DP/2.1.1.1.0/14/APIA/VIAA/012.

References
Aleksejenko, I. 2014. Latvian normal height system LAS-2000,5 

[online], [cited 3 December 2015]. Available from Internet:  
http://www.lgia.gov.lv/Aktualitates/2014/12/01-1.aspx

Balodis, j.; Silabriedis, G.; Haritonova, D.; Kaļinka, M.; jan-
paule, I.; Morozova, K.; jumare, I.; Mitrofanovs, I.; Zvirg-
zds, j.; Kaminskis, j.; Liepiņš, I. 2015. Development of the 
one centimeter accuracy geoid model of Latvia for GNSS 
measurements, IOP Conference Series: Materials Science and 
Engineering 96: 012037. 

 http://dx.doi.org/10.1088/1757-899X/96/1/012037
Clych, j. R. 2006 Radius of the Earth - Radii used in geodesy 

[online], [cited 3 December 2015]. Available from Internet:   
http://clynchg3c.com/Technote/geodesy/radiigeo.pdf

Dach, R.; Hugentobler,  U.; Fridez, P.; Meindl, M. 2007. Bernese 
GPS software Version 5.0 user manual. Astronomical Insti-
tute, University of Bern, Switzerland. 612 p.

EVRF2007. 2008 [online], [cited 3 December 2015]. Available 
from Internet: http://www.bkg.bund.de/nn_164828/geodIS/
EVRS/EN/EVRF2007/evrf2007__node.html__nnn=true 

Kaļinka, M. 2015. Augstuma sistēmas maiņas ietekme uz 
tausaimniecībā izmantotiem datiem Latvijā, in Latvijas 
Universitātes 73 konference Ģeomātikas sekcija, 6 February 
2015. [online], [cited 3 December 2015]. Available from 

Internet:  http://www.geo.lu.lv/fileadmin/user_upload/
lu_portal/projekti/gzzf/Konferences/LU_73_konf/Kalinka_
EVRS_Ietekme_Latvijaa.pdf  

Kaminskis, j. 2010. Geoid model for surveying in Latvia, in FIG 
Congress 2010, 11–16 April 2010, Sydney, Australia [online], 
[cited 3 December 2015]. Available from Internet: http://
www.fig.net/pub/fig2010/papers/fs01c%5Cfs01c_kamins-
kis_4066.pdf  

Kenyeres, A.; Horvath, T.; Bruyninx, C.; Mesmaker, D., et al. 
2015a. Recent advances in the EPN densification: an over-
view, in EUREFf2015 Syposium, 2–5 june 2015, Leipzig, 
Germany [online], [cited 26 October 2015]. Available from 
Internet: http://www.euref.eu/symposia/2015Leipzig/02-
03-Kenyeres.pdf 

Kenyeres, A.; Caporali, A.; Horvath, T.; Baron, A.; Doncker, F.; 
Droscak, B.; Duret, A.; Franke, P.; Georgiev, I.; Gianni-
ou,  M.; Hansen, D.; Huisman, L.; Morozova, K.; Nagl, j.; 
Pihlak, P.; Valdes, M.; Ryczywolski, M.; Zurutuza, j. 2015b. 
Global Reference Frame Realization on National Level Based 
on the Integration of National CORS Networks [online], [cit-
ed 5 November 2015]. Available from Internet: https://agu.
confex.com/agu/fm15/g/papers/viewonly.cgi?password=860
776&username=77549 

Kollo, K.; Pihlak, P.; Oja, T.; Vallner, R. 2015. National Report of 
Estonia, in EUREFf2015 Symposium, 2–5 june 2015, Leipzig, 
Germany [online], [cited 3 December 2015]. Available from 
Internet: http://www.euref.eu/symposia/2015Leipzig/06-
06-Estonia.pdf  

Liepins, I. 2015. Latvian national report EUREF2015 [online], 
[cited 3 December 2015]. Available from Internet: http://
www.euref.eu/symposia/2015Leipzig/06-15-Latvia.pdf  

Liepiņš, I. 2015. Regulations of the Latvian Council of Ministers 
in relation to the height system in Latvia [online], [cited 3 
December 2015]. Available from Internet: http://www.lgia.
gov.lv 

Paršeliūnas, E.; šlikas, D.; Popovas, G.; Obuchovski, R.; Būga, A.; 
Ladukas, T.; špūraite, T. j.; Aldoniene, j.; Meliūnas, R. 2015. 
National Report of Lithuania, in EUREFf2015 Syposium, 
2–5 june 2015, Leipzig, Germany [online], [cited 3 Decem-
ber 2015].  Available from Internet: http://www.euref.eu/
symposia/2015Leipzig/06-16-Lithuania.pdf   

Rail Baltic. 2014.  Fast and eco-friendly rail connection to Europe 
[online], [cited 3 December 2015]. Available from Internet: 
http://www.railbaltic.info/en/ 

Sacher, M.; Liebsch, G. 2015.  Short description of the European 
vertical reference system and its realizations, in EUREFf2015 
Syposium,  2–5 june 2015, Leipzig, Germany [online], [cited 
3 December 2015].  Available from Internet http://www.eu-
ref.eu/symposia/2015Leipzig/01-09-Sacher.pdf 

Vallis, A.; Kaminskis, j.; Teremko, I. 2015. Kvaziģeoīda LV14 
pētījumi [online], [cited 3 December 2015]. Available from 
Internet: http://www.geo.lu.lv/fileadmin/user_upload/lu_
portal/projekti/gzzf/Konferences/LU_73_konf/Vallis_Ka-
minskis_Teremko_EVRS_ieviesana.pdf 

Zvirgzds, j. 2005. Global positioning system permanent base 
station network in Latvia, in Scientific Proceedings of Fac-
ulty of Civil Engineering, Riga Technical University, 51–57. 
ISSN 0984-32-694-2.  

http://www.lgia.gov.lv/Aktualitates/2014/12/01-1.aspx
http://www.bkg.bund.de/nn_164828/geodIS/EVRS/EN/EVRF2007/evrf2007__node.html__nnn=true
http://www.bkg.bund.de/nn_164828/geodIS/EVRS/EN/EVRF2007/evrf2007__node.html__nnn=true
http://www.geo.lu.lv/fileadmin/user_upload/lu_portal/projekti/gzzf/Konferences/LU_73_konf/Kalinka_EVRS_Ietekme_Latvijaa.pdf
http://www.geo.lu.lv/fileadmin/user_upload/lu_portal/projekti/gzzf/Konferences/LU_73_konf/Kalinka_EVRS_Ietekme_Latvijaa.pdf
http://www.geo.lu.lv/fileadmin/user_upload/lu_portal/projekti/gzzf/Konferences/LU_73_konf/Kalinka_EVRS_Ietekme_Latvijaa.pdf
http://www.fig.net/pub/fig2010/papers/fs01c%5Cfs01c_kaminskis_4066.pdf
http://www.fig.net/pub/fig2010/papers/fs01c%5Cfs01c_kaminskis_4066.pdf
http://www.fig.net/pub/fig2010/papers/fs01c%5Cfs01c_kaminskis_4066.pdf
http://www.euref.eu/symposia/2015Leipzig/02-03-Kenyeres.pdf
http://www.euref.eu/symposia/2015Leipzig/02-03-Kenyeres.pdf
https://agu.confex.com/agu/fm15/g/papers/viewonly.cgi?password=860776&username=77549
https://agu.confex.com/agu/fm15/g/papers/viewonly.cgi?password=860776&username=77549
https://agu.confex.com/agu/fm15/g/papers/viewonly.cgi?password=860776&username=77549
http://www.euref.eu/symposia/2015Leipzig/06-06-Estonia.pdf
http://www.euref.eu/symposia/2015Leipzig/06-06-Estonia.pdf
http://www.euref.eu/symposia/2015Leipzig/06-15-Latvia.pdf
http://www.euref.eu/symposia/2015Leipzig/06-15-Latvia.pdf
http://www.lgia.gov.lv
http://www.lgia.gov.lv
http://www.euref.eu/symposia/2015Leipzig/06-16-Lithuania.pdf
http://www.euref.eu/symposia/2015Leipzig/06-16-Lithuania.pdf
http://www.railbaltic.info/en/
http://www.euref.eu/symposia/2015Leipzig/01-09-Sacher.pdf
http://www.euref.eu/symposia/2015Leipzig/01-09-Sacher.pdf
http://www.geo.lu.lv/fileadmin/user_upload/lu_portal/projekti/gzzf/Konferences/LU_73_konf/Vallis_Kaminskis_Teremko_EVRS_ieviesana.pdf
http://www.geo.lu.lv/fileadmin/user_upload/lu_portal/projekti/gzzf/Konferences/LU_73_konf/Vallis_Kaminskis_Teremko_EVRS_ieviesana.pdf
http://www.geo.lu.lv/fileadmin/user_upload/lu_portal/projekti/gzzf/Konferences/LU_73_konf/Vallis_Kaminskis_Teremko_EVRS_ieviesana.pdf


24 J. Balodis et al. Changing the national height system and GEOID model in Latvia

Janis BALODIS currently is a lead researcher of the Institute 
of Geodesy and Geoinformatics, University of Latvia (GGI). 
Professor at the Department of Geomatics of Riga Technical 
University (2004–2010), director of GGI (1994–2012), Dr.Phys. 
since 1992. Graduated the Faculty of Land Surveying, Latvian 
Agriculture University.

Katerina MOROZOVA is a researcher at the Institute of Geo-
desy and Geoinformatics, University of Latvia. She has a Bache-
lor’s degree in Geodesy and Cartography and Engineer’s qua-
lification in Geomatics, Master’s degree in Geomatics of Riga 
Technical University (RTU), Faculty of Civil Engineering, De-
partment of Geomatics. Currently she is  PhD student at RTU.

Gunars SILABRIEDIS is a director and a lead researcher at 
the Institute of Geodesy and Geoinformatics, University of La-
tvia. He supervised the project and carried out the control me-
asurements.

Maris KALINKA is a head researcher at the Institute of Geo-
desy and Geoinformatics, University of Latvia, docent in Riga 
Technical University, Faculty of Civil Engineering, Department 
of Geomatics. He has a Doctoral degree in Civil Engineering.

Kriss BALODIS is working  at the Institute of Geodesy and 
Geoinformatics, University of Latvia, student at the Faculty of 
Civil Engineeribg, Riga Technical University

Ingus MITROFANOVS is a researcher at the Institute of Geo-
desy and Geoinformatics, University of Latvia and a lecturer at 
the faculty of Electronics and Telecommunications, Riga Tech-
nical University (RTU). He has a Bachelor’s degree in Electro-
nic Science, Master’s degree in Transport Electronics and Te-
lematics of RTU. Currently he is going to deffend his doctoral 
thesis at RTU.

Irina BALTMANE is a researcher at Institute of Geodesy and 
Geoinformatics, University of Latvia, Riga, Latvia. In profession 
since 1998. She has Bachelor’s degree in forestry  and Master’s 
degree geography. She is qualified in creating of Geographical 
database systems, data spatial analyze and urban evaluation. 
She also has experience in EU project coordination.

Izolde JuMARE is a database engineer at the Institute of Ge-
odesy and Geoinformatics, University of Latvia. She deals with 
GPS data processing using GPS reduction software.


