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JUSTIFICATION OF THE HEIGHT MODELS AVAILABLE IN LATVIA 

After improvement of geodetic networks in the territory of Latvia, situation is arisen that heights of geodetic points 
have changed. Therefore authors study in the research, what regularities form between the Baltic normal height system of 
year 1977 (BHS-77) and Latvian Normal Height System LHS-2000,5 height systems in the given points, as well as what 
inaccuracies can be observed, if ADTI map sheets are transformed by use of the determined methodology of recalculation 
of heights. Aim of the work is to research and analyse measurement data available in reports of improvement of local 
geodetic network of Ventspils, Jelgava, and Kuld�ga and to compare values of heights of geodetic points with historical 
values of heights, as well as to give valuation about alignment of height systems. For the achievement of the aim 
following tasks are set: to analyse measurements available in the reports of local geodetic networks; to evaluate height 
differences between points in BHS-77 and LHS-2000,5 height systems; to give proposals in relation to compatibility of 
BHS-77 un LHS-2000,5 height systems. After valuation of data, we can draw conclusion that mutual compatibility of 
quasigeoid models LV’98 and LV’14 in all areas of measurement is regarded as appropriate. The historical heights of 
points of the local geodetic networks in comparison to improved levelled heights of BAS-77 are regarded as rather 
appropriate in local geodetic networks of Jelgava and Kuld�ga; however, in local geodetic network of Ventspils, they are 
regarded as inappropriate. 

Key words: quasigeoid model, normal height system, LHS-2000,5, BHS 1977

Introduction
After improvement of local geodetic networks in the 

territory of Latvia, the situation has arisen that heights of 
geodetic points have changed. Therefore authors study in 
research, what regularities form between the Baltic normal 
height system of year 1977 (BHS-77) and Latvian Normal 
Height System LHS-2000,5 height systems in the given 
points, as well as what inaccuracies can be observed, if 
ADTI map sheets are transformed by use of the 
determined methodology of recalculation of heights. Aim 
of the work is to research and analyse measurement data 
available in reports of improvement of local geodetic 
network of Ventspils, Jelgava, Kuld�ga and to compare 
values of heights of geodetic points with historical values 
of heights, as well as to give valuation about alignment of 
height systems. For the achievement of the aim following 
tasks are set: to analyse measurements available in the 
reports of local geodetic networks; to evaluate height 
differences between points in BHS-77 and LHS-2000,5 
height systems; to give proposals in relation to 
compatibility of BHS-77 un LHS-2000,5 height systems. 

Materials and Methods
State geodetic network is formed by aggregate of 

many geodetic points, for which at least one type of 
characteristic is determined: height, gravimetric value of 
the Earth, value of geomagnetic field of Earth or 
coordinates. State geodetic network is formed by 
aggregate of points fixed in the field, which are located in 
the entire territory of the state. Such practice is necessary 

in order to give possibility to carry out, as well as use 
practically reference system of geodetic networks. 
Reference system of geodetic networks is theoretic, 
technologic and administrative base that provides 
realization of geodetic works [1]. 

Global positioning or horizontal network includes 
network of class G0, class G1 and class G2. G0 points 
located in the territory of Latvia are linked with ETRS89 
reference system adopted in European Union. Eurasian 
continental movements have not impact on coordinates 
and maps based on base of system ETRS89 (see Fig. 1). 

Levelling or vertical network includes levelling 
network of classes N1 and N2. In the territory of Latvia, 
1870 points of class N1 are located, out of which 2 points 
are not found, 1 point is damaged, 4, probable, are 
destroyed and 88 are destroyed. In the territory of Latvia, 
606 points of class N2 are located, out of which 3 points 
are not found and 6 points are destroyed [2]. After the 
change of height system in 1 December, 2014, for all 
points included in the state levelling network heights were 
recalculated from BHS-77 to LHS-2000,5. In the database 
of State Geodetic Network maintained by LGIA, it is 
possible to see heights of geodetic points in height system 
LHS-2000,5.

Gravimetric network includes points of network of 
class Gr1 and class Gr2. Function of the gravimetric 
network is to provide linkage of territory of Latvia with 
International Gravity Standardization Network IGSN71. 
The gravimetric network is based on three absolute points 
of gravimetric network of class 1 – RVga Clock Silo, Pope 
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and VišWi. The gravimetric network is based also on 48 
points of class 2 of the gravimetric network, out of which 
1 point is destroyed [2]. Gravimetric points provide an 
opportunity to carry out gravimetric measurements, which 
are necessary for the modelling of geoid models. 

Latvian geomagnetic network provides linkage of 
territory of Latvia with International Geomagnetic 
Reference Field – IGRF-11. For calculations of the global 
geomagnetic model, also data from geomagnetic field of 
Latvia are used. The geomagnetic network of Latvia 
includes 7 points of network of class Mg1, out of which 1 
is destroyed [3]. 

GNSS base station system LatPos includes 25 base 
stations. Base stations can be called also GNSS receiver. 
LatPos base stations provides its operation all year long 
without interruption. Their function is to accrue data 
received from satellites and further distribute data for all 
users of network LatPos. Base stations of LatPos gives 
opportunity to users to determine coordinates by GNNS 
receivers in real time with accuracy to two centimetres, 
and by use of post-processing of measurement data 
determine coordinates with accuracy to five millimetres. 
When some scientific project is elaborated, it is possible 
to use data accrued by base stations for longer period [4]. 

 
Fig. 1. Global positioning network [2] 

Fig. 2. Position of LatPos base stations [4] 
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Each local geodetic network in the territory of Latvia 
is included in the geodetic network of the geodetic 
reference system of Latvia. Local geodetic network 
includes spatial points of GNSS (points of class G3), 
triangulation points (T2, T3, T4), polygonometry points 
(P1, P2, P3, P4), and marks and benchmarks of levelling 
network of class N3 and N4 [1]. 

In the territory of Latvia, Baltic system of normal 
heights of 1977 was used already since its creation. 
Linkage of territory of Latvia with Kronstadt datum is 
provided by levelling network of class 1 of Soviet Union. 
However, since December 1, 2014, in the territory of 
Latvia instead of height system BHS-77 height system 
LHS-2000,5 is realized. Kronstadt is one of the oldest 
water level regulation points in the world, in which the 
normal level of water in the Baltic Sea is measured. 
Kronstadt polder is almost so old as St. Petersburg. In 
1977, the Baltic Height System was adopted in the entire 
territory of USSR and its datum was located in Kronstadt. 
From this place, the heights of all geodetic points were 
determined, after which the whole territory of USSR was 
measured and then mapped [5]. 

Model of quasigeoid LV’98 was created by Dr. JXnis 
Kaminskis by use of gravimetric measurement data depicted 
in maps of USSR times and method used in software 
elaborated in Denmark. It was a very significant achievement 
for Latvian geodesy, because it was the first official model of 
Latvian quasigeoid. At present, accuracy of Latvian 
quasigeoid model LV’98 reaches 6–8 centimetres [6]. 

In the territory of Latvia, since December 1, 2014, in 
the obtaining, preparation and maintenance of basic data 
of geospatial information, the Baltic system of normal 
heights of 1977 was replaced with Latvian system of 
normal heights in epoch 2000,5, which was realized on 
base of European Vertical Reference System (EVRS) [7]. 
Datum of EVRS and LHS-2000,5 height system is located 
in Amsterdam, Netherlands and is called “Amsterdam 
level”. In the territory of Latvia, transition from BHS-77 
to LHS-2000,5 was necessary, because since 1977, 
vertical movements of earth’s crust have caused 
discrepancy of 35 mm, as well as factual differences of 
heights with data of levelling catalogues were greater than 
5 cm. Transition to LHS-2000,5 provided inclusion in 
European common height system [8]. 

European Vertical Reference System is related to gravity 
that provides opportunity to carry out transformation of 
measurement data between diverse height systems, as well as 
provides transition to other reference epochs. Aim of EVRS 
is to provide creation of unified height system for the whole 
Europe with accuracy of 1 cm [9]. 

When transition was carried out from Baltic normal 
height system of 1977 to Latvian normal height system, 
differences of heights in the territory of Latvia are 
approximately from +12 cm in south-east of Latvia up to 
+17 cm in north-west of Latvia [10]. 

With moment of creation of new height system  
LHS-2000,5 it was necessary to create also new model of 
quasigeoid – LV’14, which could be used for obtaining of 

measurement data by GNSS devices. Quasigeoid model 
LVY14 is used as surface of transition of heights from 
ellipsoidal heights to LHS-2000,5 used in the Latvian 
state. Main aim of the quasigeoid model is to create best 
possible linkage with State Levelling Network. 

In the elaboration of the research, measurement data, 
which are obtained in the improvement of local geodetic 
networks, are used. Measurement data consist of 
measurements of GNSS devices and measurement of 
levelling traverses. In the study, levelling data in BHS-77 
and LHS-2000,5 height systems, as well as data of GNNS 
devices according to quasigeoid models LV’98 and LV’14 
are used. In addition to these data, historical heights in 
height system BHS-77 are used for those geodetic points, 
for which such heights are available. 

In order to have possibility to evaluate compatibility 
of height systems BHS-77 and LHS-2000,5, as well as of 
quasigeoids LV’98 and LV’14, geodetic points, for which 
measurements are made by both levelling and GNSS 
methods, are considered. 

Results and Discussion 
Compatibility of height systems in Jelgava City. 
In Jelgava City, two compilations of measurement 

data on “P�rlielupe” and “Southern” parts were used. 
Points of “P�rlielupe” part of local geodetic network of 
Jelgava were measured before December 1, 2014; 
therefore, all measurement data were in BHS-77. 
Measurements of heights by GNSS devices were 
equalized repeatedly by the new quasigeoid model LV’14. 
In order to obtain the levelled heights in LHS-2000,5, 
functionality of recalculation of heights of points in the 
map browser of LGIA was used. It is possible to 
recalculate heights of points to LHS-2000,5 by giving 
coordinates of point in coordinate system LKS-92TM and 
by giving the height of point in BHS-77. 

Data analysis was started by calculating deltas of height 
between heights of BHS-77 and heights, which are 
determined by GNSS device according to quasigeoid model 
LV’98. For the calculated deltas, the minimal (2.9 cm) and 
maximal (17.8 cm) value were determined. They were not 
taken into account, when the mean delta value was 
calculated. The mean delta value between the levelled BAS-
77 height and height, which is determined by GNSS device 
according to quasigeoid model LV’98, is 8.4 cm. Accuracy 
of quasigeoid model LV’98 is estimated to 8 cm. However, 
in this case, when the mean offset of measurements is 
calculated, deltas of differences of heights were used; 
therefore accuracy of quasigeoid should be estimated to  
4 cm. Accuracy of quasigeoid LV’98 for the part 
“P�rlielupe” of the local geodetic network of Jelgava City 
should be estimated as inappropriate. 

In addition, mutual compatibility of quasigeoid 
models LV’98 and LV’14 was evaluated. For part 
“P�rlielupe” of the local geodetic network of Jelgava City 
difference of height between LHS-2000,5 and BHS-77 is 
determined – 15.3 cm. Differences of heights between 
heights determined by GNSS devices according to 
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quasigeoid models LV’14 and LV’98 were calculated. 
According to calculations of data, the mean difference of 
heights between quasigeoid models LV’98 and LV’14 is 
20.9 cm. Offset of height difference of quasigeoid models 
from determined 15.3 cm is 5.6 cm, and maximal 
permitted offset of error of alignment of both quasigeoids 
is 6.25 cm, consequently compatibility of quasigeoids in 
part “P�rlielupe” is considered as appropriate. 

Points of “Southern” part of local geodetic network of 
Jelgava City were measured after December 1, 2014, 
therefore all measurement data were in LHS-2000,5, and 
however, after alignment of data, they were recalculated 
to BHS-77 in reverse order. Height measurements by 
GNSS devices were aligned repeatedly by the old 
quasigeoid model LV’98. Accuracy of the quasigeoid 
LV’98 for “Southern” part of the local geodetic network 
of Jelgava City is regarded as inappropriate (to 4 cm). 
Accuracy of quasigeoid model LV’14 is estimated to  
4.5 cm. However, in this case, by calculation of mean 
measurement offset, deltas of differences of heights were 
used; therefore, accuracy of the quasigeoid is estimated to 
2.25 cm. Accuracy of quasigeoid LV’14 for the 
“Southern” part of the local geodetic network of Jelgava 
City is regarded as appropriate. The mean difference of 
heights between quasigeoid models LV’98 and LV’14 is 
21.1 cm; hence, compatibility of quasigeoids in the 
“Southern” part is regarded as appropriate. 

If we compare parts “P�rlielupe” and “Southern” of 
the local geodetic network of Jelgava City, we can draw 
conclusion that “Southern” part before the improvement 
of the local geodetic network was measured more accurate 
than part “P�rlielupe”. Also after the improvement, 
“Southern” part has better compatibility with quasigeoid 
models LV’98 and LV’14. 

Compatibility of height systems in Ventspils City. 
Points of the local geodetic network of Ventspils City 

were measured after December 1, 2014, therefore all 
measurement data were in LHS-2000,5, after alignment of 
data, they were recalculated to BHS-77 in reverse order. 
Height measurements by GNSS devices were aligned 
repeatedly by the old quasigeoid model LV’98. 

Accuracy of quasigeoid model LV’98 is estimated to  
8 cm. However, in this case, in the calculation of mean 
measurement offset, deltas of differences of heights were 
used. Therefore accuracy of the quasigeoid is estimated to  
4 cm. Accuracy of quasigeoid LV’98 for the local geodetic 
network of Ventspils City is regarded as appropriate, but 
accuracy of quasigeoid LV’14 for the local geodetic network 
of Ventspils City is regarded as inappropriate (to 2.25 cm). 
The mean difference of heights between quasigeoid models 
LV’98 and LV’14 is 22.7 cm. Offset of the difference of 
heights of quasigeoid models from determined 17.2 cm is  
5.5 cm, and maximum permitted deviation of quasigeoid 
alignment error is 6.25 cm, hence compatibility of quasigeoid 
for the local geodetic network of Ventspils City is regarded 
as appropriate. 

Additionally, deltas of historical heights of BHS-77 
with levelled BHS-77 height and height, which is 

determined by GNSS device according to quasigeoid 
model LV’98, were studied. For the calculated deltas, the 
minimum and maximum values were determined, which 
were not taken into account, when the mean value of 
deltas was calculated. The mean value of delta between 
the historical height in BHS-77 and the levelled height of 
BHS-77 is 8.2 cm. However, the mean value of delta 
between the historical height in BHS-77 and height, which 
is determined by GNSS device according to quasigeoid 
model LV’98, is 10.2 cm. If we evaluate these mean 
deltas, we can draw conclusion that the heights of points 
of geodetic network determined before and heights, which 
are determined by quasigeoid model LV’98 do not 
correspond to levelled heights of points in BHS-77. 

Compatibility of height systems in Kuld�ga City. 
Points of the local geodetic network of Kuld�ga City 

as in Ventspils City were measured after December 1, 
2014; therefore, all measurement data were in LHS-
2000,5, after alignment of data they were recalculated to 
BHS-77 in reverse order. Height measurements by GNSS 
devices were aligned repeatedly by the old quasigeoid 
model LV’98. 

Accuracy of quasigeoid model LV’98 is estimated to 
8 cm. However, in this case, by calculation of mean 
measurement offset, deltas of differences of heights were 
used, and therefore accuracy of the quasigeoid is 
estimated to 4 cm. Accuracy of quasigeoid LV’98 for the 
local geodetic network of Kuld�ga City is regarded as 
appropriate, but accuracy of quasigeoid model LV’14 is 
estimated to 4.5 cm. However, in this case, in the 
calculation of mean measurement offset, deltas of 
differences of heights were used, and therefore accuracy 
of the quasigeoid is estimated to 2.25 cm. Accuracy of 
quasigeoid LV’14 for the local geodetic network of 
Kuld�ga City is regarded as inappropriate. However, 
mutual compatibility of quasigeoids for the local geodetic 
network of Kuld�ga City is regarded as appropriate. 

The mean value of delta between the historical height 
of BHS-77 and the levelled height of BHS-77 is 2.4 cm. 
However, the mean value of delta between the historical 
height of BHS-77 and the height, which is determined by 
GNSS device according to quasigeoid model LV’98, is 
1.7 cm (see Annex 4). When we evaluate these mean 
deltas, we can draw conclusion that the heights of points 
of geodetic network determined before and heights, which 
are determined by quasigeoid model LV’98, are rather 
corresponding to levelled heights of points in BHS-77. 

Summary of results obtained in the analysis of 
measurement data is compiled on the base of 
measurement data on the local geodetic networks of 
Jelgava, Ventspils and Kuld�ga.

Accuracy of quasigeoid model LV’98 is regarded as 
appropriate in Ventspils and Kuld�ga; however, in 
Jelgava, this accuracy is much worse than determined for 
this quasigeoid model. If the mean accuracy of quasigeoid 
LV’98 is calculated for four areas used in master’s theses, 
it is 10.8 cm. The accuracy of quasigeoid LV’14 is 
regarded as appropriate for the “Southern” part of the 
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local geodetic network of Jelgava, however for local 
geodetic network of Ventspils, Kuld�ga and “P�rlielupe”
part of local geodetic network of Jelgava this accuracy is 
regarded as inappropriate. The calculated mean accuracy 
of quasigeoid LV’14 according to four areas used in 
master’s theses is 6.4 cm. Mutual compatibility of 
quasigeoid models LV’98 and LV’14 in all measurement 
areas is regarded as appropriate. 

The historical heights of points of local geodetic 
networks in comparison to improved levelled heights of 
BHS-77 are regarded as rather appropriate in networks of 
Jelgava and Kuld�ga. Nevertheless, for the local geodetic 
network of Ventspils these heights are regarded as 
inappropriate. The historical heights of points of local 
geodetic networks in comparison to heights of points, which 
are obtained according to quasigeoid model LV’98, are 
regarded as inappropriate in Ventspils City and Jelgava City. 
In Kuld�ga City, they are regarded as appropriate. 

In ADTI (Topographic Information of High Degree of 
Details) map sheets, height measurement data, which are 
measured by all methods mentioned above, are saved. 
From obtained results of analysis of measurement data, we 
can draw conclusion that Kuld�ga City is the only area, 
where information of ADTI map sheets can be used in 
full; although accuracy of quasigeoid model LV’14 is not 
appropriate to defined indices of accuracy, offset of its 
accuracy is relatively small. But in areas of Ventspils and 
Jelgava, information of ADTI map sheets on heights 
would not be desirable to use by preparing projects or 
carrying out some researches, because it is not known, in 
which places measurements are made from points of local 
geodetic network and where from reference points 
installed by GNSS devices. 

Conclusions
1. In Ventspils and Kuld�ga, accuracy of quasigeoid 

model LV’98 against BHS-77 corresponds to determined 
accuracy of quasigeoid model LV’98. In Jelgava, accuracy 
of quasigeoid model LV’98 against BHS-77 does not 
correspond to determined accuracy of quasigeoid model 
LV’98.

2. In the “Southern” part of the local geodetic 
network of Jelgava, accuracy of quasigeoid model LV’14 
against LHS-2000,5 corresponds to the determined 
accuracy of quasigeoid model LV’14. In Ventspils, 
Kuld�ga and in “P�rlielupe” part of the local geodetic 
network of Jelgava, accuracy of quasigeoid model LV’14 
against LHS-2000,5 does not correspond to the 
determined accuracy of quasigeoid model.

3. Mutual compatibility of quasigeoid models 
LV’98 and LV’14 in all areas of measurements is 
regarded as appropriate. 

4. Historical heights of points of local geodetic 
networks in comparison to the improved levelled heights 
in BHS-77 are regarded as rather appropriate in local 
geodetic networks of Jelgava and Kuld�ga; however, they 
are regarded as inappropriate for the local geodetic 
network of Ventspils. 

5. In Kuld�ga City, information of ADTI map 
sheets can be used in full. In Jelgava and Ventspils, when 
projects are prepared or some researches are conducted, it 
is not desirable to use information on heights of ADTI 
map sheets. 

6. It is necessary to improve quasigeoid model 
LV’14, so that it corresponds to defined indices of 
accuracy.

7. The existing ADTI map sheets should be 
complemented with new accurate measurements, so that 
overall picture on topographic situation is create without 
taking into account heights.
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+��+���% � ���� ")$ "#�"! "�"!�$ ��"�!� BHS-77 !� LHS-2000,5. � "&. �% #*� ��#�, $�1#� ���4�!� ��"#���*,
�� ���7$#� ")$ "# "!' *��� �����#�, $���&�( LV'98 !� LV'14 ) �" , �4&�"!., ��$ �0��##. 7 � �+�� �#�0.
�"!���/# ��"�!� !�/�* &�*�&'#�, �������/#�, $���1 +�� �#.#� � +�& +-�#�$� ��"�!�$� ��"�!� BAS-77 
���1�0!'". ��"�!' ����/#�$� � &�*�&'#�, �������/#�, $���1�, ;&���� !� �)&� ��; ��#�* ) $ "%�� (
�������/# ( $���1 ��#!"+ &"� ��#� ����&.��0!'". .* #�����/# .

������	 
����: *��� �����#� $���&', "�"!�$� #��$�&'#�� ��"�!�, LHS-2000,5, BHS 1977 
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