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Struve Geodetic  Arc

ÅSurveys - 1816 -1855

ÅLenght - 2822 km

Å26 degree meridian 

Å258 triangl es

Å265 points

ÅMean side  lenght  ï27  km, 
some  up  to 50 km

Å10 countries

ïNorway , Sweden , Finland , 
Russia , Estonia , Latvia , 
Lithuania, Belarus , Ukraine , 
Moldova .



How to measure the Earth?

Å Eratosthenes  , III BC
ï Assessed the 1 degree of the meridian, passing 

through Alexandria and Siena (currently Aswan, 
southern Egypt).

ï Calculated the Arc length according to speed and 
travel time of caravans crossing the desert. 

ï Difference between latitudes was calculated based 
on the measured shadows at midday, determining 
zenith angles of the Sun .
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Å Results  ïonly  1% deviation :

ï Radius : 6 320 km, 

real  ï 6 371 km.

ï Perimeter  39 500 km, 

real - 40 075 km.



Issac  Newton  ï Shape  of  Earth  is  close  to 
elipsoide  (1687m)
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Triangulation

a chain of triangles along the targeted line . A ccurately
survey 1 (shortest) side, called ñbaselineò, and determine 
all angles of the triangle. Lengths of other  lines are 
calculated applying  sinus theorem .

Concept was introduced by 
Willebrord  Snel  van  Royen , 
1580 ï1626



Sinus  theorem



Segments of Struve Geodetic Arc



Expeditions  of  Arc M eridian  surveys  

1816-1855 ςStruve Geodetic Arc ς 
35ɕ нлΩ, 2822 km



SGA -  the  biggest  Arc  survey  in  the  World



SGA -  the  biggest  Arc  survey  in  the  World



Elipsoide  accuracy  influences  map  
projections



Struve Geodetic  Arc  
ï UNESCO  points  vs  national  points



Northern and Eastern points

North ς Fueglenes in Hamerfest 
(Norway)
East ς Staro Nekrasivska 
(Ukraine)



Friedrich Georg Wilhelm fon Struve

ÅWas born at 1793m in 
Germany

Å Professor of Dorpat (Tartu) 
university

Å Establisher and first director 
of Pulkov o observatory 
(1839)

Å Published the final report 
ĂMeridian Arcñ, 2 books

Å Author of 150 scientific works 
in geodesy and astronomy

Å Chief organizer of expedition 
surveying difference in 
longitude of Pulkovo and 
Greenwich

Vasilij Jakovleviļ Struve



Carl  Fr y drich Tenner (1783 - 1859)

Å Estonian  origin  officer  of  Russian  
army  (completed  as general )

Å Initiator  of  SGA surveys  in
1816, perform  a majority  of   
surveys  by  1858):

Å Triangulation  surveys , Ăgubernia ñ:

ï Vilnius, Cursk , Grodno , Minsk , Volyn , 
Podole , Kiiv , Besarabia

ï Surveyd  over  4500 trianguliation  
points

ï Sea level  calculation  Baltic ï Black  
Seas



Tennerôs triangulation  network  in  Lithuania 



Points

Å In the top hills

ÅThe points on the 
triangulation chain were 
commemorated by laid 
eldstones, bound together 
with lime-wash in a dug 
pit.

ÅA hole was drilled at the 
top stone. 

ÅThe hole was filled with 
lead and a cross was 
marked on it in the center



Triangulation  towers

ÅWooden  
pillars

Å5-11 m in  
flat  terrain

Å30 -50m in  
forest

Å19 m 
average  high  
of  Tenerós 
towers



Measurements

ÅAngular measurements of all 
triangular strings in the chain

ÅDistance surveys of 10
baselines  ( 2-11 km)

ÅObservations of celestial 
objects in 13 observatories
ï latitudes of astronomical points
ïastronomical azimuths of 

directions to adjacent points



Construction  of  geodetic  point



Baseline  measurements
Å Special instruments have been used for precision distance measurements of the baseline. 

Metal rods were put together in a wooden rack, and the gaps between them were measured 
by a geodetic ruler with magnifier. The rulerôs divisions ï0,001 inch , which consist of 0,025 
mm . Temperature of the rods was monitored by built - in thermometers. 

Å The position of the rods was adjusted by levelling in 0,1 minute accuracy. Struve used the 
French benchmark ñtoiseò ï 1,949 m.  Tenner used a bit longer Russian standard ñsazhenò 
2,134 m .

Å After measuring the gaps between the metal rods 2 toises length in the instrument of Struve 
and 2 sazhens length in the instrument of Tenner several times, the pillars were moved to the 
direction of the measured line, and the rod was carried over, again accurately measuring the 
next gap between the rods. In such a manner the whole long baseline, consisting 2 ï 11 km 
carrying on the knees, practically.



Astronomic  observations

ïlatitudes of 
astronomical points

ïastronomical azimuths 
of directions to 
adjacent points

ÅTemporal  observatories
ÅBarrels  with  gunpowder  

were  exploided  for  time  
fixation  

ÅArtifacts  from  Tenner  
expeditions  in  Lithuania 
(Vilnius university )
ïRamsage  binoqular  of  

the  passage  instrument  
ïJ. Chelton  watch



Phases  of  Expeditions

1. 1816 -1832
ï 1816 ï Tener commences the triangulation in 

Vilnius gubernia
ï 1820 -1821 ï Struve received funding for 

measurements from Dorpat to South Finland  
matavimams

ï 1822 -1827 ïJakabpils and Gotland survey , 
merge and surveys in Finland

ï 1825 -1827 ï Tenerio  survey to Sounth from 
Vilnius toward current Belarus  (Belin).

ï 1828 -1832  ï connection between the 
triangulation chains of Tenner and Struve, 
Struveôs article Académie des Sciences  and  
Annales du Dépôt topographie

2. 1830 -1844
ï Struve received funding from Russian emperor 

for extending the expeditions to Nord in Lapland 
and for Tenner to South

3. 1844 -  1851
ï Struve expeditions in Sweden with N.H. Selander and in Norway with Ch. Hansteen  

by. Agreed with  Swedish  king  the continuation by Baren ts Sea.
ï Astronomical  observations  and  baseline  Tornea , re -calculation  Tornea  ï Ssuprunkowzi.
ï Tener  continues  field  works  by  Izmail  and  Staro Nekrasivka .

4. 1852 -1855
ï Additional  re -surveys  and  contruction  of  monuments  in  Staro Nekrasivka  and  

Fuglenaes



Accuracy  achievements

ÅAngular  deviations  
ïLivonia  ï 0,57ñ
ïFinland  ï 0,87ñ
ïLithuania ï 0,68ñ

ÅArc  lenght  accuracy  -  
1/232390 ( 3-4 mm in  1 km )

ÅF.V Be ssel  completed  the  
control  survey  in  Prussia . 
200km tests  show ed mean  
deviations  up  to 0,15 m.

Å1841m Be ssel calculated  
parameters of Earth  elipsoide , 
used  by  mid  XX c.



Earth  is  surveyed  by  satellites  nowadays



Paliepiukai

DƛǊŜƛǑƛŀƛ

18 points  in  Lithuania
3 UNESCO points

aŜǑƪƻƴȅǎ



Meġkonys point  



Information stands in Meskonys, Paliepiukai 
and Gireisiai



Struve 
geodetic arc 

in 
Lithuaniaôs 

state 
geoportal:

geoportal.lt/

https://www.geoportal.lt/geoportal/


Outstanding Univeral Value

1. The first accurate measuring of a long
segment of a meridian, helping in the
establishment of the exact size and shape of
the world exhibits an important step in the
development of earth sciences. It is also an
extraordinary example for interchange of
human values in the form of scientific
collaboration from different countries. It is at
the same time an example for collaboration
between monarchs of different powers, for a
scientific cause.

2. The Struve Geodetic Arc is undoubtedly an
outstanding example of a technological
ensemble - presenting the triangulation points
of the measuring of the meridian, being the
non-movable and non-tangible part of the
measuringtechnology.

3. The measuring of the arc and its results are
directly associated with humans wondering
about their world, its shape and size. It is
linked with Sir Isaac6XÇº­«Ż´theory that the
world is not an exact sphere.



Inscription  to WH list  in  2006 , Lithuania



UNESCO periodic reports 2014, 2023

Å Questionnaire
Å Maps with corrected protection

zones in Me ¦­«É´, + ³X   J  and 
Paliepiukai



Work  of  Coordinating  Committee

Å Helsinki ( Finland ) 2005
Å Harapanda  (Sweden ) 2006 .
Å Jekabpils ( Latvia ) 2008
Å Vilnius (Lithuania) 2010
Å Ashmiany  (Belarus ) 2012
Å Vilnius (Lithuania) 2014
Å Tallinn  (Estonia ) 2016
Å Sankt Petersburg  (Russia ) 2018
Å Virtual  meeting  (Norway ) 2020
Å Alta, Hammerfest (Norway) 2022



Monography
UNESCO World Heritage: Struve Geodetic 
Arc. Measurements, analysis, preservation 

and commemoration

Content:

1. Establishment of the Arc

Å Prehistory of SGA

Å Scientifics, personalities

Å Accuracy of the Arc

Å Sites and restoration

Å Commemoration of SGA

2. Criteria for inscription to WH list

Å Coordinating Committee

Å Initiatives and best practice

Å commemorating SGA sites

Å Museums that store the historical

Å documentation about SGA

Å SGA in websites

Å 3D models of Lithuanian sites

3. Touristic routes

Å Tourist routes around Vilnius county

Å Tourist routes around Rokiġkis county
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Viskontas



Postmarks
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Coins



"Lithuania in 
the Mail 
Parcel"

Å"Lithuania in the Mail 
Parcel" - is a travelling 
Wunderkammer, representing 
UNESCO heritage in Lithuania. 
Ten boxes (mail containers) 
present ten wonders of 
Lithuaniaôs natural and 
cultural heritage, inscribed on 
the UNESCO registers and 
lists.



Struve plans  for Arc  extension  to South  
Africa  ï Wilhelm  Struve, Otto  Struve
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Thank  you for the attention !


