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Struve Geodetic Arc

A Surveys - 1816 -1855
A Lenght - 2822 km

A 26 degree meridian

A 258 triangl es

A 265 points

A Mean side lenght 1 27 km,
some up to 50 km

A 10 countries

I Norway , Sweden , Finland ,
Russia, Estonia, Latvia ,
Lithuania, Belarus , Ukraine ,
Moldova .
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How to measure the Earth? /

A Eratosthenes |, Il BC [ T
I Assessed the 1 degree of the meridian, passing Z
through Alexandria and Siena (currently Aswan, /& A\
southern Egypt). > /

A Results i only 1% deviation :

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

Difference between latitudes was calculated based
on the measured shadows at midday, determining
zenith angles of the Sun

Radius: 6 320 km,

real T 6 371 km. Equator

Perimeter 39 500 km,

real - 40 075 km.




Issac  Newton
elipsoide

(1687m)

I Shape of Earth

—— Earth Surface
— Ellipsoid
Geoid

MSL: Mean Sea Level

IS close to
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Triangulation

Concept was introduced by
Willebrord Snel van Royen,

1580 1 1626

a chain of triangles along the targeted line . A ccurately

survey 1 ( shortest) side, call ed nba
all angles of the triangle. Lengths of other lines are

calculated applying sinus theorem




Sinus theorem

a=180°-B-vy
B=Axsmﬁ

g sin a
C _ sin y
C"6‘)(:~:incr
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Segments of Struve Geodetic Arc




Expeditions of Arc M eridian surveys

Length of arc Mean latitude Length of 1 arc, m
230 pr.Kr. /BC Eratostenas / Eratosthenes  Egiptas / Egypt 12 27T°40'N 128 500
1525 Fernelis / Fernel Prancizija / France 49°20'N 110 600
1580 Brahé / Brahe Svedija / Sweden a2 56°N 112 8B40
1615-1616 Snelijus / Snellius Olandija / Netherlands 112 52° 107 400
1736-1737 Maupertuisas / Maupertuis  Laplandija / Lapland 1°02 66°20'N 111950
1735-1745 La Condamine Peru / Peru 37 01°31's 110 655
1791-1799 Delambre & Mechain Prancizija / France 9°a0 46°12'N 111133
1823-1843 Ewverestas |l / Everest Il Indija / India 21727 23°47T'N 110759

g
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SGA - the biggest Arc survey Iin the World




SGA - the biggest Arc survey Iin the World
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Elipsoide accuracy Iinfluences map
projections




Struve Geodetic Arc
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Northern and Eastern points

North ¢ Fueglenesn Hamerfest
(Norway)

Eastc StaroNekrasvska
(Ukraire)
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Friedrich Georg Wilhelm

Vasilij Jakovl evi

A Was born at 1793m in
Germany

A Professor of Dorpat (Tartu)
university

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

A Published the final report
AMeri di an Arcn,

A Author of 150 scientific works
In geodesy and astronomy

A Chief organizer of expedition
surveying difference In
longitude of Pulkovo and
Greenwich

fon Struve

Struve
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A

A

Carl Frydrich Tenner (1783

Estonian origin officer of Russian
army (completed as general )

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

Triangulation surveys , gubernia fi :

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

I Surveyd over 4500 trianguliation
points

I Sea level calculation Baltic i Black
Seas

-1859)
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T e nn e rr@aguldation

network

In Lithuania
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Points

A Inthe top hills

A The points on the
triangulation chain were
commemorated by laid

eldstones bound togethell;.;";.~ - AEP

with lime-wash in a dug
pit.

A A hole was drilled at the
top stone.

A The hole was filled with
lead and a cross was
marked on it in the center
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A Wooden
A 5-11m in
A 30-50m in

A 19m

Triangulation towers

pillars

flat terrain

forest

average high
of Tener o
towers
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M easurements

A Angular measurements of all
triangular strings in the chain

A Distance surveys of 10
baselines ( 2-11 km)

A Observations of celestial
objects in 13 observatories
I latitudes of astronomical points

I astronomical azimuths of
directions to adjacent points
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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 271 11km
carrying on the knees, practically. \

é )
Baseline measurements
A 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 magi000L ench,wHidn eonsistof e 6,@25 d i
mm . Temperature of the rods was monitored by built -in thermometers.

A The position of the rods was adjusted by levelling in 0,1 minute accuracy. Struve used the
French ben dolsamoa r1j49in. Tenner used a bi't | ong eazheRa s s i
2,134 m .

A After measuring the gaps between the metal rods 2 toises length in the instrument of Struve

ar



Astronomic observations

I latitudes of |
astronomical points

I astronomical azimuths
of directions to
adjacent points

A Temporal observatories

A Barrels with gunpowder
were exploided for time
fixation

A Artifacts from Tenner
expeditions in Lithuania
(Vilnius university )

I Ramsage binoqular of
the passage instrument

I J. Chelton watch
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1.

2.

3.

4.

Phases of Expeditions

WillASpod). ﬁ.‘.v-;:r‘_f’erz.-,..m,
Jnmanauras  \ / \
e = ___.‘ oo </u
1816 = 1832 /{_,,_/”m:‘[, ‘:_ /Il (4
I 1816 i Tener commences the triangulation in Foramalo_\

1830 -1844

A §
~p Hesh drmar

Vilnius gubernia

1820 -1821 i Struve received funding for
measurements from Dorpat to South Finland
matavimams

1822 -1827 i Jakabpils and Gotland survey ,
merge and surveys in Finland

1825 -1827 i Tenerio surveyto Sounth from
Vilnius toward current Belarus (Belin).

1828 -1832 i connection between the
triangulation chains of Tenner and Struve,

Str uve0s Academie ded eciences and
Annales du Dépot topographie

Wil (S~ J Mokandiressts

\ b f
" \Venen"u‘g e "”, . .
7 Waerrevw — ma;zyp

Struve received funding from Russian emperor

for extending the expeditions to Nord in Lapland Lovale '(;/
and for Tenner to South i s
1844 - 1851
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.
Astronomical observations and baseline Tornea, re-calculation Tornea 1 Ssuprunkowzi.
Tener continues field works by Izmail and Staro Nekrasivka .

1852 -1855

Additional re-surveys and contruction of monuments in Staro Nekrasivka and
Fuglenaes
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Accuracy achievements

A Angular deviations
I Livonla T O, 570
I Finland T O, 8 71
I Lithuania T O, 6 8n
A Arc lenght accuracy -
1/232390 ( 3-4 mm in 1km)
A FV Be ssel completed the
control survey in Prussia.
200km tests show ed mean
deviations up to 0,15 m.
A 1841m Be ssel calculated

parameters of Earth elipsoide |,
used by mid XXc.




Earth is surveyed by satellites nowadays




18 points in Lithuania
3 UNESCO points
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5 Plungé
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Pagégiai . .
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Information stands in Meskonys, Paliepiukal
and Gireisial

ocmets o dere enbh 0 ot B ‘ eieaton 8 Brsosheres (21096 B
Frindried Gearg Wibeim vas Serave, 1 %mi#s4
i Faptan - Depepicamsshaipe ceans duwscusd, SUABS) 2.
faris Wik
K.S“-" dezinis lanki i 2822 km ilgio anguliacij: mmmo—us:

m,
besidriekianti ties 26° 1yty ilgumes &mm ruo Hamerfeste gﬂm‘jl) Aiknu vandeayno pakrantéje iki Izmajilo (Ukraing)
mmm:ymam ih?o‘«)’hmplnum lyjc ifmatuotas lankas kerta

13 dabn‘hmq vnlstytm: Norvegijy, Sved: Suomi)g, Rusijy, Estiz, Latvijg, Lietuvy, Bdumu‘, ir Meldova. Lanko
— i¥tirti ir nustatyti Zemeés forma d?d.
K‘)'(Ig(-"mehpmwm'? vyko dvicjose Salyse Svedij jc. Nors XIX a. politiné padétis
a. mata s¢ —Rusijos imperijoje it o5 a
hlyn ndanm stabili, jrenyiant i ir matuojant Struvés Mm lanky vyko glaudus mol mis ir kultiirimis iciy vadovy
i Sulnm teorijos it
dil willini Fiems il sukurti x
Lanke jekiuot ir auk3Siausivose vietoves ulklme 259 uw?mm punktai. Punkly centrai buvo jtvirtinti
#enklais i mmwmmc esm codezinio lanko dalyje trian-
daznai tymm-uolou Punktuose ksmpams statomos medinés piramidés

mglﬂmmmn).hkasidnnm 50 m sukicio.
hﬂmvmkn!nmu&s-ﬂbﬂ)muﬂﬁcm ﬂmmhnpdmprnmwd ml &Mmlb
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Mnllwlow-lnh’

Sickis = suzinoti tikslesig Zemés formg ir dydj. Zemés parametrai yra labai svarbils jvairiose veiklos srityse, ypat geodezijoje,
M@MWdﬂmwm Antikos Gm'kqmotsllnumlinmu 3. ..:
i ir Sieng (dab. Asuanas, Pieta ), vieno laipsnio ilgj ir pagal tai apskaitiavo
l&';:m.u&ugu geodezinio lanke m#ymwmmmmm"mmmdmmwmdm

vnnsumepuhdbémhx mamﬁdmazs‘zo' Visi vélesni naudoti Zem i suda-
l‘ imis ik: pat XX 2. vidurio, kuomet uhikydp-'lydoﬁnumvmmdn

Keli faktai a) Pk Struvés 'ullq lanky Lictuvoje

1otz toa i potng, it et bt S W SIS S U SR T R R RO S T e S e

b

Triangaliacin bakbias A GRATE M) i A awbersed Sevice wes uied 1y

Tbe&mveﬁeodeh:mulnnhnlmﬂh 3 I chain, lished in 1816=1852, Mhmgtmtba
26 degrees East Jongitude meridian from Hnmmmm)mmmﬂmmmmwm
Black Sea. This World’s largest states: Norway, Sweden, mlmd.Rm,Emml.anu.uﬂw-mn.
Belarus, Ukraine and Moldova. amofhm—mmﬂumm:m

Whlmmndndhw
ymmhuwpmdnmc mmomm—thekmnnﬁme-ndmexmgdnmotsm Al

dml@m!he dse mumwunmwble. plvg'mns of the Struve Arc there
mol mmmmmmuummmm Mv-nearl

wadmsdmnﬂ: voopenﬁonb:meenlbo
geodetic mdamouumledm created. specific instruments to perform those
were invented and
zsgmmpomormmmammmummmmmn. ints on the triangulation chain weee marked
by lid fi bwndm:wmmnd:madngmTbcwpmchduﬁkdhokdmwﬁﬂedmlndnd

mrl: willucmcsmlhewﬂer To measure the angles, woulen pyramads mpdllmwwm)wlosomhdwwuebumu

dmrmnm; the points on the Earth’s surface by onmnbod.ﬂsepomuelmhdm
Mchhotnimals.‘l‘bnvumlmdmﬁhmh27km.Tomnasutelbe jes between the instruments
ed. Astronomical Iatitude and azimuth of the direction towards the nnghbwmg int as well as line lengths
umhmmmmwmmmcrmmmm with aoct
The average angle wmwshnhm&fudhmyofﬁnmoﬁhlmg&oﬂhm
Iwgthwulmzs‘)o«mperomhn)
‘Why was the Are neoded?
mofﬁ:AwwubdmﬂnMuhvemdmMsmnmmmmﬁddsd»

uvmc,
The first luawu duge known from Antic era. The radius of Earth was
l.beoueksaanml‘mﬂhmmmam CEllzwﬂnknwdmmnfmemaﬂdun,mm;hAlm

dmtndS:m(mmwyAwu,

After the of Struye Geodetic Arc at 1852 famous ad astronomer Friedrich Georg Wilhelm von Struve
published the report Arc du Méridien de 25°20". Mlﬁmnuof wmmhmwhhmmmwmhmdm
the Arc’s results until mid XX c., when satellite survey methods have been introduced.

Some facts about Struve geodetic are In Lith
Arc mesauraments in Lithuania started at 1816 and finichad in TR21. Thev have hesn arvanized nnd carried aut hy Carl Tennes.
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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 Isaac6 X C° -thedry that the
world is not an exact sphere.




Inscription

to WH

list

In 2006 , Lithuania




UNESCO periodic reports 2014, 2023

A Questionnaire

A Maps with corrected protection
zonesin MeM | - «+E "3 Xand
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Work of Coordinating Committee

Helsinki ( Finland ) 2005
Harapanda (Sweden ) 2006 .
Jekabpils ( Latvia ) 2008

Vilnius (Lithuania) 2010

Ashmiany (Belarus ) 2012
Vilnius (Lithuania) 2014

Tallinn (Estonia ) 2016

Sankt Petersburg (Russia) 2018
Virtual meeting (Norway ) 2020
Alta, Hammerfest (Norway) 2022

T> T T T T T o To T I




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

.ninas Stanionis &
cimuntas Kazimieras ParSelidnas.
Povilas Viskontas
Content: :
Establishment of the Arc
Prehistory of SGA
Scientifics, personalities
Accuracy of the Arc
Sites and restoration
Commemoration of SGA
Criteria for inscription to WH list
Coordinating Committee
Initiatives and best practice
commemorating SGA sites
Museums that store the historical
documentation about SGA
SGA in websites
3D models of Lithuanian sites
Touristic routes
TouristroutesaroundVilnius county
TouristroutesaroundR o k i @pulniy s

To T 00 T o To o Do Bo o N Do o Do o Do b

Authors: Wn NJ
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"Lithuania in
the Mall
Parcel"

A "Lithuania in the Mail

Parcel" - is a travelling

Wunderkammer, representing

UNESCO heritage in Lithuania.

Ten boxes (mail containers)

present ten wonders of
Lithuaniads natwural a
cultural heritage, inscribed on

the UNESCO registers and

lists.




Struve plans for Arc extension
Africa T Wilhelm  Struve,
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Struve plans for Arc extension to South

Africa 1T Wilhelm Struve, Otto Struve
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Thank you for the attention




