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I ntroduction

Main Lithuanian geodetic adivities were related to the development of the Lithuanian National Geodetic
Verticd Network (NGVN) during the 2003.Also geomagnetic field investigations were performed. Tide gauge
equipment at the Klaipeda port was upgraded and permanent GP Sstation was establi shed.

1. National GPS Networ k

Four Zero Order stations of Lithuanian National GPS Network as well as EPN GPS station VGTU and
permanent GPS station at Klaipeda port were occupied duing the 7 days GPS observation campaign
organized by Nordic Courtriesin autumn of 2003.

2. National Geodetic Vertical Network

Institute of Geodesy is involved in the establishment of National Geodetic Verticd Network since 1998.The
main geodetic adivities of Lithuania ae supervised by the Department of Geodesy and Cartography of the
National Land Service under Ministry of Agriculture. The NGVN is composed of two orders. First order of
NGV N consists of 5 loops of predse levelling lines (Fig. 1). Seandandfifth loops are drealy levelled. Closing
errors of second and fifth loopare 12 and 14mm. 231,34km doulde levelli ng run was performed duing 2003.
Perimeter of the whale network (5 loops) is ca 1900km. Every ground kenchmark of the levelled pdygon o
the National Geodetic Verticd Network was coordinated by the GPS Gravity values were determined from the
Bouguer anomaly maps. Digital levels LeicaNA 3003and bar coded staffs Wild GPCL-3 were used. Bar coded
staffswere cdibrated at the Finnish Geodetic Institute.

The procedure of data tregment and computation d corredionsis provided bell ow.

Data of everyday levelling was downloaded from digital levels NA3003 memory blocks using modue WILD
GIF10and program transint.exeof software TC600, were copied to PC and safe aopy to 3.5’ floppy disk. When
campaign was completed the data was prepared for processng by text editor NE at the office in the foll owing
way: corredion d point numbers (due to insufficient posshiliti es of observing queue by NA3003 seleding and
deleting repeaed olbservations based on field levelling bodk and entering the time of beginning and end o
levelling, number of first levelling staff, lowest and hHghest temperature during observations, diredion do
levelli ng, temperature of air and staff invar strips.

Final height difference between neighbouing points of NGVN was computed using algorithm redised by
MATLAB and FORTRAN language. Improved programs were used since 2003.

Tides are caised dueto Moonand Suntidal effed (Petroskevicius. P. 20018). Due to this a periodicd change of
height diff erence between Earth surfacepaints is going on. Height difference diange due to Moonis posdgble
from 0,18 mmto 0,18mm and dte to the Sun from —0,07 mmto 0,07mm on the Lithuanian territory for the
points separated by 2,5 km (Petroskevicius P. 2009. There ae two maximums and minimums during the day
time. The largest effed of both cdestial bodes is during the full and yourg moon eriods. Tida corredions

dys for the height diff erences were computed using formulas:

dys =0y +0s, 1)

where §,, —corredion die to the Moon
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Sy =V SCos@y — A), 2
05 —corredion die to the Sun
ds =VsScos(As — A) , (3)

S —line between pants of verticd network in km, v,, and vs— defledion d verticd due to Moonand Sun,
A, and Ag —azimuths of Moonand Sun, A —azimuth between the points.
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Fig. 1. First order lines of the NGVN

Codes were written and computations were performed using MATLAB.

Staff readings were reduced to the staff cdibration temperature +20°C. Temperature @rredion is computed
from formula

&= amx 0 /2,93 (4)

where a,, — staff reading, a — equation d temperature dependency of staff invar strip of 2,93m, which common
expressonis

a= k1 (tm— 200) + kz, (5)

where k; and k; — are efficients of equation d staff length termal dependency, determined at Finnish Geodetic
Ingtitute, t,, —temperature of invar strip during the levelli ng.
Staff readings correded by staff cdibration corredions

S ks + ksam+ ks an + .. +ky a2, (6)
Height difference d the station



hi=(am+ & + 88) —(pm+ & + &7), (7)

where a,, and p, —badksight and foresight staffs readings, 67 and & — temperature @rredions for backsight
andforesight readings, & and 8] —cdibration corredions for badksight and foresight readings.
Height differences were arreded for refradion

5=AAS h., 8

where A — coefficient, At — temperature difference between heights Z, and Z; above eath, S — length o
collimationline, hg— height difference d the station.

Coefficient A computed:

Az 4761107 Op**t —at
Zs-78 g c+1

—z¢(p-a) ©
O

where ¢ — coefficients, Z, — levelli ng instrument height. Valuesused Z,=1,5m, Z; =1,0m, Z, =2,0m.
Coefficient ¢ was taken from (Jordan B. 1963. Intermediate values derived from second ader conformal
transformation.

For determination o point’s normal heights differences it is neaded to evaluate normal field equipatential
surfaces nonparalellity, red and namal field norcoincidence For this purpase normal corredions for height
diff erences determined by levelling in red gravity field are computed (Petroskevicius P. 2009.

Gravity value g,, of European system at the marks height of first order network points computed from

Bouguer anomalies (g, =V, )., taken from gravity map, scae 1:200 000.Gravity value g,,, at the surface
derived from the formula:
971 =(9p ~Yu)s +yp, —0,3086H, +0,041%H , —-14, (20

where g, - freefall acceerationin Potsdam system; y,, — Helmerts field namal gravity value & the teluroid;
H ,—approximate eath surfacenormal height, =23 glem’— density of Earth crust, yY,— namal gravity
value & the dli psoid surface from Helmerts formula:

y% =97803@1+0,00530%in* B,, —0,000007%in* 2B,,)
where B,, — latitude in 1942system.
Gravity value g,, at the mark height H computed from:

971 = Y71, +dg. (11)
If H,>H, then
dg = 0,30861h—-2[0,041%dh, (12
where dh=H, - H.
If H, <H ,then
dg =-0,3086h, (13

where dh=H -H, .

Normal height differencein LKS 94 (Lithuanian Coordinate System) is determined in GRS 80 namal field,
applying new European gravity system and evaluating GRS 80 namal field equipatential surfaces non
lineaity (Moritz H. 1989.

Normal corredion computed from formula:

f”?o =i(g71 = Yso0) v Nic _%(ng _VgOi H,, (14

80v 80v
where g,, —gravity value in European system; yg, — GRS 80field gravity value onteluroid surface hy -

measured height difference GRS 80 namal field gravity value ygo computed from :
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Fig. 2. Comparison of updated Lithuanian geomagnetic map and World Magnetic Model

2

o 1+ kgo Sin“ Bggy

80e B : (19
y1-e5psin“ Byy

where By, — geodetic latitude in LKS 94 system; normal gravity value & equator on equipotential elli psoid

surface y3,, = 978032,67715nGal; ey, — first eccantricity of €lli psoid; e5,= 0,0066943800229Ccoeficient
Kgo=0,001931851353.

Y3 =V

Mean namal gravity value between €lli psoid and teluroid for Lithuanian territory yg,, = 981 500mGal.
Free d@r gravity anomaly of verticd network points:

(971~ Ve0) = 971+ 894 ~ Vao ~AVao (16)
here amospheric gravity corredion (Wenzel H.G. 1985

dg, =0,874-0,9910*H +0,356[10°H ?, (17)
height corredion (H in metres) (Torge W. 1989:



Ayg, =—-0,308771-0,00142sin” By, )H +0,75(10™" H °. (18)

Observed height diff erences were mrreded by temperature, cdibration, refradion and tidal corredions, so the
correded height differences for forward and badkward levelli ng were mmputed. Mean height diff erence values

were computed and correded by normal corredion £ andfinal height diff erences were computed.

3. Geomagnetic field investigation

Geomagnetic field reseach in Lithuania is performed in close moperation with Warsaw Institute of Geodesy
and Cartography. Six paints of seaular magnetic variation in Lithuania were observed in 1999 and 2001.
Geomagnetic map o Lithuaniawas updated (isogons shown in green, Fig. 2), and compared using 6 profiles (in
blue, Fig. 2) with magnetic dedination values derived from World Magnetic Model (in red, Fig. 2). The
comparison cleaed ou the diff erence of magnetic dedination upto 3 degrees for the territory of Lithuania.

4. Tidegauge and CGPSin Klaipeda

Studies of climate changes and also climate warming problems are related to the analysis of the geophysica
processes including changes in regime of some hydrologicd elements. One of the indicaors of the changing
climate is the water level, i.e. the long-term changes of waters level. The Centre of Marine Reseach, Ministry
of Environmental analyse the time series of water level long-term changes in South-Eastern Baltic Sea and in
the Curonian Lagoon.

The tide gauge Klaipeda was upgraded to dgital one by the Institute of Geodesy, Vil nius Gediminas Tedhnicd
University in the frame of the ESEAS-RI projed. The Hydrocom tidal monitoring system was purchased, which
includes SUTRON Shaft encoder model 56-0540 ,SUTRON Xpert datalogger, UPSunit, 12V power suppy
unit, XConred and XTerm software. The tidal monitoring system was installed on October 3, 2003.Also the
levelli ng benchmarks were set up, forming the levelli ng network for tide gauge vertica movements monitoring.
The levelli ng was performed in May-June and October of 2003.

Tide gauges measure sealevel relative to land. For most applications, tide gauges neal to be monitored for
verticd motion, relative to the aljacent land, as such vertica motion introduces a bias in any derived relative
sealevel trends. The permanent GPS station Klaipeda was established, equipped by the Ashtech Z-12 GPS
recever with Dorne Margolin chock ring antenna. The CGPSKlaipeda (KLPD) was install ed on September 24,
2003.1t was included into two episodic GPScampaigns (GPSweeks 40and 42 ¢ 2003 in order to conred the
tide gauge and CGPSstationto aglobal referenceframe.

The grea concern shoud cause the increase in water level observed in the 20" century, which could be direaly
related to the problems of the wast erosion, land overflow, the distortion d the ew®logicd equili brium.
Investigations of water level change based onthe observation d the period from 1898till 2002show, that water
level nea the aastline of Lithuaniarise aou 13.5cm (Fig. 3). The speal of water level riseis about 3.0 mm
per yea from the 1960.
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Fig. 3. Change of water level at Klaipeda strait and curve of moving decades, 1898—2002

Conclusions
The development of the Lithuanian National Geodetic Reference is going on as well as investigations of
geomagnetic field. First order of Lithuanian National Geodetic Verticd Network shoud be cmpleted in 2-3
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yeas and the wurtry will be ready for the introduction o the new height system. The network of permanent
GPSdtationsin Lithuaniais expanding.
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