Evaluation of vertical gravity
gradient (VGG) in Estonia

T. Oja

Introl

 Since 1995 absolute gravity have been
determined 3 times in Estonia:
—1995 JILAg-5 (~0.85m) FGI (3 points)
— 2007 FG5-220 (1.2m) IfE (2p)
— 2008 FG5-221 (1.2m) FGI (7p)

e

Intro2

Important outputs of these absolute

measurements:

* the realization of the national gravity
system (g at BM level)

« the constraints for gravity change due to
GIA (g at the same height)

Evaluation of VGG

« Common practice: carry out observations
along the vertical z (tangent to a
plumbline) with relative gravimeter(s) and
compute constant VGG (linear function for
W,, const. for W,, = 0°W/0z? = dW,/0z)

* But...

Evaluation of VGG

* In Suurupi (SUUR)
collected data: fitting (dg=VGG*2):
- o TR T 6'“'" 7 585453““ 981823516.9 0.000 1.200 981823515.6 -1.3
DFO W Lomomo rmewoolmn s s 7o 7w s oo 2587 002 0770 226 1<
3 @8 TO CG536 20041112 313 1323 102 1112 1010 3413 10 ~258. - - ~252. -7 <
4 EB TO CG53% 20041247 317 1307 106 109 990 3379 04 -338.8 0.111 1.100 -339.8 -8.2
5 ELB TO CG510082 2004-12-17| 322 1311 111 1100 989 3388 06 -358.0 0.229 1.285 -362.8 4.0 €—
© EB 7o Cotioem xoiew| ot wm mn G a7 05 oatroeam ot o 27
12 Es TO  CG5: -11-15 313 1450 102 1248 1146 3916 05 -891.6 0.102 1.248 -392.8 -1.2
TOHD To (BN Nnbimlom ow B me e me o4 2562 0098 0836 2530 32
19 ELB TO CG510092 2008-02-21) 310 1049 99 838 739 2560 04 -256.0 0.099 0.838 -253.3 2.7
20 ELB TO CG510092 2008-02-21) 310 1565 99 1354 1255 4282 05 -428.2  0.099 1.354 -430.2 -2.0
21 FGI MBK CG5-10052 2008-07-17| 332 1499 121 1288 1167 3%9 09 -396.9 8.121 1.288 -400.0 -3

Systematically biased residuals from the fitting!

VGG not constant!

» There is deep underground concrete pier
@ in every 1st order point:
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Solutionl

» Polynomial approximation

e Fitting the function (by WLSQ) “ \ ]
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Results in Suurupi
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Sensor height dependence when
linear approximation!

W, W, above concrete pillar (12x1.2x2m ° Ap=05 m®)
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GGEO2008 in Crete

Abstract:

» “Gravity gradients above piers in absolute
gravimetry: use remove-restore for the pier
attraction!”

|Grm‘ity gradients above piers in absolute gravimetry: use remove-restore for the pier
attraction!

J. Mékinen
Finnish Geodetic Institute (FGI), Geodeetinrinne 2, FI-02430 Masala, Finland, Jaakko. Makinen(@fgi fi,
fax +358 9 29555200

Much absolute gravimetry especially at laboratory-type reference sites is conducted on
massive concrete piers constructed expressly for the purpose. Since the attraction of the pier
diminishes rapidly with height, the vertical gradient of gravity is then not constant, i.e. the
dependence of gravity on height above the pier is not linear. This will cause extra work when

Jaakko explained:

“Actually its very simple”:

* remove the theoretical influence of local
masses (massive pier)

« fit the constant VG or polynomial function

« restore the theoretically calculated
attraction

« so called “remove-restore” (rmr) method
(or remove-fit-restore(rfr)?)

Implementation1

e Functional model

The functional model for remove-restore methodi®wing:
dg-3.[ ()= M (n)]=3 ¢( - B). @
heredgis observed gravity dif‘f:érence between heigﬁ?ﬁnz andM;(h) is themodeled atf
of i-th (i = 1k) local mass (e.g. a part of pier) at heilglalong the vertical).
» we know well the dimensions of pier in
every 1st order station but not the
densities (or density contrasts)!

Implementation2

* Functional model

The model (1) can now be written:

dg=3:o(1- 1)+ 3 a0 M)~ W( 0], @

whereM’(h) is the attractior of thei-th body with unit densit contras (Ap” = 1 [Mg/m

» Software WZZ (f77, LS method, multiple
bodies: rectangular prisms and/or
cylinders)




Results (in Suurupi)

Trial (relqu?, ni?nl)i,al RMSof | g0 (at mark stdev (atrzl?:slted Stgfev (atrzlrj‘\?szted Stgfe " Method
Yes/No) degree| residuals height) of g0 or fixed) rhol | orfixed) rho2
1 N 1 3.01 | 9818239269 2. 0.0 0.0 0.0 0.0 Pol
2 N 2 0.72 | 981823929.5 0. 0.0 0.0 0.0 0.0 Pol
3 N 1 1.40 | 981823928.760.92| 2400 0.0 300 0.0 RMR
4 N 2 0.59 | 981823929.8¢ 0.42| 2400 0.0 300 0.0 RMR
5 Y 1 0.50 | 981823930.4 0.332400 0 1032 65 RMR
6 Y 2 0.44 | 981823931.2 0.312400 0 2179 485 RMR
7 Y 1 0.51 | 981823930.3¢ 0.33| 2779 0 932 65 RMR
8 Y 1 0.51 | 981823930.320.34| 3348 249 779 0 RMR
9 N 1 0.57 | 981823930.02 0.38| 2779 0 779 0 RMR

NB! Pier divided into two: upper body (above the floor, with rhol)
and lower body (below floor, rho2)

fit
fit

Results (in Suurupi)
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[ToIL

< Small empty rectangle around BM complicates
situaton (e.g. in TOIL):

. 1.05 981848755.04 116 Wzz1_d1_rho-0(r1).out order=1, 1 lug.eemal.
026 0.34 981848756.19 042 Wzz1_d2_rho-0(r1).out order=2, 1 lug.eemal.
078 119 Wzz1_d2_rho-0.out order=2
0.81 143 W2zz1_d1_rho-adjL.out RMR (dens1(ad))=764, order=1
027 036 Wzz1_d1_rho-fix(r1).out RMR (dens1=797), order=1
028 036 Wzz1_d1_rho-fix2(r1).out RMR (dens1=863, dens2=-1954(small box)), orde]
0.81 41 W2z1_d1_rho-adj3(r0).out RMR (dens1(adj)=832, dens2=-1954(small box)),

g values at the BM height: small box first exluded
then included

Conclusions

Absolute gravity value at BM level may differ
several uGal and depends on how to model
local gravity field

Test nonlinearity of VG. Avoid to use constant
VG!

RMS values show better performance with ,rmr
(not always)

Overfit danger: unrealistic results (rho)
Publication is under preparation




Software package GRAVS2 for
advanced process of relative
gravity data.

T. Oja

Intro

 Since 2001 renovation of 2nd order gravity
network in Estonia. Two important issues:
— Observations
— Data processing

« What software to use? Develop its own
soft to solve:
— addition of corrections
— calibration
— adjustment, drift, tares(jumps), statistical tests

Choices, tested soft in 2001-2003

¢ KMS (Kort & Matrikelstyrelsen, Denmark) tarkvarapaketti
GRAVSOFT kuuluvad GRREDU ja GRADJ (ANSI
fortran 77)

* Saksamaal (University of the Federal Armed Forces
Munich, IfEN) valja arendatud GravAP (Gravimetric
Adjustment Package Software) (piiratud kasutus,
kirjutatud C-s)

* Soome Geodeesia Instituudi (FGI) programmid GRED ja
GADJD (MS fortran 77)

« Taiwani Rahvuslikus Chiao Tung Ulikoolis vélja to6tatud
programmi GRAVNET (FORTRAN90) (Hwang jt., 2002)

¢ CG3TOOL - interactive computer program to process
Scintrex CG-3/3M gravity data (freeware, Sun Solaris, C)

In 2003

* In 2003 it was decided to continue with
GRREDU, GRADJ
« GRREDU:
— LGR calibration table (in source code)
— scale factor
— tidal correction (Longman’s algorithm,J5=1.16)
« GRADJ:
— Functional model: sy=g + a +Dt

* Rene: “lt is OK to use and modify programs.” (e-
mail 2000)

In 2010

* GRAVS2:

— Preprocessing: sform2 (CG5 *.txt ->
GRREDU?2 *.0bs), tform (GRREDU->
GRREDU2 *.0bs) etc

— Corrections, calibr.info: GRREDU2

— Network adjustment, drift and calibration
computation: GRADJ2

— Postprocessing: GRLOOP2(misclosures),
histogram, WZZ (vert.gradient), anomaly

GRREDU?2 (corrections):

— Tides: Tamural200 (1987) development, local
parameters (J, Ag) for the wavegroups from the global
grid (Wenzel, Timmen 1994), for M;S, 6=1.0, A¢ = 0.0

— Atmosphere: observed, normal air pressure (DIN
5450) and the coefficient —0.3 pGal/hPa

— Sensor height (linear func):
observed VGG*h 4
(for LGR-G h,4 ~ 5-10 cm,
for CG5 h,y ~10...25 cm)

— GIA: (1) = g(t — To)

— Calibration: polynomial, periodic ’

— Polar motion: IERS EOP-PC
timeseries




GRREDUZ2 (corrections):

— Tides: Tamural200 (1987) development, local
parameters (o, Ag) for the wavegroups from the global
grid (Wenzel, Timmen 1994), for M,S, d=1.0, A¢ = 0.0

— Atmosphere: observed, normal air pressure (DIN
5450) and the coefficient —0.3 pGal/hPa

— Sensor height (linear func):
observed VGG*h,y
(for LGR-G h,gq ~ 5-10 cm,
for CG5 hgq ~ 10...25 cm)

— GIA: §(t) = 4(t - Tp) s

— Calibration: polynomial, periodic -

— Polar motion: IERS EOP-PC
timeseries

GRADJ2

* Functional model:

ytng0+-gTo(t_'];)+ a+Zr_: (t— £)P+

+zri1ckzk +i Esin(277 P+4,)

For more details, see my presentations
during previous NKG Geodyn.WG meetings

GRADJ2

X" - a best linear unbiased estimator (BLUE):
ATPAX = ATPb (X" = (ATPA)IATPD |

Covariance matrices:

3. = 02 (ATPAYL = &2 g 2(AT Z,1A)1

2, = 02 (Pt — AATPA)IAT)

Choleski decomposition: (ATPA)x =ATPb = Gy
=ATPb 2GTx =y

Statistical tests: Student’s t-test, 2 statistic,
Pope’s t-test (at conf. level selected by user)

Usage of GRAVS2

 free GNU 77 compilator (or free Force2) to
make exe files

 input: ASCII txt files (obs, parameter files)

* bat scripts (MS-DOS, could be modified for
Linux shells)

 preprocessing: sform2, tform
 postprocessing: GRLOOPZ2, hist, WZZ, anomaly

« For some scripts GMT, gawk are needed (both
open & free)

Example of bat script:

[ Lister - [c: PROGS\redu27. bat]
Fle Edt Optons Encodng Fes
fBecho off

set exe-Grredu27h
echo SCRIPT FILE FOR %exeX by T.0JA Jan 2010

set tmpfile=in

echo xxx INPUT PARAMETERS:

echo set timezone (..,-1,6,1,2,..), epoch (DDHHYY)
echo 0 2008-07-31> %tmpFilex

echo set ltide,lpres,1fair,lpmot,ltine
echo t t t £t > tnpFile%

echo set iprint,imodel,irigid
echo 8 2 8 >> %tmpFile%

echo set pcoef (uGal/hPa)
echo -6.3 >> Stmpfiled

echo xxx INPUT FILE NAME:
echo %DATA%\coord_2018

REH
echo 3DATA%\COOrd 2610 >> tmpfile
REM echo E:\data\grant7356\EHU2009\Tat jana_arvutused\ninu_arvutus\coord. txt >> %tnpfile%

echo %DATA%\Coord_2010.tide

REH

echo DATAZ\Coord_2010.tide > %tmpFile}

REM echo E:\data\CG5data\2009\2009-04-17_Vortsjary_Peipsi_baas\adj_allicoord.tide >> Xtmpfile%
REM echo G:\graviope\data\coord.tide > ZtmpFile%

echo DATAZAETCPOT.DAT
echo ZDATAZAETCPOT.DAT >> XtmpFile%

GRREDU vs GRREDU?2

* Observation file:

B G-999 P3rnu baas 2007 EGK # 6-191  TORA-Kanepi-HAAN 2009 EMU
80014 290507 08.29 1000 80003 2009-11-27 ©5:31:00 5295.9580 0.0100 249 -999.9 -99.9 -99.9 -99|
80846 2906567 08.43 1000 80003 20089-11-27 65:35:00 5295.9600 0.0100 249 -999.9 -99.90 -99.9 -99|
800814 296567 08.58 1000 80003 20089-11-27 05:43:00 5295.9728 0.6180 249 -999.9 -99.9 -99.9 -99|
80006 2965607 09.31 1000 80003 20089-11-27 65:45:00 5295.9710 0.01680 249 -999.9 -99.9 -99.9 -99|
80003 20089-11-27 B5:46:00 5295.9730  0.6180 249 -999.9 -99.9 -99.9 -99|
« Coordinate file:
Bnnhﬁ 59.163890 25.194440 63.16 Kose-Risti
80001 Kuressaare 58.251944 22.485278 5.40 27080 0.4
80002  Suurupi 59.463577 24.380255 43.32 3500 0.64
80084 Haljala_I 59.431189 26.268144 73.33 3086 0.5
80005 Heimtali_I 58.321900 25.504333 79.07 2086 0.3
. 80006 Reiu 58.2987808 24.618228 6.13 3238 8.37
e | t file:
nputtile: T
[ravi_Eck_2007_uT3 828
Ex\DATA\coord_2608

gravi_EGK_2007_UT3.red 1
2 EZ\DATA\coord_2008.tide
3 EZ\DATA\ETGPOT .DAT

59 25 50 EZ\DATA\eopc 04 .7 8-now
Ez\DATA\meter_new.cal
Ez\DATA\meter0.par
271109_G191.0bs2




GRREDU vs GRREDUZ2

Result file

E Eﬂﬂﬂi Kul’EEEaaI’E 58.251944 22.485278 4400
Hase .8008 . 8008
o Local parameters (3, A@)| i == "W i s
286 428 Q1 1.1hes 0.008
for the wavegroups: oA e R * GRREDU
g ps: Sos 555 Pl 1.1u7h 0.0905
SSe Ses K1 11327 0.0165 n
Son &3%  J1 1.1500 0.0000 [t c-000  Pirnu baas 2007 Eck
535 730 001 1.1500 0.0000 80046 200567, B8.14 1 1000.888  -0.803 1999.997 Kose-Risti
740 808 N2 1.1727 1.0596 80014 290567, 8.29 2 1000.808 0.064 2000.804 Hustla
891 973 M2 1.1815 0.7985 80646 290567, 8.43 3 1000.000 0.610 2000.010 Kose-Ristil
So1 73 W 1aels g.7eee 50014 200507, S.58 b 1000.000  0.017 2000017 Hustla
1005 1121 K2 1.1696 -9.1345
. . 1122 121k W 1.0682 _6.0000
Calibration table hes
4808 4968 .700 1.038106
4908 50872.518 1.838186 °
or LCR 5608  5176.320 1.038150
5100 5200 155 1038200 - : S : :
5200 5383.955 1.038250 station date, tine o reading tides air-  free- pn]xr gdot  calibr. reduced station
5360  5487.788 1.638358 number uT + 8 pres.  air moti error  reading  name
5408 5591.615 1.038358 # G-191  TORA-Kanepi-} mmN znnv ENU
5508 5695 .450 1.038406 80003 2009-11-27, 05:: 1 5295.9560 10.0 ~hn.7 6.9 28.8 0.0 -0.4 ~4.2650 5494.3941 Toravere|
# 6 80003 2009-11-27, 05 2 5295.9580 10.0 4.7 0.0 28.8 0.8 -0.4 ~4.2650 5494.3962 Toravere
5008 5196.380 1.041708 80003 2009-11-27, 85 3 5295.9600 16.0 -44.9 6.8 28.8 0.8 -0.4 -4.2658 5494.3981 Toravere
5108 5294.550 1.04178 88003 2089-11-27, 65 4 5295.9720 16.0 -45.1 6.8 28.8 6.8 -0.4 ~4.2651 5494.4183 Toravere
) . 80003 2008 11-07, 05 S Siosiorio 10,0 M2 0.0 2808 0.0 0k k2631 Suon.nep Toravere
¢ |nstrument’s sensor he|ght W50 80000 2009-11-27, 05 G 52050700 10,0 WSl 00 2818 00 -0 42651 S4DA.ATI3 Toravere
1 | 211 80911 2009-11-27, 66 7 5276.8690  10.0  -u8.8 0.0 36.7 0.8  -0.3  -4.1686 5474.6120 Kanepi
. . H . 99 80911 2009-11-27, 86 8 5276.8700  10.0  -48.9 0.0 36.7 0.8 -8.3  -4.1686 5474.6129 Kanepi
calibration info: 1 oo0g0 80911 2009-11-27, 06 o Ses7a0 100 Mo 0.0 867 0.0 0.0 k1636 Surh.e17s Kanepi
#'5-5 80911 2009-1-27, 06 10 Sare.07i0 100 Wbk 0.0 967 0.0 0. hAed6 Shrh.cion Kanepi
211 80911  2009-11-27, 06 11 5276.8710 10.0 -49.6 0.0 36.7 0.0 -0.3 ~4.1686 5474.6132 Kanepi
4 B091 20001107, 06159100 12 5276.0720 100 o7 0.0 67 0.0 0.3 k1686 Surh.eu: Kanepi
- S0702 20091177 07:50:00 1o Spro.ous6  10.0 556 0.0 256 0.0 9.2  h.100p shro.ezet Haaw
159
929
0.9992333766
¥
GRADJ2 GRADJ2 exalaneS'
. . . « .
* Input files: « Output files (*.resi):
A |5 G191cal.resi - Notepad
572009-06-10_6191 par - Notepad| | G191cal proj - Hotepad Fe Ed Fomet Vew Heb
Fle Edt Format View Help o BB REms T G G1o1cal. proj
I Critical yaluss for parameter and residual statistical tests:
£11 ’ conf. Tevel=  0.85, t-cri 00, tau-crit= 2.06
i 0.004 TORA Residuals of the readings with tare and drift info
l1517as 0004 1aan : i : i . .
11330 0.01 Reiu station  date, time instr. segno obs weight drift res_st.res red.no_res.plot  _station
1527 0.01 Lodja numher number (mGal) (uzal) Tau-test € 2 ucal/div) name
1527 0.01 Fo3iagqupi_t
50011 ©981739.895 0.07  Kanepi DRIFT degree =
DRIFT of 1 nrdar' -132. 0.1 uGAW/dayAl (t-stat= 14.60)
BIAS parameter: ZGSDBA e 38 z UG
£ 305504 10, 15 17 11 o o I
S04 200505 10, EEE % B . I
80046 2000-06-10, 1.3 0.8 0.8 vl I
80046 2009-06-10, -0.9 0.5 0.8 ¥ I
80046 2009*06710, -2.3 1.4 0.8 ! F’ :aagum I
S50 30050e 16, g3 s oa b
80006 2009-06-10, 0.9 0.6 0.8 w Rm’u
80006 2009-06-10, 0.7 0.5 0.8 “ Refu
80006 2009-06-10, -0.8 0.5 0.8 * Refu
80006 2009-06-10, -0.% 0.6 0.8 " Rred
S04 200505 10, IR . R daqupt 1
80046 2000-06-10, 0.9 0.6 0.8 w P-Jaagupi_T
80046  2009-06- 10 0.9 0.6 0.8 “ P-Jaagupi_]
S04 300500 R R X . Syl
30s 250 5 10 FE R (PR A 1
80006 2005 06 10 3.3 2.1 0.8 ow Refu
80006 2009-06- 10, 0.7 0.5 0.8 * Refu
$5008 30080810 LRSI 3 . i
59055 300505 0, R . (e
GRADJ2 exalaneS' GRADJ2 exalaneS'
[5 G191cal erav - Notepad
e e rama vew b
1
» Output files (* 2): « Output fil : g TS
1 3953 smurid.deeo 0.d8i0 bads  osId.Ge7a o.bous Tormvere
utput files (*.resiz). utput iles boE i BRI IR selbn odn T
i S G sl o 0% MR U MU
| & G191cal.resi2 - Notepad * . 4 80035 081737.7960 0.0100 0.090 981737.8031 0.0071 Lodja
L rav PoSh AT PR 08B SHAIED N5 Ml
Flo Edt Formet View Hep - - 6 80911 081739.8950 0.0200 0.022 981739.8739 -0.0211 Kanep’
5191cal.proj
# adjusted results ww(h stzndzrd devu(wns (mGal)
Grigiea vaiues for paramerer and resia] seaviscicnt Tens: ot S e ¥
conf.Tevel= 0.95, 2.00, tau-crit= 2.08 ) )
calibration results of gravimeters
AVERAGED readings, residuals etc with tare and drift info
Trszrunent no:
station date, Ttime instr. no no  obs. weight drift res_ st.res red.no res.plot station f pﬂ‘\ynuma'\ calibration function:
ber number (in\!) (mGal) (ual) tau-test (2 uGal/div) name deg. th std.dev t-stat.
9%, 053855550 o ovtoresers I
DRIFT degree =
DRIFT of 1 urder. 5% 9.1 uGal/dayAl (t-stat= 14.60) Terms of periodical calibration function:
BIAS paramete: .6+ 382.2 ugal Per. (C), x(cos) with st dev, T-test, y(sin) with st.dev, t-tgst [unT-ucal]
£8548% 385505 10, T 6 07 o8 o5+ poagupis Sodand oSy TR YRy g T
80006 2009-06-10, 191 2 6 5511.3757 7.9 0.0 0.4 0.8 * Reiu wand am;ﬂ A(uGal) and phase For A“s'ln(Z"p'I"z/per1nd+phase) with s(de\/ -5
s s o3 B SR T S 5 - Soadts) AU Bl £ R
* 1.7 ugal (t-stat= 17.
so00s 20000833, 100 7 8, ST 2 s 1o os el statistics of adiustment =
80035 2009-06-10, 101 5 22 5476.8806 -5.8 0.1 0.6 0.8 o Lodja fjustment observations: = 83
S5058 3508010 FERN I TSt T S - P :
ORIFT degree Total unknowns: 18
DRIFT of 1 order: = 20.6 uGal/dayAl (r-stat= 10. Degrees of frezdan:
ORIFT of 2 order = 49.6 uGal/dayA2 (t-stat= 15. GMAL Eapnun indard dev. of unit weight) 0.0030
TARE: +  13.5 ugal T-stat. B Pbaterior] Standard’ dev. of UMt welght): 00037
so00s 2000155, 10077 4 e L2 2o 1s os e Toravers
O FEOE I+ RS I R S A5 sraciscico) ceses
S et | A S Contiience 14 o5
so7or 20081157, 101 08 4y GG P S PR )
Seat seeediney Fe P I TR VA A oot <. Crivical t-value for statistical paraperer testin e 200
80003 2009-11-27, o1 11 25 34986060 31 07 1 oo M Toravere NB! If T-stat > t-crit > parameter significant, R B b LR
8% 3oty mon R oumen I S S B PR
80702 2009-11-27, 191 13 37 5417.8096 8.1 1.2 0.9 0.9 1 HAAN chi uare test of the SIGMAl (\/arwance factor) =
80911 2009-11-27, o1 43 5478.8227 1505 -0.5 1.0 0.9 " Kanep Statistic norm. with dot):
800! -11-27, 1 191 5498.7225 25.2 -0.8 0.6 0.9 * Toravere wer vaTue
RMS residual X* upper value = 1.37 -> Test PASSED!

1
WRMS residuals: 1.7 wGal

|common epoch: 2000442




GRADJ2 examples:

e Output files (*.ties):

[4 G191cal ties - Notepad
Fle Edt Format Vew el
| frem /1o inst.no date B3 dr(hr) do@ncal) do(uGal) dgrds
Reiu P-Jaagupi_I 191 2009-06-10, 6 1.320 dr.68al -7.3  47.6818
Refu P3aagupit 191 2009-06-10) 8 11327 47.6730
Refu Lodja 101 2009-06-10, 1 0 1.018 -34.5001
Refu Lodia 101 2009-06-10; 1 4 0810 -34.5010
Toravera Kanepi 101 2009-11-27, 0 11153 -10.8037
Haan Kanepi 191 2009-11-27, 0 0.856 61.0011
[Toravere Kanepi 1ol 2009-11-27; 0 0lo64 -15.8915
[Toravere Kanepi 1ol 2009-11-27, 0 1.008 -19.8890
Kanepi 161 2000-11-27, 0 1.006 80.5074
Haan Kanepi 101 2009-11-27, 0 0.881 610131
Toravere Kanepi 191 2009-11-27, 10 0.900 -19.8398
11 ties

doredy
47.6812

GRADJ2 examples:

« Output files (*.cov):

[ G191cal.cov - Notepad

Fle Edt Format Vew el

|-ower triangular of symmetric covariance matrix (cx) of adjusted parameters with dim( 16, 16):
107051823

~0.900040 10.291915
1.968337 1.728245 7.414530
0.362500 0.319613 01682212 1.651830
~4.255461 843280 8.098750 1408184 26.405800
-0.162380 -0.165881 0.358262 0.066021 ~0.776638

Fror R adi.dg(ngal)  stdev (peal)

Toravere HAAN 80,8083 4.0

Toravere Reu 12,5292 = 7.9

Toravere Lad] 218643 = 7.8

Toravere P-Jaagupi_t  60.2240 = 7.6

Toravere 10,7034 =  13.6

HAAN Refu 03.3381 = 9.1

HAAN 580446 = 8.8

HAAN P-Jaagupi_t 1410320 = -1.§

HAAN 61,0155 + 14.5

Refu --> Lodja -34.3034 =+ 10.2

Redu --> P-daagupi_t  47.6048 = 128

Reiu --> Kanepi -32.3226 = 1B.1

Lodja --> P-daagupi_l  82.0882 =+ -1.§

Lodia --> Kanepi 2.0708 = 11.4

P-Jaagupi_l --> Kanepi -80.0174 = 18.2

hist4

Histogram of residuals(i=77)
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GRLOOP2(+GMT) example:

 Closing errors in S-Estonia:

2512 2535 2600

8724

5812

5800

GRAVS?2 training days
in Feb. 2010 at ELB

GRAVS2

« Under preparation:
—manuals (EST, hopefully also ENG)

— simple homepage (links to source codes,
binaries, upgrades, FAQ, manuals etc)

—not bug-free
 Free for everyone to try, use and modify!




