New national gravity reference frame in Sweden - RG2000
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ABSTRACT: RG 2000 - DEFINITION

Sweden is located in the middle of the Fennoscandian postglacial rebound area. The postglacial o 1 2000 graviy networ - * The gravity refer.ence level as obta.ined by .absolute

rebound, or glacial isostatic adjustment (GIA), induces a temporal change in the gravity field —— 15 % 2o gravity observations according to international

varying from -0.1 to -1.7 uGal/yr on the Swedish mainland. This secular, GIA-induced gravity Soass A ] \ standards and conventions |

change has been studied since the 1960s, first by means of repeated relative observations and St i ’ The post glacial reboun.d epoch is 2000.0

since the 1990s by repeated absolute gravity observations. 4NN * Itis a zero permanent tide system

In early 2018, Sweden released the new gravity reference frame RG 2000. It is based on a large / e \

number of absolute and relative gravity observations. The foundation is 14 points where 190 <IN RG 2000 - REALIZATION

repeated absolute gravity observations with two FG5 gravimeters (FG5-220 and FGb5-233) have Y * The epoch 2000.0 is chosen in order to harmonize this

been conducted since 2004. In addition to that 95 points have been measured with an A10 / LY o \ network with the national height system, RH 2000, and

gravimeter (A10-020). All absolute gravimeters participated in international comparisons. 65 . SN % 65 3D system, SWEREF 99.

Here we describe the realization of the new gravity reference frame; how the absolute gravity e M * The land uplift model NKG2016LU_abs was used to get

observations can be traced to international standards and conventions; how all gravity . * P . 4 the right post glacial rebound epoch. The factor -0,163

observations have been reduced, in terms of a linear relation between the land uplift model / - . " had . \ uGal/mm was used to convert the absolute land uplift to . . S . A

NKG2016LU and the gravity rate of change, to the reference epoch 2000.0; how all absolute and AL gravity change (Olsson et al 2018). Ostersund AA (Class A point) from outside, with FG5-233 at .Ratan AA

relative gravity observations have been adjusted to estimate gravity for a network consisting of PAANE * The FG5-233 observations are corrected after results co-located GNSS. (Class A point).

the above mentioned absolute points and some 200 additional relatively connected points; how / N N 4 \ from international comparisons (ICAG and ECAG, see

RG 2000 is related to older national gravity reference frames. A 3 Olsson et al 2015)
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THE SITUATION BEFORE RG 2000: / SN x ..:: 54 \ Residual o el e e ol e o e el e | somdgmiyins

The situation before RG 2000 is described in Engfeldt (2016a) and the strategy how to continue U i - . " ¥ B 1;9«‘_‘?;. -~ ﬁ"%m +10HG;0°,F‘? v Ew rmue;o-ﬁ:-ﬁir__ﬁszaim-

the work with a new gravity reference frame is described in Engteldt (2016b). Below is brief LYY - Y : |i0 - / O\ 0 Gl / w\\tﬁ\ / M{}KJ\\

Summary. / .o. .’ ©od o A ‘. & \ —10uGalgf /\} '\ ] —10uGalf; P ’:j ) II.II I\( \ﬁl

* There are two old gravity systems which are somehow still in use in Sweden. RG 82 was el | \, 3 "" ; | i * "" i1 R 'y |
measured 1981-1982 with two LaCoste & Romberg gravimeters and is based on two absolute WL . l f\ | / AN I b\\ ,,, oyt | 'C,\\
gravity observations in Sweden, one in Finland and one in Denmark (see Haller & Ekman / Lo« 2 - \ . .f«'" F |' . _ Y fII |1 - o ZV” 'I.I! 'I, ¥ B
1988) by the Italian instrument IMGC in 1976. This absolute level differs about 30 nGal from 55" & . 55 ] . || ! i \ ] 5 I | | Ill \ ] /J P ||| | ) \
RG 2000 after RG 82 has been reduced to the epoch 2000.0. RG 62 was measured 1960-1966 0 RIS I = | §/ e _': | ! ':\ ;ﬁ? { | X I | L .f?"' {'" :I. I': .'I". " il \‘x
with a Worden Master gravimeter and was connected to Potsdam via the European Calibration / <} ANy \ / <:> l N | | \ / {}|Il"‘-“ 'y \
System 1962 (see Pettersson 1967). Due to the gross error in the absolute level of Potsdam and | \/} Iy \\, N | | |I | | 5. | l'l. "||1 {g

Jin NS . J LR N
| | .

due to poor relative instruments, it differs from RG 2000 with about 14,6 mGal N | [ s
J J i : ,, o I ,
* From the early 1990’s to 2007, new absolute gravity points were established at totally 13 _Immmmw j L : \\6" ;;f' > l |

A10 measurementé in rain, at Saﬁ‘le ( Class B—zté)

1 ] ) . i ] 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Year | o | | | ,{ Ml | 1 | Ly | L& M/ ) Lo
ocations in Sweden. There are repeated observations on thgse pomts with FG5-233 (owned by ‘ s oo ercomaaneon ‘ . / |_ Lo j I " | [ j I P | The tent protects the instrument from sun, wind and
Lantmadteriet) from 2007 until now, and on some of these points with FG5-220 (owned by LUH, - - 'l ,{f I I | t - oo I ..f | H'l \“ rain. This tent was though broken at the top, thus an
Hanover) from 2004 to 2008, — | | | | — / ' ! |’ e EAN -0 6ol x / " R | EAN 091 \ / :..: ;I= ll"pI'I MEAN 32 4G \ umbrella was needed.
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DATA FROM THE FINAL ABSOLUTE INSTRUMENTS USED: ptocommaizn | iercomparison | service e e A_Al . e e e e

ADJUSTMENT: FG5-233: 10 years of repeated observations fle1-1g2000FNALFINAL resi | lerossValalonFINALFINAL esl2-192000F NALFINAL resu O KA real _

Total number of: FG5-220: 5 years of repeated observations Time line for the instrument FG5-233 and the Refsults from the calculation and ?d] ustment Of RG 2000. On the left “”d. the middle g ”“Ph/ ?”11/ the ?OTF}TJZIC?}?VE;SEI;’F ;\A;S: fgggfi%gg{gﬁgw ENT:

e Unknowns: 1405 A10-020: Observations 2011-15 on totally 95 Class B instrument A10-020, showing when normal points measured by absoh.tte gravimeters are Zﬁcluded (Class A gnd B pomt.s). Cross validation means available anymore, so we decided to write a new

+ Equations: 4008 points and 3 Class A points observations and intercomparisons have been performed thqt the absolute o.bservatzon of one certain point was excluded in one.solut.zon and the g value for the coftware

o Abso.lute. instruments: 4 A10-021: Observations 2012 on 2 Class B points and when the instrument has been on service. Between pomt of that solution was substracted from the g value of the same pomt with the absolute observation + The same observation equations and adjustment

e Relative instruments: 14 every service there has been one ICAG or ECAG. The mcluded: The largest rfzszduals here are caused by tﬁe relatzvg observat?ons r‘ather than the absolute theory is used as in our old RG 82 software, see

» Gravity points: 329 RELVATIVE INSTRUMENTS USED: observed FG5 and A10 data for these two instruments observatzons..On the right graph all the 326 pomt§ included in the main ad]usiz‘ement are shown.. The e.¢. Koch (2000) or Fan (2010)

« Absolute observations: 113 » LaCoste & Romberg G54: 1975-2017 have been corrected with the result from the least good point here was destroyed the year after it was measured and is only included in the adjustment | 5 BNOC h . 4 and

e Relative observations: 3721 « LaCoste & Romberg G290: 1975-2003 corresponding intercomparison. since it is connected to other points as a link in a chain. . ICZ ;ZI};’C;I;; ; r:;!i }I::Etz't a(;fggﬁ)’d?f?ergﬁt Gcross

* Precomputed differences: 174 * Scintrex CG5-740: 2011-2014 . : a . :

. Unknovff)n scale corrections: 9 * Scintrex CGb5-1184: 2015-2017 WHY A NEW GRAVITY REFERENCE FRAME?: mstrl}llrgg(r)lgsoto severalinput fiies in fhe fand uptit

« Unknown drift parameters: 213 « Several LCR instruments from other Nordic RitferensRG20D0. RGB2 * Today we can see an increased need for improved geoid models for GNSS height iy .

e Unknown instrument levels: 854 institutes, observed only on the gravity land uplift 0 e 15 2 determination, which calls for additional gravity observations and quality assurance of * Gadis the dr.naltn sofj’fware and makes the least

lines i o~ existing gravity data. In this perspective, a new modern gravity system and the >quares adjustnen .

STRATEGY: fO:G:;aI / RAN =z “\ renovation of the high order gravity network is considered as a moderate strategic * Geross is use(.:l to make cross validations for the

* Use the FG5-observations as The scale factors for the instruments have been /L “ ||| \j; investment, which will provide a firm foundation for further activities. AG observations
foundation . . estimated using the Gad software. The observations I / - ¥ I| ||:|\ \  Lantmaéteriet owns an absolute gravimeter since 2006 and have 10 years of state-of-the- REFERENCES.

* Use the A-10 gravimeter to densify the | | 4 =54 0104 G290 instruments have been divided ,:l,: RS N | " art observations with todays technique at 13 places all over Sweden. ol - .
network uniformly distributed over into 4 and 3 different observation periods, - / 1 i 'lll b o5 * The previous Swedish gravity frame, RG 82 (Haller & Ekman 1988), was based on four ngt;é:'eﬁ'r;ig(lﬁf )z'oqi.zlaao_smtus March 2016
Sweden and at points in the old respectively, and a scale factor for each period has I lel || |"|' | I| ||| \ absolute gravity observations in Scandinavia in 1976 by the Italian absolute gravimeter Engfeldt, A. (2016b): RG 2000 — future plans. Lantmiterirapport
network(s), wherever possible been determined. / /“\ N || |I| | (! "'":}1 IMGC. Although the gravity level of this system in land uplift epoch 1982.0 agrees 2016:2

» Use the relative observations from the The scale factors of the Nordic LCR instruments were I )| |I I| | l'! Il \ surprisingly well with RG 2000 (some 30 uGal difference), a considerable improvement is Fan, H. (2010): Theory of Errors and Least Squares Adjustment. Royal
work with RG 82 set to 1, since they were only used observing very | ill i II I||I | "'.]".., possible with modern instruments. :_TsﬁltUtLe %f Tslf hnOIOf,ly zfggél.sill;l 91_7; 70_200_,8 : "

* Use good relative observations from small gravity differences. Y l| | ||-| |}  About 75% of the gravity measurements for geoid determination are in the even earlier Sj,ezzn' L,\',',V_rr:;:(;rt '1288.12 ¢ Jundamental gravity network of
the NKG gravity land uplift lines, from soj ) b IIIl : ':l ! I'" \60 gravity frame RG 62 and the transformation between these two frames is not the best. Koch, KR, (2000): Paramet.er Estimation and Hypothesis Testing in
1975 to 2003 APRIORISTANDARD UNCERTAINTIES FOR THE Iﬂj, | IH || " N '|| | .. When making a new frame and new relative observations between points in the old Linear Models. 2a Ed., Springer 2000

* Make new relative observations DIFFERENT INSTRUMENTS: / . 'II ; b \ frames, a new better transformation can be developed. Olsson, P-A., Engfeldt, A., Agren, J. (2015b): Investigations of a
between the FG5-/ A-10 points and « FG5: 1,0 uGal Iu‘ ||| i'|' '|| 'y I ul ! "".fjj.,l * To harmonize the reference frames in Sweden. The land uplift epoch (2000.0) of the new ;sgép Ge ;tgf; ump in SdWEd'Sh repeated absolute gravity time series.
other points in the network.so that .« A10:5,0 uGal / oY ||I| Jlln 3 B \ gravity system is in agreement with the Swedish height reference frame RH 2000 and 3D Olsson, P- A,hpgﬁ C;?(zlgiss): Postglacial gravity change in
there are no stand-alone points = a real | |, Scintrex CG5-1184: 7,0 uGal i 1'1. ! T '.,'... reference frame SWEREF 99. Fennoscandia: Three decades of repeated absolute gravity
network. This also serves as a check « LaCoste & Romberg G290: 11,0 nGal ssh_tl' ' o ,__Lss * The coordination aspect. All different organizations working with gravity in Sweden observations. In preparation
for gross errors in the A-10 « All other instruments: 9,0 uGal ° i ki need a common well-defined high quality reference frame.
observations. Raw difference between the new gravity

* All g-values refers to a point on the frame RG 2000 and the previous gravity
ground. This éneacfils thiit t?el%lgldien,z j:lmme léG 82. Most of the difference is
was measured and used at all Class ue to GIA.
and B points.
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