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Introduction and Problems

W, determination %2 . Table 4: Evaluation of the Global Geopotential Models at the GPS/leveling BMs and correspond- g, B3 s, s 8 s, . Bos ) I T
E . AsLVD T e g g . 8. 88580282508 885,588,25 B8, 500s:58,8 5352850855888 Z,4,058525558852:85:352258 5yt
: : . g : : : o ing W, . Spectrally enhanced TIM-R5 and EGM2008 above indicated degree. (indicative solution due s0B38729535855057:33258338 5578530285 532503225 2502882528582z 08 RzEREkEs0E 0
The unification of local vertical Datums (LVDs) at a country-wide scale has gained signifi- Table 2: Evaluation of the Global Geopotential Models at the GPS/leveling BMs and correspond- == e 5 P y 5 ( o4
: . . : A LVD . 3 Ml - = to large number of islands)
cant attention lately, due to the availability of GOCE-based Global Geopotential Models ing W,"". Pure GOCE GGMs without any enhancement. 2 o R B | T . : :
GGM % F \ Study Area Geoid Height Residuals Gravity Potential base on
( s). Study Area — | Geoid Height Residuals Gravity Potential based on %( ]l = (Greek Islands) (NGps/iev.-Nmodel) W,=62636854.3 m*/s’
— 242 ® P =
The latter, offer unprecedented geoid height accuracies at the 1-1.5 cm level for spheri- (Marmara) (NGps/iev-Nmogel) : s i g .0 TIM R5 (d/o 170) . W 2,2 A
cal harmonic expansions to d/o 225-230. Model min | max. | mean | std.dev. | rms | W' (m’/s’) | W™ (cm) il . A1 }/ ) VG ARl ™in | max. mean  std.dev. rms o (m/s’) o (cm)
DIR R5 (d/o 300) -42.2 | 67.4 8.7 26.4 27.7 62636852.5519 8.3 = N S ~ )
Within a single country, several LVDs may be used, especially in the event of islandic na- TIM R5(d/o 280) 502 | 673 | 86 277 | 285 | 626368525551 33 AN = ) £ CRETE -124.8|  -31.0  -814 180 834 62636861.1832 -77.8 :
tions, therefore the unification of all of them to a single nation-wide LVD is of utmost GOCOO05S (d/o 280) | -47.5 | 63.4 | 8.7 6.2 276 | 62636852.5454 3.4 A== - [ - \ o GAVDOS -82.5  -748  -78.6 5.5 /8.7 62636861.1076 -77.1 Ll |1 v
importance. EGM2008 (d/o0 2190) | -43.3 | 51.1 | 5.9 15.9 16.9 | 62636852.8248 5.6 \i = BT 1248 -19.0  -726 2441 76.6| 62636857.5704 -41.7 | P g
" olds £ " " " . b ' d - S N THASOS -68.4 -48.6 -57.5 6.2 57.8 62636859.1287 -57.3 s e T
The same holds for neighboring countries, where the unification of their vertical datums 2 Bl _
| - ‘é]%c ng o e o T Geoid Height Residuals Gravity Potential based on ) " LIMNOS 914/ -521  -76.0 9.2 76.5 62636860.9887 -75.9
|§ necessary as a too .o engineering, cross-border collaboration and environmental an (1zmir) (Neporos-Nomone) [y —p—_ Y I 2] e ' AG. EUSTRATIOS 693 591  -64.9 45 651 626368592124 £31
risk management projects. min | max. | mean | std. dev. | rms Lo (mZ/SZ) SW™  (cm) \ . - = _ ) 7 SKIATHOS -84.6 -56.2 -76.2 10.6/ 76.8 62636861.0498 -76.5
The aforementioned set the main scope of the work carried out in the frame of the pre- DIR R5 (d/o 300) -22.7 | 80.3 | 18.0 154 23.7 | 62636850.6234 27.2 3_j°°§‘“9;\ = ” SKOPELOS -119.4 -82.9 -92.2 12.2 929 62636862.0628 -86.6
sent study, which referred to the use of GOCE and GOCE/GRACE GGMs in order to unify TIM R5 (d/o 280) -18.2 | 92.6 26.3 17.7 31.8 62636850.8170 25.3 ] WLVD h kev based h I h q ALONISOS -101.7 -78.7 -85.9 9.2 86.3 62636862.0249 -86.2
the LVDs of Greece and Turkey. GOCO05S (d/0280) | -20.9 | 91.3 | 235 | 180 | 29.6 | 62636849.5071 38.1 Figure 5: W, over the Greece and Turkey based on the spectrally enhanced DIR-R5 GGM. NIV TE 1005 870 -93.1 6.8 933 62636862.9018 95.0
EGM2008 (d/o 2190) | -22.3 | 40.1 0.7 3.8 8.9 62636852.7454 6.4 2 SKANTZOURA -73.4 -62.0 -68.4 4.8 68.5 62636860.1552 -67.6
SAMOTHRAKI -83.4 -53.4 -66.5 8.8 67.0 62636860.4947 -70.9
Data used and methOdOIogy Table 3: Evaluation of the Global Geopotential Models at the GPS/leveling BMs and correspond- — Ereskisand D basedon TS enhances
It is well-known that the two countries share common borders and are a path for laree- ing W'e Spectrally enhanced GOCE GGMswith EGM2008 above indicated degree. E D I i HAOk 0.7 4.8 /5.6 J.1) 76.1] 62636361.1251 173 s é o . %8, 8§ 35z E.s8. 5 s, szl B o gz, 8 8% g
| i i iects in th t P ; i 3 | f H| | ﬁ SKYROS -87.4| 446 -70.7 128 718 62636860.3214 -69.2 w/gtazi;
scale engineering projects in the energy sector. Study Area — | Geoid Height Residuals Gravity Potential based on %< ‘ “ g ‘ PSARA 675 379 6.8 135 580 62636859 4581 606
2,2 & )
Therefore, the availability of a common reference for orthometric heights in both coun- (Marmara) (Nops/iev-Nrmode) AT /s s I If CHIOS -70.0  -22.6  -40.7 12.7| 425 62636858.0401 -46.4
tries and/or the determination of the relative offset of their individual zero-level geopo- Model min_| max. | mean | std.dev. | rms (m’/s) (cm) 5 “ Hl ‘ ‘i . Y 1743 625 827 27.9 87.0 62636861.4349 -80.3 .
tential value poses an emerging issue. DIR R5 (d/0 155) + ... 361 | 31.7 | 4.5 12.0 125 | 62636852.9550 4.4 g BT 577 517 -63.0 14.2| 64.4 62636859.6016 -62.0
VD TIM R5(d/o 155) + ... -36.3 | 314 4.6 12.0 12.9 62636852.9453 4.4 kS m 99 6 67.0 792 36 796 626368605164 71.2
The determination of the geopotential value W,"” for the Greek and Turkish LVDs was GOCOO05S (d/o 155) +... | -36.2 | 31.2 4.4 11.9 12.7 | 62636852.9664 4. = R 10 -F ATVIOS w00l 23] o8 = 701 62636860 9047 3.0
carried out for each region separately performing different estimates for the marine ar- _ I R & : : : ' : ' ' 8
ea of the Aegean Sea aid the tperrest:;ali) border rg ion along eastern Thrace FM2008 (/o 2190 e =22 109 | 626368528248 >0 = - }:i; i || \ £ LEROS -81.0  -654  -745 4.8 74.6| 62636860.7954 -74.0 : T
; ; s | oy — N : —r— AR =i I N AGATHONISI -109.9 -108.4 -109.2 1.1 109.2 62636864.0788 -106.8
Then, the relative offset between the two LVDs was determined employing GPS/ y . 8 Gravity Potentia afez on == d - Ul - ; I 7] KALYMNOS -69.8 -60.0 -64.9 3.7 649 62636859.7836 -63.8 i
: (Izmir) (NGps/iev.-Nmodei) W,=62636854.3 m"/s " RSN N | & e - B s o e e
Levelling data for both areas and the latest GO-DIR-R5, GO-TIM-R5 and GOCO05s mod- , 2.2 | (% > b / 5 B 842 467 -64.1 9.5 64.7 62636860.0876 -66.9
| ! min | max. | mean | std.dev. | rms (m*/s?) (cm) = = s . 5 _ P il sy
els as well as EGM2008. DIR R5 (d/0 245) + . 3.1 | 488 | 156 | 69 | 17.1 | 62636851.8663 15.0 = : - NlTs;\L(ggs 3;? 'ig'é '22'2 ;i gi'g 2;222:2;5;2 'zg
The estimation of the mean offset is used to provide a direct link between the Greek TIM R5(d/o 245) + ... 0.7 | 56.8 | 21.5 /7.3 22.7 | 62636851.2937 20.6 YV -46.2 _21.8 _36.2 10-6 37'4 62636857.2927 _38-9 o
and Turkish LVDs with the IAG conventional value 62636853.4 m®/s° recently proposed GOCOO05S (d/o245)+... | 0.9 | 55.8 | 19.6 /.4 21.0 | 62636851.4763 18.8 ' ' ' ' ' ' '
as a W, for a global WHS. EGM2008 (d/o 2190) 223 | 401 | 0.7 8.8 8.9 | 62636852.7454 6.4 KARPATHOS 84.1) -49.2] -63.9 9.8| 64.6) 62636853.4409 -60.4
B /15 628  -67.9 3.7 680 62636859.8679 -64.7
The WDLVD determination is carried out based on the available ellipsoidal, Helmert or- ;' KASTELORIZO -91.9 -76.4 -84.0 7.2 84.2 62636861.1155 -77.2
thometric and geoid heights over a network of BMs throughout the Aegean Sea, in Mar-  E. SYRNA -63.8  -50.8/ -59.3 5.8 59.5 62636859.2948 -58.9 |
mara and lzmir. : = Y 01 380 -39.0 1.1 39.0 62636857.2096 -38.1
Geoid heights (N;) based on the latest DIR-R5, TIM-R5, GOCOO05s and EGM2008 as a ref- 2 5 ASTYPALAIA /9.5 5041 677 27| 6831 62636860.0944 063 %gé;g
. LVD . . ] E %@ AMORGOS -75.9 -61.4 -67.4 56 67.7 62636859.9946 -65.9 wo:wsmsmz/;z%sééﬁ§2§ﬁ&'§ﬁ&3§&5§8§§52§32.‘:‘;§5555255%95Eéﬁ3;5%EE‘Z‘ﬁiﬁsaaé55'6558;‘555§§s:§§§§5m§&£§&8%z
erence are used to estimate the 4" over the various regions, as: s % P
E p LEROS -55.5 -41.8 -46.8 6.1 47.1 62636857.8667 -44.7
m, +LVD m . ~CVD/LVD g 2]
W/ _ /Y _ A (VDI W _ D W oo _ D AC s s SANTORINI 465  -30.2| -39.7 46 399 62636857.3516 -39.5
,- 0 j o T m Z. E BT 308 564 -65.3 9.6 659 62636859.9457 -65.5
gl =] BT 635 594 -61.6 1.7 61.6 62636859.3635 -59.6
ACEPIP (h,. —H"™™ —N. —No)g_/i - 7 FOLEGANDROS 735 -67.7 -70.4 2.6 70.4 62636860.2664 -68.7
‘. > gm IRAKLEIA -85.7 -81.7 -83.7 2.9 83,7 62636861.4551 -80.6 _
BT 1011 -966  -98.8 3.2 989 62636862.9831 -95.8 &
The various GGM-derived geoid heights have first been validated in order to construct w  §e BT 614 579 596 25 597 62636859 1542 575 i s,
as well spectrally enhanced geoid heights, as: 1 KIMOLOS 724  -67.8 -70.1 3.2 70.2 62636860.3305 693 17|
— =] MILOS -99.4  -65.8  -74.2 10.8| 74.9 62636861.2244 782 i
helm n — - 2
ACHHP =(h,-—H,- ~Noocel, —Neswaoos 1 —No)g,- B 65 478 584 6.2 587 62636859.2971 -59.0/ %
s ANTIPAROS -191.7| -78.0 -116.0 65.5 127.8 62636862.0183 -86.2 .
- | - PAROS 756 -56.2  -69.1 6.7 69.4 62636860.4423 -70.4
Figure 8: W, ~over the Greece and Turkey based on A A | % : W _“over the Greece and Turkey based on the spectrally enhanced GOCO05s GGM. m 1018 -647  -77.9 98 785  62636860.8641 746
idat FGM2008 W —semros
. KYTHNOS -75.0 -62.4 -69.6 5.0 69.7 62636860.1157 -67.2
The validation was carried out per degree for all GGMs over continental Greece, and the Conclusions “ 1034  -888  -94.3 45 944 62636862.9245 .95 2
f Marmara and lzmir in Turkey, T  amara [ | oo
areas of Marmara and urkey e Significant consistency between the Wo LVD esti- MYKONOS 969 -76.8 -87.7 6.8 879 62636861.7056 -83.1
415 L*‘x : I.‘ | rlm | | Aé_;r{‘lfﬁ— H»i: Worst STD. Best STD. Max. STD. Worst STD. Best STD. Max. STD. mated by the SpECtra”y enhanced GOCE_based DILOS -86.9 -80.1 -83.5 4.8 83.6 62636861.7044 -83.0 ] E . _ wGr:eklslandLVDbasedo;GOCO:Ssenhanced o )
g, e B | Deg. DR Des DR Dee. | DRV TDeE. DRV IDeg. DRV IIDEETIBEET  GGMs (<0.02 m”s? or < 0.2 cm). SYROS 438 /201 946 2230 9681 675368629856 953
051 - i Y I OO | _ 580 0.105 545 0.068 300 0.033 300 0221 155 0.120 300 0221 . . TINOS -87.4, -72.7  -79.2 54 79.3| 62636861.5424 814 | e T T T U '
5. : | e JA PRI =="r | | Figure 2: Validation of the ' ' ' ' ' ' e Turkish LVD is very close to the newly adopted ANDROS 1033 -76.4  -89.7 81 90.0 62636861.8432 -84.4
, W Kl St | {  GOCE GGMs over Marmara global Wo by IAG. EYVOIA 1042 -386  -70.6 116 716  62636859.8726 647 ..
s B ) — J J\ﬂg :(Ieft) and Izmir (right) in Tur- TIM-R5 260 Odar 2450073 280 0127 280 Q437 155 0420280 0437 4 o Greek mainland LVD is 60 cm higher compared OTHONOI -107.7| -104.7 -106.2 2.1 1062 62636863.8869 -104.9
S SO S 1 WAL "N ] to the implied by the IAG Wo. MATHRAKI 971 971 -97.1 97.1  62636862.9164 95.2
o} g ol o~ | GOCOO05S 280 0.131 245 0.073 280 0.131 280 0.188 155 0.120 280 0.188 EREITHOUSA -105.3 -105.3 -105.3 105.3 62636863.7206 -103.2
B T T e ST S ® The situation at the islands varies greatly, with CORFU 1017 -457 -84.6 167 861 62636861.2994 79.0
Harmonic Degree T Vhomoncome each island or isle practically realizing its own LVD, m £
s bt g o GREECE MAINLAND o P ; g’ - 8 - 69.9  -69.9  -69.9 69.9  62636860.2474 685
Figure 1:The 81 GPS/leveling BMs in S— - — - D which Is not connected to that of the zero-level ge- ANTIPAKSOI 717 7.7 -71.7 717  62636860.4287 703 %
- Sl f oo o0 Worst STD. Best STD. Max. STD. Table 1: Standard deviations of geoid opotential value at Piraeus harbor -
Marmara Region, Northwest of Turkey e = ol | S Deg DEV Deg DEV.  Deg. DEV V1€ L. otd . & P - LEUKADA 99.1  -742  -87.2 9.8 87.7 62636862.0051 861 ¢ 7|
(top left), 301 GPS/leveling BMs in : | 1] od | 2 | T L | | | | | height residuals, obtained through he border line sienificant bi - for in- KASTOS 515 -51.5  -51.5 51.5 62636858.4478 505 i 0™
\Hop . 3 o 2 o : the optimum and maximum degrees ® In the border line significant biases exist, as for in
Izmir, West of Turkey (top right), 1542 = o 4 298 0.261 169 0.124 300 0.259 . b hi d ir bei h KALAMOS -51.5 -51.5 -51.5 51.5 62636858.4452 -50.5 R
. : g ] L of the models, at GPS/leveling BMs stance between Chios ana lzmir, being at the 67 :
GPS/leveling BMs over continental LY . TUTGA 81 Point ) izmi cm level. BN 867 867 -86.7 86.7 62636861.9014 -85.0 ot
Greece and 797 BMS over the Greek = \W”"f,fdhr T ”"'”)“/<‘ ’ i o \,-v‘\?..--e\.,‘_,-“"ﬁ'*‘“-"‘"?""k o z T| M_R5 280 O 2 26 166 O 1 22 280 0 226 Iann d g:reneakr?n(ainla n d [U ncl)tmr:]’ Zmir, m -56 5 _56 5 _56 5 56 5 6263 68589362 _5 5 . 4 o e e
islands. - ‘ ' e Future work includes the investigation of possible
e i W W W W e G R W W S e e e on e e e o e e correlations of the estimated Wo’s with height as Figure 4: W"° over the Greek mainland and islands based on the spectrally enhanced TIM-R5,
GOCOO05S 280 0226 166  0.121 280 0.226 - . o neig '8t o OV ! ! pectrally
Figure 3: Validation of the GOCE GGMs over Greek mainland. well as the inclusion of appropriate weights. DIR-R5 and GOCO05s GGM:s.
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