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Introduction and Problems 

The unification of local vertical Datums (LVDs) at a country-wide scale has gained signifi-
cant attention lately, due to the availability of GOCE-based Global Geopotential Models 
(GGMs).  

The latter, offer unprecedented geoid height accuracies at the 1-1.5 cm level for spheri-
cal harmonic expansions to d/o 225-230.  

Within a single country, several LVDs may be used, especially in the event of islandic na-
tions, therefore the unification of all of them to a single nation-wide LVD is of utmost 
importance.  

The same holds for neighboring countries, where the unification of their vertical datums 
is necessary as a tool of engineering, cross-border collaboration and environmental and 
risk management projects.  

The aforementioned set the main scope of the work carried out in the frame of the pre-
sent study, which referred to the use of GOCE and GOCE/GRACE GGMs in order to unify 
the LVDs of Greece and Turkey.  

Data used and methodology 

It is well-known that the two countries share common borders and are a path for large-
scale engineering projects in the energy sector.  

Therefore, the availability of a common reference for orthometric heights in both coun-
tries and/or the determination of the relative offset of their individual zero-level geopo-
tential value poses an emerging issue.  

The determination of the geopotential value  for the Greek and Turkish LVDs was 
carried out for each region separately performing different estimates for the marine ar-
ea of the Aegean Sea and the terrestrial border-region along eastern Thrace.   

Then, the relative offset between the two LVDs was determined employing GPS/
Levelling data for both areas and the latest GO-DIR-R5, GO-TIM-R5 and GOCO05s mod-
els as well as EGM2008.  

The estimation of the mean offset is used to provide a direct link between the Greek 
and Turkish LVDs with the IAG conventional value 62636853.4 m2/s2 recently proposed 
as a Wo for a global WHS.  

The determination is carried out based on the available ellipsoidal, Helmert or-
thometric and geoid heights over a network of BMs throughout the Aegean Sea, in Mar-
mara and Izmir.  

Geoid heights (Ni) based on the latest DIR-R5, TIM-R5, GOCO05s and EGM2008 as a ref-
erence are used to estimate the  over the various regions, as:  

 

 

 

 

The various GGM-derived geoid heights have first been validated in order to construct 
as well spectrally enhanced geoid heights, as: 

Figure 1:The 81 GPS/leveling BMs in 
Marmara Region, Northwest of Turkey 
(top left), 301 GPS/leveling BMs in 
İzmir, West of Turkey (top right), 1542 
GPS/leveling BMs over continental 
Greece and 797 BMs over the Greek 
islands.  

GOCE GGM validation over Greece and Turkey 

The validation was carried out per degree for all GGMs over continental Greece, and the 
areas of Marmara and Izmir in Turkey. 

Table 1: Standard deviations of geoid 
height residuals, obtained through 
the optimum and maximum degrees 
of the models, at GPS/leveling BMs 
in Marmara (TUTGA 81 Points), İzmir,  
and Greek mainland. [Unit: m] 

Conclusions 

 Significant consistency between the Wo LVD esti-
mated by the spectrally enhanced GOCE-based 
GGMs (<0.02 m2.s2 or < 0.2 cm). 

 Turkish LVD is very close to the newly adopted 
global Wo by IAG. 

 The Greek mainland LVD is 60 cm higher compared 
to the implied by the IAG Wo.  

 The situation at the islands varies greatly, with 
each island or isle practically realizing its own LVD, 
which is not connected to that of the zero-level ge-
opotential value at Piraeus harbor.  

 In the border line significant biases exist, as for in-
stance between Chios and Izmir, being at the 67 
cm level. 

 Future work includes the investigation of possible 
correlations of the estimated Wo’s with height as 
well as the inclusion of appropriate weights. 
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Figure 3: Validation of the GOCE GGMs over Greek mainland. 

GGM 

GREECE MAINLAND  

Worst    

Deg. 

STD.    

DEV. 

Best    

Deg. 

STD.    

DEV. 

Max. 

Deg. 

STD.    

DEV. 

DIR-R5 298 0.261 169 0.124 300 0.259 

TIM-R5 280 0.226 166 0.122 280 0.226 

GOCO05S 280 0.226 166 0.121 280 0.226 

GGM 

Izmir Marmara 

Worst    

Deg. 

STD.    

DEV. 

Best    

Deg. 

STD.    

DEV. 

Max. 

Deg. 

STD.    

DEV. 

Worst    

Deg. 

STD.    

DEV. 

Best    

Deg. 

STD.    

DEV. 

Max. 

Deg. 

STD.    

DEV. 

DIR-R5 280 0.105 245 0.068 300 0.033 300 0.221 155 0.120 300 0.221 

TIM-R5 280 0.127 245 0.073 280 0.127 280 0.197 155 0.120 280 0.197 

GOCO05S 280 0.131 245 0.073 280 0.131 280 0.188 155 0.120 280 0.188 

Figure 2: Validation of the 
GOCE GGMs over Marmara 
(left) and Izmir (right) in Tur-
key. 

Study Area – I 
(Marmara) 

Geoid Height Residuals 
(NGPS/lev.-Nmodel) 

Gravity Potential based on 
Wo=62636854.3 m2/s2 

Model min max. mean std. dev. rms            (m2/s2) (cm) 

DIR R5 (d/o 300) -42.2 67.4 8.7 26.4 27.7 62636852.5519 8.3 

TIM R5(d/o 280) -50.2 67.3 8.6 27.2 28.5 62636852.5551 8.3 

GOCO05S (d/o 280) -47.5 63.4 8.7 26.2 27.6 62636852.5454 8.4 

EGM2008 (d/o 2190) -43.3 51.1 5.9 15.9 16.9 62636852.8248 5.6 

                

Study Area – II 
(Izmir) 

Geoid Height Residuals 
(NGPS/lev.-Nmodel) 

Gravity Potential based on 
 Wo=62636854.3 m2/s2 

  min max. mean std. dev. rms                  (m2/s2)     (cm) 

DIR R5 (d/o 300) -22.7 80.3 18.0 15.4 23.7 62636850.6234 27.2 

TIM R5 (d/o 280) -18.2 92.6 26.3 17.7 31.8 62636850.8170 25.3 

GOCO05S (d/o 280) -20.9 91.3 23.5 18.0 29.6 62636849.5071 38.1 

EGM2008 (d/o 2190) -22.3 40.1 0.7 8.8 8.9 62636852.7454 6.4 

Wo determination 

Table 2: Evaluation of the Global Geopotential Models at the GPS/leveling BMs and correspond-
ing            . Pure GOCE GGMs without any enhancement.  ˆ LVD

oW

ˆ LVD
oW  ˆ LVD

oW

ˆ LVD
oW  ˆ LVD

oW

Study Area – I 
(Marmara) 

Geoid Height Residuals 
(NGPS/lev.-Nmodel) 

Gravity Potential based on 
Wo=62636854.3 m2/s2 

Model min max. mean std. dev. rms            (m2/s2) (cm) 

DIR R5 (d/o 155) + … -36.1 31.7 4.5 12.0 12.9 62636852.9550 4.4 

TIM R5(d/o 155) + … -36.3 31.4 4.6 12.0 12.9 62636852.9453 4.4 

GOCO05S (d/o 155) + ... -36.2 31.2 4.4 11.9 12.7 62636852.9664 4.2 

EGM2008 (d/o 2190) -43.3 51.1 5.9 15.9 16.9 62636852.8248 5.6 

                

Study Area – II 
(Izmir) 

Geoid Height Residuals 
(NGPS/lev.-Nmodel) 

Gravity Potential based on 
 Wo=62636854.3 m2/s2 

  min max. mean std. dev. rms                  (m2/s2)     (cm) 

DIR R5 (d/o 245) + … -3.1 48.8 15.6 6.9 17.1 62636851.8663 15.0 

TIM R5(d/o 245) + … 0.7 56.8 21.5 7.3 22.7 62636851.2937 20.6 

GOCO05S (d/o 245) + ... -0.9 55.8 19.6 7.4 21.0 62636851.4763 18.8 

EGM2008 (d/o 2190) -22.3 40.1 0.7 8.8 8.9 62636852.7454 6.4 

Table 3: Evaluation of the Global Geopotential Models at the GPS/leveling BMs and correspond-
ing            . Spectrally enhanced GOCE GGMswith EGM2008 above indicated degree.  ˆ LVD

oW

Study Area  
(Greek Islands) 

Geoid Height Residuals 
(NGPS/lev.-Nmodel) 

Gravity Potential base on 
 Wo=62636854.3 m2/s2 

TIM R5 (d/o 170) 
+EGM08 (d/o 2190) min max. mean std. dev. rms (m2/s2) (cm) 

CRETE -124.8 -31.0 -81.4 18.0 83.4 62636861.1832 -77.8 

GAVDOS -82.5 -74.8 -78.6 5.5 78.7 62636861.1076 -77.1 

RHODES -124.8 -19.0 -72.6 24.4 76.6 62636857.5704 -41.7 

THASOS -68.4 -48.6 -57.5 6.2 57.8 62636859.1287 -57.3 

LIMNOS -91.4 -52.1 -76.0 9.2 76.5 62636860.9887 -75.9 

AG. EUSTRATIOS -69.3 -59.1 -64.9 4.5 65.1 62636859.2124 -58.1 

SKIATHOS -84.6 -56.2 -76.2 10.6 76.8 62636861.0498 -76.5 

SKOPELOS -119.4 -82.9 -92.2 12.2 92.9 62636862.0628 -86.6 

ALONISOS -101.7 -78.7 -85.9 9.2 86.3 62636862.0249 -86.2 

KYRA PANAGIA -100.5 -87.0 -93.1 6.8 93.3 62636862.9018 -95.0 

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 

LESVOS -90.7 -54.8 -75.6 9.1 76.1 62636861.1291 -77.3 

SKYROS -87.4 -44.6 -70.7 12.8 71.8 62636860.3214 -69.2 

PSARA -67.5 -37.2 -56.8 13.5 58.0 62636859.4581 -60.6 

CHIOS -70.0 -22.6 -40.7 12.7 42.5 62636858.0401 -46.4 

SAMOS -174.3 -62.5 -82.7 27.9 87.0 62636861.4349 -80.3 

FOURNOI -87.7 -51.7 -63.0 14.2 64.4 62636859.6016 -62.0 

IKARIA -99.6 -67.0 -79.2 8.6 79.6 62636860.5164 -71.2 

PATMOS -80.9 -62.3 -69.8 6.6 70.1 62636860.2047 -68.0 

LEROS -81.0 -65.4 -74.5 4.8 74.6 62636860.7954 -74.0 

AGATHONISI -109.9 -108.4 -109.2 1.1 109.2 62636864.0788 -106.8 

KALYMNOS -69.8 -60.0 -64.9 3.7 64.9 62636859.7836 -63.8 

KOS -84.2 -46.7 -64.1 9.5 64.7 62636860.0876 -66.9 

NISYROS -97.8 -80.1 -88.2 7.3 88.4 62636862.1212 -87.2 

TILOS -72.5 -59.6 -64.8 5.5 65.0 62636859.5725 -61.7 

SYMH -46.2 -21.8 -36.2 10.6 37.4 62636857.2927 -38.9 

KARPATHOS -84.1 -49.2 -63.9 9.8 64.6 62636859.4409 -60.4 

KASOS -71.5 -62.8 -67.9 3.7 68.0 62636859.8679 -64.7 

KASTELORIZO -91.9 -76.4 -84.0 7.2 84.2 62636861.1155 -77.2 

SYRNA -63.8 -50.8 -59.3 5.8 59.5 62636859.2948 -58.9 

ANAFI -40.1 -38.0 -39.0 1.1 39.0 62636857.2096 -38.1 

ASTYPALAIA -79.5 -50.4 -67.7 9.7 68.3 62636860.0944 -66.9 

AMORGOS -75.9 -61.4 -67.4 5.6 67.7 62636859.9946 -65.9 

LEROS -55.5 -41.8 -46.8 6.1 47.1 62636857.8667 -44.7 

SANTORINI -46.5 -30.2 -39.7 4.6 39.9 62636857.3516 -39.5 

IOS -80.8 -56.4 -65.3 9.6 65.9 62636859.9457 -65.5 

SIKINOS -63.5 -59.4 -61.6 1.7 61.6 62636859.3635 -59.6 

FOLEGANDROS -73.5 -67.7 -70.4 2.6 70.4 62636860.2664 -68.7 

IRAKLEIA -85.7 -81.7 -83.7 2.9 83.7 62636861.4551 -80.6 

SHINOUSA -101.1 -96.6 -98.8 3.2 98.9 62636862.9831 -95.8 

KOUFONISIA -61.4 -57.9 -59.6 2.5 59.7 62636859.1542 -57.5 

KIMOLOS -72.4 -67.8 -70.1 3.2 70.2 62636860.3305 -69.3 

MILOS -99.4 -65.8 -74.2 10.8 74.9 62636861.2244 -78.2 

SIFINOS -66.5 -47.8 -58.4 6.2 58.7 62636859.2971 -59.0 

ANTIPAROS -191.7 -78.0 -116.0 65.5 127.8 62636862.0183 -86.2 

PAROS -75.6 -56.2 -69.1 6.7 69.4 62636860.4423 -70.4 

NAXOS -101.8 -64.7 -77.9 9.8 78.5 62636860.8641 -74.6 

SERIFOS -85.2 -66.7 -78.3 6.3 78.5 62636861.1303 -77.3 

KYTHNOS -75.0 -62.4 -69.6 5.0 69.7 62636860.1157 -67.2 

KEA -103.4 -88.8 -94.3 4.5 94.4 62636862.9245 -95.2 

MYKONOS -96.9 -76.8 -87.7 6.8 87.9 62636861.7056 -83.1 

DILOS -86.9 -80.1 -83.5 4.8 83.6 62636861.7044 -83.0 

SYROS -143.8 -79.0 -94.6 22.3 96.8 62636862.9856 -95.9 

TINOS -87.4 -72.7 -79.2 5.4 79.3 62636861.5424 -81.4 

ANDROS -103.3 -76.4 -89.7 8.1 90.0 62636861.8432 -84.4 

EYVOIA -104.2 -38.6 -70.6 11.6 71.6 62636859.8726 -64.7 

OTHONOI -107.7 -104.7 -106.2 2.1 106.2 62636863.8869 -104.9 

MATHRAKI -97.1 -97.1 -97.1 ———— 97.1 62636862.9164 -95.2 

EREITHOUSA -105.3 -105.3 -105.3 ———— 105.3 62636863.7206 -103.2 

CORFU -101.7 -45.7 -84.6 16.7 86.1 62636861.2994 -79.0 

PAKSOI -69.9 -69.9 -69.9 ———— 69.9 62636860.2474 -68.5 

ANTIPAKSOI -71.7 -71.7 -71.7 ———— 71.7 62636860.4287 -70.3 

LEUKADA -99.1 -74.2 -87.2 9.8 87.7 62636862.0051 -86.1 

KASTOS -51.5 -51.5 -51.5 ———— 51.5 62636858.4478 -50.5 

KALAMOS -51.5 -51.5 -51.5 ———— 51.5 62636858.4452 -50.5 

MEGANHSI -86.7 -86.7 -86.7 ———— 86.7 62636861.9014 -85.0 

MAKRI -56.5 -56.5 -56.5 ———— 56.5 62636858.9362 -55.4 

ˆ LVD
oW  ˆ LVD

oW

Table 4: Evaluation of the Global Geopotential Models at the GPS/leveling BMs and correspond-
ing          . Spectrally enhanced TIM-R5 and EGM2008 above indicated degree. (indicative solution due 
to large number of islands) 

ˆ LVD
oW

Figure 4:           over the Greek mainland and islands based on the spectrally enhanced TIM-R5, 
DIR-R5 and GOCO05s GGMs. 

ˆ LVD
oW

Figure 5:           over the Greece and Turkey based on the spectrally enhanced DIR-R5 GGM. ˆ LVD
oW

Figure 6:           over the Greece and Turkey based on the spectrally enhanced TIM-R5 GGM. ˆ LVD
oW

Figure 7:           over the Greece and Turkey based on the spectrally enhanced GOCO05s GGM. ˆ LVD
oWFigure 8:           over the Greece and Turkey based on 

EGM2008. 

ˆ LVD
oW


