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Introduction & Objectives KSA VRS data availability and set up

Nowadays’ the ana'ysis of satellite a|timetry data in coastal areas is considered as an In the KSA an extensive effort has been carried out for the re-establishment of the Ieveling network (~21k km of
essential part of vertical datum definition of a country or region. The combination of |eve|ing interconnECting 3,552 BMS), graVity data collection and TG station installation (12 stations in the Red Sea

Tide Gauge (TG) data, GPS/GNSS/Leveling data, land gravity and precise leveling data, and Arab Sea).

Global Geopotential Models (GGMs) and regional geoid models can lead to a precise
determination of the local shift 6W , of the gravity potential of the Mean Sea Level
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In order to derive the MSL on specific TG locations and at a common time epoch, all )

available satellite altimetry data in the Red Sea and the Arabian Gulf are utilized. For A

this purpose the MSL at a reference epoch together with its trend need to be estimated
in coastal areas
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On a later stage, the estimated MSL will be combined with most recent GGMs and \ N ﬁrgrj ]
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regional KSA geoid together with available gravity values in order to define a new KSA  The KSA VRS as outlined by the The distribution of the KSA NTGN U T i
vertical datum, necessary for a new Saudi Arabia National Vertical Reference System performed leveling traverses TGs in the Red and Arab Seas =

The results have been analyzed and conclusions regarding the contribution of satellite The TGs and the leveling BMs are linked with 1st order leveling, while ellipsoidal heights at the TG BMs are yet to
altimetry data application are drown together with the estimations of MSL at TG be measured (project to be completed within 2017-2018)

stations, necessary for the definition of the KSA vertical datum and its connection to an  Therefor, to define the KSA VRS, link with ellipsoidal heights at the TG locations is needed
International Height References System (IHRS)

Satellite altimetry data ava"ability and methodo'ogy HSU in KSA with TG, LEVEIIng and GNSS-like data from altlmetry
Satellite altimetry provides an extensive (1986-today) record of homogeneous in A A— TGZ=TG™
accuracy and resolution observations of the sea level i | SHEC
All available data until epoch 2016.6 have been employed, comprising of sea level g = =  -———-——-- padabads e 15--- “‘”E“ TGPV
anomalies (SLAs) from the ERM missions of GEOSAT, ERS1/2, Topex/Poseidon, Envisat, | i | i, E(SHBM
Jason1/2, GFO, Cryosat and SARAL/AIltiKa LA e o
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A time-series of ERM 10-day observation sets from all satellites was created between : | TG : : ¢
| 1 "*BM | I I
1985-2016 consisting of a total number of ~11M SLAs > 960 10-day files with complete I ; : 5 & W, geoid
records i s : pMSL i 62636853.40 m2s~>
i : 5 | Nig

This resulted in 8,000-33,000 observations in e i U | | | ;

every 10-day record D P 4— U, ellipsoid

For each 10-day record a TG specific analysis has HSU over a TG, CORS, satelllt? altimetry and GOCE/gravimetric Typical TG and leveling BM .s?t-u.p for the KSA height system

] geoid setup unification

been performed (for all 12 TGs) in order to

investigate gridding and interpolation algorithms TG time-series construction from satellite altimetry

These are to be used in order to determine the |, 5)| cases splines provided the best results, even for stations with bad geometry
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KSA (Cryosat, Jason2 and SARAL/AItika)  For gridding and interpolation splines, least el Vel i | ||
squares collocation and bilinear weighted schemes have been tested and validated for N R
the accuracy they provide . oo I e B
o DTU2015 (MSS) and EGM2008 (geoid heights) have been used as reference modelsin N s | & | S : - B
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accuracy investigation schemes

For all TGs sea level rise trends have been estimated for

o 1986-2016.6

o 1992-2016.6
o Need to optimize the procedure computationally in order to carry it out within a o 2012-2015.6 (to be inline with the TG records)

reasonable amount of time. A combination of bash scripts, GMT, GravSoft, Fortran
and C++ coding =2 ~2.5 hours per station to construct the entire time-series

o Then carry out the gridding and interpolation for each TG station for each 10-day
observation period

Simple linear trend (LT), linear regression (LR), linear regression with errors (LRE), quadratic regression (QR),
quadratic regression with errors (QRE) have been devised. Also, MSL ellipsoidal heights at the 2014.75 epoch
o Robustness, so that the entire set can be predicted for any new TG station within a have determined in support of coherency analysis with TG records

reasonable time in order to include new information in the TG station list
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