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Introduction

The proper modelling of the terrain effect plays a crucial role in geodetic computations. Particularly, in estimating the
geoid and/or in interpolating gravity data, the high frequency components of the gravity signals are usually efficiently
modelled and removed using high-resolution DTM models, e.g. the SRTM model.

Digital Terrain and Bathymetry Models (DTBMs)
Over land, the SRTM3 has been used. Over sea the following models have been considered.

Residuals Area 03 m DBDBV DTU10 SRTMPlus Residuals Area 01 m DBDBV — SRTMPlus DTU10 (1’x1’): Bathymetry derived from satellite ERS-1 data, mapped with a resolution of 1 minute by 1 minute

corresponding to 2 minute by 2 minute resolution at Equator (Andersen et al., 2008).

The same doesn’t hold for the bathymetric effect. Bathymetry models are coarser than the corresponding DTM _ 2738 2738 2738 2738 _ 4031 4031 4031 4031 DBDB-V: The Digital Bathymetric Data Base Variable resolution (DBDBV) is a digital bathymetric data base that provides ocean
models and are estimated by interpolating data coming from different bathymetric campaigns. In-situ bathymetry m 2.181 2.132 2.163 2.176 m 0.825 0.826 0.879 0.82 depths at various gridded resolutions. DBDBV was developed by NAVOCEANO to support the generation of bathymetric chart
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precisions and their spatial resolution. Also they are frequently referred to different coordinate systems that are not _ A 95119 8166 95 903 _ 18845 modeling. Grid resolutions available include 0.5, 1, 2, and 5 minutes of latitude/longitude (1 minute of latitude = 1 nautical
properly documented. Thus, the final gridded products that are supplied to users have quite poor standards and must ' ' ' ' ' ath100 et SLSAAe mile or 1.852 kT)' ) o _
be carefully checked before their use. _ 27.225 33.943 26.141 23.343 _ 24.065 19.117 23.972 23.454 EMODNET (7.5”x7.5”): The EMQDnet-Bathymetry portal (http://www.emodnet-batl.'my.rr.\etry.eu) is being developed |.n .the
. _ _ m m framework of the European Marine Observation and Data Network (EMODnet) as initiated by the European Commission.
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computed with different methods and used for reducing marine gravity and altimetry data. Results are discussed in m_— m surveys, thereby partly overlapping and mostly complementing their geographical coverages. Data are collected at different
view of a critical use of bathymetry when computing gravity and/or altimetry data residuals. sesiduais Area o8 DEDEV DIGA0 SRIMEIGS 1991 1291 1291 1291 frequencies and even date back to previous centuries. The partners combine expertise and experiences of collecting,
. _ 2029 2029 2029 2029 _ processing, and managing of bathymetric data together with expertise in distributed data infrastructure development and
Data Reduction m 1 19 1 199 m 3.310 3.269 3.296 3.294 operation and providing OGC services (WMS, WFS, and WCS) for viewing and distribution.
The data reduction has been performed according to the remove—solve—restore technique. The considered Global 0.133 0.125 0.143 °. m 5161 SRTM15_PLUS (15”x15”): Land elevations are based on the best available data from SRTM, ASTER digital elevation models
Geopotential Model is EIGEN-6c4 up to Degree and Order 1000. For altimetry data, in the four test areas, the m 4.649 4.676 4.737 4.639 ' >:372 >-163 >-105 while the ice topography of Greenland and Antarctica is based on CryoSat-2 and IceSat. Ocean bathymetry is based on
EGM2008 model up to degree 1080 has been considered. _ -7.398 _-7.406 -7.521 -7.371 _ -18.987 -22.991 -23.304 -19.788 bathymetric predictions from the latest global gravity model from CryoSat-2 and Jason-1 along with 494 million edited depth
Different DTMs have been considered, with different bathymetric models. Both local and global tests have been _ 29 153 51.369 21795 21 628 _ 36.219 31.346 43.081 36.228 soundings at 15 arcsec resolution. Bathymetry of the Arctic seafloor is based on the IBCAO grid with improved resolution in
performed. At first, local checks on four test areas have been computed, considering Emodnet, DBDBV, DTU10 and m S 6oE 2 706 S 758 - ea1 m 6.131 6.289 6.195 6.076 arez.als ;f mtu::]ibt:am coverdagz. 'I;I;is §tRT(I\£|15_PLU§Spro(\j/ideIT tzl'loel;c))undational bathymetry layer for Google Earth and is freely
: : : : available at the topex.ucsd.edu ftp site (Olson and Sandwell, :

SRTMPIlus. Then, since Emodnet and SRTMPIus gave the best results, only those models have been taken into account

for the following computations. _ o
Residuals after model and RTC component removal with different bathymetry models

on the test areas.
# 4291 # 4291 ¥ 4291
Mean -24.127 Mean 2.989 Mean 3.310

# 4031 # 4031 # 4031 4 St.Dev 29.404 StDey 4.930 StDev 5.161 # 3243601
2.089 7 825 3243601 ‘

Mean -2.08 Mean  0.65 Mean 0. MoEn  .o56959E Min ~ -101.200 Min —26.913 Min  -—18.987 Mean _2657.708
StDev 12487 StDev  4.280 StDev 4.4/8 SLORV  Erig.ARD Max  106.540 Max  41.188 Max  36.219 StDev 1115868
Min -36.400 Min --16.392 Min -18.845 Min ) 3045 000 RMS 38.036 AMS 5.765 RAMS 6.131 Min --4169.000
Max  97.840 Max  23.854 Max  24.065 M Max  1421.000

J RMS i RMS : | RMS  2882.460
RMS 12661 4330 4553 RMS  ps17 878

) 17 18 ; ; 3 3 j 16 17 18°
5 6 . . : 4 5 6 7 . . . R RADS Height Anomaly -EGMOSMODEL Only [m] RADS Height Anomaly -EGM08MODEL-RTC [m] = a ——— =

RADS Height Anomaly -EGM08MODEL Only [m] RADS Height Anomaly -EGM08MODEL-RTC [m]

36°

6" B

3g° o . | : n - Ry b . . - : STF W oy .E'L
e
° 13 1

7 16° 17

e ol . 1 [
! 6 17 18° 19
16 17 18° 19 9
—

36°

-4000 -3000 -2000 -1000 O 1000
-100-80-60-40-20 0 20 40 60 80 100 -25-20-15-10-5 0 5 10 15 20 25 30 35 40 -25-20-15-10-5 0 5 101520 25 30 35 40

-6 10 -5 0 5 10 15 20 -5 -10 -5 0 5 10 15 20

h | By waatt e i) S [ —===7 ! ! !
sy gl [ s . S (R T .
# 2738 # 2738 4 2758 o T—r-{-- % b IS = T M#ean _?02?193 M# ; 322 M# 6"322
Mean 10270 2.102 2181 Rl ) . ' . e i # 3243601
» _ i voan 2. . ’ ] ! StDev 23.285 StDev  4.682 StDev 4.549 B
StDev 32,187 StDev 6.913 5595 3243601 : Pl LM o n .- - .
Min 74310 Min 22023 Vin 28503 ean 1072054 B B N i thcio s i s oiDev.  590.726
| i ; . g i : Min .
Max 138630 Max  47.782 Max  27.225 985,601 ™ (M AME 25417 RMS 7583 AMS  7.806 wn - -775.000
AMS 33785 RMS 7225 AMS  B.006 ~4065.000 N ] X 2772.000
251.000 20 3 { 29 RMS  41z.589

1456.266 \ |
S— [— — — —

==
7T 8 9 g o1 1z o1z 14 15 e 17 181

a

04 Dg-mod

15 16

04 Dg—mod-RTC

14 15 18’ 17’
L]

14

03 Dg-mod 03 Dg-mod-RTC

14" 15 16 £ 14" 15 16° 17 RADS Height Anomaly -EGMO8MODEL Only [m] RADS Height Anomaly -EGM08MODEL-RTC [m]
36‘ ] [] O

RADS Height Anomaly -EGMOSMODEL Only [m] RADS Height Anomaly -EGM08MODEL-RTC [m]

In these figures, the reductions after the REMOVE phase, using the
EMODNET bathymetry, are shown. In addition, the effect of RTC on
Altimetry undulation data is shown. On the Ag, the effect of RTC is
consistent, contributing to effectively reduce the signal. On the
contrary, with respect to the undulation component, coming from
altimetry, the RTC is introducing an effect which we are currently trying
to explain, analysing how the RTC is computed. This effect does not
seem to be linked to the choice of the bathymetry.
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to the remove-solve-restore technique to evaluate the
performances of different bathymetric models, used for the RTC
computation.

SRTM3 model has been used on land, while for bathymetry
Emodnet, DBDB-V, DTU10 and SRTMPIlus have been considered.
Both local and global checks have been performed. The
bathymetry models gave similar results, with slightly better
outcomes with Emodnet and SRTMPIlus. Additional tests, made
with Emodnet and SRTMPlus only, showed substantial

MARINE DATA

A test has been performed to verify the performances of two DTMs (SRTM combined with EMODNET
bathymetry and SRTMPIlus) over the coastline. The aim of this test was to check if the SRTMPlus has been
produced with particular attention to the land to bathymetry transition. Statistics of the residuals obtained
with the two DTMs have been computed on 1° x 1° zones over the Italian coastline. As it is possible to see in
the table, the statistics obtained with the two DTMs are equivalent. In addition, out of 36 considered zones,
18 times the RMS of EMODNET was minor and 18 times the RMS of the SRTMPlus was minor.

Mediterranean sea. The equivalence between these two models.
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SRTM15_ PLUS: Data fusion of Shuttle Radar Topography Mission
(SRTM) land topography with measured and estimated seafloor

test, obtained with SRTM combined with EMODNET and SRTMPlus _ , 52.235 8.996 6.977 6.961 topography (NCEI Accession 0150537). Version 1.1. NOAA
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