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ATLANTIDA3.1_2014 FOR WINDOWS:
A SOFTWARE FOR TIDAL PREDICTION

E. Spiridonov, O. Vinogradova, E. Boyarskiy, and L. Afanasyeva

Schmidt Institute of Physics of the Earth, Rusgiaademy of Sciences, ul. B. Gruzinskaya 10,
Moscow, 123995 Russia, e-magp287@mail.ru

In this paper, we describe the possibilities of SIELANTIDA3.1_2014 software, which
was recently developed fpredicting tidal parameters on the Earth. Thesaipiisies include
the calculation of the gravimetric oceanic effélsg amplitude delta-factors for oceanless Earth,
as well as the modeled amplitude factors and pélai$s for the Earth with ocean. The program
also calculates the tidal series. We present tighlights of the program and discuss the
underlying theoretical and methodical ideas. Thaibtksl installation guidelines and user manual
are presented. The results of the calculations@rgared with the observations.

INTRODUCTION

At present, there are about ten programs for caticig the prognostic delta-factors and
phase shifts of the tides as well as oceanic grtvimeffect. Among the first group of the
software, the most popular are tRREDICT program of theETERNApackage developed by
Wenzel [Wenzel G., 1996]-soft[Van Camp & Vanterin, 2005], andT80w programs [CET].
The calculations of the oceanic effect are condlibietheLOAD97 (ETERNA 3.3Francis O.
and Mazzega P., 1990(;OTIC2 [Matsumoto et al., 2001]QLFG [Scherneck, 1991], and
SPOTL programgAgnew, 1996, 1997].

The detailed intercomparison of these programs tlwedanalysis of their performance
against the ATLANTIDA3.1. 2014 program fall beyoride scope of the present work.
However, we briefly outline the main features of guogram, which distinguish it from the
previous programs.

First, for calculating the Love numbers and de#tetdrs of thebody tides, we applied the
latitudinal dependences of these parameters obtaine[Spiridonov E.A., 2014]. These
dependences differ from those calculated by DeNardt al. [1999] for the DDW/NH model.
Our curves have a somewhat steeper latitudinaligmgdwhich is particularly important in the
prediction of tidal data at high latitudes ($&g. 6). The latitudinal dependence used in our work

does not depend on the form of the tidal or loagintential. Besides, we also calculated the
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latitudinal variations of the loading Love numbarsd delta-factors. This is the first distinction
of our program from the other programs.

The calculations of the loading Love numbers tate account dissipation of tidal energy in
the mantle according to the logarithmic creep fiomctDissipation is allowed for by some but
not all programs. For instance, LOAD97 does notsater this dependence despite the fact that
nothing prevents this program from specifying tbading Green's functions calculated with the
allowance for the dissipation.

In ATLANTIDA3.1 2014 calculations can be conducted in two models & Harth's
structure: PREM [Dzeiwonski, A.M.&Anderson, D.L., 1981] and a latéhkSP91 model
[Kennett B.L.N., Engdahl E.R., 1991]. Although som&hors in their calculations use, in fact,
several Earth's models (e.g., besides PREM, thé A®dodel, which is obsolete) or modified
versions of PREM, this approach has not yet becoonemon, and still less is it popular when
designing the programs for tidal computations.

In each and every program calculating the ocearading effect, this effect is determined
by the convolution of the tidal height with the @mnés functions. In these calculations, it is
common to separate the near zone (2-5 degree$linwithich the data are subjected to the
procedure of interpolation. Thus, the high spdtefjuencies of tidal height are taken from the
near zone, whereas the data falling beyond thia are coarsely described by the values at the
grid nodes of the oceanic model. In our opiniots Hpproach is not quite reasonable because,
first, the high-frequency components affect theirenEarth and, therefore, they should be
calculated over the entire surface. Second, idst#athe near zone, it is the far zone that
provides the largest contribution to the modeleganic gravimetric effect, and the calculations
for the far zone are less accurate. Therefore, wigsigning our program, we implemented a
different approach, which is based on the sphehaainonic decomposition of tidal height after
the preliminary interpolation of all the data oétbceanic models with the degree of detail that is
not worse than in the near zone in the calculatwinthe other authors. Thus, the near zone
covers the entire Earth. Strictly speaking, therapphes that are based on the application of the
Green's functions and spherical harmonic decompasdf the tidal height are fully identical
from the mathematical standpoint. At the same tilme,attempt to specify the near zone (e.g. in
the LOAD97 model) with a size of a few tens of day infinitely increases the time of the
computations and the obtained result tends to stimates obtained without the allowance for
the dissipation.

In addition, our program also provides the positybdf calculating the oceanic effect at the

grid nodes. However, in the case of the calculatiana point, the program separately yields the
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loading and Newtonian (direct attraction) composeftthe oceanic effect as well as their sum.
By no means all programs provide this option.

In contrast to almost all the other programs of thind, ATLANTIDA3.1_2014 has a
intuitively transparent user-friendly interface, ialin enables the user to run the program
straightforwardly, without referencing to the mahua

In the first section of this work, we discuss trenegral principles of the program and the
physical sense of the corresponding computationatgulures. The second section, in fact,
presents the user's manual. Finally, in the thad, e show some results of our calculations
and compare the output of our program to the olbsiemns.

1. MAIN COMPUTATIONAL PROCEDURES

The general flow-chart of the calculations that@gied out when preparing the initial data
for the ATLANTIDA3.1_ 2014 program and the calcuteis that are carried out directly by our
program are illustrated by Fig. 1.

The general flow-chart of the calculations that are carried by
ATLANTIDA3.1 2014

- fummeal integration ofthe

boundary-value problem
MO, KO | R cribing the loadedstateo
the elastic gravitating
P@). &) compressible sphere
Ch kS
CSR4.0 A% 8 h
FES2014 ATLANTIDA 3.1
SCW80 etc. Bk
n " J
P ~
4 Loading effect
PROLET
&

Fig 1. The general flow-chart of the calculations

In the calculations of the oceanic loading effeaye numbers, and delta-factors of the body

tide, we applied, as was mentioned above, two nsodelthe interior structure of the Earth,
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namely, PREM and IASP91 [Vinogradova, Spiridono@12;, Spiridonov, 2014]. The second

model, for example, more adequately describes tituetare of the crust and upper mantle of
Europe and is more advanced. For the both modbés, velocity curves of the seismic

compressional and shear waves were recalculatedtire reference period of 1 s to the periods
of the tidal waves using the logarithmic creep fioxc Then, with the use of the obtained
values, the Love parameters, density curves, aactdiinves of gravitational acceleration were
calculated. These four dependences as well asuhes of compression and its derivative,
served as the main input data required for nurakemtegration of the boundary-value problem
describing the loaded state of the elastic gramgatompressible sphere with the allowance for
the latitudinal variations in the elastic parametnd potential.

The problem is described by the set of the sixnaugi first-order differential equations with
three boundary conditions on the Earth's surfacg t#unee conditions on the mantle-core
boundary [Spiridonov, 2014]. The method of nhumérintegration of the boundary problem is
most thoroughly expanded in [Spiridonov E. and \ramlova O., 2013; Vinogradova,
Spiridonov, 2013b]. Integration was carried outrwat0.1-km step along the depth.

When determining the delta-factors of the M2 wabe, corresponding corrections for the
effects of inertia forces presented in [Molodensgi., 1984] were added to the Love numbers
ko and h.

For the diurnal waves, we applied the resonanceec(#4) from [Dehant V. et al., 1999].
We constructed this curve for the amplitude dedigtdrs of the waves in the near-diurnal period
range for the DDW/H and DDW/NH models. After thisr the same models we calculated the
ratios of the obtained delta-factors of diurnal esvo the delta-factor of the M2 wave and the
average values of these ratios over two models.riEee for calculating the average over two
models was motivated by the fact that the latitatiaverage delta-factor for the M2 wave
obtained for the PREM model fell, within 0.004% a@xy, between the delta-factors of this
wave in the DDW/H and DDW/NH models. At the santaedj the averages for IASP91 have
practically coincided with the averages for DDW/K#¢e section 3).

Based on the values of the ordinary and loadingeLrmvmbers, the corresponding amplitude
delta-factors are calculated. In contrast to tlalieg delta factors up to order 10000 and their
latitudinal dependence (with a step of 0.1 degre#jch were calculated a priori and, in fact,
served as the input data for the program, the skoaher delta-factors of the body tide are
calculated every time the program is run.

The load was specified by the tidal masses of theidal models: CSR3.0, FES95.2, the
Schwiderski model (SCW80), NAO99b, CSR4.1, and RHR2 The tidal heights were
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expanded into the spherical harmonic series upder20 (up to order 1120 for FES2012). For
doing this, we used the system of recurrent formuiar the integrals of the Legendre
polynomials and associated polynomials [Spiridodfanasyeva, 2014; Spiridonov 2013].

The obtained coefficients of the expansion togewidr the loading delta-factors composed
the input data for the ATLANTIDA3.1_2014 programadgd on the obtained expansions and
loading delta-factors, the program calculates takies of the loading effect, direct Newtonian
attraction by the mass of water, and their sum.

The amplitudes and phases of the oceanic gravienetiect as well as the delta factors of
the body tide calculated by the program for 63 geoaf the waves are inputted to the PROLET
program developed by E.A. Boyarsky and L.V. AfanasyevBeing the part of the
ATLANTIDA3.1 2014 package, PROLET calculates thegmostic values of delta-factors and
phase shifts for the Earth with ocean as well astithtal series for the time interval of interest.
The prognostic amplitude delta factors are onlguated for those waves for which the oceanic
effect is known. The time series are separatelgutatied for the oceanic and body tide as well as
for their sum. The computational scheme of PROLET largely folldiws PREDICT program
from the Wenzel's ETERNA 3.3 package. The expanesfaidal potential into 1200 Tamura's
waves (1987) is applied. The corrections for thevession from UTC to TDT time are taken
from the USNO website http://maia.usno.navy.mil/égeltat.data and decimated in such a way
that for the time after 1973, the error of the eotion does not exceed 1 s (the error of the tidal

effect is less than 1 nné)s

2. HOW TO WORK WITH THE PROGRAM
2.1 Downloading and installation

To download the program, please follow the link:
https://yadi.sk/d/hszRKIngcrDSC
or
https://drive.google.com/open?id=0B PQJhBLMmMBrWnpfanpYT01geEE&authuser=0

and download the ATLANTIDA.EXE file to your computeThis a self-extracting archive,
which should be installed to the root directoryamy desired disc.

Attention! Unless installed to a root directorye forogram won't run.

To run the program, hitATLANTIDA3L/ATLANTIDA31L.EXE. Select the desired
options (see Fig.2 below) in the dropdown menu.

Warning! In the work with this menu, the separdietween the integer part and fractional
part of the entered numbers is a dot. However,dfgudt, the WINDOWS settings prescribe this
separator to be a comma. In order to correctlythenprogram, one should either replace the
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separator in the form of a comma in the WINDOWSisg$ by the separator in the form of a
dot, or to fill the menu prompts using the separatdhe form of a comma. In the next versions
of the program, we intend to make it independenh@OS setting.

Ej§ ATLANTIDA 3.1.2014 (o[ E )

OCEAN_LOAD ROWS LAT_DEP
© YES @®NO © YES ® NO © YES @®NO

© GRAVITY ® POTENTIAL ® DEFORMATION @ TILT

EARTH MODEL~ DISSIPATION OCEAN MODELS
® PREM © YES @ NO ® CSR3 ® CSR4.0 © FES2012

© IASP91 MASCOR ® FES952 ® FES99 ® GOTO00
| ® YES © NO | ® SCWS80 ® NAO9% ® TPX 0.5

PHASE
[‘G LOCAL ® GREENWICH \

CALCULATED BY:
LATITUDE LONGITUDE

NAME ALT
oron

-90 90] 180 180]
WAVES
LAT: FROM snsp LONG: FROM STEP -

ROWS -
INITIAL DATE STEP(minutes) N DAYS

FREQUENCY (cycl/day) FROM W 0.00-3.94

CANCEL

© Evgeny Spiridonov, Emst Boyarskiy, Olga Vinogradova, Larisa Afanasyeva

Fig 2. TheATLANTIDA 3.1_2014 interface

2.2 Selecting the options
2.2.1. General options

OCEAN_LOAD YES orNO: Calculate or not calculate the oceanic effect;

ROWS YES or NO: Calculate or not calculate the tidal time series;

LAT_DEP: To take or not to take into account the latihadidependence of the ordinary and
loading delta-factors.

After the desired options are selected, this varsidhe program can be used in either of the two
possible modesGRAVITY or TILT. For tilt it is only possible now to compute oceihe
loading in the NS and EW directions.

EARTH_MODEL - Selecting the Earth model (PREM or IASP91);
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2.2.2. Selecting the parameters of calculatiorth®bceanic gravimetric effect
OCEAN_MODELS - Selecting the tidal ocean mod¥ES if OCEAN_LOAD is selected).

The calculations for the selected oceanic model mmconducted with the allowance for
dissipation DISSIPATION) and mass correctiotMASCOR). The DISSIPATION option only
applies to the loading delta factors. By defalig telta factors of the body tides are calculated
with dissipation.

You can select the phaseOCAL or GRENWICH. (If the ROWS option is enabled, the
GRENWICH option is unavailable.)

When calculating the oceanic effe@GEAN_LOAD: YES), you should also specify the set
of the waves for the selected oceanic model. Forgdihis, click on theVAVES bottom, select

the desired waves in the popup window and be sulhé theSAVE button (Fig. 3).

B ATLANTIDA 3.1_2014 = B % I f apwaves B>

© GRAVITY ® POTENTIAL ® DEFORMATION @ TILT

DISSIPATION OCEAN MODELS

© YES ®NO ® CSR3 ® CSR4.0 © FES2012

o LASPO1 MASCOR: ® FES952 ® FES99 ® GOTOD
® YES ©NO ® SCW80 ® NAO99D ® TPX 0.5

PHASE
"‘0 LOCAL ® GREENWICH

LATITUDE LONGITUDE

NAME ALT

[-90;90] [-180; 180]
WAVES
S WAVES |

® PREM

CALCULATED BY:

LAT: FROM STEP LONG: FROM

O CONNN N N NS O
INITIAL DATE STEP(minutes) N DAYS
D o
FREQUENCY (cycl/day) FROM 0003104 TO

© Evgeny Spiridonov, Ermnst Boyarskiy, Olga Vinogradova, Larisa Afanasyeva

LP
ANCEL|

Fig.3. The ATLANTIDA 3.1 2014 program interface withe pop-up window to select the

waves.

2.2.3. The name and location of the site

By default, all the options listed above (excepttfee selection of the waves and tidal time
series parameters) are set optimal by the progfanget started, you should only specify the
name of the station NAME), the site latitude LATITUDE) in degrees, longitude
(LONGITUDE) in degrees, and altitudAlI(T) in meters and tidal time series parameters.
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2.2.4. The parameters of calculation of the time series

Then, in order to construct the time series iInRAVS mode, you should specify the start
date (NITIAL DATE), the time step in minutesSTEP (min)), the number of the day$ (
DAYS), and the frequency ban8REQUENCY) in cycles per day. The entire tidal frequency
band is subdivided into 63 groups of waves (Tabldflthe user specifies a limited frequency
band, the group of the waves that contains the demigs of this band is selected as a whole for
the further calculations. If some of the waved thare previously selected for calculating the
oceanic effect do not fall in the last frequencydhathe program automatically removes them
and issues the warning message.

NOTE: The additionalGRID mode (creation of the gridded ocean loading daité) works
in theGRAVITY mode withROWS NO. Here, you may only select a single wave fMMAVES.
The additionalllLT mode only works foPOINT and ignoreRROWS mode by default.

WARNING! In this version of the program, th&L T, N DAYS and STEP fields are
integers.

In case of a wrong choice of the parameters, tbgram displays the error message (see
section 2.4).

The interface has also hutton that runs theLOADO7 program.This programis completely
identical to theLOAD89 (97) program ofthe Wenzel'sETERNA3.3 package.At the same time
LOADO7 has a convenientser-friendly interface, which makes it possibleetmduct calculations both
at a single point and on a gréhd toselect the waves of interest for the uddnis interface was designed
by ErnstAronovich Boyarskiyin 2011 Later,two updates were introduced inteetprogram. They
provided the possibility taccountfor the effect ofthe M2 wave of FES95.2 model, which was
previously impossible, and fixed the bugs assodiatigh introducing thestation heightorrections and
masscorrectionin the FES95 and SCW80 models.The LOADO7 programhas its ownHELP (only

available in Russiam this version of the program).

2.3. Running and operation of the program

After specifying all the required settings, cli€K. The names of the results files are
generated automatically.

If the OCEAN_LOAD YES option (calculation of the eamic gravimetric effect) is
selected, immediately after the start of the progra popup window will appear (Fig. 4). This
window displays the number of the wave for which dalculations are being conducted and the

total number of the waves specified for calculatimg oceanic effect.
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C:\Windows\system32\cmd.exe
OCEAN EFFECT CALCULATION:

ml»

WAVE 1 from 14

Fig. 4. The popup window of calculations of the e effect

Immediately upon the completion of the calculatiohshe oceanic effect, ATLANTIDA3.1
passes the control to the PROLET program. This aagurs if the ROWS YES option is
selected. The PROLET program calculates the tidaés as well as the prognostic values of
delta-factors and phase shifts for those wavesvfuch the oceanic effect has been calculated

previously. After the termination, the program disys the popup window shown in Fig. 5:

[ iProlet =lo1x]
Time tidal series calculations. Please wait 2015 0505 0000
[ I
M4 1168-1200 1.03900 0.0000
M3 1110-1166 1.07338 0.0000
ETAZ2 1035-1107 1.16154 0.0000
KSI2 1007-1034 1.16154 0.0000
K2 996-1004 1.13705 6.7717
R2 991-995 1.13647 6.7515
s2 984-988 1.14409 6

6810 Al

Program Terminated with exit code SS
Exit Window?

Yes | No I

Fig. 5. The popup window of program termination

If the program was successfully terminated witht exide 55, press YES. Otherwise (exit
code 0) press NO and reinstall the whole prograckaoge or contact the author of the program.
Program termination with exit code 55 informs tisenthat failures were absent at all the steps

of the calculations.
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2.4. Program messages

The program issues more than thirty different mgssaoverall. Below, we present short
comments on each message. The messages areigtedalphabetical order. By checking the
messages, the user can also obtain the informatiosome limitations assumed in a given
version of the program.

O<N_DAY S<=9800! The number of the days used for constructingitted series should be
at most 9800 (26.8 years)

Access violation in CC3260MT.DLL. This system message appears if the program is
installed in other than a root directory.

ALTITUDE is not valid! The height of the observation site specified fog ffrogram
should range within -9000 to +9000 m.

DAY isnot valid! The day of the month starting from which the useuld like to calculate
the tidal time series should be specified in threyeafrom 1 to 31.

FILE [FILE_NAME ] already exist! Replace it? (Y or N) This message may only
appear in the case of repeated computations fosahe site if the calculation is fully identical
to the previous one or if a different set of thevesis selected for this oceanic model. By
pressing Y and Enter, you can rewrite the newdiler the old one (replace the old file by the
new one). If you press No and Enter, the programiteites. The file can be copied from the
RESULTS directory to any other directory.

The following three messages are concerned witltifspeg the frequency band in the
calculations of the tidal time series. They appe#re lower specified frequency is higher than
the higher frequency or if the specified freques@ee negative.

Frequency2 must be greater then frequencyl.

Frequencylisnot valid!

Frequency2 isnot valid!

GREENWICH PHASE does not work with ROWS option. The option of selecting the
Greenwich phase in our program is only availablectdculating the amplitudes and phases of
the oceanic effect. This option does not work witlke mode of constructing the tidal series
(ROWS).

Latitude for this model must be >= -78 deg. This message only concerns the CSR3.0 and
Schwiderski tidal oceanic models.

Latitude for this model must be >= -85 deg. This message only concerns the FES95 tidal

oceanic model.
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Latitude for this model must be from -89.75 to 89.75 deg. This message only concerns
the NAO99Db tidal oceanic model.

One of the following seven messages appears ifatitade specified for a site or for a grid
node falls beyond the interval from -90 to +90 @egr or if the longitude is lower than --180
degrees or higher than +180 degrees, or if theevafithe lower latitude (longitude) in the grid
calculations is greater than or equal to the lalafgude.

LatFin isnot valid! (-90 90)

LATITUDE isnot valid! (-90 90)

LATITUDE: LatStart>=L atFin!

LONGITUDE isnot valid! (-180 180)

LONGITUDE: LongStart>=L ongFin!

LongFin isnot valid! (-180 180 for GRID)

LongStart isnot valid! (-180 180 for GRID)

MONTH is not valid! (1 12) The number of the month specified in the initiateda the
calculations of the time series should range froim 12.

NO sp.exe!l The program warns that the installation packag&slabe sp.exe program,
which checks the completeness of the whole pack&lgis. check is executed every time the
ATLANTIDA3.1 program is run.

NO subject computing. OCEAN_LOAD or ROWS must be YES. The both
OCEAN_L OAD andROWS options are set tNO.

NO WAVES! This is the most frequent message warning thatvénees for calculating the
oceanic effect in the selected tidal model arespetcified. To specify the waves, click on the
WAVES button, select the desired waves in the popup nagnbipressSAVE. This message
often appears if the user had selected the wauveshbunged some other settings afterwards.

Option ROWSfor TILT doesnot work in thisversion. The tidal series of the tilts are not
calculated in this version.

ROWS option: latitude must be from -89 to 89 degrees. In the calculations of the tidal
time series, the latitudes should range withinaB@ 89 degrees.

STEP>NDAY S*24*60! The time step in minutes indicated for the caldatet of the time
series cannot be longer than the length of theseri

The following three messages appear if in the ¢aficuns of the oceanic effect on the
numerical grid, the selected step of calculatidos@the latitude (longitude) is larger than the

entire range of calculations or if it is negative.
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Step by latitudeistoo large! (the step along the latitude exceeds the entitaidixbal range
of the calculations).

Step by longitudeistoo large!

Step by latitude or longitudeisnot valid! (the specified step is negative ).

TILT GRID is not possible in this version. The grid calculations of the amplitude and
phase of the oceanic effect for the tilts are mssible in this version of the program.

The ocean model wave [WAVE_NAME] is outside the rows frequency band. These
waves will exclude from the list of the ocean model! This is a purely informational message.
The waves of the oceanic effect that were not ohetuin the frequency band selected for
calculating the tidal series are excluded fromftitther calculations.

YEAR is not valid! The first year of calculations of the tidal sergsould fall in the
interval from 1000 to 9999.

You can calculate only one wave for GRID! The calculations of the amplitudes and
phases of the oceanic effect at the grid nodesmgepossible for a single wave of the selected

tidal oceanic model. This message appears if taespecifies many waves.

2.5. TheResultsFiles

The files of the results are located IMRTLANTIDA31\ RESULTS.
For the example shown in the Fig. 2, the prograspldys the following three files in the
RESULTS directory:
LISBON_FES12 |IASP_L_DY_MN_LAT_DEP_YES GRAV.dat
LISBON_FES12 |IASP_L_DY_MN_LAT_DEP_YES GRAV.prn
LISBON_FES12 |IASP_ L _DY_MN_LAT_DEP_YES GRAV.grw

The first file (DAT) contains the tidal time series, the second (filPRN) contains the
constants used in the calculations, the amplituelea-dactors, and phase shifts for the Earth
without and with the ocean for the groups of thevega The amplitude factors and phase shifts
for the Earth with ocean are only calculated foe thaves for which the oceanic effect is
calculated. These waves can easily be distinguisihdte list of the waves by the non-zero
phase shifts (Table 1).

The third file (GRW) contains the amplitudes and phases of the gragéanic effect (the
Newtonian attraction of water masses, the loadffece and their sum). In th€ILT mode, the

NS andEW components are provided.
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Table 1.

© 00 N O U1 b W N BB

A A D W W W W W W W W W WNNDNDNDNDNNDNNDNNNDNNDNRRPRRRRRR R
N P, O © 00 N OO U b WN R O OOWOWNO UV, WNR O OOWOWNO A WNLRERLRO

MAIN WAVE theoretical parameters
Delta-factors and phase lags for the Earth witraace

Wave <-mmeee- From...To ------- > AMPL. FREQUENCY
Group Cycle/Day Numbers  nm/s**2  Cycle/Day

M4 2.935321 3.937897 1168-1200 0.91451 2.97161
M3 2.753244 2.935174 1110-1166 7.01912 2.89841
ETA2 2.039339 2.182843 1035-1107 3.23297 2.04177
KSI2 2.005623 2.039177 1007-1034 1.87187 2.00577
K2 2.003032 2.005622 996-1004 57.82324 2.00548
R2 2.000619 2.003031 991-995 1.77965 2.00274
S2 1.998287 2.000456 984-988 212.74914 2.00000
T2 1.997115 1.997493 980-982 12.43269 1.99726
TL2 1.968876 1.997114 956-979 3.23189 1.96918
L2 1.968271 1.968875 950-955 12.92498 1.96857
LM2 1.932421 1.968270 904-949 3.37194 1.96371
M2 1.931817 1.932420 895-901 457.27659 1.93227
MNI 1.901459 1.931816 871-894 1.57185 1.92954
NI2 1.900545 1.901458 865-870 16.62923 1.90084
NIN 1.896602 1.900544 855-863 0.81804 1.89872
N2 1.895363 1.896601 843-854 87.55012 1.89598
NMI 1.865167 1.895362 818-842 0.94334 1.86729
MI2 1.864253 1.865166 813-816 13.98132 1.86455
MIN 1.861663 1.864252 804-812 0.35759 1.86424
2N2 1.859071 1.861662 795-802 11.58524 1.85969
NEP 1.830685 1.859070 779-794 0.65254 1.83311
EPS2 1.827342 1.830684 771-777 3.37798 1.82826
3N2 1.822633 1.826136 763-769 1.30356 1.82340
222 1.719381 1.822486 733-761 0.55939 1.79196
V1 1.111613 1.216397 686-731 2.49611 1.11223
oV 1.080797 1.109950 663-683 0.62659 1.10676
001 1.073202 1.078825 644-662 13.03706 1.07594
0J 1.039193 1.073201 613-643 3.95301 1.07046
J1 1.036910 1.039192 606-612 23.83138 1.03903
THE1 1.010333 1.036748 584-604 4.55719 1.03417
FI1 1.007904 1.008655 576-581 6.06752 1.00821
PSI1 1.003651 1.007903 569-575 3.33251 1.00548
K1 1.002575 1.003650 557-568 426.17775 1.00274
KS 1.001826 1.002574 553-556 0.23882 1.00243
S1 0.997734 1.001825 546-552 3.33228 1.00000
P1 0.995143 0.997733 537-544 140.99789 0.99726
P11 0.989049 0.995142 532-536 8.24189 0.99452
PIC 0.971598 0.989048 525-530 0.19465 0.97404
CH1 0.970994 0.971597 521-523 4.55788 0.97130
CHM 0.968566 0.970993 515-519 0.14720 0.96918
M1 0.963399 0.968565 494-512 23.83207 0.96645
MTU 0.940017 0.963398 482-492 2.23608 0.96097

12074

Amplitude
Factor
1.03900
1.07338
1.16154
1.16154
1.13705
1.13647
1.14409
1.11181
1.16154
1.10354
1.16154
1.06495
1.16154
1.16154
1.16154
1.00349
1.16154
1.16154
1.16154
0.94940
1.16154
1.16154
1.16154
1.16000
1.15605
1.15605
1.15610
1.15631
1.15894
1.15685
1.17011
1.26954
1.12803
1.13841
1.08476
1.14204
1.15054
1.15272
1.15351
1.15360
1.15366
1.15376

12074

Phase Lag.
Deg.
0.00000
0.00000
0.00000
0.00000
6.77168
6.75150
6.68103
6.44535
0.00000
6.82502
0.00000
7.96007
0.00000
0.00000
0.00000
7.12819
0.00000
0.00000
0.00000
4.57114
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.75464
0.00000
0.00000
0.00000
0.74981
0.00000

-4.46744
0.69984
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
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43 TAU1 0.932583 0.940016 463-481 3.95233 0.93501 1.15405 0.00000
44 TO 0.929684 0.932582 450-461 1.95353 0.93015 1.15406 0.00000
45 01 0.928932 0.929683 439-449 303.02724 0.92954 1.14443 -0.62527
46 OR 0.898264 0.928931 412-438 1.04220 0.92680 1.15408 0.00000
47 RO1 0.896129 0.898263 406-410 11.02046 0.89810 1.15408 0.00000
48 RQ 0.893407 0.896128 394-405 0.54121 0.89598 1.15408 0.00000
49 Q1 0.892934 0.893406 387-392 58.01826 0.89324 1.16337 -1.39957
50 QSIG 0.866977 0.892933 369-386 0.55459 0.89279 1.15404 0.00000
51 SIG1 0.859381 0.866976 352-368 9.26549 0.86181 1.15399 0.00000
52 2Q1 0.721500 0.859380 283-349 7.67667 0.85695 1.15397 0.00000
53 MSQM 0.132715 0.249951 206-281 0.33202 0.14093 1.34442 0.00000
54 MTM 0.106756 0.130596 174-204 2.07906 0.10949 1.15753 0.00000
55 MSTM 0.075321 0.106446 140-171 0.39489 0.10464 1.15754 0.00000
56 MF 0.070317 0.073806 118-139 10.85895 0.07320 1.15767 0.00000
57 MSF 0.062103 0.070155 92-117 0.95163 0.06773 1.15770 0.00000
58 MM 0.033716 0.060132 53-91 5.73751 0.03629 1.15794 0.00000
59 MSM 0.028844 0.033701 40-52 1.09728 0.03143 1.15800 0.00000
60 SSA 0.004710 0.028697 21-39 5.05292 0.00548 1.15884 0.00000
61 SA 0.002428 0.003425 11-18 0.80223 0.00274 1.15924 0.00000
62 186 0.000141 0.000913 3-9 4.55421 0.00015 1.16144 0.00000
63 MO0SO 0.000000 0.000140 1-2 51.30260 0.00000 1.00000 0.00000

The names of these files only differ by their esiens. The filename consists of the
following parts:
= LISBON - site name (In th&RID mode, instead of the site name, this part of the
filename is composed of the wave name and a flagishindicative of th&SRID mode,
for exampleM2 _GR_.....);
» FES12 - oceanic modeFES2012;
» L —local phaseG — Greenwich);
= DY — dissipatiorYES (or DN - dissipationNO);
= MN — mass correctioNO (or MY - mass correctioNES);
= LAT _DEP_YES- dependence from latitud&S (or LAT_DEP__NO);
= GRAV - gravimetric effect (of ILT).
If only the oceanic effect is calculateRQWS NO), a single file with.GRW extension is
yielded.
The content of the Results file for the paramesdrswn in Figure 1 can be found in the
ATLANTIDA31\ EXAMPLE directory.
The theoretical andgractical resultsthat wereused when designing thprogram are
describedn some ours papers. Alhese publications are availabiethe\ ATLANTIDA31 \
PAPERS directory.
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3. SOME NUMERICAL ESTIMATES OBTAINED DURING THE DEVELOPMENT
OF THE ATLANTIDA3.1_2014 PROGRAM

In this section, we briefly discuss some numeniesallts that we obtained when developing
and testing our program. These results are provijethe different variants of calculations of

the oceanic gravimetric effect and amplitude d&dtders for the oceanless Earth.

3.1. Oceanic Effect in Europe

3.1.1. Earth models PREM and IASP

The differences in the amplitudes of ocean loadffgct calculated for the PREM and
IASP91 models in Europe reach @gal (M2 wave) near the Moroccan coast and increade3
pugal at the western coasts of Portugal and Franaeofvadova, Spiridonov, 2012]. Here, the
maximum discrepancies in phases do not exce€d Hdwever, near the tip of Cape Cornwall
and close to the Irish seaboard, in the region @fHavre and Calais, the differences in the
amplitudes and phases reach 0.35+@4dl and 3-5°, respectively. The maximum differenoes
amplitude for sums of semidiurnal and all (semidairand diurnal) waves were observed near
Cape Lands-End (Cornwall) and reach to 0.5-Q&&l. In Britany these values reach to 0.35
pgal and up to 0.4gal near southern coasts of Europe and Morocco diffezence for the sum
of diurnal waves is negligible and it do not exceead rule 0.0gal.

3.1.2. Dissipation

Dissipation induces variations in the amplitudeMt# wave, which do not typically exceed
0.1 pgal in the immediate proximity of the coastline fdgradova, 2012; Vinogradova,
Spiridonov, 2013a]. Somewhat higher values (up .®B-@.3pugal) are only observed near the
mentioned St. Matthew and Land’s End Capes, whiendy project into the ocean. Again, the
specific structure of the isolines in the Irish S@a@l English Channel is remarkable. The phase
differences do not normally exceed a few hundredfres degree and can reach several degrees
only in the specific knotty zones mentioned ab@temore than 100 km distance from coastline
the influence of dissipation is smaller than Ou@al. The geographical distribution of considered
differences derived for sums semidiurnal and aNegapractically repeat the scheme of M2. In
fact, in the transition from M2 to the sum of ahsidiurnal waves the amplitude of differences
increases upon the average to Qu@al and considering the sum of eight waves it reach15—
0.2pgal. Almost half the discussed difference is ol#dialready even upon the transition from a
reference period of 1 s to 200 s. The transiti@mfrl2 h to 24 h yields the corrections below

0.005ugal to the amplitude and 0.1 degree to the phase.
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So, the dissipation contributes 0.1-Qudal to the amplitude and, typically, with a few
hundredths of a degree to the phase of the towdroc gravimetric effect near the coast of

Europe

3.1.3. Spherical harmonic expansion of the ocetahét heights.

The comparison between the methods of calculatiagteanic load effect through Green’s
functions and by spherical harmonic expansion efdbeanic tidal heights up to= 720 have
revealed minimal discrepancies in the results stadces exceeding 50-100 km off the coast
[Vinogradova, Spiridonov, 2013a]. The differencasthe amplitudes of the effect are on the
order of a few tenths of microgal, and the pha$fer@inces are hundredths and thousandths of a
degree. In the immediate neighborhood of the ciathhe zones of moderate gradients, these
discrepancies do not typically exceed 0.2+Mal and a few tenths of a degree, respectively. In
the very narrow zones, the amplitude differencey me@ach 0.5-0.§.gal, and this situation
certainly requires further analysis. In any cabe,discrepancies make up at most 2—-2.5% of the
studied values.

The expansion of the tidal heights in the higheleorspherical harmonics does not change

this pattern significantly.

3.1.4. The latitudinal dependence of the ocearawigretric effect

The calculations by the ATLANTIDA3.1 2014 programavie shown that the latitudinal
dependence of the loading Love numbers only slightfects the calculated oceanic loading
effect. Significant contribution was only revealid the islands in the open ocean and for the
zones with high gradient of the amplitudes of tloeamic effect. For example, in the Canary
Islands, the difference between the amplitudefefaceanic effect for the M2 wave calculated
with and without the allowance for the latitudivariations reaches 0.1al, which makes up
0.2—-0.25% of the amplitude of the body tide fostivave.

3.1.5. Comparison of oceanic effect with observetio

The comparative analysis of the oceanic gravitalieffect calculated in this study with the
observations is based on the results obtained figreit authors at 21 stations using 22
instruments. Two stations are located on the Caltdands; two, on Svalbard; five stations
carried out measurements with SLR instruments irof@; 12 stations with superconducting
gravimeters are part of the GGP network. The imsémis included 12 superconducting
gravimeters, eight LaCoste_Romberg gravimeters, amal Askania gravimeters. Besides
comparing our calculations with the observationg also compared them with the model

predictions by other authors using the programedbaster alia, on the regional oceanic models.
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The number of cases (in%), in which the resultA®LANTIDA 3.1 are closer to those
observed than calculations performed by other @mograre: Canary Islands - 62%; Spitsbergen
- 69%; European LCR stations - 64%; GGP netwoB8%. In 77% of the cases obtained in this
study the results are closer to the observatioas those computed using the package Load97
from ETERNAZ3.30. More results of this analysis refers to the artif&piridonov E.A.
Vinogradova O.Yu, 2014].

Low-frequency sea level T/P non-tidal perturbatighge the magnitude of the gravimetric

load effect of order 1 mgal. [Vinogradova, Spiriden2013b].

3.2. The ddta-factorsfor the oceanless Earth

We compared the amplitude factors for oceanlesthEdotained in [Spiridonov, 2014] and
applied in ATLANTIDA3.1_2014 with the observationsing the results presented in [Ducarme
B. et al., 2009]. In the quoted study, the autlanralyzed the measurements by seven modern
instruments of the GGP network in Europe (the Ca@ @b series). The effect of the ocean was
considered as the average over nine oceanic modedsresults are presented for the M2, O1,
and K1 waves.

In more than half cases, the empirical values gitfefrom the model predictions by about
0.01% for PREM and by about 0.1% in the other cdsethis respect, it is worth noting that the
standard deviation of the amplitudes for nine oacearodels used in [Ducarme B. et al., 2009]
mainly corresponded to the error of 0.1%. Nevee$gl the slightly closer agreement between
the observations and model predictions in our ¢almns was obtained for tHASP91model.
The discrepancies between the theory and obsengatio most cases do not exceed a few
hundredths percent [Spiridonov, 2014, Tables 34nd

It was also found that the standard deviation ef differences betweethe delta-factors
estimated with the use of the model of [Spiridon2@14] and the observations at all the seven
stations and for the three waves is almost 8.4%itdtan the estimation based on the DDW/NH
model 8.794-10~* against9.600 - 10~*). However, this discrepancy is small since all the
seven analyzed stations are located in the midditidles, where the values predicted by our
model for IASP and DDW/NH barely differ (Fig. 6).

In order to compare the results derived for these models, we carried out detailed
additional processing of the gravimetric data atseiat the Syowa Antarctic station operated by
Japan [Kim et al., 2011]. These data are mainlgresting by the fact that they are acquired at
very high latitude (69.007 S). At the same times Htation is marked with rather wide scatter of
the amplitudes and phases of the oceanic tidal lmodéevertheless, it was shown that,

irrespective of the oceanic tidal model used, atms0% cases (for 14 oceanic models and
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eight waves), the application of the theoreticdtadtactors of DDW/NH model for calculating
the oceanic effect observed at the Syowa statiadsléo poorer results in comparisaith the

application of the modeled amplitude factors usethe ATLANTIDA3.1_2014 program.

11627

11622

11617

11612

1.1607

1.1602

Fig. 6. Latitude dependence of M2 amplitude dediatdr calculated
Spiridonov [2014] for Earth’s structure models PREBNM IASP91
in comparison with DDW/H and DDW/NH models of Dehah al. [1999].

CONCLUSIONS

We have considered the main characteristics ansitplises of ATLANTIDA_3.1_2014 ---
the new program for tidal prediction, and descriltteel internal structure of the methods that
were applied for its design. We briefly describede tcomparison of the output of
ATLANTIDA 3.1 2014 program with the observationsf €ourse, the further testing will

significantly expand the comparative analysis
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Even in the next version (ATLANTIDA_ 3.1 2015) whosesease is expected in the fall
2015, it is planned to increase the number of tenic models and to include the program for
calculating the observed delta-factors and phai$is.sh

After this, we will take into account the latitudinvariations of delta-factors for the waves
of the zero, third, and fourth order and expandptagram package by the calculations of the
potential, deformations, and displacements; we alb update the computations of the tilts (the
present version of our program only calculatedittsefor the oceanic effect).

The comments on the operation of the program armd siiggestions for the further

improvements are greatly appreciated.
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