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1 ETideLoad4.0's features, strengths, concepts, and usage

Geodetic Computation for Earth Tide, Load Effects and Deformation Monitoring
(ETideLoad4.0) is a large Windows package for scientific computing of geophysical geodetic
monitoring. Which adopts the scientific uniform numerical standards and analytic compatible
geophysical algorithms accurately to compute various tidal and non-tidal effects on various
geodetic quantities outside the solid Earth, approach global-reginal load deformation field
and temporal Earth’s gravity field, and then quantitatively monitor surface hydrology
environment, ground stability variations and geological disasters, in order to promote the
collaborative monitoring of multi-geodetic technologies and deep fusion of multi-source
heterogeneous geodetic data.
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1.1 ETideLoad4.0 structure of computation functions

ETideLoad4.0 has five subsystems, which includes the solid Earth tidal effects on
various geodetic quantities, processing and analysis on geodetic non-tidal time series,
approaching of surface load-deformation field and temporal gravity field, CORS/InSAR
collaborative monitoring and ground stability variation estimation as well as editing,



calculation and visualization for geodetic data files.

ETideLoad4.0 was developed by QT C++ (Visual C++) for the user interface, Intel
Fortran (Fortran90, 132 Columns fixed format) for the core function modules, and mathGL
C++ for the geodetic data file visualization in the Visual Studio 2017 x64 integrated
environment. Which is composed of more than 50 win64 executable programs with nearly
600 function modules.

ETideLoad4.0 considers various potential needs such as the classroom teaching, self-
study exercises, applied computing and scientific research. There are the example files
saved in the folder C:\ETideLoad4.0_win64en\examples for each Win64 program. Each
example includes the operation process file processinf.txt, some input-output data files and

screenshots.
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1.1.1 Computation of various tidal effects on various geodetic quantities

Using the consistent geophysical models, the uniform numerical standards, and the
compatible geodetic and geodynamic algorithms, compute various geodetic effects of the
solid Earth tide, ocean tide loading and surface air pressure tide loading. Which is an
important foundation for the collaborative monitoring of multi-geodetic technologies, is also
a necessary condition for the deep fusion of multi-source heterogeneous Earth monitoring
quantities.
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1.1.2 Processing and analysis on non-tidal geodetic variations time series
Based on the characteristics of non-tidal geodetic time series, the group of programs
adopt stable and reliable algorithms to uniformly process and analyze massive various
geodetic variations time series data.
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1.1.3 Approaching of load-deformation field or temporal gravity field
The non-tidal load variations of atmosphere, sea level, soil water, groundwater, lakes,
glaciers, and snowy mountains in the Earth’s surface layer, excite solid Earth deformation,
which can cause variations of various geodetic quantities with time. These variations can
also be quantitatively captured by a variety of ground, space, or ocean geodetic technologies.
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1.1.4 CORS/InSAR collaborative monitoring and ground stability estimation
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1.1.5 Geodetic data files editing, calculation, and visualization tools
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1.2 Geodetic variations in ETideLoad4.0

1.2.1 Conventions of the geodetic variations
Geodetic variation in ETideLoad is defined as the difference between the geodetic
quantity at the current epoch time and the mean of the quantities over a period or the
difference between the geodetic quantity at the current epoch time and the geodetic quantity
at a certain reference epoch time. The geodetic quantity may be a geodetic observation or
a geodetic parameter, and the geodetic variation refers to the difference in the geodetic
quantity with time.

1.2.2 Type and unit of the geodetic variations

(1) Height anomaly or geoidal height variation in the unit of mm, ground gravity or gravity
disturbance variation in the unit of uGal, and ground tilt or vertical deflection variation (vector)
in the unit of mas namely 0.001".

(2) Ground horizontal displacement in the unit of mm, ground radial displacement
namely ground ellipsoidal height variation in the unit of mm, and ground normal or
orthometric height variation in the unit of mm.

(3) Gravity gradient variation in the unit of 10uE, and tangential gravity gradient vector
variation in the unit of 10pE.

(4) External (outside the Earth) geopotential perturbation in the unit of 0.1m?/s?, gravity
perturbation in the unit of pGal, and gravity gradient perturbation in the unit of 10puE.



(5) Land equivalent water height variation in the unit of cm, sea level variation in unit of

cm, ocean tidal height in unit of cm, and air pressure variation in unit of hPa.
1.2.3 The geodetic variation vectors

(1) Ground tilt or vertical deflection variation vector (SW). The first component points to
the south direction, and the second component points to the west direction, which forms a
right-handed rectangular coordinate system with the ground gravity direction. This
coordinate system is a natural coordinate system.

(2) Ground horizontal displacement vector (EN). The first component points to the east
direction, and the second component points to the north direction, which forms a right-
handed rectangular coordinate system with the ground radial displacement direction.

(3) Tangential gravity gradient variation vector (NE). The first component points to the
north direction, and the second component points to the east direction, which forms a right-
handed rectangular coordinate system with the gravity gradient variation direction.

(4) The harmonic parameters of the tidal constituent. The first component is the prograde
amplitude for cos(argument), and the second component is the retrograde amplitude for
sin(argument).

1.2.4 Expressions of the date and epoch

Time (date and epoch) are agreed to adopt Greenwich Time (zero time zone), which is
expressed in modified Julian Date (MJD, in GPS time, and Julian Date 2000.0 = MJD
51544.5) or a long integer agreed by ETideLoad.

In most cases, the long integer agreed by ETideLoad is used. E.g., 20181224122642
represents 12:26:42 on December 24, 2018, 2018122412 represents 12: 0: 0 on December
24, 2018, and 20181224 represents 0: 0: 0 on December 24, 2018. But 201812, 2018 are
not valid date and epoch. Here, the epoch is an instantaneous time.

1.3 Science goals and strengths of ETideLoad4.0

1.3.1 Scientific goals of ETideLoad4.0

(1) Using the consistent geophysical models and uniform numerical standards,
accurately compute the various tidal and non-tidal effects on various geometric and physical
geodetic quantities on the ground and outside the solid Earth by constructing compatible
geodetic and geodynamic algorithms.

(2) Unifying various geodetic spatiotemporal monitoring datum frames and reference
epoch time, by constructing geometric and physical geodetic constraints between various
monitoring quantities, highlight the spatiotemporal geodynamic relationships between these
monitoring quantities to promote the collaborative monitoring of multi-technologies.

(3) Provide a set of scientific and practical geodetic geodynamic computation tools for
construction and maintenance of geodetic spatiotemporal monitoring frames, and deep
fusion of multi-source heterogeneous Earth monitoring quantities, computation of solid Earth



deformation, monitoring of surface hydrology environment, and surveying of geological
disasters.

1.3.2 Geodetic features and strengths

(1) Adopt the scientific uniform numerical standards and analytic compatible geophysical
algorithms accurately to compute the Earth tidal, ocean tidal, and surface air pressure tidal,
permanent tidal, polar motions, and geocentric motions effects on various geodetic
quantities on the ground and outside the solid Earth. Realize global forecasts of various tidal
effects on surface various geodetic quantities.

(2) Compute global or regional load-deformation field and temporal gravity field caused
by surface non-tidal load variations such as air pressure, sea level, soil water, lakes, rivers,
glaciers, and snow. From various geodetic observations time series, assimilate the surface
load observations by some constraints of the solid Earth deformation, to monitor the
spatiotemporal variations of regional land water, and then to improve the load-deformation
field and temporal gravity field.

(3) Construct regional uniform geometric and physical spatiotemporal monitoring datum
frames with high robustness to make scientific computations and deep fusion of the CORS,
INSAR, and other geodetic variations to promote multi-geodetic collaborative monitoring.
Propose the quantitative deterministic criteria of the ground stability reduction based on
temporal geodetic field, to realize quantitative monitoring of the ground stability
spatiotemporal variations.

1.4 Dominant concepts and ideas integrated into ETideLoad4.0

1.4.1 Deep fusion principles of multi-source heterogeneous geodetic data

(1) Using scientific consistent geophysical models, rigorous uniform numerical standards,
and analytic compatible geodetic and geodynamic algorithms, construct the theoretical basis
and necessary conditions for geodetic collaborative monitoring by unifying the
spatiotemporal monitoring frames and reference epoch.

(2) For the same type of multi-source heterogeneous geodetic monitoring quantities, the
basic geodetic constraints or joint adjustment methods with additional monitoring datum
parameters as needed are used to deep fusion.

(3) For different types of monitoring quantities, physical geodetic, solid geophysical, or
environmental geodynamic constraints with additional dynamic parameters as needed are
used to deep fusion.

(4) The purpose of reconstructing the geodetic or geodynamic relationship between
various monitoring data is not only to improve the spatiotemporal monitoring capability, but
also to further reveal the geodynamic structure and characteristics of the monitored objects.

1.4.2 Tidal deformations of solid Earth and tidal effects on geodetic quantities
(1) The external celestial bodies, ocean tides, and atmospheric tides excite the periodic



deformation of the solid Earth and the periodic change of the gravity field, which are called
the tidal deformation of the solid Earth.

(2) The geodetic variations caused by the external celestial bodies, ocean tides, and
atmospheric tides are usually called the tidal effects on the geodetic quantities.

(3) The geodetic tidal effects include the solid Earth tidal effects and the load tidal effects.
The geodetic solid Earth tidal effects are excited by the external celestial bodies, and the
tidal load effects are excited by the ocean tides and atmospheric tides.

(4) The geodetic tidal effects can be modeled and can be accurately removed or restored
anytime and anywhere. The geodetic tidal effect is equal to the negative value of the geodetic
tidal correction.

The geodetic reference frame with only some tidal effects removed but non-tidal effects
neglected is still stationary (unchanged with time). For example, a precision leveling network
or a gravity control network, if its observations have been corrected only using some tidal
effects, is still stationary.

1.4.3 Non-tidal deformation of solid Earth and their effects on geodetic quantities

(1) In the Earth surface system, surface non-tidal load variations such as soil and
vegetation water, lake water, glacier and snow, groundwater, atmosphere, and sea level
variations can induce the external geopotential variations, and then excite solid Earth
deformation, which is manifested as ground displacement, gravity, and tilt variations. This is
called the load-deformation of the solid Earth, which also takes the form of the variation of
the Earth’s gravity field with time.

(2) Groundwater use, underground mining, underground construction, glacier or ice
sheet melting, and other natural or artificial surface mass adjustments can break the
mechanical balance state of the surface rock and soil layer, and then the surface rock and
soil layer will slowly tend to another equilibrium state under the action of its own gravity or
internal stress. The process causes plastic or viscous vertical deformation which is also
called isostatic vertical deformation.

(3) The load-deformation is excited by the surface environment load variations, and act
on the entire solid Earth. Which is an elastic deformation and can be quantitatively
represented by the load Love numbers. The isostatic vertical deformation is induced by
environmental geology change. Whose dynamic action is in the underground rock and sail
and is transmitted by the rock and soil own as the mechanical medium. The isostatic
deformation is a slow plastic or viscous vertical deformation.

(4) The pole shift is the instantaneous loaction shift of the Earth pole relative to a certain
reference epoch (such as epoch J2000.0) after removing all solid earth tides and loading
tidal effects. Neither the pole shift nor geocentric movement include various tidal effects.
Non-tidal effects are difficult to be modeled and are generally measured using geodetic
techniques. In most fast or real-time geodetic applications, short-time forecast estimations



of the pole shift are adopted.

The geodetic reference frame that needs to account for non-tidal effects can only be
dynamic, and the reference value of the dynamic reference frame corresponds to a specific
and unique reference epoch time. The reference value at the current epoch time is equal to
the sum of the reference value at the reference epoch time and a correction. The correction
is equal to the difference of the non-tidal effects between at the current epoch time and at
the reference epoch time. The correction process is also called the (non-tidal effects) epoch
reduction.

1.4.4 Representation and approaching of load deformation and temporal gravity
field

(1) The non-tidal load effects can be uniquely represented by the variations of the Earth’s
gravity field with time. The relationship between the non-tidal load effects is completely
consistent with the relationship between the parameters of the Earth’s gravity field.

(2) Global Earth gravity field can be represented by a geopotential coefficients model
(GCM). Similarly, the global load-deformation field (namely temporal global gravity field) can
be represented by a global surface load spherical harmonic coefficients model (LCM).

(3) Using a geopotential coefficients model, you can calculate various gravity field
quantities on the surface or outside Earth. Similarly using a global load spherical harmonic
coefficients model, you can calculate load effects on various geodetic quantities outside the
solid Earth.

(4) Regional gravity field (geoid) can be approached by the remove-restore process
based on a GCM. Similarly, the regional load-deformation field or temporal gravity field can
also be approached by the remove-restore process based on an LCM.

(5) The approach theory of the Earth’s gravity field is linear. Similarly, the approach
theory of the load-deformation field is also linear. For example, when surface air pressure,
land water, and sea level variation are expressed as equivalent water height (EWH) variation,
calculating the load effects from the surface air pressure, land water, and sea level variation
firstly and then summing them, is equivalent to summing the three EWH variations firstly and
then calculating the load effects.

1.4.5 Types of ground vertical deformation and space-time quantitative natures

There are three forms of ground vertical deformation (or ground subsidence), namely,
the elastic loading vertical deformation, viscous or plastic isostatic vertical deformation, and
plastic tectonic vertical deformation near the compressive geological fracture zone. The
latter two are also called the non-loading vertical deformations, both of which are plastic
vertical deformations.

(1) The loading vertical deformation is excited by the surface mass redistribution which
firstly causes the Earth geopotential variation called as the direct effect, and then by Earth
elastic dynamic action, causes the solid Earth deformation simultaneously to generate an



additional geopotential variation called as the indirect effect. The loading vertical deformation
synchronizes with the time of the loading redistribution, whose time-varying characteristics
are similar to the surface load variations, showing complex nonlinearity and quasi-periodicity.

(2) The isostatic vertical deformation usually manifests as a dynamic process. In the
process, the original equilibrium state of the underground rock and soil layer is firstly
destroyed by the geology dynamic action, and then under the action of the gravity or internal
stress, the rock and soil layer slowly approach another equilibrium state. For example, the
compaction effect of the rock and soil layers with voids in the ground after the loss of water
and the expansion effect after water infiltration, the deformation of the upper rock layer (wall
rock deformation) caused by underground engineering, and plastic isostatic rebound of the
rock and soil layer after surface mass migration.

« Spatial quantitative characteristics of the isostatic vertical deformation

The dynamic action is located inside the underground rock and soil layer, and the
equilibrium adjustment object is the rock and soil layer above the dynamic action point. The
space influence angle of the equilibrium adjustment is about 45°, that is, the spatial range of
ground vertical deformation is approximately equal to the buried depth of the action point.

» Temporal quantitative characteristics of the isostatic vertical deformation

The duration of the equilibrium adjustment is approximately proportional to the burial
depth of the dynamic action location. The isostatic vertical deformation is the opposite of its
acceleration rate sign in a relatively long period of time (several years), and linear time
variation in a short period of time (several months).

(3) The tectonic vertical deformation, driven by the horizontal movement of the
lithospheric plate, only appears near the compressive fault zone. Whose spatial influence
radius is equivalent to the depth of the fault, and the deformation decays rapidly to zero with
the distance of the calculated point away from the fault zone. On a centennial timescale, the
tectonic vertical deformation rate remained basically unchanged.

1.4.6 CORS and InSAR collaborative monitoring principle for vertical deformation

(1) Through the gross error detection, spatial filtering, and time series analysis, the
INSAR vertical variation is separated into two parts, one part is the vertical deformation of
the rock and soil layer several meters deep, and the other part is the expansion and
contraction of the soil own. Only the former is compatible with most geodetic variations, while
the latter is mainly affected by the temperature and rainfall and should not be regarded as a
solid Earth deformation.

(2) Using the CORS network ellipsoidal height variations time series as the constraints
on the multi-source INSAR vertical variations time series, separate the ground vertical
deformation signal, and then realize the collaborative monitoring of the CORS network and
multi-source INSAR.

(3) Only the vertical deformation of the rock and soil layer several meters deep is the
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useful information needed for monitoring of the ground subsidence, earthquakes, geological
disasters, ground stability variations, solid Earth deformation, groundwater variations, and
geodynamics.

1.4.7 Continuous quantitative monitoring scheme of ground stability variations

(1) Construct the quantitative criteria for the ground stability reduction from the regional
grids time series of the geodetic vertical deformation, ground gravity and tilt variations, and
then continuous quantitatively monitor the ground stability variations.

(2) Quantitative criteria of the ground stability reduction mainly include that the ellipsoidal
height increases, the gravity decreases, the horizontal gradient of the height or gravity
variation is large, and the inner product of the tilt variations and terrain slope vector is greater
than zero.

(3) According to the geological disasters that occurred, optimize and synthesize a variety
of geodetic ground stability variation grids time series to adapt to the local environmental
geology, and then consolidate regional stability variations monitoring capabilities.

1.4.8 Analytical compatibility between various geodetic algorithms

The consistency and analytical compatibility between various geodetic algorithms are
the concrete manifestation for the requirement of geodetic theory and the uniqueness of
monitoring objects. Which is the smallest requirement for the collaborative monitoring of
multi-geodetic technologies and deep fusion of multi-source heterogeneous geodetic data.

Analytical compatibility between geodetic algorithms involves two issues: (1)
Compatibility between various geodynamic influences for different types of geodetic
quantities. (2) Compatibility between different types of geodynamic influences of one kind of
geodetic quantitity.

The first type of compatibility is the basic requirement of geodetic theory. For example,
the load effect on the normal height on a site is equal to the Hotine integral of the load effect
on gravity disturbances. For another example, the solid tidal effect on the normal height on
a site is equal to the sum of the effects on the ellipsoidal height and geoid.

The second type of compatibility is constrained by the solid deformation geodynamic
equations (including constitutive equations).

1.5 Conventions, examples and usage in ETideLoad4.0

1.5.1 Geophysical models and numerical standards in ETideLoad4.0

ETideLoade4.0 is mainly based on the geophysical models and numerical standards
recommended by IERS Conventions (2010). You can update them from the program
[geophysical models and numerical standards settings]. These geophysical models and
numerical standards are stored in file form in the folder of C:\ETideLoad4.0_win64cn.

Geophysical models and numerical standards in ETideLoad4.0 mainly include the
surface air pressure tidal load spherical harmonic coefficients model, ocean tidal load
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spherical harmonic coefficients model, Earth’s Load Love numbers, IERS Earth orientation
parameters time series, geocentric motion parameters time series, ocean tidal constituent
harmonic parameters grid model, JPL Moon and Planetary Ephemeris DE405, corrections
coefficients of frequency dependence on Love numbers, Desai ocean pole tide coefficients,
and center of mass correction coefficients for the ocean tide.

‘; Geophysical models and numerical standards settings

Set basic constants of the earth ellipsoid

Geocentric gravitational constant GM (x10%m?/s?) |3.986004418 Mean angular velocity o(10°/s) |7.292115
Semimajor axis of ellip |6378137.00 Dynamical form factor J»(107%) v ‘ 1.0826359000 |

0 Geophysical models and numerical standards in ETideLoad4.0

Moon and Planetary Ephemeris JEPH405 ‘C:/ETideLoad4.0_win64en/iers/JPLEPH 405

Ocean tidal load spherical harmonic coefficients model (cm) |C:/ETideLoad4_0_win64en/iers/EOT11aIERS_dat

Air pressure tidal load spherical harmonic coefficients model (hPa) ‘C:/ETideLoad4.0_win64en!iers/ECMWF2006.dat

The IERS Earth orientation parameter EOP file (EOPCO04) ‘C:IETideLoad4_0_win64en/iersllERSeopcO4.dat

The geocentric motion parameters time series file ‘C:/ETideLoad4.0_win64en/iers/GCN_L1_L2_30d_CF-CM.txt

The Love number frequency dependent coefficients file ‘C:/ETideLoad4.0_Win64en/iers/lERSZO‘I 0T65.dat

The load Love numbers (load-deformation coefficients) file ‘C:/ETideLoad4.0_win64en/iers/Love_Ioad_cm.dat

Select the Desai ocean pole tidal coefficients file ‘C:/ETideLoad4.0_Win64en/iers/desaiscopolecoef.txt

The center of ocean tidal mass correction coefficients file ‘C:/ETideLoad4.0_wi n64en/CmcOtide/EOT11a.cmc

|
|
|
|
|
The folder of ocean tidal constituent harmonic parameters grid files ‘C:/ETideLoad4.0_wi n64en/OceanTide/ |
|
|
|
|
|

Select the user working directory | |C:/ETideLoad4.0_winé4en/user

Operation information |, @ Update Settings

>> [Function] Set the geophysical models, numerical standards, global parameters, and the user working folder for
ETideLoad4.0.

** The fourth basic constant can be selected from the dynamical form factor Jz, reciprocal flattening 1/f, and normal
potential at ellipsoid U«(m?s2). The dynamical form factor J is currently selected as the fourth basic constant.
>> Replace the ocean tidal load spherical harmonic coefficients model file asC:/ETideLoad4.0_winé4en/iers/
EOT11alERS.dat
>> ETideLoad4.0 settings have been updated with immediate effect!

1.5.2 Five kinds of variations time series agreed in ETideLoad4.0

The geodetic variation time series files adopt the ETideLoad own format, which include
the ground geodetic variations time series file, geodetic site variation records time series file,
geodetic network observation records time series file, variation (vector) grids time series files,
and spherical harmonic coefficient (Stokes coefficient) models time series files.

(1) The ground geodetic variations time series

A ground geodetic variations time series file can store the time series data of several
kinds of variations on a certain site, a certain baseline or route, and the sampling epochs
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(here, the epoch is an instantaneous time) of these variations are the same. Such as the
CORS station coordinate solution time series, solid tide station observation or analysis result
time series, GNSS baseline solution time series, etc.

(2) The geodetic site variation records time series

A geodetic site variation records time series file can store the time series data of one
kind of variation for a group of geodetic sites. Such as the station coordinates time series for
the CORS network, benchmark heights time series for the leveling network, observations
time series for the tide station network, and INSAR monitoring time series, etc.

(3) The geodetic network observation records time series

A geodetic network observation records time series file can store the variation records
time series of the baseline component for the CORS network, the variation records time
series of the height difference for the leveling network, or the variation records time series
of the gravity difference for the gravity control network.

(4) The variation grids time series for geodetic field

A group of variation grids time series files is composed of a series of numerical grid
model files of one kind of variation (vector), and the seventh attribute of the header in each
grid file is agreed to be the sampling epoch time. Such as the grids time series of the land
equivalent water height, sea level variation, and the grids time series of various regional
load-deformation fields or temporal gravity fields, etc.

(5) The spherical harmonic coefficient models time series

A group of spherical harmonic coefficient models time series files can store the time
series of the spherical harmonic coefficients (Stokes’ coefficients) models of the global
surface load variations, global load-deformation field, or temporal global gravity field.

The header file occupies one row and consists of three attributes, namely the geocentric
gravitational constant GM(x10'*m?3/s?), equatorial radius of the Earth a(m), and sampling
epoch time (in ETideLoad format). GM, a are the scale parameters of the model.

The degree n and order m spherical harmonic coefficients are expressed by a record
with the format: degree n, orderm, C,., Spm (, Cum €rror, S, error). At different sampling
epochs, the maximum of the degree need not be the same.

The program [Conversion of general ASCII records data into ETideLoad format], and
the function [Normalized extraction of batch time series of geodetic monitoring network] are
the important interfaces for ETideLoad to accept external text data. Using the function
[Global prediction of solid earth tidal effects on various geodetic quantities], or [lobal
prediction of surface air pressure tidal load effects on various geodetic quantities], you can
construct a geodetic variations time series with the given location and sampling
specifications. Using the program [Generating and constructing of regional geodetic grid],
you can construct a numerical grid with the given grid specifications. The other programs or
functions only accept the format data generated by ETideLoad own.
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1.5.3 Full examples for the classroom teaching and self-study exercises

To ease the classroom teaching and self-study exercises, there are the example files
saved in the folder C:\ETideLoad4.0_win64en\examples for each Win64 program. Each
example includes the operation process file processinf.txt, some input-output data files and
screenshots. The folder name of the example files is the same as the name of the window
executable program.

Before using the ETideLoad4.0 programs, it is recommended to perform completely the
program example using the input-output example data files by comparing the screenshots
according to the process information in processinf.txt. It will take about 5 working days to
complete all the example exercises. Thereafter, you can use ETideLoad4.0 alone.

1.5.4 ETideLoad4.0's applicable professional fields and usage instructions

ETideLoad4.0 is suitable for senior undergraduates, graduate students, scientific
researchers, and engineering technicians in geodesy, geophysical, geological disasters,
hydrodynamics, satellite dynamics, seismic, and geodynamics. ETideLoad4.0 considers
various potential needs such as classroom teaching, independent self-study, applied
computing and scientific research.

You can design your own schemes and processes, then organize flexibly the related
programs and functions from ETideLoad4.0, perform some scientific computations for
various tidal or non-tidal effects, ground deformation field or temporal gravity field, land water,
ground stability, or surface dynamic environment monitoring, and multi-source
heterogeneous geodetic data deep fusion.
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2 Computation of various tidal effects on various geodetic quantities

The set of programs adopt the consistent geophysical models, uniform numerical
standards, and the compatible geodetic and geodynamic algorithms, to compute various
geodetic effects of the solid Earth tide, ocean tide loading and surface air pressure tide
loading. Which is not only an important foundation for the collaborative monitoring of
geodetic multi-technologies and but also a necessary condition for the deep fusion of multi-
source heterogeneous Earth monitoring quantities.

-
Computation of various tidal effects on various geodetic quantities
2 - A
,,,/' p e @ e v . VW
» 0 3 = £ 2 .
Vs gl : : & -
> o . ® i <
= @ =
Computation of solid tidal effects Spherical harmonic synthesis on Spherical harmonic synthesis on Computation of Earth pole shift
on various geodetic quantities ocean tidal load effects outside surface air pressure tidal load and ocean pole tide effects
outside solid Earth solid Earth effects outside solid Earth outside solid Earth
¥
@
(AC40,AC41,4841)
oy s\
Computation of permanent tidal Computation of solid Earth tide The regional approaching of tidal Global prediction of various tidal
effects and correction of Earth's and loading tide effects on load effects by load Green's effects on various surface
mass center geodetic networks Integral geodetic quantities
Computation functions frame of various tidal effects on various geodetic quantities
£ The set of programs adopt the consistent geophysical models, uniform numerical standards, and the compatible geodetic and geodynamic algorithms,
to compute various geodetic effects of the solid Earth tide, ocean tide loading and surface air pressure tide loading. Which is not only an important
foundation for the collaborative monitoring of geodetic multi-technologies and but also a necessary condition for the deep fusion of multi-source
heterogeneous Earth monitoring quantities.
[ These programs are suitable for various geodetic quantities outside the solid Earth. A point outside the solid Earth generally refers to a space point that
is not fixed to the Earth in ocean space, near-Earth space, or satellite attitude. The geodetic quantities marked with () in the following program interface are
valid only when the site is fixed to the solid Earth.
Q Time (date and epoch) are agreed to adopt Greenwich Time (zero time zone), which is expressed in modified Julian Date (MJD, in GPS time, and Julian
Date 2000.0 = MJD 51544.5) or a long integer agreed by ETideLoad, e.g., 2018122412.

These programs are suitable for various geodetic quantities outside the solid Earth. A
point outside the solid Earth generally refers to a space point that is not fixed to the Earth in
ocean space, near-Earth space, or satellite altitude. The geodetic quantities marked with (¢
in the following program interface are valid only when the site is fixed to the solid Earth.

2.1 Computation of solid tidal effects on various geodetic quantities outside
solid Earth

[Purpose] According to the location and time in the input time series file, compute the
solid Earth tidal effects time series on various geodetic quantities on the ground or outside
the solid Earth. Here a point outside the solid Earth generally refers to a space point that is
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not fixed to the Earth in ocean space, near-Earth space, or satellite altitude.

The solid tidal effects on the physical geodetic quantities are computed according to the
IERS conventions (2010) considering the latitude correlation and the frequency-dependent
of the Love numbers, which include the direct effects of the Sun, Moon, N-body and indirect
effects of 71 tidal constituents (degree 2). The solid tidal effects on the geodetic site
displacement adopt compatible algorithms and same geophysical models and numerical
standards with the physical geodetic quantities.

2.1.1 Computation of solid Earth tidal effects time series at a ground site

[Function] From a geodetic site variations time series file, compute the time series of the
solid Earth tidal effects on the geoid or height anomaly (mm), ground gravity (uGal), gravity
disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection
(SW, to the south and to the west, mas), horizontal displacement (EN, to the east and to the
north, mm), ground radial displacement (mm), ground normal or orthometric height (mm),
disturbing gravity gradient (10uE) or horizontal gravity gradient (NE, to the north and to the
east, 10uE).

. Computation of solid tidal effects on various geodetic quantities outside solid Earth - o X

t; ¥ &z |
Openfile Saveas Importparameters Start o Follow example
. Computation of solid Earth tidal effects % Computation of solid Earth tidal effects kS Computation of solid Earth tidal effects ¢ Algorithms for the effects
time series at a ground site ¥ at ground sites with given time % of Earth satellite or outside solid Earth "= of solid Earth tide

'8 Open a geodetic site variations time series file  >> Program Process ** Operation Prompts 4.7 Save program process as

5

»
Y
9
&
B
8
8
&
&

Set the fle parametsrs >> [Purpose] According to the location and time in the input time series file, compute the solid Earth tidal effects time series on various geodetic *
- quantities on the ground or outside the solid Earth. Here a point outside the solid Earth generally refers to a space point that is not fixed to the
Earth in ocean space, near-Earth space, or satellite altitude.
>> Select the computation function from the 3 control buttons on the top of the interface.
>> [Function] From a geodetic site variations time series file, compute the time series of the solid Earth tidal effects on the geoid or height
anomaly (mm), ground gravity (uGal), gravity disturbance(uGal). ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to
x ‘~~_ e south and to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground

ndigratar grthometric height (mm), disturbing gravity gradient (10pE) or horizontal gravity gradient (NE, to the north and to the east, 10uE).
gna eBaehcsne variations time series file C:/ETideLoad4.0_\ al mseries.txt

Column ordinal number of ellipsoidal
height in the header

Column ordinal number of time
in the record

Column ordinal number of starting 5
MJDO in the header

4

1

Select the type of effects

|2 geoid or height anomaly (mm)
| ground gravity (uGal) (=
[ ground Tt SW. mas) = |

4 vertical deflection (SW, mas)

fput file record

When the sampling epoch time is.
~» in ETideLoad format, the starting

= e MJDO is not necessary.
& horizontal dispfacement (EN, mm) (. " v
2 -
[+ ground radial displacement (mm) (= e
-
/] ground normaljor orthometric height (mm) (e 1" '+ Import setting paranjeters 4 Start computation

1 disturbing gravty gradient (10pE)

I horizontal gravity gradient (NE, 10uE) 4.t Save data in the text box as

>

[} The solid tidal effects on the physical geodetic quantities are fo the IERS (2010) the latitude and lht q of the Love

numbers, which include the direct effects of the Sun, Moon, N-body and indirect effects of 71 tidal constituents (degree 2). The solid tidal effects on the geodetic site displacement adopt compatible
and same models and with the physical geodetic quantities.

£ In general, AC.. mainly consists of the long-term or long period constituents of the solid tidal effects (the cycle is greater than half a lunar month, n=1, 2, ...). AC,.. AS,, mainly consists of the

diurnal tidal effects. And AC.:, AS,. mainly consists of the semi-diurnal tidal effects. More generally, AC,.., AS,.. is mainly composed of the 1/m diurnal tidal effects.

£} The solid tidal effect on normal height (approximately 300mm) is out of phase with the effect on the ellipsoidal height or geoid (approximately 600mm, namely the sign is opposite). The east-west
of the site tilt or hori gradient effect is generally much greater than the north-south component.
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[Input file] The geodetic site variations time series file.

The file header contains site name, longitude (degree decimal), latitude (degree
decimal), height (m) relative to the ellipsoidal surface, the starting MJDO (optional)......

Starting from the second row of the file, each row record stores the sampling values of
all the variations at one sampling epoch time. At least one column of the attributes in the
record is the sampling epoch time.

[Parameter settings] Set the input file format parameters, select the type of solid Earth

tidal effects.
The geodetic quantities marked with (® are valid only when the site is fixed to the solid

Earth.

[Output file] The geodetic site solid Earth tidal effects time series file.

The file header is the same as the input time series file. Behind the input file record, add
one or several columns of the tidal effects selected as the output file record. In this example,
all types are selected, and there are 14 attributes added to the record.

When the ellipsoidal height of the computed point is equal to the ellipsoidal height of the
geoid, the solid tidal effect on the height anomaly is the effect on the geoid.

|

)

i N N\ [ N A E121.24° N29.4° H17.8m
400

.
200+ A TARY
~ / Al

-200F

MonthldaylyearJ

12/05/18 1200718 12/09/18 121118
The solid Earth tidal effects: height anomaly (mm), gravity (uGal), ground radial displacement (mm), ground orthometric height (mm)

2.1.2 Computation of solid Earth tidal effects at ground sites with given time

[Function] According to the location and time in the computed points file, compute the
solid Earth tidal effects on the geoid or height anomaly (mm), ground gravity (uGal), gravity
disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection
(SW, to the south and to the west, mas), horizontal displacement (EN, to the east and to the
north, mm), ground radial displacement (mm), ground normal or orthometric height (mm),
disturbing gravity gradient (10uE) or horizontal gravity gradient (NE, to the north and to the
east, 10uE).

[Input file] The location and time file of the computed points.

The first row is the file header. From the second row onwards, the second and third
attributes in the file record are conventionally longitude and latitude (degree decimals), and
there are the sampling epoch time and ellipsoidal height attributes in the records.

[Parameter settings] Set the input file format parameters, select the type of solid Earth
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tidal effects.

[Output file] The solid Earth tidal effects file.

The file header is the same as the input file. Behind the input file record, add one or
several columns of the tidal effects selected as the output file record. In this example, the
height anomaly, gravity disturbance, and disturbing gravity gradient are selected, and there
are 3 attributes added to the record.

. Computation of solid tidal effects on various geodetic quantities outside solid Earth

= o X
C Y= ¥ ¥ &z
Openfile Saveas Importparameters Start computation  Save process \_Follow example
% Computation of solid Earth tidal effects '« Computation of solid Earth tidal effects S Computation of solid Earth tidal effects Alg s for the effects
time series at a ground site 2-at ground sites with given time = of Earth satellite or outside solid Earth of solid Earth tide
3 Open a location and time file of the computed points  >> Program Process ** Operation Prompts 4. Save program process as
Set the file parameters >> Computation start time: 2022-03-02 15:06:18 N

Column ordinal number of ellipsoidal
height in the record
Column ordinal number of time

>> Complete the computation of solid earth tide effects!
>> Computation end time: 2022-03-02 15:06:18
< >> [Function] According to the location and time in the computed points file, compute the solid Earth tidal effects on the geoid or height

4 S

1

in the record anomaly (mm), ground gravity (pGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW,
to the south and to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm),
f
%’j‘é’g’:: (r:;n:le;:emrber ST s ® ground normal or orthometric height (mm), disturbing gravity gradient (10uE) or horizontal gravity gradient (NE. to the north and fo the east,

104E).

Select the type of effects Open a location and time file of the computed points C:/ETideLoad4.0_\ i xt.
e - - 1 **'Set the file format parameters according to the text box below, and then select the type of the geodetic variation to be computed. After
|52 geoid or height anomaly (mm) | YT IR OUt Ot HE T TTTeCHC K-t COMMToH DOt toTT {MpoTtSetty
1 ground gravity (uGal) (= >> Save the computed results as C:/ETideLoad4.0_\ i idegrth/F

** Behind input file record, add one or several columns of the tidal effects as the dutput file record.

|4 gravity disturbance (uGal)
_I ground tilt (SW, mas) (=
[ vertical deflection (SW, mas)
horizontal displacement (EN, mm) (=

** Click the controNQutton [Start computation], or the tool button [Start computation]...
>> Computation start ge: 2022-03-02 15:10:58

>> Complete the comput¥gn of solid earth tide effects!

>> Computation end time: 2082-03-02 15:10:58

[ ground radial displacement (mm) (=)

[] ground normal or orthometric height (mm) (=
| disturbing gravity gradient (10uE) |

] horizontal gravity gradient (NE, 10pE)

4] Save the computed results as 3 Import setting paranjeters & Start computation

4./ Save data in the text box as

4

333

Q The solid tidal effects on the physical geodetic are to the IERS i (2010) ing the latitude and the 4 of the Love
numbers, which in Mmmmmmmmmmﬁmﬁmmmmw
and same ical models and with the physical geodetic quantities.
£ In general, AC, mainly consists of the long-term or long period constituents of the solid tidal effects (the cycle is greater than half a lunar month, n=1, 2, ...). AC,, AS,: mainly consists of the diurnal
tidal effects. And AC.., AS.: mainly consists of the semi-diurnal tidal effects. More generally, AC,.., AS.... is mainly composed of the 1/m diurnal tidal effects.
£} The solid tidal effect on normal height (approximately 300mm) is out of phase with the effect on the ellipsoidal height or geoid (approximately 600mm, namely the sign is opposite). The east-west
of the site di , tilt or gradient effect is generally much greater than the north-south component.

ment adopt compatible

The start MJDO attribute in the input file header is required when the date is in MJD
format. In this case, the sampling epoch MJD is equal to the sum of the starting MJDO and
the number of days in the record.

If the time (date) is in the long integer format agreed by ETideLoad, it is not necessary
for the starting MJDO attribute in the input file header, and the program automatically
recognizes and ignores the selection.

2.1.3 Computation of solid Earth tidal effects of Earth satellite or outside solid Earth

[Function] According to the location and time in the external points file, compute the solid
Earth tidal effects on the geopotential (0.1m?/s?), gravity (uGal) or gravity gradient (10uE)
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outside the solid Earth.

[Input file] The location and time file of the external points.

The first row is the file header. From the second row onwards, the second and third
attributes in the file record are conventionally longitude and latitude (degree decimals), and
there are the sampling epoch time and ellipsoidal height attributes in the records.

[Parameter settings] Set the input file format parameters, select the type of solid Earth
tidal effects.

[Output file] The solid Earth tidal effects file.

The file header is the same as the input file. Behind the input file record, add one or
several columns of the tidal effects selected as the output file record. In this example, the
geopotential, gravity vector, and gravity gradient are selected, and there are 7 attributes
added to the record.

wc solid tidal effects on » solid Earth - o

B = b > a# A
Openfile Saveas Importparameters Stari computalion  Save process \JFollow example,
Compuuuon of solid Earth tidal effects « - Computation of solid Earth tidal effects =, Computation of solid Earth tidal effects’ Aigorithms for the effects
®- time series at a ground site ®- at ground sites with given time ®. of Earth sateliite or outside solid Earth = of solid Earth tide

¥ Open a location and time file of the extemal points  >> Program Process ** Operation Prompts 4. Save program process as
Set the file parameters >> Save the computed results as C:/ETideL0ad.0_\ . -
Column ordinal number of ellipsoidal .| ™ Behind the input file record, add ane or several columns of the tidal effects as the output file record.

4 >> Setting parameters have been imported in the program!
* Click the control button [Start computation). or the tool button (Start computation)

>> Computation start time: 2022-03-02 15:10:58

>> Complete the computation of solid earth tide effects!

>> Computation end time: 2022-03-02 15:10:58

> [Function] According o the location and time in the calculated point records file, compute the solid Earth tidal effects on the geopotential (0.1ms?), gravity (uGal) or gravity gradient (10E)

height in the record
Column ordinal number of time

1
in the record
Column ordinal number of starting | %
MJDO in the header =

Select the type of effects ide the solid Earth,
n a location and time file of the external points C-/ETideLoadd.0_L

x
[ ~. geopotential (0.1m?s?) } \ ar ype of the geodetic variation to be computed. After giving the output file name, click the control button

gravity vector (XYZ, uGal) [Import parameters]

>> Save the Sgmputed results as C:/ETideL0add.0_) i .
[Esraviy vector (ENU_ pGan) }

gravity gradient (XYZ, 104E)

[ gravity gradient (ENU. 104E)

T T I e TECToTe-SRTCT OTTer DT SEVeTaT COTCTTITS T TTer T STTeCTs 21 e QOotpuT T TeeoT
>> Setting paramegs have been imported in the program!

* Click the control Bxon [Start computation], or the tool button [Start computation].
>> Computation start tifhey_2022-03-02 15:16:56
>> Complete the computatdq of solid earth tide effects!
>> Computation end time: 20280302 15:16:57 v

J Save the computed results as # Import setting parameterp & Start computation

4. Save data in the text box as

£ The solid tidal dffects on the physical geodetic quantities are computed according to the IERS conventions (2010) considering the latitude correlation and the frequency-dependent of the Love numbers, which m:lu}e the direct effects of the Sun,
Moon, N-body tdegree2y fopt-comp 7 [ geodetic quantities.
£ In general, AC,» mainly consists of the ong-term or long period constituents of the sold tidal efects (the cycle i reater than half a kinar month,n=1, 2, .). AC,. AS,, mainly consists of the diuma tdal eflects, And AC,s, AS,: mainy consists ofthe
semi-diurnal tidal effects. More generally, AC,.. AS....is mainly composed of the 1/m diumal tidal effects.

£ The solid tidal effect on normal height (approximately 300mm) is out of phase with the effect on the ellipsoidal height or geoid (approximately 600mm, namely the sign is opposite). The east-west component of the site displacement, tlt or horizontal
gradient effect is generally much greater than the north-south component.

1+(2h.m -(n+1)kam)/n is the solid tidal effect factor of the ground gravity at degree n and
order m. 1-(n+1)k../n is the solid tidal effect factor of the gravity disturbance. 1+Kuu-hun is the
solid tidal effect factor of the ground tilt. And 1+k.. is the solid tidal effect factor of the vertical
deflection or height anomaly.

In general, AC.o mainly consists of the long-term or long period constituents of the solid
tidal effects (the cycle is greater than half a lunar month, n=1, 2, ...). AC,;, AS,: mainly
consists of the diurnal tidal effects. And AC,., AS,. mainly consists of the semi-diurnal tidal
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effects. More generally, AC,, AS.» is mainly composed of the 1/m diurnal tidal effects.

The solid tidal effect on normal height (approximately 300mm) is out of phase with the
effect on the ellipsoidal height or geoid (approximately 600mm, namely the sign is opposite).
The east-west component of the site displacement, tilt or horizontal gradient effect is
generally much greater than the north-south component.

2.2 Spherical harmonic synthesis on ocean tidal load effects outside solid Earth

[Purpose] Using the global ocean tidal load spherical harmonic coefficients model (cm),
according to the location and time in the input file, compute the ocean tidal load effects on
various geodetic quantities on the ground or outside the solid Earth by the spherical
harmonic synthesis algorithm. Here a point outside the solid Earth generally refers to a space
point that is not fixed to the Earth in ocean space, near-Earth space, or satellite altitude.

2.2.1 Computation of ocean tidal load effects time series at a ground site

[Function] From a geodetic site variations time series file, compute the time series of the
ocean tidal load effects on the geoid or height anomaly (mm), ground gravity (uGal), gravity
disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection
(SW, to the south and to the west, mas), horizontal displacement (EN, to the east and to the
north, mm), ground radial displacement (mm), ground normal or orthometric height (mm),
disturbing gravity gradient (10uE) or horizontal gravity gradient (NE, to the north and to the
east, 10pE).

[Input file] The geodetic site variations time series file.

The file header contains site name, longitude (degree decimal), latitude (degree
decimal), height (m) relative to the sea surface, the starting MJDO (optional)......

Starting from the second row of the file, each row record stores the sampling values of
all the variations at one sampling epoch time. At least one column of the attributes in the
record is the sampling epoch time.

The height of the calculated point is normal or orthometric height relative to the sea
surface since the ocean tidal loads are generally considered to be on the sea surface.

[Parameter settings] Set the input file format parameters, select the type of ocean tidal
load effects.

[Output file] The geodetic site ocean tidal effects time series file.

The file header is the same as the input time series file. Behind the input file record, add
one or several columns of the tidal effects selected as the output file record. In this example,
all types are selected, and there are 14 attributes added to the record.

The program automatically selects the minimum value between the maximum degree of
the spherical harmonic coefficients model and the entered maximum degree as the
calculated degree.

The computation process needs to wait. During the computation period, you can open
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the output file to look at the computation progress!

. Spherical harmonic synthesis on ocean tidal load effects outside solid Earth o X

= E2 5 &z

Openfile Saveas Importparameters Slart compulalion  save process

Compulanon of ocean tidal load effects .. Computation of ocean tidal load effects . Computation of ocean tidal load effects of
- time series at a ground site “=* at ground sites with given time =" Earth satellite or outside solid Earth
3 Open a geodetic site variations time series file >> Program Process ** Operation Prompts 4.1 Save program process as
Set the file parameters a point outside the solid Earth generally refers to a space point that is not fixed to the Earth in ocean space, near-Earth space, or satellite altitude. ~
e Sl e A o . | >> Select the computation function from the 3 control buttons on the top of the interface.

4

~ | | >> [Function] From a geodetic site variations time series file, compute the time series of the ocean tidal load effects on the geoid or height anomaly
= | (mm), ground gravity (uGal), gravity disturbance (pGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south and to
| | the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric height
< | | (mm), disturbing gravity gradient (10uE) or horizontal gravity gradient (NE, to the north and to the east, 104E).

~~~ >> Open a geodetic site variations time series file C:/ETideLoad4.0_wi [TmMDONT.txt.

‘*En.w the file format parameters according to the text box below, and then select the |ype of the geodetic variation to be computed. After giving the

orthometric height in the header
Column ordinal number of time in the record\ 1

Column ordinal number of the starting 5 %
MJDO in header

Select the type of effects output ﬁle & Mama. glick the control button [Import setting parameters]
|1 geoid or height anomaly (mm) igeL0add.0 o TIMDONTrst

e Bemmj the input file r 0 ﬁdtq\e r several columns of the load tidal effects as the output file record.
etting parameters have been import P he | pmgraml
oiSiac mdaglhutton [Stack
During the codfpstaugn riod, you can open the output file C:/ETideLoad4.0_win64en/examples/

Dso';:t lge computeton prog ~~__ When the sampling epoch time is

n tidal load effects! ",; in ETifieLond format, the starting
:57:04 am?® MJDO is not necessary.
-

[ ground gravity (uGal) (=
[ ground Gt (SW, mas) (=

[ vertical deflectipn (SW, mas)

[ horizontal displacement (EN, mm) (=)

[ ground radial dfsplacement (mm) (=

(1 ground normal pr orthometric height (mm) ()
[ disturbing gravity gradient (104E)

[ horizontal gravity gradient (NE, 10pE)

-
-
-

=] SaM‘Bomputed resufsas » Import setting parameters & Start computation

4./ Save data in the text box as

e e S S e oo s ooy
£\ The global ocean tidal load spherical harmonic coefficients model (cm) adopts the FES2004 format, which can be constructed from the global tidal height harmonic parameters grid model, by calling the
function [Global tidal parameters spherical harmonic analysis]

£ The computation speed of the function depends on the degree of the spherical harmonic coefficients model and the number of the tidal constituents.

£ 1#(20'-(n+1)k',V/n are the load-deformation coefficients of the ground gravity at degree n. 1-(n+1)k',/n are the load-deformation coefficients of the gravity disturbance. 1+k'.-h', are the load-deformation
coefficients of the ground tilt. And 1+k’, are the load-deformation coefficients of the vertical deflection or height anomaly.

[ Different from the effect of the solid Earth tide, the load effect on the normal height is in the same phase as the effect on the ellipsoidal height, and the magnitude of effect on the normal height is about 1.75

times that of the ellipsoidal height. The east-west of the site tilt or gradient effect is generally smaller than the north-south component.
8OF T T T |, 5 T
' Ny A E121.0901° N27.5005
60 i fl il I i i i \|“> 1 i ,\’ i .
R | T | 1 \‘\,“ “;\ (g e A ""w,' ;'“ i If ,'»"’1 .'.»"' )
P T A LA \" 1 - {144 i g -
4 ik‘ll”l N :r':h' y|l‘ulll finl vlw \’ '”'H‘lw il " i ‘ Il || ,‘H l“" ‘“"\I‘u‘hw, ;W e
Al | | )' 1! | Y [ it My
2 A PR L (N,M m lj,! iy 1'|i|}| il ‘ il h,,\ I i
.w-' A f (] 1 i ML LW ] 1

il T r'!| HEREY
|""“}~|1M""W:r.'ﬂ Mw ! \‘? I

\h”
|' "‘ |l\.\ .,‘\.

[l
|
Ik | it
Vool J | q /

Monthldayly?ar
01/03/19 01710119 01/17/19 01724119 0173119
The ocean tidal load effects: height anomaly (mm), gravity (uGal), ground radial displacement (mm), ground orthometric height (mm)

Different from the effect of the solid Earth tide, the load effect on the normal height is in
the same phase as the effect on the ellipsoidal height, and the magnitude of effect on the
normal height is about 1.75 times that of the ellipsoidal height. The east-west component of
the site displacement, tilt or horizontal gradient effect is generally smaller than the north-
south component.

1+(2h',-(n+1)k',)/n are the load-deformation coefficients of the ground gravity at degree
n. 1-(n+1)k's/n are the load-deformation coefficients of the gravity disturbance. 1+k',-h', are
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the load-deformation coefficients of the ground tilt. And 1+k', are the load-deformation
coefficients of the vertical deflection or height anomaly.
2.2.2 Computation of ocean tidal load effects at ground sites with given time

[Function] According to the location and time in the computed points file, compute the
ocean tidal load effects on the geoid or height anomaly (mm), ground gravity (uGal), gravity
disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection
(SW, to the south and to the west, mas), horizontal displacement (EN, to the east and to the
north, mm), ground radial displacement (mm), ground normal or orthometric height (mm),
gravity gradient (10uE) or horizontal gravity gradient (NE, to the north and to the east, 10uE).

[Input file] The location and time file of the computed points.

The first row is the file header. From the second row onwards, the second and third
attributes in the file record are conventionally longitude and latitude (degree decimals), and
there are the sampling epoch time and height attributes in the records.

[Parameter settings] Set the input file format parameters, select the type of ocean tidal
load effects.

. Spherical harmonic synthesis on ocean tidal load effects outside solid Earth o

CY- ¥ & &
Openfile Saveas Importparameters Slart computlation  save process \ Follow example
... Computation of ocean tidal load effects +.;. Computation of ocean tidal load effects . Computation of ocean tidal load effects of
== time series at a ground site —_ at ground sites with given time " Earth satellite or outside solid Earth

9 Open a location and time file of the computed points  >> Program Process ** Operation Prompts 4! Save program process as
Set the file parameters >> Complete the computation of the ocean tidal load effects! A
Cokane Ornal tenDas ol normal oe . | >> Computation end time: 2022-03-02 15:57:04

orthometric height in the record 4

Column ordinal number of time in the record\1

Column ordinal number of the starting 5 %
MJDO in header

>> [Function] According to the location and time in the computed points file, compute the ocean tidal load effects on the geoid or height anomaly (mm),
ground gravity (iGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south and to the
west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric height
s (mm), gravity gradient (10uE) or horizontal gravity gradlem (NE, ta the north and.to the east 10PE). o e e '
>> Open a location and time file oftirer {C:/ETideLoad4.0_win6den/examples! OTideloadharmsynth/Postiontm. et

** Enter the file format paramele¥ according to the text box below, and then select the type of the geodetic variation to be computed. After giving the
ou(pul 1|Ie name, cllck the control button [Impon semng pavamelersl

g0 gsulls 2 64 nple:

Select the type of effects

gloadharmsynth/Postmrst.txt.

7 geoid or height anomaly (mm
| 9 y (m) hects as the output file record

[1 ground gravity (uGal) (=
|4 gravity disturbance (uGal) I
[ ground tilt (SW, mas) (=

] vertical deflection (SW, mas)

("] horizontal displacement (EN, mm) (&

("] ground radial displacement (mm) (=

|| ground normal or orthometric height (mm) (=

% gvstummg gravity gradient (10pE)g o of x:":orzr‘ﬁ'z:ﬁie’:gggw 1 [ sate the computed results as | # Import setting parameters & Start computation
[/ horizontal gravity gradient (NE, 10uE)

* Clickqe control hutton [Start. octhe tool hutton [Start.
** The co%\«auon process needs to wait... During the computation period, fou can open 1715 output file C:/ETideLoad4.0_win64en/examples/
(e}

txtjto look at the
>> Computation 3grt time: 2022-03-02 16:02:23

> Complete the of ttle ocean tidal et effects The GOCE satellite altitude
> Computation end tithg: 2022-03-02 16:03:40

4! Save data in the text box as

[\ The height of the falculated poml is normal or orthom
£\ The global ocean 03 M g
function [Global tidal parameters sphencal harmomc analysis]
£ The computation speed of the function depends on the degree of the spherical harmonic coefficients model and the number of the tidal constituents.

£ 1+(2h'(n+1)k'./n are the load-deformation coefficients of the ground gravity at degree n. 1-(n+1)k'J/n are the load-deformation coefficients of the gravity disturbance. 1+k'-h', are the load-deformation
coefficients of the ground tilt. And 1+k’, are the load-deformation coefficients of the vertical deflection or height anomaly.

) Different from the effect of the solid Earth tide, the load effect on the normal height is in the same phase as the effect on the ellipsoidal height, and the magnitude of effect on the normal height is about 1.75
times that of the ellipsoidal height. The east-west component of the site displacement, tilt or horizontal gradient effect is generally smaller than the north-south component.

erally considered to be on the sea surface.

e globa arameters grid model, by calling the

[Output file] The ocean tidal load effects file.
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The file header is the same as the input file. Behind the input file record, add one or
several columns of the tidal effects selected as the output file record. In this example, the
height anomaly, gravity disturbance, disturbing gravity gradient, and horizontal gravity
gradient are selected, and there are 5 attributes added to the record.

01/03/19

4
Monthldaylyear
0131719

L L 1
o119 0117119 01/24/19

The ocean tidal load effects at 250km altitude: disturbing gravity gradient (10pE) horizontal gravity gradient
(N, 10pE, along the GOCE satellite orbit) horizontal gravity gradient (E, 10pE)

2.2.3 Computation of ocean tidal load effects of Earth satellite or outside solid Earth
[Function] According to the location and time in the external points file, compute the

ocean tidal load effects on the geopotential (0.1m?/s?), gravity (uGal), or gravity gradient
(10uE) outside the solid Earth.

. Spherical harmonic synthe: tidal load effects Earth - o X
o = ~1 a
¢ ¥ g a4
Openfile Saveas Importparameters Start computation  Save process \ Follow example

... Computation of ocean tidal load effects ... Computation of ocean tidal load effects ‘Computation of ocean tidal load effects o

== time series at a ground site “=* at ground sites with given time Earth satellite or outside solid Earth
& Open a location and time file of the external points  >> Program Process ** Operation Prompts 4 Save program process as
Set the file parameters o 1xt, 10 look at the ~
Golumn ordinal number of normal or ~  >> Computation start time: 2022-03-02 16:02:23

orthometric height in the record
Column ordinal number of time in the record

Column ordinal number of the starting 5 %
MJDO in header

>> Complete the computation of the ocean tidal load effects!
>> Computation end time: 2022-03-02 16:03:40

>> [Function] According to the location and time in the extemal points file, compute the ocean tidal load effects on the geopotential (0.1m?/s?), gravity
(uGal), or gravity gradient (10pE) outside the solid Earth.

>> Open a location and time file of the external points C-/ETideLoad4.0_\ xt

< Enter the file format parameters according to the text box below, and then select the type of the geodetic variation to be computed. After giving the |
t file name, click the control button [Import setting parameters)
™ sad s

Select the type of effects

|1 geopotential (0.1me/s?) I
[] gravity vector (XYZ. pGal) imeters have been imported in the program!
| 21 gravity vector (ENU, uGal) |

[ gravity gradient (XYZ, 10uE)
] gravity gradient (ENU, 10yE)

@t |
butput file record

process needs to wait... During the computation period, you can opeq the output file C-/ETideLoad4.0_win64en/examples/
1, to ook at the progress!
> Computation start tit; 2022-03-02 16:14:49

Complete the computad of the ocean tidal load effeftsi The GRACE satellite altitude
>\ Computation end time: 202803-02 16:16:06

Maximum truncated degree n < -
ks St P 120 b Save the cqfnputed results as - Import spiting parameters & Start computation

|
Displa of the input-output file| 4. Save data in the text box as |

< >
£ The height of the calculated point is normal or orthometric height relative 1o the sea surface since the ocean tidal loads are generally considered to be on the sea surface.

£ The global ocean tidal load spherical harmonic coefficients model (cm) adopts the FES2004 format, which can be constructed from the global tidal height harmonic parameters grid model, by calling the
function [Global tidal parameters spherical harmonic analysis).

£} The computation speed of the function depends on the degree of the spherical harmonic coefficients model and the number of the tidal constituents.

£ 1+(2h'-(n+1)K'.)n are the load-deformation coefficients of the ground gravity at degree n. 1-(n+1)k'.n are the load-deformation coefficients of the gravity 1+K’.-h', are the load:
coefficients of the ground tilt. And 1+k', are the load-deformation coefficients of the vertical deflection or height anomaly.

£ Different from the effect of the solid Earth tide, the load effect on the normal height is in the same phase as the effect on the ellipsoidal height, and the magnitude of effect on the normal height is about 1.75
times that of the ellipsoidal height. The east-west component of the site displacement, tilt or horizontal gradient effect is generally smaller than the north-south component.
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[Input file] The location and time file of the external points.

The first row is the file header. From the second row onwards, the second and third
attributes in the file record are conventionally longitude and latitude (degree decimals), and
there are the sampling epoch time and ellipsoidal height attributes in the records.

[Parameter settings] Set the input file format parameters, select the type of ocean tidal
load effects.

[Output file] The ocean tidal load effects file.

The file header is the same as the input file. Behind the input file record, add one or
several columns of the tidal effects selected as the output file record. In this example, the
geopotential, gravity vector and gravity gradient are selected, and there are 7 attributes
added to the record.
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The ocean tidal load effects at 450km altitude: gravity vector (E, N: along the GRACE SST-ll, U, pGal)

The global ocean tidal load spherical harmonic coefficients model (cm) adopts the
FES2004 format, which can be constructed from the global tidal height harmonic parameters
grid model, by calling the function [Global tidal parameters spherical harmonic analysis].

The computation speed of the program depends on the degree of the spherical harmonic
coefficients model and the number of the tidal constituents.

The program adopts the default global ocean tidal load spherical harmonic coefficients
model. You can select other global ocean tidal load spherical harmonic coefficients models
by the program [geophysical model and numerical standard settings].

2.3 Spherical harmonic synthesis on air pressure tidal load effects outside solid
Earth

[Purpose] Using the global surface air pressure tidal load spherical harmonic coefficients
model (hPa), compute the surface air pressure tidal load effects on various geodetic
quantities on the ground or outside the solid Earth according to the location and time in the
input file by the spherical harmonic synthesis algorithm. Here a point outside the solid Earth
generally refers to a space point that is not fixed to the Earth in ocean space, near-Earth
space, or satellite altitude.

The program adopts the 360-degree surface air pressure tide spherical harmonic
coefficients model ECMWF2006.dat, which contains semi-diurnal, diurnal, semi-annual, and
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annual period constituents. Using this model to compute the surface air pressure tidal load
effects, even if the non-tidal air pressure load effects are not considered, the surface air
pressure load effects on the geodetic observations or parameters can be controlled to the
accuracy level of 1cm.
2.3.1 Computation of surface air pressure tidal load effects time series at a ground

site

[Function] From a geodetic site variations time series file, compute the time series of the
surface air pressure tidal load effects on the geoid or height anomaly (mm), ground gravity
(uGal), gravity disturbance (pGal), ground tilt (SW, to the south and to the west, mas), vertical
deflection (SW, to the south and to the west, mas), horizontal displacement (EN, to the east
and to the north, mm), ground radial displacement (mm), ground normal or orthometric
height (mm), disturbing gravity gradient (10uE) or horizontal gravity gradient (NE, to the north
and to the east, 10uE).

[Input file] The geodetic site variations time series file.

@. Spherical harmonic synthesis on air pressure tidal load effects outside solid Earth ]

3

Openfile Saveas Importparameters

"+ Computation of surface air pressure tidal #, Computation of surface air pressure tidal .. Computation of surface air pressure tidal load
2+ joad effects time series at a ground site .+ 10ad effects at ground sites with given time ™ effects of Earth satellite or outside solid Earth

3 Open a geodetic site variations time series file >> Program Process ** Operation Prompts 4. Save program process as

Y

Set the file parameters >> Select the computation function from the 3 control buttons on the top of the interface.. ~
Column ordinal number of height relative - | >> [Function] From a geodetic site variations time series file, compute the time series of the surface air pressure tidal load effects on the geoid or
to the surface in the header 4 ~ | height anomaly (mm), ground gravity (uGal), gravity disturbance (uGal). ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to
the south and to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or

Column ordinal number of time in the record | 1 orthometric height (mm). disturbing gravity gradient (104E) or horizontal gravity gradient (NE, to the north and to the east, 104E)

Column ordinal number of starting 5 % >> Oﬁn a geodetic site variations time series file C:/ETideLoad4.0_\ /Tmseries.txt.

MJDO in the header i ermme format parameters according to the text box below, and then select the type of the geodetic variation to be computed. After giving the
ut file name. Neketag control button (Import setting parameters]
ve the computed resu'm:asc [ETideLoad4.0_\ Tmsqurst.txt.
d the input file record, add omleral columns of the load tidal effects as the output file record.

Select the type of effects >>

| geoid or height anomaly (mm) |

[ ground gravity (uGal) ** Click theMsgntrol button [Start oomputauon] or the too] Buuon{ﬁlan computation]
| 1 gravity disturbance (uGal) I " The compuMagion process needs to wait... During the Jomputation mnod_you can open the output file C:/ETideLoad4.0_win64en/examples/

[ ground tit (SW. mas) (= | > Computation stat\me: 2022-03-02 16-44:15 Ltk = [~~~ _ | When the sampling epoch time is
[ vertical deflectibn (SW, mas) >\ Complete the compihgtion of the surface air pressure fidal load effects! =" ;: EI‘?‘E'&:"-' format, the starting
-
2 horizontal displacement (EN, mm) G >>\Computation end time: 3Q22-03-02 16:47:43 e DO is not necessary. v
[ ground radial displacement (mm) (&) _——’_—

[ ground normal for orthometric height (mm) (&) ?)I:am m:on;fl';\;r:r:‘?sle:‘:dege;’vee 180 N> I save the :gmput&r results as 3 Import setting parameters & Start computation

-
[ disturbing gravity gradient (10E) A
[/ horizontal gravjty gradient (NE, 10uE)

4 Save data in the text box as

< >

£ When calculating the indirect effects of the surface air pressure tidal load, the program assumes that the air pressure loads are concentrated on the Earth's surface, and the height h of the calculated point is
the height of the point relative to the surface. When calculating the direct effects on the gravity or gravity gradient, it is assumed that there is a proportional relationship between air pressure P, at height h and
surface air pressure Po, namely P,=Ps (1-h/44330)*.

£\ The global surface air pressure tidal load spherical harmonic coefficients model (hPa) adopts the FES2004 format, which can be constructed from the global surface air pressure harmonic parameters grid
model by calling the function [Global tidal parameters spherical harmonic analysis]. In the program [geophysical model and numerical standard settings], you can select other global spherical harmonic coefficient
model of the surface air pressure tidal load.

£\ The function adopts the 360-degree surface air pressure tide spherical harmonic coefficients model ECMWF2006 dat, which contains semi-diurnal, diurnal, semi-annual, and annual period constituents. Using
this model to compute the surface air pressure tidal load effects, even if the non-tidal air pressure load effects are not considered, the surface air pressure load effects on the geodetic observations or parameters
can be controlled to the accuracy level of 1cm,

0 The annual periodic amplitude of the surface air pressure tide is more than 10 times the diurnal periodic amplitude. In the land area, the surface air pressure is high in winter and low in summer, so that the
ground decline in winter and uplift in summer, resulting in annual and semi-annual periodic ground vertical deformations, which should be considered in centimeter-level geodesy.

The file header contains site name, longitude (degree decimal), latitude (degree
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decimal), height (m), starting MJDO (optional), ...

Starting from the second row of the file, each row record stores the sampling values of
all the variations at one sampling epoch time. At least one column of the attributes in the
record is the sampling epoch time.

[Parameter settings] Set the input file format parameters, select the type of the surface
air pressure tidal load effects.

[Output file] The geodetic site surface air pressure tidal load effects time series file.

The file header is the same as the input file. Behind the input file record, add one or
several columns of the tidal effects selected as the output file record. In this example, all
types are selected, and there are 14 attributes added to the record.

L L L
01/01/18 07/02/18 01/01/19 07/03/19

Surface air pressure tide forecast (hPa). The air pressure tidal load effects : height anomaly (mm), ground
radial displacement (mm), ground orthometric height (mm)

E121.0901° N27.5005°

A TA

Month/daylyear

s
-10

When calculating the indirect effects of the surface air pressure tidal load, the program
assumes that the air pressure loads are concentrated on the Earth’s surface, and the height
h of the calculated point is the height of the point relative to the surface. When calculating
the direct effects on the gravity or gravity gradient, it is assumed that there is a proportional
relationship between air pressure P, at height h and surface air pressure Po, namely P,=P.
(1-h/44330)52%,

The global surface air pressure tidal load spherical harmonic coefficients model (hPa)
adopts the FES2004 format, which can be constructed from the global surface air pressure
harmonic parameters grid model by calling the function [Global tidal parameters spherical
harmonic analysis]. In the program [geophysical model and numerical standard settings],
you can select other global spherical harmonic coefficient model of the surface air pressure
tidal load.

2.3.2 Computation of surface air pressure tidal load effects at ground sites with
given time

[Function] According to the location and time in the computed points file, compute the
surface air pressure tidal load effects on the geoid or height anomaly (mm), ground gravity
(uGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical
deflection (SW, to the south and to the west, mas), horizontal displacement (EN, to the east
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and to the north, mm), ground radial displacement (mm), ground normal or orthometric
height (mm), disturbing gravity gradient (10uE) or horizontal gravity gradient (NE, to the north
and to the east, 10uE).

@. Saherical harmonic synthesis on air pressure lidal load effects outside solid Earth - o x

3 - az

Openfie Saveas Importparameters Start computation  Save process

1~ Computation of surface air pressure tidal = Computation of surface air pressure tidal .. Computation of surface air pressure tidal load
" load effects time series at a ground site * load effects at ground sites with given time =+ effects of Earth sateliite or outside solid Earth

Follow example

& Open a location and time file of the computed points  >> Program Process ** Operation Prompts &' Save program process as
Set the file parameters >> [Function] According to the location and time in the computed points file, compute the surface air pressure tidal load effects on the geoid or height anomaly (mm), ~
Column ordinal number of height refative |, . ground gravity (pGal), gravity disturbance (uGal). ground tilt (SW, to the south and to the west, mas), vertical deflection (SW. to the south and 1o the west, mas),

= horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthametric height (mm), disturbing gravity

- | gradient (10pE) or horizontal gravity gradient (NE, to the north and to the east, 10pE)

- >>Open a location and time file of the computed points C:/ETideLoad4.0_wir

** Enter the file format parameters according to the text box below, and then select the type of the geodetic variation to be onmpuned After giving the output file

G swtion [port setting - —_—
ave the computed results as C Er s ™ Tidelpadharmsy it When the sampling epoch time is

* Bafind the input e record. add one or several columns of the oad tdal effects 23 (T COPAT Meresomim =] in ETideLoad format, the starting

to the surface in the record
Column ordinal number of time in the record | 1

Column ordinal number of starting N
MJDO in the header 5 K <A-=

Select the type of effects
[ geoid or height anomaly (mm)
[ ground gravity (uGal) (=

| gravity disturbance (pGal) 1 \:

N _,' MJDO is not necessary.

n open | {pe-uliput fle C/ETidsLoads.0_winean/examples/AT deloadharmsynthi

tion process needs to wait... During the computation period, you
at tha computation prgrassil

> Computation staifime: 2022-02-22 16:11:26 .
> Complate the compbtgtion of the surface air pressure tidal load effeciss™

[ vertical deflection (Sw, mas) } o T - o
| horizontal displacement (EN, mm) (s} \ \ ',,-’
1 Al y o -

] ground Lt (SW, mas) (=

[ ground radial mm@ | TED TS 55 [~ Tmport seting parameter

POt Seting parametars, Start computation
T ground normal o orthomelnc height (mm) ) of e coefficients model
| disturbing gravity gradient (104E) ] - P FerereywT—

[ horizontal gravity gradient (NE. 104E)

9.910000 0. ~

101.

.
N
0
0

101.230000  29.81 0. 6966 v

£ When calculating fhe indirect effects of the surface air pressure tidal load, the program assumes that the air pressure loads are concentrated on the Eartiv's surface, and the height h of the calculated point is the ne.éu of the
point relative to the surface. When calculating the direct effects on the gravity or gravily gradient, it is assumed that there is a proportional relationship between air pressure P, al height h and surface air pressure Ps, namely
=P, (1-/24330)

£ The glabal surface air pressure tidal load spherical harmonic coeflicients model (hPa) adopts the FES2004 format, which can be constructed from the global surface air pressure harmonic parameters grid model by calling
the function [Global tidal parameters spherical harmonic analysis]. In the program [geophysical mode! and numerical standard settings], you can select other global spherical harmonic coefficient model of the surface air
pressure tidal load.

£\ The function adopts the 360-degree surface air pressure tide spherical harmonic coefficients model ECMWF2006.dat, which contains semi-diurnal, diumal, semi-annual, and annual period constituents. Using this model to
compute the surface air pressure tidal load effects. even if the non-tidal air pressure load effects are not considered. the surface air pressure load effects on the geodetic observations or parameters can be controlled to the
accuracy level of 1em

£ The annual periodic amplitude of the surface air pressure tide is more than 10 times the diumal periodic ampiitude. In the land area, the surface air pressure is high in winter and low in summer, o that the ground decline in
winter and uplift in summer, resuiting in annual and semi-annual periodic ground vertical deformations, which should be considered in centimeter-level geodesy.

2.3.3 Computation of surface air pressure tidal load effects of satellite or outside
Earth

[Function] According to the location and time in the external points file, compute the
surface air pressure tidal load effects on the geopotential (0.1m?/s?), gravity(uGal), or gravity
gradient (10uE) outside the solid Earth.

[Input file] The location and time file of the external points.

The first row is the file header. From the second row onwards, the second and third
attributes in the file record are conventionally longitude and latitude (degree decimals), and
there are the sampling epoch time and height attributes in the records.

[Parameter settings] Set the input file format parameters, select the type of ocean tidal
load effects.

[Output file] The surface air pressure tidal load effects file.

The file header is the same as the input file. Behind the input file record, add one or
several columns of the tidal effects selected as the output file record. In this example, the
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geopotential and gravity vector are selected, and there are 4 attributes added to the record.

. Spherical harmonic synthesis on air pressure tidal load effects outside solid Earth

h ¥ -5 3

Openfile Saveas Importparameters Start compuiation  Save process

N

Follow example

»+ Computation of surface air pressure tidal e Computation of surface air pressure tidal
.+ j0ad effects time series at a ground site *+ |oad effects at ground sites with given time

3 Open a location and time file of the external points  >> Program Process ** Operation Prompts 4. Save program process as
Set the file parameters

Column ordinal number of height relative

to the surface in the record

Column ordinal number of time in the record 1

Column ordinal number of starting 5 ®
MJDO in the header

>> Complete the computation of the surface air pressure tidal load effects! ~
>> Computation end time: 2022-02-22 16:11:53

>> [Function] According to the location and time in the external points file, compute the surface air pressure tidal load effects on the geopotential
(0.1m?/s?), gravity(uGal), or gravity gradient (10pE) outside the solid Earth.

>> Open a location and time file of the external points C:/ETideLoad4.0_wil txt.

** Enter the file format parameters according to the text box below, and then select the type of the geodetic variation to be computed. After
g]ving the output file name, click the control button [Import setting parameters].

>>gave the wmpumd results as C:/ETideLoad4.0_y

4

Select the type of effects
(] gravity vector (XYZ, pGal)
(] gravity gradignt (XYZ, 10pE)
L] gravity gradiént (ENU, 10uE)

on process needs to wait... Dunng the computatlon period, you can ope the output file C:/ETideLoad4.0_win64en/examples/

xt,to look at the

>> Computation startWpe: 2022-02-22 16:14:33

V> Complete the comput n of the surface air pressure tidal load effects! . 3
Computation end time: 20R2-02-22 16:15:00 The GRACE satellite altitude

imum truncated degree

of e coefficlents model. L180_E2 [ save the qomputed results as 3 Impprt setting parameters & Start computation
Display of the input-output file | 4.' Save data in the text box as
ca02\00 A
20190101
01

2019010104
201901010
20190101
20180101
2019010108
201901010900
201901011000
201901011100
201901011200
201901011300

01901011800

[0 When calcujating the indirect effects of the surface air pressure tidal load, the program assumes that the air pressure loads are concentrated on the Earth's surface, and 4 height h of the calculated
point is the height of the point relative to the surface. When calculating the direct effects on the gravity or gravity gradient, it is assumed that there is a proportional relationship between air pressure P, at
height h and surface air pressure Po, namely P,=Ps (1-h/44330)%,

£ The global surface air pressure tidal load spherical harmonic coefficients model (hPa) adopts the FES2004 format, which can be constructed from the global surface air pressure harmonic parameters
grid model by calling the function [Global tidal parameters spherical harmonic analysis]. In the program [geophysical model and numerical standard settings], you can select other global spherical harmonic
coefficient model of the surface air pressure tidal load.

[ The function adopts the 360-degree surface air pressure tide spherical harmonic coefficients model ECMWF2006.dat. which contains semi-diumal, diurnal, semi-annual, and annual period constituents.
Using this model to compute the surface air pressure tidal load effects, even if the non-tidal air pressure load effects are not considered, the surface air pressure load effects on the geodetic observations or
parameters can be controlled to the accuracy level of 1cm.

£ The annual periodic amplitude of the surface air pressure tide is more than 10 times the diurnal periodic amplitude. In the land area, the surface air pressure is high in winter and low in summer, so that
the ground decline in winter and uplift in summer, resuiting in annual and semi-annual periodic ground vertical { which should be i in level geodesy.
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The air pressure tidal load effects at 450km altitude: geopotential (0.1m?/s?), gravity (uGal, E), gravity (puGal, N, along the GRACE SST-ll)

The annual periodic amplitude of the surface air pressure tide is more than 10 times the
diurnal periodic amplitude. In the land area, the surface air pressure is high in winter and low
in summer, so that the ground decline in winter and uplift in summer, resulting in annual and
semi-annual periodic ground vertical deformations, which should be considered in
centimeter-level geodesy.

The surface air pressure tidal load effects on the east-west component of the site
displacement, tilt or horizontal gradient are generally smaller than that on the north-south

28




component.

2.4 Computation of Earth pole shift and ocean pole tide effects outside solid
Earth

[Purpose] Using IERS Earth orientation parameters (EOP) product file IERSeopc04.dat,
compute the Earth pole shift and ocean pole tide effects on various geodetic quantities on
the ground or outside the solid Earth according to the location and time in the input file.

2.4.1 Computation of pole shift or ocean pole tide effects time series at a ground
site

[Function] From the geodetic site variations time series file, compute the time series of
the Earth pole shift or ocean pole tide effects on the geoid or height anomaly (mm), ground
gravity (uGal), gravity disturbance (pGal), ground tilt (SW, to the south and to the west, mas),
vertical deflection (SW, to the south and to the west, mas), horizontal displacement (EN, to
the east and to the north, mm), ground radial displacement (mm), ground normal or
orthometric height (mm), disturbing gravity gradient (10uE) or horizontal gravity gradient (NE,
to the north and to the east, 10uE).

[Input file] The geodetic site variations time series file.

Computation of Earth pole shift and ocean pole shift effects outside solid Earth

‘e = = ~ ~
5 o 82 - An
Openfile Saveas Importparameter Start computation Algorithm formula

Save process Follow example

Computation of Earth or ocean pole-shift effects

{8 Open a geodetic site variations time series file
Set the file parameters

Column ordinal number of ellipsoidal |,
height in the header

Column ordinal number of time
in the record

Column ordinal number of starting 5
MJDO in the header

Select the type of effects

=] geoid or height anomaly (mm
(] ground gravity (uGal) (=)

|Z araviE disturbance fEGaIE

1

>> Program Process **

>> [Function] From the ground geodetic variations time series file, compute the time series of the Earth pole shift or ocean pole tide effects on the geoid or ~
height anomaly (mm), ground gravity (uGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the
south and to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or

orthometric height (mm), disturbing gravity gradient (10pE) or horizontal gravity gradient (NE, to the north and 1o the east, 100E)

Computation of Earth or ocean pole-shift effects ... Computation of Earth or oean pole-shift effects
® _time series ata ground site ® at ground sites with given time

Operation Prompts

>> Open a geodetic site variations time series file C/ETideLoad4.0_\

“® of Earth satellite or outside solid Earth

&I Save program process as

qutput file name, click the control button [Import setting parameters].
ave the computed results as C:/ETideLoad4.0_wi

** Set the file format parameters according to the text box below, and then select the type of the geodetic variation to be computed. After giving the

/Tmseries. txt.

Bajind the input file record, add one or several  columns of the Earth pole shift or ocean pole shift effects as the output file record.

>> Sem q parameters have been |mpurted in lhe program!

>> compulanon arftime: 2022-02-03 23:10:14

ot iho-Earh-pole-chitefs

utton | LSLH_"_"_"E‘PE'E'_‘"_"J;_"L !Le_“’_“. { button [Start computationl.. __ I gngitude, latitude of the site

Tmsqurst.txt.

~] ground tilt (SW, mas) &

1 vertical deflection (SW, mas)

(EN, mm) @

~| ground radial

1] disturbing grar

~| horizontal grar

(mm) =)

[¥] ground normal or orthometric height (mm)

ity gradient (104E)
ity gradient (NE, 10E)

£} The pole shift

for regional geodetic purposes

Pl P
>> Computation end filg: 2022-02-03 23:10:14

£omput; The Earth pole shift effe|

-qutput file|

29.910000][ 72.4] seess
U €.713

forecast product IERSenpcOd dal (wmch can be downloaded mrez:lly lmm the IERS wehslte) whlch can be updaled in time by the program [Geophyslca\ mude\s and numencal standards settings).
£} For geodetic applications with a one-centimeter accuracy level, the Earth pole shift effects should be considered. The magnitude of the ocean pole shift effects is small (less than 1cm), and it can be ignored

[\ Love numbers in the program are k: = 0.3077 + 0.0036i, h. = 0.6207, and | = 0.0836

- [l Save the computef

H results as 3 Import setting parameters & Start computation

4./ Save data in the text box as

Ogrdm uses the IERS measured or

The file header contains site name,

decimal), ellipsoidal height (m), starting MJDO (optional),

Starting from the second row of the file, each row record stores the sampling values of
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all the variations at one sampling epoch time. At least one column of the attributes in the
record is the sampling epoch time.

[Parameter settings] Set the input file format parameters, select the type of the pole shift
or ocean pole tide effects.

[Output file] The geodetic site Earth or ocean pole-shift effects time series file.

The file header is the same as the input file. Behind the input file record, add one or
several columns of the tidal effects selected as the output file record. In this example, all

types are selected, and there are 14 attributes added to the record.
15 T

10

-10 V

-15

0 20 180 270 360 450 540 630 720 810 9200 990 1080 1170 1260 1350 day

Half-month mean (mm) of ellipsoidal height on CORS station
The effects of the Earth pole shift: Height anomaly (mm) Ellipsoidal height {mm) Normal height(mm)

Love numbers in the program are k. = 0.3077 + 0.0036i, h. = 0.6207, and . = 0.0836.

If the epoch time to be calculated exceeds the time range of the Earth orientation
parameters time series file, please update the parameters time series file.

The pole shift is non-tidal, which does not contain the diurnal swing of the Earth pole
caused by various tides. It is difficult to accurately model the non-tidal effects. The program
adopts the IERS measured or forecast product IERSeopc04.dat (which can be downloaded
directly from the IERS website), which can be updated in time by the program [Geophysical
models and numerical standards settings].

2.4.2 Computation of pole shift or ocean pole tide effects at ground sites with given
time

[Function] According to the location and time in the computed points file, compute the
Earth pole shift or ocean pole tide effects on the geoid or height anomaly (mm), ground
gravity (uGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas),
vertical deflection (SW, to the south and to the west, mas), horizontal displacement (EN, to
the east and to the north, mm), ground radial displacement (mm), ground normal or
orthometric height (mm), disturbing gravity gradient (10uE) or horizontal gravity gradient (NE,
to the north and to the east, 10uE).

[Input file] The location and time file of the computed points.

The first row is the file header. From the second row onwards, the second and third
attributes in the file record are conventionally longitude and latitude (degree decimals), and
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there are the sampling epoch time and ellipsoidal height attributes in the records.

[Parameter settings] Set the input file format parameters, and select the type of the
effects.

[Output file] The Earth pole shift or ocean pole tide effects file.

B = ¥ a7 =
Openfie Saveas Importparameter ~Start computaion  Save process  Algorithm formula \ Follow example

Computation of Earth or ocean pole-shift effects
B time series at a ground site

Computation of Earth or ocean pol

Computation of Earth or ocean pole-shift effects
at ground sites with given time

“*® of Earth satellite or outside solid Earth

% Open a location and time file of the computed points ~ >> Program Process ** Operation Prompts 4. Save program process as
EIALGORIEED >> [Function] According to the location and time in the computed points file, compute the Earth pole shift or ocean pole tide effects on the geoid or height
Column ordinal number of ellipsoidal 4 T anomaly (mm), ground gravity (uGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south and to
height in the record the west, mas), horizontal displacement (EN, to the east and to ihe north, mm), ground radial displacement (mm), ground normal or orthometric height (mm),
Column ordinal number of time = disturbing gravity gradient (104E) or horizontal gravity gradient (NE, to the norih and to the east, 104E}.
in the record ! *.  >>Open a location and time file of the computed points C:/ETideLoad4.0_\

mpl tiontm tet.
Column ordinal number nlslanmg ** Set the file format parameters a:oordmg o the text box below, and then select the type of the geodel\c variation to be mpuleu After Q‘Vlng the output fil file
MJDO in the header 5 N\ ¥ <—_2% name, click the control bution [Import setting parameters]
72 The-oempuieg results as C/ETideLoad4.0_y ostmrst bt

Select the type of effects

-4 geoid or height anomaly (mm) I PTETE Wy COMMPUTE e BT POt S EeTts:

I T e ** Click the cdnifol bution [Start computation], or the tool button [Start :nmpulaﬂon] - k- }”"’" ":: “":"_’n!‘"ﬂ':_"’;?_' "'": Is In ETideLoad

Sl L >> Computation st time: 2022-02-03 23:2625 format, the starting s not necessary.
[ gravity disturbance (uGal) ] > Complata.the. of the Earth pole shift affects!

. 22-02-03 23:26:26 T
(1 ground tilt (SW, mas) (=) =

[ vertical deflection (SW, mas) bs - Import detting parameters & Start computation
[ horizontal displacement (EN, mm) (=) e 4. Save data in the text box as
[ ground radial displacement (mm) @ } —

= ground nomal or orthometric height (mm) (= -

[ disturbing gravity graftient (10E)

[ horizontal gravity gralient (NE, 104E)

.1480

L The pole shift is non-fdal, which does not contain the diurnal swing of the Earth pole caused by various tides. It is difficult to accurately model non-tidal effects. The program uses the IERS measure’@ or forecast product
dat (which can be directly from the IERS website), which can be updated in time by the program [Geophysical models and numenical standards setings)

£\ For geodeti ions with a accuracy level, the Earth pole shift effects should be considered. The magnitude of the ocean pole shift effects is small (less than 1cm), and it can be ignored for regional
geodetic purposes.

£\ Love numbers in the program are k: = 0.3077 + 0.0036i, h: = 0.6207, and I = 0.0836.

s - R E107.23' N29.91° H72.4m S/

Month/daylyear |
13115

- - s . e "
01130714 06/19/14 1106714 0326/15 081315

The effects of the Earth pole shift: Height anomaly (mm) Gravity disturbance (uGal) Ellipsoidal height (mm) Normal height(mm)

The file header is the same as the input file. Behind the input file record, add one or
several columns of the Earth pole shift or ocean pole tide effects selected as the output file
record. In this example, select to compute the Earth pole shift effects, and the height anomaly,
gravity disturbance, ground radial displacement and ground normal or orthometric height are
selected, and there are 4 attributes added to the record.

2.4.3 Computation of pole shift or ocean pole tide effects of satellite or outside solid
Earth

[Function] According to the location and time in the external points file, compute the
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Earth pole shift or ocean pole tide effects on the geopotential (0.1m?/s2), gravity(uGal), or
gravity gradient(10uE) outside the solid Earth.

For geodetic applications with a one-centimeter accuracy level, the Earth pole shift
effects should be considered. The magnitude of the ocean pole shift effects is small (less
than 1cm), and it can be ignored for regional geodetic purposes.

ozf T TTT_E107.23 N29.91° H72.4m Pt T

02

04f

~ ~  Monthidaylyear
01/30/14 06/19/14 11/06/14 0326015 08/13/15 12/31/15
The effects of the ocean pole tide: Height anomaly (mm) Gravity disturbance (uGal) Ellipsoidal height (mm) Normal height(mm)

2.5 Computation of permanent tidal effects and correction of Earth's mass center

[Purpose] Compute the permanent tidal effects on various geodetic quantities and the
geocentric correction for the coordinates of the ground site.

When calculating the permanent tidal effects, input the geodetic discrete point records
file, and when calculating the center of mass correction, input the ground site coordinates
file with the epoch time.

2.5.1 Computation of permanent tidal effects on various geodetic quantities

[Function] According to the location in the calculated point records file, compute the
permanent tidal effects on the geoid or height anomaly (mm), ground gravity (uGal), gravity
disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection
(SW, to the south and to the west, mas), horizontal displacement (EN, to the east and to the
north, mm), ground radial displacement (mm), ground normal or orthometric height (mm),
disturbing gravity gradient (10uE) or horizontal gravity gradient (NE, to the north and to the
east, 10uE).

[Input file] The computed geodetic point records file.

Multi-row file headers are allowed with unlimited content and format.

A row of record represents geodetic data for a site. Attributes for each record include
site number (name), longitude (degree decimal), latitude (degree decimal), .... There is an
ellipsoid height attribute in the record.

[Parameter settings] Set the input file format parameters, select the type of permanent
tidal effects.

[Output file] The permanent tidal effects file.

The file header is the same as the input file. Behind the input file record, add one or
several columns of the permanent tidal effects selected as the output file record. In this
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example, all types are selected, and there are 14 attributes added to the record.

The permanent tide does not change with time. It is the zero-frequency tide ACx in the
long-period solid tide. The permanent tide produces a permanent additional oblateness that
varies with latitude to the Earth, and its effects on the geodetic quantities have nothing to do
with the longitude of its location.

B Computation of permanent tidal effects and correction of Earth's mass center

W

Openfile Saveas Imporparameters Starico

° Computation of permanent tidal effects [of ion of i cti ! C ion of i ction due ! Computation of geocentric correction due
on various geodetic quantities of ground sites with given time to ocean tidal mass for ground sites to pressure tidal mass for ground sites

‘& Open a computed geodetic point records file = >> Program Process ** Operation Prompts 4! Save program process as

S LRIt >> [Purpose] Compute the permanent tidal effects on various geodetic quantities and the geocentric correction for the coordinates of the ground site. o
>> Select the computation function from the 4 control buttons on the top of the interface...

>> [Function] According to the location in the calculated point records file, compute the permanent tidal effects on the geoid or height anomaly (mm), ground
gravity (uGal), gravity disturbance (pGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south and to the west, mas),

\ horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric height (mm), disturbing gravity

The number of rows of the file heade

Column ordinal number of ellipsoidal [4
height in the record

Select the type of effects gradient (10yE) or horizontal gravity gradient (NE, to the north and to the east, 10LE).

>> Open a computed geodetic point records file C/ETideLoad4.0_\ .
£ geoid or height anomaly (mm) 5 Emmtertire-fite-format FTCoTdmytotiTe-text o etowAfteTgying the output file name, click the control button [Import setting parameters]
[ ground gravity (uGal) @ >> the computed results as C/ETideLoad4.0_) bt
1 ** Befind the input file record, add several columns of the computed resgits as the output file record.
[ gravity disturbance (uGal)

== Sefling parameters have been imported in the program!

ground tilt (SW, mas) @
. >> Computation Marttime: 2022-03-02 19:53:41

rtical defl n (SW, m:
£4 vertical deflection (S 29) >» Complete the comyutation of the permanent tidal effects!
E4 horizontal displacement (EN, mm) @ »> Computation end tin¥s, 2022-03-02 19:53:41 v

round radial displacement (mm)
Yo : Ly e Type of permanent
[ ground normal or othometric height (mm) © tidal effeqts | 103l effe
[ disturbing gravity gradient (10uE)
4 horizontal gravity gradient (NE, 104E)

~ | ) Save the computed results s | - Import setting parametérs & Start computation

Display of the input-output file | ! Save the data in the text box as.

2 [102.54€777 24.458002 |[1€55.0410 ] -0.104€ €3.445¢ 26.1954 3.5s01 0.0000 9.4020 A
4| 102.725921 24.460s78 ||2111.3872 | -0.0612 €3.4201 26.18€3 4.9897 0.0000 5.4014
€| 102.528€97 2 193€.42€0 | -0.0451 €2.9131 25.9748 5.005€ 0.0000 9.4313
s | 102.832641 1577.4545 | -0.1223 €2.8483 25.547€ 5.0075 0.0000 9.4345
10 | 102.345832 191s.782s | -0.0782 €2.3748 25.7525 5.0218 0.0000 5.4618
11| 102.423972 19553365 | -0.0548 €2.4555 25.7887 $.0193 0.0000 5.4571
13 | 102.6310€3 150€.3415 | -0.11685 €2.4358 25.7778 5.0200 0.0000 9.4585
14 | 102.742718 2 1535.7882 | -0.0767 €2.4564 25.78€0 5.0194 0.0000 5.4572
Longitude, latitude of the sites ! 15| 102.843573 1880.7707 | -0.1318 €2.5081 25.807€ 5.017% 0.0000 9.4544
I 16| 103.137778 18384387 | -0.0730 €2.4302 25.775€ §.0203 0.0000 9.4590
17 | 102.426305 2. 1929.0475 | -0.0771 €1.5968 25.59€4 5.0331 0.0000 9.4830
20 | 102.729945  24.734909 || 1856.2213 | -0.13s¢ €2.0402 25.614€ 5.0315 0.0000 $.4803
21| 102.840815 24.752018 |[2117.8582 | -0.0453 €1.9505 25.57€s 5.0341 0.0000 9.4850
22 | 102.935253 24.728089 |[2050.9550 | -0.0907 €2.0730 25.6273 5.0306 0.0000 9.4783
23| 103.025713 24.74843¢ |[2034.158¢ | ~0.1217 €1.9€93 25.584¢€ 5.0337 0.0000 9.4842
24 | 103.129600 24.753135 | 1575.0€s4 | ~0.1477 €1.9501 25.578€ 5.0351 0.0000 9.4865
25 | 103.22784€ 24.747081 || 1€€8.7801 | -0.111€ €1.5800 25.5908 5.0341 0.0000 9.4845 v
< >
The permanent tide does not change with time. Itis the zero-frequency tide AC= in the long-period solid tide. The tide produces a additional thatvaries with latitude to the Earth,

and its effects on the geodetic quantities have nothing to do with the longitude of its location. The Love numbers in the program are k»=0.29525, h»=0.6078, and |»=0.0847.

Q)\According to the permanent tide correction way, there are three types of geodetic tide systems, namely free tide, mean tide, and zero tide. The mean tide does not remove the permanenttidal effects, the zero tide
removes the direct effects of the permanent tide, and the free tide removes the sum of the direct and indirect effects of the permanent tide.

QuThere is no direct effect of the tide potential on the ground geometric geodetic quantities. Therefore, the zero-tide geometric geodetic quantities are equal to the mean tide geometric geodetic quantities.

1 The coordinates Xcm of the ground site in the Earth’s mass center frame are equal to the sum of its coordinates Xcf in the terrestrial reference frame and the center of mass corrections dX, that is, Xem=Xcf+dX.

The Love numbers in the program are k20=0.29525, h2=0.6078, and 1.0=0.0847.

According to the permanent tide correction way, there are three types of geodetic tide
systems, namely free tide, mean tide, and zero tide. The mean tide does not remove the
permanent tidal effects, the zero tide removes the direct effects of the permanent tide, and
the free tide removes the sum of the direct and indirect effects of the permanent tide.

There is no direct effect of the tide potential on the ground geometric geodetic quantities.
Therefore, the zero-tide geometric geodetic quantities are equal to the mean tide geometric
geodetic quantities.

2.5.2 Computation of geocentric correction of ground sites with given time

[Function] According to the location and time in the ground site records file, compute the
correction (ENU, mm) of Earth center of mass for the coordinates of the ground site using
the SLR geocentric motion measurement or prediction parameters time series.

[Input file] The location and time file of the computed points.

The first row is the file header. From the second row onwards, the second and third
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attributes in the file record are conventionally longitude and latitude (degree decimals), and
there are the sampling epoch time and ellipsoidal height attributes in the records.

[Parameter settings] Set the input file format parameters.

[Output file] The correction of Earth center of mass file.

The file header is the same as the input file. Behind the input file record, add 3 columns
of the correction of Earth center of mass as the output file record.

Il Computation of permanent tidal effects and correction of Earth's mass center

T ~ 4 b

Openfie Saveas Imporparameters Start computation  Save process \Follow example

‘Computation of permanent tidal effects C of ! of due ! Computation of geocentric correction due
on various geodetic quantities of ground sites with given time to ocean tidal mass for ground sites to pressure tidal mass for ground sites
'8 Open a location and time file of the computed points  >> Program Process ** Operation Prompts 4. Save program process as
Set the file parameters >> Computation start time: 2022-02-04 08:18:30 -

+ | >> Complete the computation of the permanent tidal effects!
>> Computation end time: 2022-02-04 08:18:30
>> [Function] According to the location and time in the ground site records file, compute the correction (mm) of Earth center of mass for the coordinates
of the ground site using the SLR motion or prediction time series.
>> Open a location and time file of the ground sites C:/ETideLoad4.0_\ xt.

" Enter the file format parameters according to the text box below. After giving the output file name, click the control button [Import setting

Column ordinal number of time
in the record

Column ordinal number of ellipsoidal
height in the record

Column ordinal number of starting 5
MJDO in the header

1

WJ
> Save the cnmputed;.egults as C:/ETideLoad4.0_\ xt.
™Naghind the input file record ade-sauaral columns of the computed results as the output file record

When the sampling epoch time is in
ETideLoad format, the starting MJDO
is not necessary.

>> Complete the
>> Computation end ti

& Start computation

4! Save the data in the text box as.

£ The permanent tide does not change with time. It is the zero-frequency tide AC= in the long-period solid tide. The permanent tide produces a permanent additional oblateness that varies with latitude to the
Earth, and its effects on the geodetic quantities have nothing to do with the longitude of its location. The Love numbers in the program are kx=0.29525, h»=0.6078, and |:=0.0847.

g to the tide way, there are three types of geodetic tide systems, namely free tide, mean tide, and zero tide. The mean tide does not remove the permanent tidal effects, the zero
tide removes the direct effects of the permanent tide, and the free tide removes the sum of the direct and indirect effects of the permanent tide.
£ There is no direct effect of the tide potential on the ground geometric geodetic quantities. Therefore, the zero-tide geometric geodetic quantities are equal to the mean tide geometric geodetic quantities.
[ The coordinates Xcm of the ground site in the Earth's mass center frame are equal to the sum of its coordinates Xcf in the terrestrial reference frame and the center of mass corrections dX, that is, Xem=Xcf+dX.

12
The geocentric motion parameters time series (mm)
9

L‘M"‘ 7 {MW'{,\(‘\‘{VN’L\w ,W‘WM W, \h

2001 2003 2005 2007 2009 201 2013 2015 2017
—GC-X —GC-Y —GCZ

@

Geocentric motion is non-tidal, which can be represented by the degree 1 geopotential
coefficient variations (AC., ACii, ASu). Physical geodetic observations do not contain
geocentric motion information, and the corrections of the center of mass are only for the
coordinates of the ground site.
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The coordinates Xcm of the ground site in the Earth’s mass center frame are equal to
the sum of its coordinates Xcf in the terrestrial reference frame and the center of mass
corrections dX, that is, Xem=Xcf+dX.

If the epoch time to be calculated exceeds the time range of the SLR geocentric motion
parameters time series, please update the parameters time series file.

2.5.3 Computation of geocentric correction due to ocean tidal mass for ground
sites

[Function] According to the location and time in the ground site records file, compute the
correction (ENU, mm) of the center of mass for the coordinates of the ground site using the
center of ocean tidal mass correction coefficients by the equation (7.17) in the IERS
conventions (2010).

[Input file] The location and time file of the computed points. The Desai ocean pole tide
coefficients file (automatically called by the program without manual input, can be updated
from the program [geophysical models and numerical standards settings]).

Bl Computation of permanent tidal effects and correction of Earth’s mass center

B N 4 nd &z An
Openfile Saveas Impor parameters Start computation  save process \ Follow example,
P Computation of permanent tidal effects C of ! C of due ! Computation of geocentric correction due
on various geodetic quantities of ground sites with given time to ocean tidal mass for ground sites to pressure tidal mass for ground sites

'8 Open a location and time file of the ground sites  >> Program Process ** Operation Prompts

4 Save program process as
Set the file parameters

** Click the control button [Start computation], or the tool button [Start computation] -
Colirn ordinal number of i . >>Computation start time: 2022-02-04 08:32:38
in the record d | >>Complete the of the

Column ordinal number of ellipsoidal >> Computation end time: 2022-02-04 08:32:38
height in the record
Column ordinal number of starting |5
MJDO in the header

>> [Function] According to the location and time in the ground site records file, compute the correction (mm) of the center of mass for the coordinates of the

ground site using the center of ocean tidal mass correction coefficients by the equation (7.17) in the IERS conventions (2010).

22 Open a location and time file of the ground sites C:/ETideLoad4.0_) txt.

~Entec.thg file format parameters according to the text box below. After giving the output file name, click me control button (Import setting parameters].

>>gave the coniputedsasylts as C/ETideLoad4.0_\
. d the input file record, a'uamw_columns of the computed results as the output file record.

>> Settindgarameters have been imported in n the program!.

When the sampling epoch time is
in ETideLoad format, the starting
MJDO is not necessary.

>> Computation
>> Complete the

& Start computation

&t Save the data in the text box as

01 578

£ The permanent tide does not change with time. It is the q y tide AC in the I period solid tide. The tide produces a permanent additional oblateness that varies with latitude to the
Earth, and its effects on the geodetic quantities have nothing to do with the longitude of its location. The Love numbers in the program are kx=0.29525, h:=0.6078, and 1:=0.0847.

Qo g to the tide way, there are three types of geodetic tide systems, namely free tide, mean tide, and zero tide. The mean tide does not remove the permanent tidal effects, the zero
tide removes the direct effects of the permanent tide, and the free tide removes the sum of the direct and indirect effects of the permanent tide.

[ There is no direct effect of the tide potential on the ground geometric geodetic quantities. Therefore, the zero-tide geometric geodetic quantities are equal to the mean tide geometric geodetic quantities.

[ The coordinates Xcm of the ground site in the Earth's mass center frame are equal to the sum of its coordinates Xcf in the terrestrial reference frame and the center of mass corrections dX, that is, Xem=Xcf+dX

[Parameter settings] Set the input file format parameters.

[Output file] The geocentric correction due to ocean tidal mass file.

The file header is the same as the input file. Behind the input file record, add 3 columns
of the geocentric correction due to ocean tidal mass as the output file record.
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| I
L L L l i l H : Month/daylyear |
01/30/14 03/06/14 04/10/14 05/15/14 06/19/14 07/24/14 08/28/14

The geocentric correction due to ocean tidal mass: East (mm), North (mm), radial displacement (mm)

2.5.4 Computation of geocentric correction due to pressure tidal mass for ground
sites

[Function] According to the location and time in the ground site records file, compute the

correction (mm) of the center of mass for the coordinates of the ground site using the

geocenter coefficients of the semi-diurnal and diurnal air pressure tidal mass by the equation
(7.20) in the IERS conventions (2010).

s = s
B B ¥ a2

Openfile Saveas Imporparameters Start computalion  Save process \Follow example
P ‘Computation of permanent tidal effects ‘Computation of geocentric correction

! ‘Computation of geocentric correction due ‘Computation of geocentric correction due
on various geodetic quantities of ground sites with given time to ocean tidal mass for ground sites to pressure tidal mass for ground sites

@ Open a location and time file of the ground sites  >> Program Process ** Operation Prompts

4! Save program process as
Set the file parameters ** Click the control button [Start computation], or the tool button [Start computation].... -
Column ordinal number of time = >> Computation start time: 2022-02-04 08:39:13
in the record 1 =

>> Complete the computation of the geocentric correction due to ocean tidal mass!
. >>Computation end time: 2022-02-04 08:39:13
>> [Function] According to the location and time in the ground site records file, compute the correction (mm) of the center of mass for the coordinates of the

ground site using the geocenter coefficients of the semi-diumal and diumal air pressure tidal mass by the equation (7.20) in the [ERS conventions (2010)
>> Open a location and time file of the ground sites C/ETideLoad4.0, .

** Efftertha. g format parameters according to the text box below. After giving the output file name, click the control button [Import setting parameters].
txt

Column ordinal number of ellipsoidal
height in the record
Column ordinal number of starting g
MJDO in the header

When the sampling epoch time is in
ETideLoad format, the starting MJDO
is not necessary.

& Start computation

& Save the data in the text box as

3 The permanent tide does not change with time. It is the zero-frequency tide AC: in the long-period solid tide. The tide produces a additional that varies with latitude to the
Earth, and its effects on the geodetic quantities have nothing to do with the longitude of its location. The Love numbers in the program are k==0.29525, h:+=0.6078, and +=0.0847.

2 According to the permanent tide correction way, there are three types of geodetic tide systems, namely free tide, mean tide, and zero tide. The mean tide does not remove the permanent tidal effects, the zero
tide removes the direct effects of the permanent tide, and the free tide removes the sum of the direct and indirect effects of the permanent tide.

[ There is no direct effect of the tide potential on the ground geometric geodetic quantities. Therefore, the zero-tide geometric geodetic quantities are equal to the mean tide geometric geodetic quantities.
£ The coordinates Xcm of the ground site in the Earth's mass center frame are equal to the sum of its coordinates Xcf in the terrestrial reference frame and the center of mass corrections dX, that is, Xem=Xcf+dX.

2.6 Computation of solid Earth tide and loading tide effects on geodetic networks

[Purpose] Compute the solid Earth, ocean load, or air pressure load tidal effects on the

GNSS baseline or level height difference according to the location and observation time in
the input geodetic control network records file.
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[Input file] Geodetic network observation records file.

The GNSS baseline network file and the level route network file are the same in
ETideLoad format.

The first row is the file header. The record format: the GNSS baseline or leveling route
name, starting point longitude, latitude, height, ending point longitude, latitude, height, ...,
observation time, ....

The column ordinal number of the time attribute should not be less than 8.

Computation of solid Earth tide and loading tide effects on geodetic networks

C =) P ¥

Openfile Saveas Importparameters Start computation

"« Computation of solid Earth tidal effects . Computation of ocean tidal load effects =« Computation of are pressure tidal load effects

Selectthe type of

conkrol nelwork GNSS baseline network  >>Program Process ** Operation Prompts 4:' Save program process as
>> Select the type of the control network firstly, and select the computation function from the 3 control buttons on the top of the interface.. al
~ Open a GNSS baseline network file >> Compute the solid Earth tidal effects (mm).
C] including time attribute >> Compute the tidal effects on 3-D GNSS baseline vectors...
>> Open a GNSS baseline network file including time attribute C/ETideLoad4.0_win6.
Setthe file parameters GNSSbaseline_levelingroutine.tat.
Column ordinal number of starting 3 ke ** Enter the file format parameters according to the text box below. After giving the output file name, click the control button [Import setting
MJDO in the header 41’ parameters]..
Column ordinal number of time =7 |>> Save the computed results as C/ETideLoad4.0_win6 bt
in the record 10 -« ~J ** Behind the input file record, add the tidal effects as the output file record
>> Setting parameters have been imported in the program!

lick the control button [Stan comnutanon]. or the tool button [Start computation]

g: 2022-03-02 20:57:38 v
) save the computed results as’ 3 Import setting parameters & Start computation
Display of the input-output file | 4. Save data in the text box as
s 4 s§7022 % |
CANN_DONT [120.424700 27.522580 21.8 121.150270 27.834€30 28. 75493 35 38 -2202 T.51¢3 5 T€55¢

CANN_FDIQ | 120.424700 27.522580 21.
CANN_JHYW | 120.424700 27.522580 21.
CANN_JINH | 120.424700 27.8522580 21.
CANN_JINX | 120.424700 27.522580 21.
CANN_JNJZ | 120.424700 "7.522530 "1 $2473.
CANN_JSAN | 120.424700 .522580 118.€085€0 .727950 32. 222881.

€

s

5

s

s

s

s
120.424; 0, 21, 32.5 |170€95.
CANN_LISH 1204*4%"63@@%Iaihﬁ"éx@ﬁ&ﬁ"?&éﬁﬁx 32.5 |1148€4.

5

s

s

s

s

s

s

120.207320 27.335310 32.
120.078380 29.272€50 32.
119.€42580 29.217830 32.
119.379220 29.070950 32.
119.€37540 ”7.576350 32.

29876.
156895.
202930.
199897.

2016072412
201€072412
201€072412
201€072412
2016072412

.2721 -0.2741
.3927 -0.377%
.€ce8 -0.9098
.3931 -1.2331

.2143 -0.959%
201€072512 .27€€ S 313¢€
Sorconieis| 1aees | THESolid étﬁaiﬁﬁecré an:

1
5 1 9€09
5 1
5 1
s 1
5 1
s 1
5 1
-5 | anusorania] 2 ot GNSSbasehhe%?splacémeht
s 1
5 1
) 1
s 1
5 1
5 2
S 1

=2
0.
-1.4964
=0
I8

0219

0484

(]
8
8
2
8
s

1.8537

Ig|
:

2016072512 | 1.3241
201€072512 -1008 =-0.4704 (E m) 2.5885
201€0728512 .8988 0.3008 ~4.33%€
2016072512 | 1.4€45 -1.1268 5.50€1
201€0728512 -7441 -1.1378 -1.0100 5.5€13
201€072512 .1991 0.0243 -0.17€8 -1.2288
2016072512 | 2.1814 -0.8551 -0.€080 4.743¢
201€072512 .3150 -0.9277 -0.€579 5.1557 v

CANN_LONQ 120-4’4helghsu§8tawtmgxenémgstatmo 32.5 |14150s.
CANN_LUOY | 120.424700 522580 119.7080 27.5524€0 32. 711€4.
CANN_PANA | 120.424700 27.822880 21.

120.43€€€0 295.054150 32. 1€9743.
150867
CANN_PCOM | 120.424700 27.822580 21. 118.445440 28.1€7970 32. 207€€0

8
8
8
CANN_QINT | 120.424700 27.522580 21.8 120.289980 28.139380 32. €s5€28
8
8

CANN_PCHQ | 120.424700 27.522580 21.8 118.542210 27.923210 32.

CANN_QIYU | 120.424700 27.522580 21.8 115.079250 27.€21280 32.5 [133312.
CANN_ONYN | 120.424700 27.522580 21. 118.5€3820 27.€15720 32.5 |144€34.

ORNVODBEDWIN S0 D e
BRRNEEERNE BN

£ The GNSS baseline network file and the level route network file are the same in ETideLoad format. Record format the GNSS baseline or leveling route name, starting point longitude, latitude,
height, ending point longitude, latitude, height, ..., observation time, ... The column number of the time attribute should not be less than 8.

£ The tidal effect on geodetic observation should be atthe actual observation time. The duration of the leveling height difference observation should not exceed 2 hours to compute validly the effect
of the semi-diurnal tidal constituent.

£ The height of the ground control site is the ellipsoidal height when calculating the solid tidal effects, the normal or orthometric height when calculating the ocean load effects, the height relative to
the surface (set as zero in the gl when the air pi tidal load effects.

[Parameter settings] Set the input file format parameters, select the type of geodetic
control network, and enter maximum truncated degree of the coefficients model when
computing the tidal load effects.

The tidal effect on geodetic observation should be at the actual observation time. The
duration of the leveling height difference observation should not exceed 2 hours to compute
validly the effect of the semi-diurnal tidal constituent.

The height of the ground control site is the ellipsoidal height when calculating the solid
tidal effects, the normal or orthometric height when calculating the ocean load effects, the
height relative to the surface (set as zero in the program) when calculating the air pressure
tidal load effects.
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= Computation of solid Earth tide and loading tide effects on geodetic networks
[ k=) 3 5 az
Openfile Saveas Importparameters Starlcompulalion  Save process '\ Follow example
“« Computation of solid Earth tidal effects ~-. Computation of ocean tidal load effects =« Computation of are pressure tidal load effects
Select the type of 5 - &t
control network Levelling control network >> Program Process ** Operation Prompts 4! Save program process as

>> Computation end time: 2022-03-02 20:57:38 ~
~ Open a levelling network routes file >> Compute the ocean tidal load effects (mm).
] including time attribute >> Compute the tidal effects on levelling height differences...
== Open a levelling network routes file including time attribute C/ETideLoad4.0_win6.
Setthe file parameters GNSSbaseline_levelingroutine.txt

Column ordinal number of starting 5 e T2 ** Enter the file format parameters according to the text box below. After giving the output file name, click the control button (import setting

MJDO in the header parameters]..
Column ordinal number of time | = | | >> Save the computed results as C/ETideLoad4.0_wil i ot
in the record 10 ;‘ ** Behind the input file record, add the tidal effects as the output file record

>> Sefting parameters have been imported in the program!

< L Click the control button [Start computation], or the tool button [Start computation]....
Maximum truncated degre <
T e °‘ 2] | >> Compytation starttime: 2022-03-0221:02:37
>> Complete’ mputation of the tide effects!
| >> Computation en

hqe: 2022-03-02 21:02:42 v
Pﬂ Save the computed results as » Import sefting parameters & Start computation
Display of the input-output file | 4! Save data in the text box as
s 4 87022 E A
CANN_DONT [[120.424700 27.522580 21.8 121.150270 27.834€30 28.€ | 79493.5 1.5[2 717] 1.2202 =3.1000
CANN_FDIQ | 120.424700 27.522580 21.8 120.207320 27.335310 32.5 | 2987€.4 1.5 | 2016072412 1.2721 0.5478
CANN_JHYW | 120.424700 27.522580 21.8 120.078380 29.272€50 32.5 |15€855.1 1.5 | 201€072412| 1.3527 -4.127€
CANN_JINH | 120.424700 27.522680 21.8 119.€42580 29.217830 32.5 [202930.8 1.5 | 201€072412| 1.¢ces -4.5223
CANN_JINX | 120.424700 27.522580 21.8 115.379220 29.070950 32.5 |195897.1 1.5 |201€072412| 1.3531 -4.8778
CANN_JNJZ | 120.424700 27.522580 21.8 119.€37540 27.576350 32.5 | $2473.5 1.5 | 201€072412| 1.2143 -4.2114
CANN_JSAN | 120.424700 27.522580 21.8 118.€085€0 28.727950 32.5 [222881.€¢ 2.5 |201€072512| 1.276€ |-14.0577 -
CANN_LHAT m'“‘@nﬁt@glaiﬁﬂdé:;aﬁ@“Eﬂm}&ﬁmﬂ 32.5 [170€95.1 2.5 | 2016072512 | 1.3s88 -5.0247 The ocean tidal load effect
CANN_LISH | 120.424'r00 " '97° 0 @21% 25542Y Aiiz 32.5 |1148€4.2 2.5 | 201€072512| 1.€040 |-10.3€0S on height difference of the
CANN_LONQ x:a.qzahmghb(ﬁﬁtﬂtmgmm statiergo 32.5 |141505.7 2.5 | 2016072512 1.3241 -12.95€4 levelling routine
CANN_LUOY | 120.424700 27.522580 21.8 115.705030 27.5524€0 32.5 | 711€4.3 2.5 | 201€072512| 1.1005 -€.3338
CANN_PANA | 120.424700 27.522580 21.8 120.43€€€0 29.054150 32.5 |1€9743.8 2.5 | 201€072512| 1.8%85 -5.€811
CANN_PCHO | 120.424700 27.522580 21.8 118.542210 27.923210 32.5 |1508€7.4 2.5 | 201€072512| 1.4€45 |-14.252¢
CANN_PCJM | 120.424700 27.522580 21.8 118.445440 28.1€7970 32.5 [207€€0.5 2.5 | 2016072512 | 1.7441 -14.3133
CANN_QINT | 120.424700 27.522580 21.8 120.289980 28.139380 32.5 | €5628.7 2.5 | 2016072512 1.1551 -€.2224
CANN_QIYU | 120.424700 27.522580 21.8 119.079250 27.€21280 32.5 [133312.2 2.5 | 2016072512 2.1814 -11.7843
| camn_oNyN | 120.424700 27.522580 21.8 118.5€3820 27.615720 32.5 [144€34.0 2.5 | 201€072512] 1.3150 | -12.4110 v|

£ The GNSS baseline network file and the level route network file are the same in ETideLoad format. Record format the GNSS baseline or leveling route name, starting point longitude, latitude,
height, ending point longitude, Iatitude, height, ..., observation time, .... The column number of the time attribute should not be less than 8.

) The tidal effect on geodetic observation should be atthe actual observation time. The duration of the leveling height difference observation should not exceed 2 hours to compute validly the effect
of the semi-diurnal tidal constituent.

£ The height of the ground control site is the ellipsoidal height when calculating the solid tidal effects, the normal or orthometric height when calculating the ocean load effects, the height relative to
the surface (set as zero in the when the air pi tidal load effects.

2.7 The regional approaching of tidal load effects by load Green's Integral

[Purpose] From the regional residual ocean tide or surface air pressure tide harmonic
parameters grid, compute the residual ocean or air pressure tidal load effects near-Earth
space by Green'’s integral.

Here, the residual harmonic parameters are equal to the regional harmonic parameters
minus the model value of the harmonic parameters calculated by the global load spherical
harmonic coefficients model.

The program requires that residual harmonic parameter grids files of all tidal constituents
are stored in a folder. The harmonic parameter grid file is saved in the form of a vector grid,
and the seventh attribute of the file header is the Doodson constant.

ETideLoad4.0 takes the regional harmonic parameters grid as the observations, uses
global tidal load spherical harmonic coefficients model as a tidal load reference field, and
refines the regional residual tidal load effects by Green’s integral. Which is also called the
remove-restore process.

2.7.1 Computation of residual ocean tidal load effects by Green's Integral

[Function] From the regional residual ocean tide harmonic parameters grid, compute the
residual ocean tidal load effects on the geoid or height anomaly (mm), ground gravity (uGal),
gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical
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deflection (SW, to the south and to the west, mas), horizontal displacement (EN, to the east
and to the north, mm), ground radial displacement (mm), ground normal or orthometric
height (mm) by Green’s integral, and compute the direct or indirect residual tidal effects on
disturbing gravity gradient (mE) or horizontal gravity gradient (NE, to the north and to the
east, mE) by Green's Integral.

[Input file] The location and time file of near-Earth points, and the residual ocean tide
harmonic parameters regional grid files.

The location and time file of near-Earth points. The first row is the file header. From the
second row onwards, the second and third attributes in the file record are conventionally
longitude and latitude (degree decimals), and there are the sampling epoch time and height
attributes in the records.

In this example, 8 residual ocean tidal constituent harmonic parameters grid files are
selected from the difference between the ocean tide height model GOT4.8 (0.5°x0.5°
harmonic parameters grid) and FES2004.

[Parameter settings] Set the input file format parameters, select the type of ocean tidal
load effects, and enter Green’s integral radiu.

The height of the calculated point is normal or orthometric height relative to the sea
surface since the ocean tidal loads are generally considered to be on the sea surface.

= The regional approaching of tidal load effects by Green's Integral

B N ¥ ¥ a2 B
Openfile Saveas Importparameters Startcomputation  Save process \ Follow example
= . Computation of residual ocean tidal Computation of residual air pressure tidal
[ open alocation and Bme Sle of near-Earih poinks ‘ load effects by Green's Integral * load effects by Green's Integral

Setthe format of the compted points file

>>Program Process ** Operation Prompts /.t Save program process as

%‘;g‘" o 'L"’““' ofstaring [y "g¢ 2] [ **The vaiid fles of the residual ocean idal harmonic parameters |
1 f18 hasder * CIETideLoadd.0_win6deniresidOTide[KTgotd 8_FES200.dat

Column ordinal number of time C/ETideLoad4.0_wins4eniresidOTide}K2got4 8_FES2004 dat

in the record

Column ordinal number of the normal
or orthometric height in record

C/ETideLoad4.0_winG4eniresidOTidefM2got4.8_FES2004.dat
C/ETideLoad4 0_win64eniresidOTidefN2gotd 8_FES2004 dat
C:/ETideLoad4.0_win64eniresidOTidejO1got4.8_FES2004.dat
C/ETideLoad4.0_win64en/residOTide[P1got4 8_FES2004 dat
C/ETideLoad4.0_win64eniresidOTidefQ 1got4. 8_FES2004.dat
CUETideLoad4.0_win64eniresidOTidefS2got4 8_FES2004.dat

8 residual ocean tidal constituent
wamsssssessseeseees- 33 harmonic parameters from difference
between GOT4.8 and FES2004

a Select the folder of the residual o

tidal harmonic parameters grid files. ave the computed results as C/ETideLoada.0_winoden/examples/Tdloadgreenintegralotdioadchrstbd.
Selectthe bype of ffects **Bagind the input file record, add several columns of the load tidal effects as the output file record
arameters have been imported in the program!
LB geoid or height anomaly (mm) } =
2 ground gravity (uGa) © >> Computatiomfart time: 2022-03-02 21:25:37
1 >> Complete the GRQ's integral for residual ocean tide load effects!
[E4 gravity disturbarice (uGal) I TIeTE AT T TIarONE TS TVOWETT
[ ground tit (SW, mas) @ > Computation end time: 222-03-02 21:25:38 v

[EA vertical defiection (SW. mas) |

2 horizontal displacgment (EN, mm) ©® Iegral laa #) g the computed results as | > Import setting pardmeters ¥ Start computation
[ ground radial dispfacement (mm) @

4 ground normal or gthometric height (mm) © Dispidy of the input-output file) 4./ Save data in the text box as
[ Indirect effect of thy disturbing 21230000 25.510000 47.218 $8484.000MQ0 Al
gravity gradient (10E) 201501010000 | 121.230000  25.910000 [47.218 0.000000 -1.5421 51184 T.€aas
Indirect effect of thq horizontal 201901010100 29510000 | 47.218 0.0416€7 -2.342¢ -1.0318 2.35%¢
gravity gradient (N8, 104E) 201901010200 25.510000 | 47.218 0.083333 -2.5473 -1.74€5 2.5013

201901010300 25.910000 | 47.218 0.125000 -2.0362 -1.8935 2.0152
90"5@3"950'"\3 isturbing 201501010400 25.510000 | 47.218 0.1€€€€7 -1.0504 -1.4851 1.0028
gravity gradient (100E) 201901010500 25.510000 | 47.218 0.208333 0.2278 -0.€520 -0.3041
5 Directefectotthe forzontal 201901010€00 25.510000 | 47.218 0.250000 1.5373 0.2382 -1.597¢
201901010700 29.510000 | 47.218 0.2516€7 2.5177 1.0070 -2.8724
Py radiont (. 10uE) 201901010800 29.910000 | 47.218 0.333333 2.9281 1.3617 -2.9983
201901010500 25.510000 | 47.218 0.375000 2.6€68 1.1581 -2.777s
201301011000 25.910000 | 47.218 0.41€€€7 1.75€2 0.4018 -1.3671
201301011100 29510000 | 47.218 0.458333 0.5265 -0.7488 -0.7€43
201501011200 29.510000 | 47.218 0.500000 -0.83€s -2.0164 0.5435
201901011300 25.510000 | 47.218 0.541667 -1.5€74 -3.0708 1.€496
201901011400 29.510000 | 47.218 0.583333 -2.€013 -3.€104 2.3037
201301011500 25.510000 | 47.218 0.625000 -2.5985 -3.4331 2.3726| ¥
)
[ The residual q o

Y the-gf P
£)The program requires that residual harmonic parameter grids files of all tidal constituents are stored in a folder. The file is saved in the form of a vector grid, and the seventh attribute of the file header is the Doodson constant.

)\ ETideLoad4.0 takes the regional harmonic parameters grid as the observations, uses global tidal load spherical harmonic coefficients model as a tidal load reference field, and refines the regional residual tidal load effects by
Green's integral. Which is also called the remove-restore process.

£ The height of the ground site is the ellipsoidal height when calculating the solid tidal effect, the normal or othometric height when calculating the ocean tidal load effects, and the height relative to the surface (setas zero in the
program) when calculating the surface air pressure tidal load effects.

[Output file] The residual ocean tidal load effects file.
The file header is the same as the input file. Behind the input file record, add one or
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several columns of the residual tidal effects selected as the output file record. In this example,
all types are selected, and there are seventeen attributes added to the record.
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The residual ocean tidal load effects: height anomaly (mm), ground radial displacement (mm), ground orthometric height (mm)
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The residual ocean tidal load effects: ground gravity (uGal), ground tilt (S, mas), ground tilt (W, mas)

The ocean tidal load is located on the surface, and its load effects are all-wavelength.
Gravity gradient ultrashort waves are dominant, and its ocean tide load effects are bigger. In
order to fully display the spatial inhomogeneity of direct and indirect effects on gravity
gradient, the program divides the ocean tidal effects on gravity gradient into two parts namely
the direct and indirect effects with their unit enlarged from 10uE to mE.

Let the 8 residual tidal constituent harmonic parameters as the ocean tidal modelling
error. The calculation results show that the ocean tide modelling error influence on the
indirect load effect of the northward component of the horizontal gravity gradient can reach
tens of mEs, and the direct effect can reach 600mE. The indirect load effect of the eastward
component is more than 10mE, and the direct load effect is more than 200mE.
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The tide modelling error influence (GOT4.8-FES2004): Direct effect of disturbing gravity gradient (mE)
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The tide modelling error influence (GOT4.8-FES2004): Indirect effect of disturbing gravity gradient (mE)

In coastal areas, it is difficult for gravity gradient measurement with the mE level of
accuracy without a high-precision, high-resolution regional accurate tide model or sea
surface height synchronous observations. In sea and coastal areas, the vertical gravity
gradient observation scheme should be preferred, and the direct measurement of the

horizontal gravity gradient should be avoided as much as possible.
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The tide modelling error influence (GOT4.8-FES2004): Direct effect of horizontal gravity gradient (N, E; mE)
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The tide modelling error influence (GOT4.8-FES2004): Indirect effect of horizontal gravity gradient (N, E; mE)

2.7.2 Computation of residual air pressure tidal load effects by Green's Integral

[Function] From the regional residual surface air pressure tide harmonic parameters grid,
compute the residual tidal load effects on the geoid or height anomaly (mm), ground gravity
(uGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical
deflection (SW, to the south and to the west, mas), horizontal displacement (EN, to the east
and to the north, mm), ground radial displacement (mm), ground normal or orthometric
height (mm), by Green’s integral, and compute the direct or indirect residual tidal effects on
disturbing gravity gradient (mE) or horizontal gravity gradient (NE, to the north and to the
east, mE).
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The height of the ground site is the normal or orthometric height when calculating the
ocean tidal load effects, and the height relative to the surface (set as zero in the program)
when calculating the surface air pressure tidal load effects.

2.8 Global forecast of various tidal effects on various surface geodetic quantities

[Purpose] Forecast the solid Earth tidal, ocean tidal load, or surface air pressure tidal
load effects on various surface geodetic quantities anywhere and anytime.

Global forecast of various tidal effects on various surface geodetic quantities

! : o ¥ ¥ fe

Solid tide effects Ocean tidal load Air pressure tidal load  |mport parameters ~ Start computation  Follow example

Global forecast of solid

... Global forecast of ocean = Global forecast of surface air "n Forecast of the ocean tide height
Earth tidal effects == tidal load effects ** pressure tidal load effects by tidal harmonic parameters
Forecast a time series by the given location 3 Import setting parameters
and sampling specifications _
<& Start computation
Longitude of the forecast point ~ |121.240000° 2
Latitude of the forecastpoint  |29.428100° S
Height of the forecast point [17.830m S ]
Enter a forecast time [20160701 s ]
Forecast with the given location and time
geoid or height (mm) |473.939 ground gravity (uGal) |196.711 [ gravity disturbance (uGal) |218.887
horizontal displacement (E, mm) |36.995 ground ilt (S, mas) l6.268 ]venical deflection (S, mas) | 11.668
i i (N, mm) |-22.625 ground tilt (W, mas) |-1 0.016 ] vertical deflection (W, mas) |-18.765
ground radial displacement (mm) |214.859 ground normal or orthometric height (mm) (-259.080
disturbing gravity gradient (10pE) (137.925 horizontal gravity gradient (N, 10pE) |-36.545 i gravity ient (E, 10pE) |-35.639
{1 The spherical harmonic coefficients model of the ocean and air pressure tidal load can be with the prog: [g ical model and numerical standard settings].
Q1 The height of the site is the ellipsoidal height when ing the solid tidal effect, the normal or orthometric height when calculating the ocean load effects, height relative to

the surface (set as zero in the program) when calculating the air pressure load effects.

() Date or time adopts the long integer format agreed by ETideLoad. For example, 20181224122642 represents 12:26:42 on December 24, 2018, and 2018122412 represents
12: 0: 0 on December 24, 2018.

~ a Global forecast of various tidal effects on various surface geodetic quantities

L O = == ~n
@ 4 . ; o B Qs
Solidtide effects  Ocean tidal load Air pressure tidal load  Import parameters ~ Start computation  Follow example
e Global forecast of solid ... Global forecast of ocean - Global forecast of surface air u Forecast of the ocean tide height
" Earth tidal effects == tidal load effects Lo pressure tidal load effects by tidal harmonic parameters
Forecast atime series by the given location Maximum truncated degree [120 S
O i ificati f thi flicient: del =
and sampling specifications ofthe coefficients model
Longitude of the forecast point |128.240000° s 3 Import setting parameters
Latitude of the forecast point |29.428100° s & Start computation
Height of the forecast point |0.000m =
Enter a forecasttime 20180701 s

Sea surface tidal height (cm) [63.243 |

Forecast with the given location and time

geoid or height anomaly (mm) |17.781 ground gravity (uGal) [24.964 | gravity di (uGal) |29.152
i (E, mm) |3.596 ground tilt (S, mas) [1‘079 ]vemml deflection (S, mas)
hori. i (N, mm) |-1.289 ground tilt (W, mas) |»3,577 ]vem‘ul deflection (W, mas)
ground radial (mm) [-27.716 ground normal or orthometric height (mm)
gravity (10pE) |-79.821 gravity gradient (N, 10pE) |28.056 horizontal gravity gradient (E, 10E) |-40.707

Q1 The spherical harmonic coefficients model of the ocean and air pressure tidal load can be with the program [g ical model and numerical standard settings).
L1 The height of the site is the ellipsoidal height when ing the solid tidal effect, the normal or orthometric height when calculating the ocean load effects, height relative to
the surface (set as zero in the program) when ing the air p load effects.

Q\Date or time adopts the long integer format agreed by ETideLoad. For example, 20181224122642 represents 12:26:42 on December 24, 2018, and 2018122412 represents
12: 0: 0 on December 24, 2018.

The height of the site is the ellipsoidal height when calculating the solid tidal effect, the
normal or orthometric height when calculating the ocean load effects, height relative to the
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surface (set as zero in the program) when calculating the air pressure load effects.

~ a Global forecast of various tidal effects on various surface geodetic quantities

(5 V3o oo, 5 = 2
@ = . F o > A
Solidtide effects Ocean tidal load Air pressure tidal load  Import parameters ~ Start computation  Follow example

% Global forecast of solid ... Global forecast of ocean . Global forecast of surface air "u Forecast of the ocean tide height
" Earth tidal effects = tidal load effects = pressure tidal load effects. by tidal harmonic parameters
O Forecast a time series by the given location Maximum truncated degree l 360 -
and sampling specifications of the coefficients model
Longitude of the forecast point [92.240000° < 3 Import setting parameters
Latitude of the forecast point |40.428100° o2 & Start computation

Height of the forecast point |0.000m
Enter a forecasttime 2016010112

Forecast with the given location and time

.

G

Surface air pressure tide (hPa) [-12.885 |

geoid or height anomaly (mm) ground gravity (uGal) [9.038 | gravity disturbance (uGal)
hor i € mm) [-0.023 groundtilt (S, mas) [1.079 | vertical defiection (S, mas)
i i (N, mm) [-0.481 groundtilt (W, mas) [-0.049 | vertical deflection (W, mas) [-0.029
ground radial displacement (mm) |9.499 ground normal or orthometric height (mm) | 16.288
i gravity ient (10pE) (-25.354 gravity (N, 10pE) |-25.238 i gravity ient (E, 10pE) |-5.561

QThe spherical harmonic coefficients model of the ocean and air pressure tidal load can be with the prog [a¢ i model and numerical standard settings].
Q1 The height of the site is the ellipsoidal height when ing the solid tidal effect, the normal or othometric height when calculating the ocean load effects, height relative to
the surface (set as zero in the program) when ing the air p load effects.

QDate ortime adopts the long integer format agreed by ETideLoad. For example, 20181224122642 represents 12:26:42 on December 24, 2018, and 2018122412 represents
12: 0: 0 on December 24, 2018.

~ a Global forecast of various tidal effects on various surface geodetic quantities

oG e . ¥ . o

Solid tide effects Ocean tidal load Air pressure tidal load  |mport parameters ~ Start computation  Follow example

% Global forecast of solid . Global forecast of ocean ‘,.,.,. Global forecast of surface air |
" Earth tidal effects == tidal load effects | f‘ * pressure tidal load effects

0 Forecast a time series by the given location 7 Import setting parameters
and sampling specifications

Longitude of the forecast point | 121.240000° =

& Start computation

Latitude of the forecast point [29.428100° =
Height of the forecast point 0.000m B
Enter a forecasttime [201601010530] ]

Sea surface tidal height (cm) |30.736

£\ The spherical harmonic coefficients model of the ocean and air pressure tidal load can be updated with the program [geophysical
model and numerical standard settings].

L1 The height of the site is the ellipsoidal height when calculating the solid tidal effect, the normal or orthometric height when calculating
the ocean load effects, height relative to the surface (set as zero in the program) when calculating the air pressure load effects.

£\ Date or time adopts the long integer format agreed by ETideLoad. For example, 20181224122642 represents 12:26:42 on December
24,2018, and 2018122412 represents 12: 0: 0 on December 24, 2018.

Date or time adopts the long integer format agreed by ETideLoad. E.g., 201812241226
represents 12:26:00 on December 24, 2018, and 2018122412 represents 12: 0: 0 on
December 24, 2018.

The spherical harmonic coefficients model of the ocean tidal load and surface air
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pressure tidal load can be updated with the program [geophysical model and numerical

standard settings].

3 ¥ @n

. =,
Solidtide effects  Ocean tidal load  Air pressure tidal load  |mport parameters ~ Start computation  Follow example

Global forecast of soli ... Global forecast of ocean o Global forecast of surface air E Forecast of the ocean tide height
arth tidal effects = tidal load effects * pressure tidal load effects by tidal harmonic parameters

Select the type of effects

gk
[ ground gravity (4Gal)  Import setting parameters

(S T e — P ——

| ground tilt (SW, mas)

I A vertical deflection (SW, mas)

] [ horizontal displacement (EN, mm)

|

|

¥} Save the forecast results ime series as

Longitude ofthe forecast point [ |101.240000" g

Latitude of the forecast poja 129.428100° |

Height of the forecast poi [17.830m E

Setthe Starttime tzoTBU7OTOT E

lE gmnn§ IBEE ESD lacemel ! mm, }
| /] ground normal or orthometnic height (m:
| E asmmln§ 5@ Edenl hoisi }

[ horizontal gravity gradient (NE, 104E)

Setthe end time 12016070823 2

The sampling interval [10.00 min

Output the forecast resultglfime series

| Fozcase 1.240000 25 42810017
201€070101| 0.000000 | 11€.551% 7 A -31.1136 25 ~e€.53€3
201607010110 | 0.00€344 98.3117 . i 2 4 -32.1007  -27. -57.5026
201607010120 0.01388% 79.6780 . B =32.811¢€ =25 3. ~-47.9231
201607010130 |  0.020833 €0.5532 = = = = =i = = =ss
201607010140 | 0.027778 41.4014
201607010150 | 0.034722 22.2072
2016070102  0.041¢€7 3.3747
201€07010210 0.048€11 ~15.1740
201€07010220 0.05555€ =33.2004
7 201607010230 |  0.062500 | -s0.s502
201€07010240 0.0€9444 ~€7.0749
201607010250 |  0.07€385 | -82.€325
2016070103 |  ©0.083333 | -97.0%04
201607010310  0.050278 [ -110.3228
201607010320 0.057222 -122.2183
201607010330 |  0.104167 |-132.6€37
201607010340 | 0.111111 | -141.575€
201607010350 0.118056€ -148.8707
<
20

1The spherical harmonic coefficients model of the ocean and air pressure tidal load can be updated with the program [geophysical model and numerical standard seftings].

L1 The height of the site is the ellipsoidal height when calculating the solid tidal effect, the normal or orthometric height when calculating the ocean load effects, height relative to the surface (set as zero in the program) when
calculating the air pressure load effects.

A\ Date or time adopts the long integer format agreed by ETideLoad. For example, 20181224122642 represents 12:26:42 on December 24, 2018, and 2018122412 12:0: 0 on Di 24,2018,
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3 Processing and analysis on non-tidal geodetic variations time series
Based on the characteristics of non-tidal geodetic time series, the group of programs
adopt stable and reliable algorithms to uniformly process and analyze massive various

geodetic variations time series data.

Processing and analysis on non-tidal geodetic variations time series

| M
A i N

& LTI

ar ‘AL‘_-“"""WW rg!“\:' "

Separation and processing of gross
errors in geodetic variations time series

Low-pass filtering and signal
reconstructing for Irregular time series

Weighted operation, difference, and
interpolation of irregular time series

Normalized extraction from batch time
series of geodetic monitoring network

-

=

i< o
E b # . =5
.,

Construction and analysis on records
time series from geodetic monitoring
network

Multi-form spatiotemporal interpolation
from grids time series

Processing and analysis on variation
(vector) grids time series

Processing and analysis of batch time
series on geode-tic monitoring network

The ETideLoad own format of 5 kinds of geodetic variations time series C frame of the p! ing and analysis of geodetic time series
£} Time (date and epoch) are agreed to adopt Greenwich Time (zero time zone), which is expressed in modified Julian Date (MJD, in GPS time, and Julian Date 2000.0 = MJD 51544.5)
or a long integer agreed by ETideLoad, e.g., 2018122412

Q ETideLoad only recognizes the five kinds of geodetic variation time series data in own format. The five kinds files include the ground geodetic variations time series file, geodetic site
variation records time series file, geodetic network observation variations time series file, variation (vector) grids time series files, and spherical harmonic coefficient (Stokes coefficient)

models time series files.

ETideLoad only recognizes the five kinds of geodetic variation time series data in own
format. The five kinds files include the ground geodetic variations time series file, geodetic
site variation records time series file, geodetic network observation variations time series file,
variation (vector) grids time series files, and spherical harmonic coefficient (Stokes
coefficient) models time series files.

3.1 Separation and processing of gross errors in geodetic variations time series

[Purpose] On the irregular sampling time series in the given input file, perform
preprocessing such as gross error detection and separation, time format transform,
reference epoch unification of multi-columns time series or averaging according to the given
time period.

In the record of the geodetic variations time series file, each attribute except the
sampling epoch time represents a type of variations time series, and the sampling epoch
time of all types of variations time series are the same.

3.1.1 Gross error detection and separation on variations time series

[Function] According to the given number of the low-pass filtering parameters, using the

continuous Fourier and Chebyshev combined basis functions, construct the low-pass
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filtering reference curve from the irregular variations time series of the specified attribute,
calculate the difference between the sampling value and the reference value to get the
residual time series, and then separate the variation at the corresponding epoch time when
the residual is greater than the given multiple of the standard deviation of the residual time
series as the gross error. The program performs 5 iterations of the gross error detection and
separation.

[Input file] The geodetic variations time series file.

The first row is the file header. Starting from the second row of the file, each row record
stores the sampling values of all the variations at one sampling epoch time. At least one
column of the attributes in the record is the sampling epoch time.

[Parameter settings] Set the input file format parameters, enter column ordinal number
of the epoch time and target attribute time series to be detected in the record, and enter the
multiple of the standard deviation and the number of low-pass filtering parameters.

The entered number of the low-pass filtering parameters is not more than 1/2 of the
number of time series samples, and not less than 1/30 of the number of samples. When the
entered number exceed this range, the program automatically takes the minimum or

maximum value.

Separation and processing of gross errors in geodetic varlations time series
EB U = ah Z
CI- | ¥ v aj a-

Openfile Saveas Importparameters Starl computation  Save process N\ Follow example

—__ Gross error detection and separation «._. Transform of time in between «... Unification of reference epoch for = Averaging of time series according
of time series -®. ETideLoad and MJD - the specified attribute time series 2. o the given time period

) Open a geodetic variations time series file >> Program Process *" Operation Prompts 4 Save program process as
Eetlibalreaa el >> [Purpose] On the imegular sampling time series in the given input file, perform preprocessing such as gross error detection and separation, time  *
Column ordinal number of starting - | format transform, reference epoch unification of multi-column time series, or averaging according to the given time period
i 5 X |5 selectth tation function from the 4 control but the top of the interf
MJDO In the headsr elect the computation function from the 4 contral buttons on the top of the interface...

>> [Function] According to the given number of the low-pass filtering parameters, using the continuous Fourier and Chebyshev combined basis
functions, construct the low-pass filtering reference curve from the irregular variations time series of the specified attribute, calculate the difference
between the sampling value and the reference value to get the residual time series, and then separate the variation at the corresponding epoch time

= | when the residual is greater than the given multiple number of the standard deviation of the residual time series as the gross error. The program

= || performs 5 iterations of the gross error detection and separation

— >> Open a geodetic variations time series file C./ETideLoad4.0_win64en/examples/TmsrsErrorseppreproc/JHYW_U txt.

0 = ** Set the file format parameters according to the text box below. After giving the output file name, click the control button [Import setting

Column ordinal number of time |
in the record

Column ordinal numbe of the
target time series

Multiple numbers of the stai deviatiory

w

Numbers of low-pass filter| arameters [120 - paramefers]...
E 9 =l >> Save the results as C/ETideLoad4.0_win64en/examples/TmsrsEmorseppreproc/ErrsepU. txt
** BehingHt citigfthe constant term bind linear term (annual rate of variation, /a) as the output

file headef. Behind the input time series file record, add 5 attributes including jow-pass filtering value after removing the

constant, fhe linear vanation jany residual value as the output file record

>> Setting parameters have been imported in the program!
** Click fhe control button [Start computation], & the tool button [Start computatid

>> Compditation start time: 2022-03-03 11:15:04
** The mean, standard deviation, minimum, and

-0.044,12/468,-39.235,40.459,29.638,-0. 6323

>> Complete the computation!

>> Comp end time: 2022-03-03 11:15:05

grimum of the resigwdl time series, cohstant term an} linear term (/a)

':, Save the results as & Import settingyparameters & Start computation

Display offthe input-output file | 4. Save data in the text box as

l‘f The low-pass Linear ', '
11 filtering value variation 1 !
13.0 3 -u 5

s oumie [ oo T v

4.0 | |

£ In the record of the time series file, each attribute except the sampling time atfribute represents a type of variations time series, and the sampling epochs of all types of variations time series are the
same.

[Output file] The variations time series analysis file after removing gross errors.
Behind the input time series file header, add two attributes including the constant term
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and linear term (annual rate of variation, /a) as the output file hearder. Behind the input time
series file record, add 5 attributes including the low-pass filtering value, low-pass filtering
value after removing the constant, low-pass filtering value after removing the constant and
linear term, linear variation, and residual value as the output file record.
3.1.2 Transform of time in between ETideLoad and MJD

[Function] Automatically detect the time (date) format in the variations time series file,
and then transform time (date) in between the ETideLoad format and MJD day (GPS time).
The zero point of MJD (GPS time) is JD2400000.5.

‘ Separation and processing of gross errors in geodetic variations time series o X
- . =
B N r 4 v &7
Open file Saveas Importparameters ~Slart computation  save process \ Follow le
__ Gross error detection and separation .+ Transform of time in between S Unification of reference epoch for S Averaging of time series according
of time series -2 ETideLoad and MJD %" the specified attribute time series %" to the given time period
{4 Open a geodstic variations time series file >> Program Process ** Operation Prompts 4./ Save program process as
| Setthe file parameters >> Computation start time: 2022-02-23 16:15:38 A
| Column ordinal number of starting = ** The mean, standard deviation, minimum, and maximum of the residual time series, constant term and linear term (/a):
5 % - -0.044,12.468,-39.235,40.459,29.638,-0.6323
|| LA o855 >> Complete the computation!
| Gotmn ordinal number of time 4 21 |>> Computation end time: 2022-02-23 16:15:39
| >> [Function] Automatically detect the time (date) format in the variations time series file, and then transform time (date) in
between the ETideLoad format and MJD day (GPS time). The zero point of MJD (GPS time) is JD2400000.5
>> Open a geodetic variations time series file C:/ETideLoad4.0_winB4en/examples/TmsrsEmorseppreproc/ErrsepU.txt.

** Set the file format parameters according to the text box below. After giving the output file name, click the control button
[Import setting parameters]..
>> Save the results as C:/ETideLoad4.0_win64en/examples/TmsrsErrorseppreproc/timtransform. txt.

** The transformed time is stored as the last column of the record. When the target is the MJD day, the program also adds
the MJD day corresponding to the first sampling epoch time (namely the starting MJDO) into the last column of the input file
header as the output file header.
>> Selting parameters have been imported in the program!

** Click the control button [Start computation], or the tool button [Start computation]...
>> Computation start time: 2022-02-23 16:15:56
>> Complete the computation!
>> Computation end time: 2022-02-23 16:15:56

‘:l‘ Save the results as # Import setting parameters & Start computation

Display of fhe input-output file| 4. Save data in the text box as

2015011812

2015013012

‘ L In the record of the geodetic variations time series file, each atiribute except the sampling epoch time represents a type of variations time series, and the sampling epoch time
of all types of variations time series are the same

The transformed time is stored as the last column of the record. When the target is the
MJD day, the program also adds the MJD day corresponding to the first sampling epoch time
(namely the starting MJDO) into the last column of the input file header as the output file
header.

3.1.3 Unification of reference epoch for the specified attribute time series

[Function] Using the cubic spline or Gaussian function interpolation method, interpolate
the sampling value of the specified attribute time series at the given reference epoch time,
and then remove the corresponding sampling values from the time series, thereby unifying
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the reference epoch time. At the reference epoch time, the sampling value of the specified
attribute time series is always zero.

[Input file] The geodetic variations time series file.

[Parameter settings] Set the input file format parameters, enter column ordinal number
of the first and last attribute time series, the reference epoch time (ETideLoad long integer
format), and select interpolation method.

The program requires that the reference epoch time is no earlier than the first sampling
time and no later than the last sampling time, otherwise automatically set to the first or last
sampling time.

The program requires that the number of the time series attributes selected are not more
than 20, that is, the difference between the column ordinal number of the last attribute time
series and the first attribute time series is small than 20.

The reference epoch time need not be one of the sampling epochs of the input variations
time series.

When there are more noise or missing samples in time series signals, Gaussian function

interpolation is recommended.

Separation and processing of gross errars in geodetic variations time serles

[ v

Open file Save as Start computation

¥ &7 F
Import parameters Save process \, Follow example

«._ - Averaging of time series according

T of time in between o
%" to the given time period

ETidelLoad and MJD

_ Gross error detection and
of time series

‘i Open a geodetic variations time series file
Set the file parameters

Column ordinal number of starting
MJDO in the header

Column ordinal number of time
in the record

5 % =

Column ordinal number of the figst time series |4

Column ordinal number of thefast time series |7|

Enter the reference epoch

29.16

>> Program Process ** Operation Prompts 4.I Save program process as

>> [Function] Using the cubic spline or Gaussian function interpolation method, interpolate the sampling value of the ~
specified attribute time series at the given reference epoch time, and then remove the corresponding sampling values from
the time series, thereby unifying the reference epoch time. At the reference epoch time, the sampling value of the specified
attribute time series is always zero.

** The program requires that the numbers of the time series attribute selectable are not more than 20, that is, the difference
between the column ordinal number of the last time series attribute and the first time series attribute is small than 20

** The program requires that the reference epoch time is no earlier than the first sampling time and no later than the last
sampling time, otherwise automatically set to the first or last sampling time.
>> Open a geodetic variations time series file C:/ETideLoad4 0_win64en ples/TmsrsErrorsepprep rrsepU.txt.

** Set the file format parameters according to the text box below. After giving the output file name, click the control button
[Import setting parameters]...
>> Save the results as C:/ETideLoad4.0_win64en/examples/TmsrsErrorseppreproc/epochrst.txt.
** Behind the input file header, add the reference epoch time as the output file header. Behind the input file record, add the
ified attributes of the specified time series as the output file record.
>>'Getting parameters have been imported in the program!

>> Computafign end time: 2022-02-23 16:26:30

E& Save the results as 3 Import setting parameters 4 Start computation

%' Save data in the text box as

2015010412

16832=

0.0 1

i
1.0 |
2 1
3 1
;; 1

I
5.0 1
1

201501

201501 24

2015 15.37

2015 7.61

201501 18.29 7.
2015 a7 2 18

=
L In the record of the geodetic variations time series fi
types of variations time series are the same.

-3.

le, each attribute except the sampling epoch time represents a type of variations time series, and the sampling epoch time of all

[Output file] The variatio

ns time series analysis file.
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Behind the input file header, add the reference epoch time as the output file header.
Behind the input file record, add the unified attributes of the specified time series as the
output file record.

The unification of reference epoch time for multi-source data is the most basic
requirement for geodynamics monitoring.

3.1.4 Averaging on time series according to the given time period

[Function] From the regular or irregular time series, according to the column ordinal
number of the specified attribute, calculate the attribute mean value time series by the given
averaging method.

[Input file] The geodetic variations time series file.

[Parameter settings] Set the input file format parameters, enter column ordinal number
of the the specified attribute, and select average period.

[Output file] The variations average time series file.

Behind the input file header, add the average mode (0 is the monthly average, 1 is the
GPS weekly average, and 2 is the given days average) as the header of the average time
series file. The record format: the middle epoch, the average value, the number of the
samples used to average.

Separation and processing of gross errors in geadetic variations time series - o X

3 5 3 5w
Openfile Saveas Importparameters Startcomputation  Save process \ Follow example |
___ Gross error detection and separati o T of time in between +4 Unification of reference epoch for =4 Averaging of time series according
of time series -®.- ETideLoad and MJD “®. the specified attribute time series -2 to the given time period

'l Open a geodetic variations time series file >> Program Process ** Operation Prompts 4.f Save program process as |
Set the file parameters >> Setting parameters have been imported in the program! ~
** Click the control button [Start computation]. or the tool button [Start computation]....
Column ordinal number of Saring | ¢ | | >> Computation start time: 2022-02-23 16:26:30

Column ordinal number of time = > Cumplele‘lna computation!
P re] 1 s >> Cumpl_.llalmn end time: 2022-0_2-23 16: 2_6:30 ) X )
>> [Function] From the regular or irregular time series, according to the column ordinal number of the specified attribute, calculate
Column ordinal numbe of the the attribute mean value time series by the given averaging method.
target time series 4 - | | >> Open a geodetic variations time series file C:/ETideLoadd.0_win64en/examples/TmsrsErorseppreproc/ErmsepU.txt.

\ ** Set the file format parameters according to the text box below. After giving the output file name, click the conirol button [Import
Select average period(_ One week

ety =
>> Save the results as C:/ETideLoad4.0_winB4eh/examples/TmsrsErrorseppreproc/averagerst.txt.

. Behind the input file header, add the average{mode (0 is the monthly average, 1 is the GPS weekly average, and 2 is the give!
verage) as the header of the average time{series file. The record format: the middle epoch, the average value, numbers of
s used to average.
P s have been imported in thd program!

- comiwg] button [Start computation], of the tool butten [Start computation]

>> Computatgn stafsipe: 2022-02-23 16:34.0!

>> Complete ths computakgn!

>> Computation time: 2 02-23 16:34:05

\Q Save the results as  » Import setting parameters & Start computation

Display of the input-output file| \ 4/ Save data in the text box as

1 I\ ~
240142179 29.16 X — z
0.0 1

109.8773 57023.500 29.6384

L) In the record of the geodetic variations time series file, each attribute except the sampling epoch time represents a type of variations time series, and the sampling epoch time of all
types of variations time series are the same.
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3.2 Low-pass filtering and signal reconstructing for irregular time series

[Purpose] Using the continuous Chebyshev and triangular base function combination
method, estimate the low-pass parameters of the irregular time series, separate the constant
term and linear term, and then reconstruct the time series according to the user's
requirements.

The program can separate the constant term, linear term, and noise, and realize the
short-time interpolation and bidirectional prediction of various irregular variations time series.
3.2.1 Estimation of low-pass parameters and linear term of irregular time series

[Function] Using the continuous Chebyshev and triangular base function combination
method, estimate the constant term, linear term, and low-pass parameters of the irregular
time series according to the entered number of estimated parameters.

[Input file] The geodetic variations time series file.

The first row is the file header. Starting from the second row of the file, each row record
stores the sampling values of all the variations at one sampling epoch time. At least one
column of the attributes in the record is the sampling epoch time.

Separation and processing of gross errors in geodetic variations time series

B B ¥ - 3 A
Openfile Saveas Importparameters Startcomputation  Save process \ Follow example
__ Gross error detection and separation «_- Transform of time in between - Unification of reference epoch for « - Averaging of time series according
of time series 2. ETideLoad and MJD “®. the specified attribute time series “®. {0 the given time period

5‘ Open a geodetic variations time series file >> Program Process ** Operation Prompts 4:' Save program process as

Set the file parameters >> Computation start time: 2022-02-23 16:15:38 ~
— ** The mean, standard deviation, minimum, and maximum of the residual time series, constant term and linear term (/a):
= -0.044,12.468,-39.235,40.459,29.638 -0.6323
>> Complete the computation!
>> Computation end time: 2022-02-23 16:15:39
>> [Function] Automatically detect the time (date) format in the variations time series file, and then transform time (date) in
between the ETidelLoad format and MJD day (GPS time). The zero point of MJD (GPS time) is JD2400000.5
>> Open a geodetic variations time series file C/ETideLoad4.0_win64en/examples/TmsrsErmorseppreproc/Errsepl txt
** Set the file format parameters according to the text box below. After giving the output file name, click the control button
[Import setting parameters]..
>> Save the results as C/ETideLoad4.0_win64en/examples/TmsrsErrorseppreproc/tmtransform.txt
** The transformed time is stored as the last column of the record. When the target is the MJD day, the program also adds
the MJD day corresponding to the first sampling epoch time (namely the starting MJDO) into the last column of the input file
header as the output file header.
>> Setting parameters have been imported in the program!
* Click the control button [Start computation], or the tool button [Start computation]...
>> Computation start time: 2022-02-23 16:15:56
>> Complete the computation!
>> Computation end time: 2022-02-23 16:15:56

Column ordinal number of starting 5 %
MJDO in the header
Column ordinal number of time

in the record 1

/= Save the results as & Import setting parameters » Start computation

Display of fhe input-output file| 4. Save data in the text box as

JHYW U J120.0442179
¢ 12

-15.1553

2015011012 27 2 12 0 a n s34 18 0000
£ In the record of the geodetic variations time series file, each atiribute except the sampling epoch time represents a type of variations time series, and the sampling epoch time

of all types of variations time series are the same.

[Parameter settings] Set the input file format parameters, enter column ordinal number
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of the epoch time and target attribute time series in the record, and enter the number of low-
pass filtering parameters.

The total number of the estimated low-pass parameters should not be greater than 1 /2
of the number of samples in the input time series and should not be less than 1/ 30 of the
number of samples. If the total number exceeds the range, the program automatically takes
the minimum or maximum values.

[Output file] The low-pass filtering parameters file. The low-pass filter variations time
series analysis file.

The low-pass filtering parameters file. Behind the input time series file header, add the
5 attributes including the constant term, linear term (annual rate of variation, /a), number of
the estimated parameters, starting MJDO, and ending MJD as the parameters file header.
And then all low-pass filter parameter values be saved into the file in order.

The low-pass filter variations time series analysis file *.rst. Here, * is the input geodetic
variations time series file name.

Behind the input time series file header, add two attributes including the constant term
and linear term (annual rate of variation, /a) as the output file header. Behind the input time
series file record, add 5 attributes including the low-pass filtering value, low-pass filtering
value after removing the constant, low-pass filtering value after removing the constant and
linear term, linear variation, and residual value as the output file record.

3.2.2 Reconstruction of the low-pass signal at all sampling epochs of given time
series

[Function] According to the entered number of the low-pass parameters (here, the
entered number should be no greater than the maximum number of the estimated low-pass
parameters), reconstruct the low-pass time series with the sampling epochs corresponding
to the given time series.

[Input files] The geodetic variations time series file to be reconstructed. The low-pass
filtering parameters file, which be automatically called by the program without manual input.

[Parameter settings] Set the column ordinal number of the epoch time in the input file
record, enter the number of the low-pass parameters to be reconstructed.

The number of the low-pass parameters used for reconstruction should not exceed the
estimated number of the low-pass parameters. Otherwise, the program automatically takes
the estimated number as the number of the low-pass parameters.

[Output file] The low-pass reconstruction variations time series file.

Behind the input time series file header, add two attributes including the constant term
and linear term (annual rate of variation, /a) as the output file header.

Behind the input time series file record, add 4 attributes including the low-pass filtering
value, low-pass filtering value after removing the constant, low-pass filtering value after
removing the constant and linear term, and linear variation as the output file record.
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Low-pass filtering and signal reconstructing for Irregular time series

B =N ¥ -

Openfile Save as

Estimation of low-pass parameters and
linear term of imegular time series

& Open the variations time series file for reconstructing
Set the file parameters

Column ordinal number of starting 5
MJDO in the header

Column ordinal number of time
in the record

1 -

Import parameters  Start computation

&4

Save process

=
Follow example
Reconstruction of the low-pass signal at all
sampling epochs of given time series

>> Program Process ™™ Operation Prompts

Reconstruction of low-pass time series according
to given sampling specification

4./ Save program process as

value after removing the constant, low-pass filtering value after removing the constant and linear term, linear variation, and residual
value as the output file record
>> [Function] According to the entered number of the low-pass parameters (here, the entered number should be no greater than the
maximum number of the estimated low-pass parameters), reconstruct the low-pass time series with the sampling epochs
corresponding to the given time series

** The number of the low-pass parameters used for reconstruction should not exceed the estimated number of the low-pass
parameters. Otherwise, the program automatically takes the estimated number as the number of the low-pass parameters.

>> Save the result time senes as C fETl:IaLoadd 0 wmﬁdem‘examplesﬂ'msrs\aw fitrconstr/JHYWreconstr.txt.
** Behind the input o .,,' Ihe constant term and linear term|(annual rate of variation, /a)
as the oulpul file header.

filtering value after remo:

residual value as the ou
>> Setting parameters h:
** Click the control buttd

>> Computation start tim|

b

g the constant, low-pass filtering value after removmg the constant and linear term, linear v
file record.

ve been imported in the program!

n [Start computation], or the tool button

Start computation]....

2022-03-03 12:08:53

>> Complete the computhtion!
>> Computation end timg: 2022-03-03 12:08:53

[ Save|the result time series as + Impoit setting parameters & Start computation

4. Save data in the text box as

-

20.16216832

108.8773

2015010312
2015010412
2015010512
20150108
2015010712
2015010812
2015010812
2015011012
2015011112
2015011212
2015011312
2015011412
2015011512
2015011612
2015011712
2015011812
20150118
20150120

B O

[ The total number of the estimated low-pass parameters shall not be greater than 1/ 2 of the samples’ number of the input time series and not less than 1/ 30 of the samples’ number. If the total
number exceeds the range, the program automatically takes the minimum or maximum values
L The pmgram can saparale the constant term, linear term, and noise, and realize the short-time |nlerpnlal|an and bidirectional prediction of various \rregu\ar variations time series

1 |
W | [ |
\ I

U Al ;‘l A4 |
‘1\"}’1‘1,{: v || ‘I!ll‘\i‘ k- (s
~ | l'

“ H

W

\ s
|‘ ,I 1' (R \»‘):J

L
010117

L
07/0216

Ly
0101716
The input time series Low-pass reconstruction time series Reconstruction time series after removing constant term Linear variation time series

L
07103115

3.2.3 Reconstruction of low-pass time series according to given sampling

specification

[Function] Reconstruct low-pass time series according to the starting and ending epoch
time, sampling interval (hours), and the entered number of the low-pass parameters.

[Input files] The low-pass filtering parameters file, which be automatically called by the
program without manual input.

[Output file] The low-pass reconstruction variations time series file.

The output file header comes from the low-pass parameter file. The file record have 5
attributes including the sampling epoch time, low-pass filtering value, low-pass filtering value
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after removing the constant, low-pass filtering value after removing the constant and linear
term, and linear variation.

The starting-ending epoch time should be not earlier (or slightly earlier) than the starting
time of the time series used to estimate the low-pass parameters, and not later (or slightly
later) than the ending time of the time series.

Low-pass filtering and signal reconstructing for Iregular time serles -

Y= g d az
Openfile Saveas Importparameters Start computation  Save process \Follow example

Estimation of low-pass parameters and

linear term of irregular time series

Set the starting epoch time 20150105
Set the ending epoch time 20171216

Reconstruction of the low-pass signal at all
sampling epochs of given time series

>> Program Process ** Operation Prompts

output file record

Reconstruction of low-pass time series according
to given sampling specification
|

4.r Save program process as |

>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]...

>> Computation start time: 2022-03-03 12:08:53

>> Complete the computation!

>> Computation end time: 2022-03-03 12:08:53

| >> [Function] Reconstruct low-pass time series according to the starting and ending epoch time, sampling interval (hours), and the entered
number of the low-pass parameters.

>> Save the result time series as C:/ETideLoad4.0_win64en/examples/Tmsrslowpfitrconstr/normreconstr.xt.

** The output file header comes from the low-pass parameter file. The file record have 5 attributes including the sampling epoch time, low-
pass filtering value, low-pass filtering value after removing the constant, low-pass filtering value after removing the constant and linear term,
and linear variation.
>> Setting parameters have been imported in the program!

Set the sampling intemal |12.000 h

** Click the control button [Start computation], or the tool button [Sta
>> Computation start time: 2022-03-03 12:11:41
>> Complete the computation!
>> Computation end time: 2022-03-03 12:11:42 v

computation].

[} save the result time series as 5 Impért setting parameters # Start computation

Number of garameters for oonsnucnng =

| Display of the input-output file} 4.+ Save data in the text box as

JHYw U140 32 3. I8 0 1.0056 120 57023.500000)58118.500000

£ The total number of the estimated low-pass parameters shall not be greater than 1/ 2 of the samples’ number of the input time series and not less than 1/ 30 of the samples’ number. If the total
| number exceeds the range, the program automatically takes the minimum or maximum values.
| ) The program can separate the constant term, linear term, and noise, and realize the short-time

and of various irregular variations time series.

3.3 Weighted operation, difference, integral and interpolation on time series

[Purpose] Directly perform weighted operation, difference, integral and interpolation
operations on the irregular time series in the given manner.

3.3.1 Weighted operation between two attributes time series

[Function] Perform weighted plus, minus, or multiply operation between two attributes
time series in the irregular time series file.

[Input file] The geodetic variations time series file.

The first row is the file header. Starting from the second row of the file, each row record
stores the sampling values of all the variations at one sampling epoch time. The attributes
in the record include the sampling epoch time and two attributes time series to be operated.

[Parameter settings] Set the input file format parameters, enter column ordinal number
of the epoch time and two attributes time series to be operated in the record, and enter the
two attribute weights.
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[Output file] The weighted operation result variations time series file.
Behind the input time series file record, add a column of the calculated values as the
output file record.

B Weighted operation, difference, integral and interpolation on time series

&z
Save process \Follow example,
Weighted operation between . Difference operation on iregular .. Integral operation on iregular Construction of time series by interpolation
two attributes time series variations time series variations time series from another time series

& Open a geodetic variations time series file >> Program Process ** Operation Prompts 4:! Save program process as
Set the file parameters

Openfile Saveas Import parameters

>> [Purpose] Directly perform weighted operation, integral and on the irregular time series in the
Column ordinal number of starting | ® 23| given manner.
MJDO in the header >> Select the computation function from the 4 control buttons on the top of the interface.
Column ordinal number of time |, = >>[Function] Perform weighted plus, minus, or multiply operation between two annbutes time series in the |rregular time series file.
in the record

>> Open a geodetic variations time series file C:/ETideL0ad4.0_
** Set the file format parameters according to the text box below, and then set omer related parameters. After gmng the output file

name, click the control button [Import setting parameters]

>> Save the results time series as C:/ETideLoad4.0_y an txt.
** Behind the input time series file record, add a column oqme II“ ApH-fr

>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation].

>> Computation start time: 2022-02-24 10:53:50

.omplete the computation!

Rutation end time: 2022-02-24 10:53:50

Column ordinal number of the
first attribute time series

Select Weighted operation mode(p

Column ordinal number of the
second attribute time series

Weight of the first attribute time serie:

10000\
Weight of the second atribute time sries |1.0000

= Save the results time serieSe_#- Import setting parameters & Start computation

Bysplay of the input-output file| 4! Save data in the text box as

3.3.2 Difference operation on irregular variations time series

[Function] Perform difference operation on a given irregular variations time series by
calculating the weekly variation rate (namely per dt = 1/7). The result of the difference
calculation is the weekly rate of the variations difference between before and after in
variations time series, and the epoch time of the difference result is the middle time of the
variations before and after.

The output file header comes from the input time series file. The output file record
consists of four attributes including the sampling epoch time in ETideLoad format, number
of days relative to the first sampling epoch, period of the difference (days), and the variation
rate (per week, /wk).

3.3.3 Integral operation on irregular variations time series

[Function] Perform integral operation on a given irregular variation time series by
accumulating the weekly variation (namely dt = 7 days). The first sampling epoch value of
the integration result time series is always zero, and the weekly rate at the middle epoch
time is calculated by the Gaussian function interpolation method from the given time series.
The accumulated value of each step is equal to the weekly rate at the middle epoch time
multiplied by seven days.
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The output file header comes from the input time series file. Behind the input time series
file record, add a column of the calculated values as the output file record.

> A
Openfile Saveas Importparameters Start computation  save process \ Follow example

‘Weighted operation between __Difference operation on irregular . Integral operation on irregular ... Construction of time series by interpolation
~ two attributes time series ~_variations time series ~ variations time series from another time series

W Open a geodetic variations time series file >> Program Process " Operation Prompts 4.f Save program process as

et kie B perarnoincy >> Computation start time: 2022-02-24 10:53:50 7
Column ordinal number of starting 5 8% = [>> Complete the computation!

MJDO in the header =1 >> Computation end time: 2022-02-24 10:53:50

Column ordinal number of time 1 <1 | >>[Function] Perform difference operation on a given irregular variation time series by calculating the weekly variation rate (namely per dt = 1/7). The

in the record T result of the difference calculation is the weekly rate of the variations difference between before and after in variations time series, and the epoch time
Column ordinal number of the ti .| of the difference result is the middie time of the variations before and after.

series to be differentiated 5 ~ | >> Open a geodetic variations time series file C:/ETideLoad4.0_\ ) txt

** Set the file format parameters according to the text box below, and then set other related parameters. After giving the output file name, click the
control button {Impon semng parameters]...

>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2022-02-24 11:00:23

>> Complete the computation!
>> Computation end time: 2022-02-24 11:00:23
Save the results time series as 5 Import setting parameters {
29.162 109.9  57023.500
0.50000 1.00000
1.50000 1.00000
2.50000 1.00000
3.50000 1.00000
4.50000 1.00000
5.50000 1.00000
6.50000 1.00000 10.8920
2.50000 1.00000 €123
[ Eersestl txe | L0015 )
1 0442179 29.16216832 109.877 00 -0€03 ol
2015010112 0.03 0.0 -31.1716 -18.1077 0.0000 -13.0639 -8020
2015010212 2.2 1.0 -28.9982 | -17.9572 -0.0035  -11.0409 2483 .
s |2015010312] 651 2.0 -17.5105 -0.0070 -7.1742 433
2015010412  9.36 3.0 -16.7818 -0.0104 -4.4454 o
¢ 2015010512 12.8 4.0 -15.7939 -0.013% -2.5439
7 |2015010612| 12.55 5.0 -14.5776 -0.0174 -4.0566 4
2015010712  25.9 6.0 -0.0209 7.8896
2015010812 | 3¢.52 7.0 -0.0244 14.9571 -
2015010912 41.1¢6 8.0 -0.0278 19.9416
2015011012 | 36.64 0 -0.0313 13.7106
2015011112] 40.85 ; =6.5180 -0.0348 16.2011 s Gining e i T

= | e d a2

Openfile Saveas Importparameters Start computation  Save process \ Follow example

- Weighted operation between s Difference operation on irregular . Integral operation on irregular .. Construction of time series by interpolation
~ two attributes time series ~ variations time series variations time series from another time series
W Open a geodetic variations time series file >> Program Process ** Operation Prompts 4! Save program process as
Sothe e parametery >> Computation start time: 2022-02-24 11:00:23 A

>> Complete the computation!
>> Computation end time: 2022-02-24 11:00:23
>> [Function] Perform integral operation on a given irregular variation time series by accumulating the weekly variation (namely dt = 7 days). The first
sampling epoch value of the integration result time series is always zero, and the weekly rate at the middle epoch time is calculated by the Gaussian
function interpolation method from the given time series. The accumulated value of each step is equal to the weekly rate at the middle epoch time
multiplied by seven days.
>> Open a geodetic variations time series file C:/ETideLoad4.0_wir xt.
** Set the file format parameters according to the text box below, and then set other related parameters. After giving the output file name, click the
setting parameters]...
x| T p me series as C:/ETideLoad4.0_winé nterp/intprst. txt.

! i A me series file record, add a column o as the output file record.

have been imported in the program!

/| jutton [Start computation], or the tool button [Start col
/ : 2022-02-24 11:10:24

Column ordinal number of starting 5% °
MJDO in the header LB
Column ordinal number of time
in the record

Column ordinal number of the time -
series to be integrated

1 s

nputation].....

Squrce time series
s S L0 i w rpct setiog parsmetas)
Display Qf the input-output file|
JHYW U N0.044 57023.50
2015010200 1.00000 o iy ]
2015010300 1700000 ' lefere'nce time series
2015010400 1.00000 e i o T .,_,,.
2015010500 1.00000
2015010600 1.00000
: 2015010700 5.50000 1.00000

e 2015010800 6.50000 1.00000
2015010900 7.50000 1.00000
2015011000 8.50000 1.00000
2015011100 9.50000 1.00000
2015011200  10.50000 1.00000 f
2015011300 11.50000 1.00000 |
2015011400  12.50000 1.00000
2015011500 13.50000 1.00000
2015011600  14.50000 1.00000
2015011700  15.50000 1.00000
2015011800 16.50000 1.00000 Y] |ntegra| tlme Serles
2015011900|  17.50000 1.00000 o - . -
2015012000|  18.50000 1.00000
2015012100]  19.50000 1.00000 v
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3.3.4 Construction of time series by interpolation from another time series

[Function] Using the irregular time series, interpolate the time series sampling value with
the given sampling epochs according to the cubic spline interpolation or Gaussian function
interpolation.

[Input file] The geodetic variations time series file to be interpolated. The geodetic
variations time series file used for interpolation.

[Output] The interpolation result variations time series file.

The output file header comes from the input time series file. Behind the input time series
file record, add a column of the interpolation sampling values as the output file record.

Openfile Saveas Importparameters Startcomputation  Save process \JFollow example,
Weighted operation between .. Difference operation on irregular 4 Integral operation on irregular Construction of time series by interpolation’
two attributes time series variations time series variations time series from another time series

{8 Open a geodetic variations time series file >> Program Process ** Operation Prompts 4. Save program process as
et he Bie panwnciess >> Computation start time: 2022-02-24 11:10:24 -
Column ordinal number of starting 5 % 3 >> Complete the computation!
MJDO in the header >> Computation end time: 2022-02-24 11:10:24
Column ordinal number of time 1 - >> [Function] Using the irregular time series, interpolate the time series sampling value with the given sampling epochs according to the cubic
in the record < = spline interpolation or Gaussian function interpolation.
% >> Open a geodetic variations time series file C:/ETideLoad4.0_win64er T rrsepN.txt.

** Set the file format parameters according to the text box below, and then set other related parameters. After giving the output file name, click
‘& Open the variation time sefies file for interpolation ' the control button [Import setting parameters]

>> Open the variation time series file for interpolation C:/ETideLoad4.0_\ AL pU.txt.
e ** Set the file format parameters according to the text box below.
Column ordinal number of starting 5 % .| | >> Save the results time series as C:/ETideLoad4.0_win64er [TmsrsAddifferinte . txt.

MJDO in the header
Column ordinal number of time

s 1
in the record 5
Column ordinal nuryber of the time 5
series to be interpdlated
Select interpolation mode

| ™ Behind the input time series file record, add a column ofthe interpolation sampling values hs the output file record

= >> Setting parameters have been imported in the program!
2 ** Click the control button [Start computation], or the tool button [Start computation].
>> Computation start time: 2022-02-24 11:23:47
>> Complete the computation!

>> Computation end time: 2022-02-24 11:23:47 v

s time series as  # Import setting parameters & Start computation

Rjsplay of the input-output file| 4./ Save data in the text box as

3.4 Normalized extraction from batch time series of geodetic monitoring network

[Purpose] From the text files of batch geodetic sites or batch CORS network baselines
that contain the specified time series data and are in the same format, extract data and
generate the corresponding time series files according to the ETideLoad format.

The program requires all the source text files stored in a folder, and the source file name
contains the site name or baseline name with the same number of. The extracted time series
files are saved into another folder.

3.4.1 Normalized extraction from batch time series of geodetic network sites

[Function] From the text files of batch geodetic network sites that contain the specified
time series data with the same file format, according to the ETideLoad format, extract data
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and generate the corresponding time series files, which are saved in the specified folder.

[Parameter settings]

The program requires that wildcards can uniquely identify files in the folder, and their
instance characters will be also used as the extracted time series file name.

If there is no height attribute in the source file, or the entered height column ordinal
number exceeds the maximum number of the attributes, the program automatically sets the
height to zero.

If there is not the starting MJDO in the header of the source file, please enter the starting
time agreed in ETideLoad format. After entering the epoch time in ETideLoad format, the
program would automatically calculate MJD day.

[Output files] Batch geodetic variations time series files in ETideLoad format.

The file header: The site name (instance of the file name wildcard), longitude, latitude,
height, starting MJDO, and constant term (the first sampling value of the target time series).

The record format: The sampling epoch time, days relative to the starting MJDO,
sampling value which has removed the first sampling value, other copy attributes.

1 Normalized extraction of batch time series of geodetic monitoring network = o X

) = | v at
Input folder Results folder Import parameters ~ Start exiracting  save process \Follow example
. _ Normalized extraction of batch time Normalized extraction of batch time
inene it obe DX izced e dol ~ series from geodetic network sites " series from CORS network baselines

Set the wildcard of the batch file names >> Program Process ** Operation Prompts e T —
Ordinal number of first wildcard in file name =

. 2 5 >> Select a computation function from the two control buttons on the upper right of the interface.. ~
Number of consecutive wildcards in file narg P prel g

Functlcn] From the text files of batch geodetic sites that contain the specified time series data with the same file format, according to the
Set of the site location ETidétwad format, extract data and generate the corresponding time series files, which are saved into the specified folder.
= -5 >> Open anyte e to be extracted in the folder C:/ETideLoad4.0_\ T DONT_UUT.txt.
Column ordinal number of the longfitude@ | 101 -~ ] ** Please carefully [0 the source file information in the text box below, enter the parameters, select the output files folder, and then click
Latitude 102 5 Height 103 = the button [Import setting parameteg[s] to import these parameters into the program...
- >> Create or sglect the result files folder~CUE TideLoad4.0_\ M wst.

Set the extracting parameters ** The site tine series files searched by wildEzmeigstantiation:

C:/ETideLogd4.0_\ j [DONT]_UUT.txt
Number of rf)ws of the input file header |1 = C/ETideLodd4.0_\ 7 o I DQ [UUTxt
Column ordinal number of the |, = C:/ETideLodd4.0_win64en/examples/Tmsr: ba(chnormallze/slauonsa_n-IJH UUT.txt
sampling time in file record & —————~ C:/ETideLogd4.0_\ /Tmsr:

Column ordinal number of the mastel
extracting time series in record

Ratio to be multipied with 1.0000

s C:/ETideLogd4.0_win64en/examples/Tmsrg e| i

>> Setting parmeters have been imported in
= >> Prepare forjnormalized extraction of batch
the master time serieg = ** Click the céntrol button [Start extracting], q h‘ | * H i \W’
Copy parameters for dther time series@® 302 > GOmpJENc StEiime; 2022-05-03 151 1 ’ “ "l | ( ‘ ! J
>> Complete tp extract for the 5 site variationg ' L M‘
Computatidn end time: 2022-03-03 16:08:4 ‘ /

Time format in the input fileClLong integer in ETideLo: ,

M .,W W ‘\ W » 1

4
\

folder to save results

o7eas SiRiiG o DI o

Inpubsytput file]

The output sil

0 © 101 represents the first row and first column, and 202 represents the second row 41d second column. @ 302 indicates that the attributes time series of 2 consecutl/e columns starting from the 3rd
column will be saved into the target file. The program automatically ignores the column ordinal number that exceeds the attribute range of the source file record.

The sum of the starting MJDO in the header and the sampling epoch time (day) is equal
to the sampling epoch time of MJD day in the record. When the sampling epoch time is in
ETideLoad format, the starting MJDO is not necessary for the file header.
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3.4.2 Normalized extraction from batch time series of CORS network baselines

[Function] From batch baseline solution files of the CORS network that contain the
specified time series data with the same file format, according to the ETideLoad format,
extract data and generate the corresponding baseline solution time series files, which are
saved in the specified folder.

The program extracts the time series of one-dimension components of the ENU baseline
solutions at a time.

@ 101 represents the first row and first column, and 202 represents the second row and
second column.

@ 302 indicates that the attributes time series of 2 consecutive columns starting from
the 3rd column will be saved into the target file. The program automatically ignores the
column ordinal number that exceeds the attribute range of the source file record.

[Output files] Batch CORS baseline solutions time series files in ETideLoad format.

The file header: The baseline name (instance of the file name wildcard), starting station
longitude, latitude, height, ending station longitude, latitude, height, starting MJDO, and
constant term (the first sampling value of the target time series).

The record format: The sampling epoch time, days relative to the starting MJDO,
sampling value which has removed the first sampling value, other copy attributes.

ic monitoring network - o x

= 4 a4 A

Input folder ~ Results folder Import parameters ~ Start exiracting  Save process \ Follow example

= Normalized extraction of batch time Normalized extraction of batch time
I Opeiis; it e o he mdracted Rt folir; " series from geodetic network sites ** series from CORS network baselines

Set the wildcard of the batch file names

>> Program Process ** Operation Prompts 4.1 Save program process as
Ordinal number of first wildcard in file namey &

= | > Open any text file to be extracted in the folder C:/ETideLoad4.0_\ ANN_DONT_Z txt.
L4 eage Carelu\ly Iook at the source file information in the text box below, enter the parameters, select the output files folder, and then click the button

[Import seftng paremeters] to import these parameters into the program.
>> Crea(e or select the rest alder C./ETideLoad4.0_y L i
olumn ordinal number of the longtitude® | 101 = RS baseline time series files Searehad by wildcard instantiation:
Latitude 102 = Height 105 x C:/ETide{.0ad4.0_\ M SQU/CANN_JONT_Z txt
i lingsqu/CANN, I

Number of consecutive wildcards in file name

C/ETidel 0ad4.0_\ i _FpIQ_Z .t
Set the extracting parameters CH/ETide] 0add 0_\ T = B §
i CJETidel 0ad4 0_win64enexamples/Tmsrsbatchn|
Iimbier of rowa o he e e hencen 12 > Ci/ETidel 0add 0_winéden/examples/Tmsrsbatchn|
C/ETidel 0ad4 0_win64en/examples/Tmsrsbatchn|
C:/ETidel 0ad4.0_win4en/examples/Tmsrsbatchn|
C/ETidel 0ad4 0_win64en/examples/Tmsrsbatchn|
>> Setting parameters have been imported in the prol
>> Preparel for normalized extragtion of batch time
series of CPRS network baslines
>* Click the control button [ tart eX[faC[lng). or the tol
> start time: $022-03-03 16:30:15

Column ordinal number of the 2
sampling time in file record
Column ordinal number of the maste!
extracting time series in record
Ratio to be multipied with -
the master time series 100000

Copy parameters for other time series@® | 140

The output baseline
time series file

Time format in the input file  MJD (GPS time) 2> CompPMele {o extract for th 8 CORS baselines timi 3
>3 uthtiotegg time: 2422-03-03 16:30:25
Set time parameters about the MJD v
1 1
Thera t§ no starting MiDo/n tho loputile The locatioh parametel olumn ordinal number . = Laftude 202 = Height|205 3¢
Enter the starting epoch time 2015010112 2\, ending poirft of CORS baslinl the 1) = = 9

=] Set the folder tokave results 7 Import setting paramgters & Start extracting

Display of fhe input-output file|

;MMM "("W'HM“ “ il \’M i

oS Dimie =0 i T i

£ © 101 represents the first row and first column, and 202 represents the second row and second column. € 302 indicates that the attributes time series of 2 consecutive columns starting from the 3rd column will be
saved into the target file. The program automatically ignores the column ordinal number that exceeds the attribute range of the source file record.
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3.5 Processing and analysis on batch time series of geodetic monitoring network

[Purpose] On the specified attribute time series from batch variations time series files
with the same format, perform gross error detection, linear term separation, low-pass filtering,
and signal reconstructing, or calculate the mean time series according to the given period.

The program requires all source time series files saved in a folder. The output time series
files are saved into the specified folder.

3.5.1 Gross error detection, low-pass filtering, and reconstructing for batch time
series

[Function] On the specified attribute time series from batch time series files with the
same format, estimate the low-pass filtering parameters, and use the low-pass filtering curve
as a reference curve to detect gross errors, separate linear term, and then reconstruct the
low-pass filtering value time series. The output time series files are saved in the specified
folder.

[Input files] Batch geodetic variations time series files with the same formats.

The first row is the file header. Starting from the second row of the file, each row record
stores the sampling values of all the variations at one sampling epoch time. At least one
column of the attributes in the record is the sampling epoch time.

BB Processing and analysis on batch time series of geodetic monitoring network

- 5 = 3 &
e = | ¥ ¥ 34 A
Open folder Results folder Import parameters ~ Stari processing  Save process '\ Follow example
_ Gross error detection, low-pass filtering, and ||~ Batch time series averaging and record
{606 506 Ny Salea MG $0 DS pruCAaa ol 116 Dkoos " signal reconstructing for batch time series format time series construction

Setthe wildcard of the batch file names
Ordinal number of first wildcard in file nam,
Number of consecutive wildcards in file nalg

>> Program Process ** Operation Prompts 4.' Save program process as

! [>>[Function] On the specified attribute time series from batch time series files with the same format, estimate the low-pass filtering parameters, and use
the low-pass filtering curve as a reference curve to detect gross errors, separate linear term, and then reconstruct the low-pass filtering value time series.
RQe output time series files are saved in the specified folder.
Format parameter of the time series file >> Opag any time series file to be processed in the folder C/ETideLoad4.0_y /DAEJ_U.bt.

3 ** Pleas®wqefully look at the source file information in the text box below, enter the arameters selectthe output files folder, and then click the button
Column ordinal number of starting MJDO in header @ {import setting ot toimport these into the program P p
>> Create or select tfexgsult files folder C:/ETideL0ad4.0_win64en/examples/Tmsrsnetwkanalyspro/staprorst

Column ordinal number of sampling time in record 1 & |
** Behind the input file he3We( add two attributes including the constant term and linear term (annual variation rate) as the output file header. Behind the
the low-pass filtering value, low-pass filtering value after removing the constant term, low-pass filtering value
after removing the constant and linearts Imearvanauon and residual value as the output file record.

Column ordinal number of the attribute 2 S
time series to be processed in record =1
€ ime senes fes searched by wildca

Multiple of the standard deviationf (3.0 |/ 2] | c/ETideLoad4 0.,

Number of the low-pass filtering bl 4 gg':et“i:'g‘
ideLoad4.0_y

C/ETideL0ad4.0_\

Ci/ETideL0ad4.0_)

[Start processing]

al reconstructing for 9 time series!

e column ordinal number of the specified attripute time series in the source time
puttime series filtering information which incides the input time series file header,
. constant term, and residual standard deviatign after reconstruction. v

ovouIs / pport setting parameters & Start batch processing

€.3504 11€.84 8118

) 0.00

1.5 4.99 o

28 424 36,3594
20180104 3.5 3.44 r
20180105 4.5 7.01 2.8
20180106 5.5 .08 3.8
20180107 €.5 5.45 f
20180108 7.5 €.54
20180109 8.5 .99 7.5
20180110 5.5 4.81
20180111 10.5 2.28
20180112 11.85 1.885
20180113 12.5 2.58 2158 1 : 1272
20180114 13.5 7.4€ 7.46 L9422 2.086! . 9489 .137 L4822 v

Q\After batch time series processing and analysis, plot and check the processing quality of each time series. When the functions and ing of the gross errors in iregular time series] and

[Low-pass filtering and signal reconstructing for Irregular time series] can be called to process and analyze some a time series individually.
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[Parameter settings] Set the wildcard patameters for batch variations time series files,
enter column ordinal number of the epoch time and target attribute time series in the record,
and enter the multiple of the standard deviation and number of low-pass filtering parameters.

The entered number of the low-pass filtering parameters is not more than 1/2 of the
number of time series samples, and not less than 1/30 of the number of samples. When the
entered number exceeds this range, the program automatically takes the minimum or
maximum value.

[Output files] Batch low-pass filtering time series files. The linear variation file.

The low-pass filtering time series file. Behind the input file header, add two attributes
including the constant term and linear term (annual variation rate) as the output file header.
Behind the input file record, add 5 attributes including the low-pass filtering value, low-pass
filtering value after removing the constant term, low-pass filtering value after removing the
constant and linear term, linear variation, and residual value as the output file record.

The linear variation file TsqLinear#.txt (# is the column ordinal number of the specified
attribute time series in the source time series file) without the file header. Each record of the
file stores an input time series filtering information which includes the input time series file
header, number of the filtering parameters, annual variation rate (per year, /a), constant term,
and residual standard deviation after reconstruction.

3.5.2 Batch time series averaging and record format time series construction

[Function] On the specified attribute time series from batch time series files with the
same format, perform the average according to the given mode. The output time series is
stored in two ways. The one is each time series saved as a file. The other is to arrange all
the time series in rows, each record store a time series, and all the time series are stored
into a records time series file.

[Input files] Batch variations time series files with the same format.

[Parameter settings] Set the wildcard patameters for batch variations time series files
and input file format parameters, enter column ordinal number of the epoch time and target
attribute time series in the record, and select the average period and type of the input time
series files.

"The site variations time series" means that the sample of time series is the coordinate
component, gravity, normal (orthometric) height, or tilt component of the ground site.

"Geodetic network time series" means that sample of the time series is the GNSS
baseline component, leveling height difference, or gravity difference of the ground geodetic
network.

[Output files] Batch mean variations time series files.

Behind the input file header, add the average mode (0 is the monthly average, 1 is the
GPS weekly average, and 2 is the average of the given days) as the header of the average
time series file. The record format: the middle epoch, average value, and number of the
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samples used to average.

I Processing and analysis on batch time series of geodetic monitoring network

C) = ¥ 5 & A
Openfolder Results folder Import parameters Start processing Save process’ Follow example
(~ = = Gross error detection, low-pass filtering, ang Batch time series averaging and record
JBRLORAS N RN 1S0 N KODR POICRS SR D o " signal reconstructing for batch time series format time series construction

Set the wildcard of the batch file names
Ordinal number of first wildcard in file nange
Number of consecutive wildcards in file nag

>> Program Process ** Operation Prompts %' Save program process as

>> [Function] On the specified attribute time series from batch time series files with the same format, perform the average according to the given mode. The A
output time series is stored in two ways. The one is each time series saved as a file. The other is to arrange all the time series in rows, each record store a
eries, and all the time series are stored into a records time series file.

Format parameter of the time series file >> OpeMrag

Col dinal ber of starting MJDO in head &ly look at the source file information in the text box below, enter the palamalors selectthe output files folder, and mN\ dlck the button
P UL E DL IR A L3t " Import semng parie rs] to import these parameters into the program

Column ordinal number of sampling time in record |1 S| | >> Crea(e or select the rédwitfiles folder C/ETideL0ad4.0, wmﬁdenlexamples"msrsnelwkanalyspmlbs!awsl
der=ag de(0is 115 he GPS weeKly average, and 215 the average of he given days) as he
o oraie Iumbes of o sribute 7] |neader ofthe average time series ﬁle g record format the middle epoch, average value, and number of the samples used to average

time series to be processed in record ‘

C:/ETideLoad4.0_y DAE..
Select average period One week C/ETideL0ad4.0_y PZ|
Type of the time series | The site variations n e series | | C/ETideloadd.0 alapr
CETideLoad4 0_wil \JD.
C:/ETideLoad4.0_ C
CJETideLoad4.0_y LA
C/ETideLoad4.0_
Co/ETideLoad4.0_\ D)
C./ETideLoad4.0_\ )YNTC,
>> Setting parameters have been imported in the program!
>> Prepare fi
** Click the
>> Computat{ 20
>> Complete
>> Computat|
15
mode). The
stance), M
Fing [average
\ bssho
Display of e ingla-output il 070218 o9 070319 010120 0702720
| pazy f2.3745 36.3594 116.84 158.5502  3(b avrDAE). txt 3 |
0.8 -112.13%8 T | DAES  127.3745 36.3994 116.84 58119 5.8555 3.87121 1
1.8 -112.€625 2018010312 6762 1
2.5 -11€.1314
3.5 -122.2560
as -130.5725
5.5 -140.47€€
€.5 -151.2877
7.5 -1€2.1458
o5 -172.3778
5.5 -181.2108
10.5 -188.00€7
20180112 1.5 -192.2861
20180113 12.5 -153.€108
20180114 13.5 -151.518¢

LQ\After batch time series processing and analysis, plot and check the processing quality of each time series. When necessary, the functions [Separation and processing of the gross errors in irregular fime series] and
[Low-pass filtering and signal reconstructing for Iregular time series] can be called to process and analyze some a time series individually.

The program output the average values time series in the record format in the following
two files.

(1) The average value records time series file. Each average time series is arranged as
a row record into the records time series file, and the file name is TsqavrRow#.ixt (# is
averaging mode).

The file header: the number of chatacter of the time series name (equal to the number
of wildcards), the number of the attributes (M) that represent location information, average
mode (0~2), the number of samples (N), N sampling epochs.

The file record format: average time series name (wildcard instance), M location
information, N average value (default 9999).

(2) The average number file TsqavrRkk#.txt (# is averaging mode). The file is in the
same format as the records time series file, only replacing "average value" with the number
of samples used to average.

After batch time series processing and analysis, plot and check the processing quality
of each time series. When necessary, the functions [Separation and processing of the gross
errors in irregular time series] and [Low-pass filtering and signal reconstructing for Irregular
time series] can be called to process and analyze some a time series individually.

61



3.6 Construction and analysis on records time series from geodetic network

[Purpose] Construct and analyze the variation records time series composed of multi-
periods or continuous data of the geodetic monitoring network.

The records time series file is used to represent the time series of a certain monitoring
quantity in the geodetic network composed of multi-sites. One record represents a variation
time series for a geodetic site, a GNSS baseline component, a gravity difference, a leveling
route height difference, or an INSAR monitoring point.

3.6.1 Construction of records time series from batch time series with same
specifications

[Function] From batch time series files with the same specifications (same sampling time
span and interval) stored in a folder, construct a records time series file according to the
specified attribute.

The program calculates the maximum-minimum values of the sampling epochs and the
minimum sampling interval in all the time series to build a new sampling specification. Each
record stores one time series of the specified attribute, whose location information comes
from the header of the corresponding input file. An attribute of 9999.000 indicates that there
is no valid sampling value at the current epoch time.

[Input files] Batch time series files with the same sampling specifications.

¥y

Open folder Saveas Import parameters
Construction of records time Interpolation repair for missing . Time-space statistics and space-mean Removal or addition of sampling att- Removal or restoration of linear var-
series from batch time series samples in records time series “~ separation for records time series ributes for records time series file iations from records time series
@ Open any time series file in the folder >> Program Process ** Operation Prompts 4.t Save program process as

Ordinal Number of the first wildcard in the fi
Number of consecutive wildcards in file nam
Site location parameters in header 203 =
Column ordinal number of starting MJt}) inheader 5 ¢

records time series file according to the specified attribute.

** The program calculates the maximum-minimum values of the sampling epochs and the minimum sampling interval in il the time series 1o build a
new sampling specification. Each record stores one time series of the specified attribute, whose location information comes from the header of the
Sdwesponding input file. An attribute of 9999.000 indicates that there is no valid sampling value at the current epoch time.
any time series file in the folder C/ETideLoad4.0_ PZ_U.txt

= nput file information in the text box below, set the format parameters of the records time series file.
Column ordinal number of sampling tinfe in record 1 >> Save the resitsuime series 2 deload4 0 wingden/examples/Tmrecordanalvsorocimrecordrst i
Cokumn ordinal number of the target . [ The fie header. ber of the characters of the time series name, the number of the columns occupied by the location information of the
attribute time series in record 24| fmonitoring object I the rech

sampling variations sorted by samplinge
OETT ANy T SETES T T ToToeT
** The time serles files searched by wildcard ins} @on

Ci/ETideL0add.0_y PZ]u.xt
C/ETideLoad4.0_\ sigtio DfU.txt
CY/ETideLoad4.0_\ clu.xt
CY/ETideL0add.0_\ of Ut
CY/ETideLoad4.0_y T Ut
C/ETideLoad4.0_\ U.txt
C//ETideLoad4.0. U.txt

>> 7 time series files are found by wildcard instantiation.

>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]

>> Computation start time: 2022-02-24 16:12:06

>> Complete the Computation!

>> Computation end time: 2022-02-24 16:12:06 v

[ Save the results as  Import setting parameters & Start computation

Display of the input-output file|

\ s 3 25 [2 1 1 1 1 0 FELIUR SEIT
am & ETF T (PETE) 20 2 ERYL] ~13. 0000

T\'\

< >

{2 The records time series file is used to represent the time series of a certain monitoring quantity in the geodetic network composed of mult-sites. One record represents a variation time series for a geodetic site, a GNSS
baseline component, a gravity difference, a leveling route height difference, or an INSAR monitoring point
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[Parameter settings] Set the wildcard patameters for batch variations time series files
and site location parameters in the input file header, enter column ordinal number of the
epoch time and target attribute time series in the record.

[Output files] The variation records time series file.

The file header: the number of characters of the time series name, number of columns
occupied by the location information of the monitoring object in the record, length of the time
series (number of samples), and all the sampling epochs arranged with time.

The file record: the time series name, location information (generally 3 to 4 attributes for
a site, 6 to 8 attributes for a baseline or route), sampling variations arranged with sampling
time.

3.6.2 Interpolation repair for missing samples in records time series

[Function] Interpolate and repair the missing samples in the variation records time series
by the cubic spline or Gaussian function interpolation method. The function is not suitable
for short-time estimation and prediction. For more missing samples repaired, please use the
function [Low-pass filtering and signal reconstructing for Irregular time series].

When there are more noise or missing samples in time series signals, Gaussian function
interpolation is recommended.

- k=) 2 r az ™
Open folder Save as Import parameters ~ Start computath Save process \ Follow example,
Construction of records time Interpolation repair for missing ™, ., Time-space statistics and space-mean Removal or addition of sampling att-  Removal or restoration of linear var-
series from batch time series samples in records time series_/ “~ separation for records time series ributes for records time series file iations from records time series
& Open a records time series file >> Program Process ** Operation Prompts 4.7 Save program process as

File parameters of the records time series C/ETideLoad4.0_\ T ysp! YNXP_U.txt ol

Ci/ETideLoad4.0_\ a1 YNYS_U.txt
>> 7 time series files are found by wildcard mstannaucn
>> Setting parameters have been imported in the program!
** Click the control button [Start computation), or the tool button [Start computation).
>> Computation start time: 2022-02-24 16:26:55
>> Complete the Computation!
>> Computation end time: 2022-02-24 16:26:56

Column ordinal number of first epoch time in header 4

Column ordinal number of the first variation in record |§

Gaussian function

Select interpolation mode

>> [Function] Interpolate and repair the missing samples in the variation records time series by the cubic spline or Gaussian function
For

interpolation method. The function is not suitable for short-time and samples repaired, please use the
function [Low-pass filtering and signal rec for liregular time series].

*"TGoK at the Input Tle Information 1n The Text DoX elow] Set (he Tormal parameters of he records ime series Tile.
>> Save the results time series as C:/ETideLoad4.0_\ T txt

>> Setting parameters have been imported in the prograf!
** Click the control button [Start computation], or the todj button [Start computation].

>> Computation start time: 2022-02-24 16:39:53

>> Complete the Computation!

>> Computation end time: 2022-02-24 16:39:54

[ save the results as

» Impprt setting parameters & Start computation

Display]of the input-output file|

s 201801

.

o tarecord99d. txt B3
50 2018010400 20

£ The records time series file is used to represent the time series of a certain monitoring quantity in the geodetic network of multi-sites. One record a variation time series for a geodetic
site, a GNSS baseline component, a gravity difference, a leveling route height difference, or an InNSAR monitoring point

3.6.3 Time-space statistics and space-mean separation for records time series
[Function] Firstly, calculate the time average, standard deviation, minimum and
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maximum of each variation record time series during the entire sampling period. Then
calculate the spatial average, standard deviation, minimum and maximum of all variations at
each sampling epoch time. Finally, calculate the spatiotemporal average, standard deviation,
minimum and maximum of all variations during the entire sampling period.

[Input file] The variation records time series file.

The sampling epochs in the header are no one-by-one correspondence with the
sampling variations in the record.

[Parameter settings] Set the input file format parameters, enter column ordinal number
of the epoch time in the header and target attribute time series in the record, and select the
checkbox of time-space separation of records time series and converting records time series
into site time series.

[Output files] The statistics results file on records time series, the variation records time
series file after removing the space average, the variation records time series file after
removing the time average, and the spatial statistics time series file.

The statistics results file on records time series file. No file header, and the record format:
all the attributes between the first attribute and the first sampling value (excluding the first
sampling value) from the input records time series, the time average, standard deviation,
minimum and maximum of the time series.

e . ¥ =
) = ¥ . az ‘As
Open folder Saveas Importparameters =~ Starl computation  Save process \Follow example,
_ Construction of records time Interpolation repair for missing 4. Time-space statistics and space-mean Removal or addition of sampling att- Removal or restoration of linear var-
series from batch time series samples in records time series “~._*_ separation for records time series ributes for records time series file iations from recards time sefies

{4 Open a records time series file >> Program Process ** Operation Prompts 4. Save program process as
File parameters of the records time series >> Qpen a records time series file C/ETideLoad4.0_wineder Tmrecordanalyspr 1t =
Column ordinal number of first epoch time in header 44 = ** Look at the input file infermation in the text box below, set the format parameters of the records time series file...
== Create or select the result files folder C:/ETideLoad4.0_\ i qu
| »> Save the results time series as G:/ETideLoadd.0_winder plesiTmreco p Srdrstbs.txt.

* No header, and the record format: all {he A, =)
walue) from the input records time series | the ume awemge standam de\/la\mn inimum and maximum of the nme series.
>> Selling parameters have been importsd g progia

* Click the control butten [Start computatien]. or 1he tou\ but[un [Start computation]...
‘Set the results time series folder, >> Computation start time: 2022-02-24 16:46:06
>> The program outputs the file C:/ETideLoad4.0_wi T mr tm of spatial statistics time serips
in(o the current directory, whose sampling value are spatial statistics of the records time series.

** The file header: Epach_statistics, spatial mean of longitudes, latitudes, and heights for all the points, the spatiotemporal mean, standard
deviation, minimum and maximum of all sampling variations over the enure sampung UNE span. ThE record The sampling epoch time, valid
sampling variations number at the epoch time, spalial mean

andard deviafionminimum. and
>> The program outputs § 4C: fETdeLnad4 0 wnnﬁ4enfexamplesi‘rmrecordana\yspmcflmremmrstbs spriintolthe

curent directory after renjoving the spaua\ average value Trom all the vanaiions al each epoch time.
8| C:/ETideLoad4.0, wwnMenfexamplesﬂTmreuamana\yspmcl(mrecnrdrsms tms jafter removiig

o
the time average value fr¢m the records time sefies of each vanaton.

>> Complete the Computhtion!
> Compulallun end time| 2022-02-24 16:46:07

Column erdinal number of the first variation in record’ 5 [ -

/] Time-space mean separation of records time sefies
7] Converting records time series into site time sqfies

‘| [=) save the resgits as % Import setting parameters # Start computation

lay of the input-outpyt file |

101.

= torecordrst. e
4 3 1088

2018010100] 2018010200 _Z015
25 36.39%4 116.54
2 11

147878
147012

0
L0233

1) The records time series file is used to represent the time series of a certain monitoring quantity in the geodetic network of multi-sites. One record reg a variation time series for a geodetic
site, a GNSS baseline component, a gravity difference, a leveling route height difference, or an INSAR monitoring point

The spatial statistics time series file. The file header: Epoch_statistics, spatial mean of
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longitudes, latitudes, and heights for all the points, the spatiotemporal mean, standard
deviation, minimum and maximum of all sampling variations over the entire sampling time
span. The record: The sampling epoch time, valid sampling variations number at the epoch
time, spatial mean, standard deviation, minimum, and maximum.
3.6.4 Removal or addition of sampling attributes for records time series file
[Function] Remove several consecutive columns of the sampling attributes from the
record in the records time series file, and then remove the corresponding sampling epoch
time in the file header. Or extract several consecutive columns of the attributes in the discrete
point records file and add them before the first sampling attribute in the record of the time
series file.
When adding some sampling attributes from the discrete point records file to records
time series, the program requires the point value records file to have one and only a row

header and the location of discrete points and the location of monitoring quantities of the
records time series correspond one to one.

B Construction and a

sis on records time series from geodetic manitoring network

b v az ™
Open folder Save as Import parameters  Start computation  Save process N\ JFollow example,

‘Construction of records time

Interpolation repair for missing .. Time-space statistics and space-mean ¢~ Removal or addition of sampling att- ™, Removal or restoration of linear var-
series from batch time series. samples in records time series “" separation for records time series ributes for records time series file iations from records time series.

4 Open a records time series file >> Program Process ** Operation Prompts 4./ Save program process as
File parameters of the records fime series standard deviation, minimum and maximum of all sampling variations over the entire sampling time span. The record: The sampling epoch  ~
2| | time, valid sampling variations number at the epoch time, spatial mean, standard deviation, minimum, and maximum.
- | >>The program outputs the new records time series file C/ETideLoad4.0_win64der /T .Spr into
- the current directory after removing the spatial average value from all the variations at each epoch time.
>> And outputs the new records time series file C/ETideLoad4.0_win64en/examples/Tmrecordanalysproc/tmrecordrstbs.tms after
removing the time average value from the records time series of sach variation
= | >> Complete the Computation!

>> Computation end time: 2022-02-24 16:46:07
>> [Function] From the variation records time series file record, select the column ordinal number of the linear term parameter (annual
variaticn rate), then according to the given reference epoch time (at this time, the linear variation is equal to zero), calculate the linear
variation records time series, and then remove or restore the linear variations from the input variation records time series.
>> Open a records time series file C./ETideLoad4.0_\ amples/Tmrecord; procitmrecordrst. bt

** Look at the input file information in the text box below, set the format parameters of the records time series file...

>> Save the results time series as C/ETideLoad4.0_winB4en/examples/Tmrecordanalysproc/tmrecordsub. txt.
>> Setting parameters have been imported in the program!

** Click the control button [Start computation]. or the tool button [Start computation]....
>> Computation start time: 2022-02-24 16:55:18

>> Complete the Computation!
>> Computation end time: 2022-02-24 16:55:18

Column ordinal number of first epoch time in header 4

Column ordinal number of the first variation in record a

Operation mndel Removal attributes from records tlmq'sen\es 1

Set the location parameters of the 1003
removal sampling variations

[=) save the resuits as # Import setting parameters ¥ Start computation

isplay of the input-output file|

A tarecordrst. tat / 1}
4 3 1095 [Z0IB0L0I00]] 2018010200 2018010300 [ 201
SCPZ 0. o, G r -
YNJD 6
¥NLC 0. 5
¥NSD 00000
¥NTC 38 0.0000
YNXP 101.9061 0.0000 6.6900 0.1100
¥YNYS 100.7539 0.0000 -2.6700 -7.8500 -7.1400

>
[ The records time series file Is used to represent the time series of a certain monitoring quantity in the geodetic network composed of multi-sites. One record represents a variation time series for a geodetic
site, a GNSS baseline component, a gravity difference, a leveling route height difference, or an INSAR monitering point.

3.6.5 Removal or restoration of linear variations for records time series

[Function] From the variation records time series file record, select the column ordinal
number of the linear term parameter (annual variation rate), then according to the given
reference epoch time (at this time, the linear variation is equal to zero), calculate the linear

variation records time series, and then remove or restore the linear variations from the input
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variation records time series.

[Input file] The variation records time series file.

[Parameter settings] Set the input file format parameters, enter column ordinal number
of the linear term parameter in the record and the reference epoch time, and select to remove
or restore the linear term.

[Output files] The result variation records time series file. The result file format is the

same as that in the input records time series file.

[ Construction and analysis on records time series from geodetic monitoring network

CY- 4 o a4
Open folder Saveas Import parameters  Start computation  save process \ Follow example
Construction of records time Interpolation repair for missing . Til P statistics and sp: Removal or addition of sampling att- Removal or restoration of linear var-
series from batch time series samples in records time series “ separation for records time series ributes for records time series file iations from records time series

& Open a records time series file >> Program Process ** Operation Prompts 4.1 Save program process as

Flle parameters of t1e recorus tms series >> Setting parameters have been imported in the program! ~
Column ordinal number of first epoch time in header |3 ** Click the control button [Start computation], or the tool button [Start computation).
¥ < >> Computation start time: 2022-02-24 17:51:27
Column ordinal number of the first variation in record/ 5 | 2 Coniete the Computation!
>> Computation end time: 2022-02-24 17:51:27
>> [Function] Remove several consecutive columns of the sampling attributes from the record in the records time series file, and
then remove the corresponding sampling epoch time in the file header. Or extract several consecutive columns of the attributes in
the discrete point records file and add them before the first sampling attribute in the record of the time series file.
>> Open a records time series file C:/ETideLoad4.0_\ T 18.txt
** Look at the input file information in the text box below, set the format parameters of the records time series file.
>> Save the results time series a
** The output records time series file format is exactly the same as the input records time series file format.
>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start cofnputation)].
>> Computation start time: 2022-02-24 17:52:34
>> Complete the Computation!
>> Computation end time: 2022-02-24 17:52:34

Column ordinal number of the linear variations 4/

Reference epoch time for linear term | 2018021
Select operation mode Remove the lingar te

[=) save the results as 3 Import setting parameters & Start computation
Display of the input-output file |

| 23 15.0 2

6505 9
48392 1

Iti-sites. One record rep a variation time series for a

£ The records time series file is used to represent the time series of a certain monitoring quantity in the geodetic network of
geodetic site, a GNSS baseline component, a gravity difference, a leveling route height difference, or an INSAR monitoring point

3.7 Processing and analysis on variation (vector) grids time series

[Purpose] Perform operations such as the reference epoch transformation, difference,
and statistical analysis on the variation (vector) grids time series in the specified folder. The
variation (vector) grids time series files are extracted according to the given wildcards.

The variation (vector) grids time series is composed of a series of numericall grid files
of a certain kind of variation (vector), and the seventh attribute of the file header in each grid
file is agreed to be the sampling epoch.

3.7.1 Reference epoch transformation for grids time series

[Function] Unify the reference epoch time for all the variation (vector) grids time series
by subtracting the variation (vector) grid at the given sampling time. After the epoch is unified,
the variation grid values on the reference epoch time are always zero.

3.7.2 Low-pass filtering operation on grids time series
[Function] Using the low-pass filters such as the moving average, Gaussian, exponential,
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or Butterworth, perform low-pass filtering on the variation grids time series. Before and after
filtering, the grid specifications (Latitude and longitude range and spatial resolution) remain
unchanged.

For the moving average filtering, the greater the filtering parameter n, the greater the
filtering strength. For "Gaussian", "Exponential” or "Butterworth" filters, the smaller the n, the
greater the filtering strength.

time series

B Processing and analysis on variation (vector)

=) : S 4 az ‘A
Openfile Saveas Importparameters Staricomputation  Save process \ Follow example,

‘& Open any of variation grids time series files

... Reference epoch transformatiory”.,, Low-pass filtering operation
“* for grids time series - on grids time series "

(vector) grids time series

>> Program Process ** Operation Prompts

Statistical analysis on variation

c form ion for
“* variation vector grids time series

and ion of linear
variations for grids time series

4/ Save program process as

Setthe wildcard of the grid file names [>> Create or select the resultfiles folder C/ETideLoad4.0_y Tmgri 7S
** The (vector) grids time series files searched by wildcard instantiation
Oridnal Number of the first wildcard in the fil C/ETideLoad4.0 6. T " 50150101 biat
Number of consecutive wildcards in file name TEFdeladd 0. T i 160131 4at
C:/ETideLoad4.0_wmb<ealexgmples/T i i 160301 gat
[] Process the vector grids time series C/ETideLoad4.0_winB4en/examplesTT % 160331 at
C:/[ETideLoad4.0_win6. T iSpl Ay 20160501 dat
Select low-pass filters | Moving average > C/ETideLoad4.0_win64er T i 160531 pat
—— C:/ETideLoad4.0_win64er T 160701 pat
Set the low-pass filter parameter (n) |3 + C:/ETideLoad4.0_win6 T 0f 160801 pat
C:/ETideLoad4.0_y T 160831 dat
C:/ETideLoad4.0_winb i 161001 dat
>> 10 grids time series files are found by wildcard instantiation
>> Setting have been in the prog
** Click the control button [Start computation], or the tool button [Start computation]
>> Ci starttime: 2022-03-03 21:54:19
> /-4 jes!
>> Computation end time: 2022-03-03 21:54:19 .
F) Setthe folder to save results ¥ Import setting parameters & Start computation
Display of the input-output file

27.000000 295.000000 1.€€EEEEETE-02 1.€€E€EEETE-02
- cot s St -0.129%€
-0.771€
-0.€945
0.0873

201€010100 A

{1 The variation (vector) grids time series is composed of a series of numerical grid files of a certain kind of variation (vector), and the seventh attribute of the file header in each grid file
is agreed to be the sampling epoch.

3.7.3 Statistical analysis on variation (vector) grids time series

[Function] Calculate the space average, standard deviation, minimum and maximum of
the variation (vector) grids time series at each sampling epoch time, to generate the space
average, standard deviation, minimum and maximum (four attributes) time series file. Then
generate a new variation (vector) grids time series by removing the space average grid at
each epoch time. Finally, calculate the time average, standard deviation, minimum and
maximum of the time series of each (vector) grid element, to generate time average,
standard deviation, minimum and maximum (vector) four grids files.

The program outputs the space average, standard deviation, minimum and maximum
time series file gridstatmsqu.txt of the variation (vector) grids time series.

The file header: tmgridstatitics, the grid center longitude, latitude, zero value. The record:
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the sampling epoch time of the variation (vector) grids time series, the space average,
standard deviation, minimum and maximum of the grid at sampling epoch time.

The program also outputs the time average, standard deviation, minimum and maximum
(vector) grid files gridtmavr.dat, gridtmstd.dat, gridtminv.dat, and gridtmaxv.dat.

B M 5 it
Openfile Saveas Import parameters S iation  save process \_Foll iple

Reference epoch transformation ... Low-pass fitering operation 7 Statistical analysis on variation ... Coordinate form transformation for Removal and restoration of linear
** for grids time series. ** on grids time series 2* (vector) grids time series “* variation vector grids time series variations for grids time series

3 Open any of variation grids time series files >> Program Process ** Operation Prompts. 4. Save program process as
Set the wildcard of the grid file names CIETideLoadd 0, 016033 1]dat
< C/ETideL0ad4.0_, s
Oridnal Number of the first widcard in the fi C/ETideLoads 0_wi 4
Number of consecutive wildcards in file nama - Ci/ETideLoadd.D. 17
C/ETideL0ad4 0., 160801|dat i
] Process the vector grids time series C/ETideLoad4 0y 160831fdat i
C/ETidelLoad4.0_\ 1001 dat
>> 10 grids time series files are found by wildcard instantiation _
>> Setting parameters have been imported in the program!

** Click the control button [Start computation], o the tool button [Start computation]
>> Computation start time: 2022-02-24 22:26-39 A
>[CompleTe The statistcal analvsis for 10 [vector] grids fime seres! ]
>> In the current oider, the program oulputs|space average. slandard Gevialion, MU and maXimum (ime Seres e GrEsalmsau i of e Varialion (Veclor) Gries lime seiies-|
=+ The fil header: tmgridstatitcs, the gnid center longitude, fatiude, zero value. The record: The samping epoch ime of the variation (vector) grids fime series, e space average,
standard deviation, minimum and maximum of the grid at sampling epoch time.
>> The program also outputs the time average, standard deviation, minimum and maximum (veclor) grid fle
e overall space-lime average, sfandard deviaion, minimum and maximum values of the vanation grids time series are: 0.0020, 0.4207, -1.2081, and 2819
>>Computation end ime: 2022-02-24 22.2639

[ Set the folder to save results ¥ Import setting parameters & Start computation
Display of the input-output file|

118.500000 121.50000;

0.0194

Time average Standard deviation

Maximum
b,
1\

£ The variation (vector) grids time series is composed of a series of digital grid model files of a certain kind of variation (vector), and the seventh atiribute of the file header in each grid file is agreed to be the sampling epoch.

3.7.4 Coordinate form transformation for variation vector grids time series
[Function] The variation vector representation in the variation vector grids time series is
transformed between the polar coordinate form (r, a) and the plane rectangular coordinate
form (E, N).
3.7.5 Removal and restoration of linear variations for grids time series
[Function] Using the annual variation (vector) rates grid, calculate the linear variation
(vector) grids time series according to the given reference epoch time (the linear variation at
reference epoch time is always equal to zero), and then remove or restore the linear
variations of the variation (vector) grids time series.

3.8 Multi-form spatiotemporal interpolation from grids time series

[Purpose] From the variation (vector) grids time series files in the specified folder,
construct the variations time series according to the location and sampling specifications by
the specified space and time interpolation method. The variation (vector) grids time series
files are extracted according to the given wildcards.

The latitude and longitude of the site to be interpolated should not exceed the latitude
and longitude range of the grids time series, and the interpolated epoch should not exceed
the sampling time range of the grids time series by too much.

When there is large noise or more default values in the variation (vector) grids or their
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time series, Gaussian function interpolation is recommended for space interpolation, and the
trigonometric function method is recommended for time interpolation.
3.8.1 Interpolation of irregular variation time series from grids time series

[Function] From the variation (vector) grids time series files, construct the irregular
variations time series according to the location and sampling specification in the input
irregular time series by the specified two-dimensional space interpolation and one-
dimensional time interpolation method.

[Input file] The variation (vector) grids time series files. The site variations time series file
to be interpolated.

[Parameter settings] Set the wildcard patameters for the variation (vector) grids time
series files and the site variations time series file format parameters. Select the space
interpolation and time interpolation method.

P Multi-form spatictemporal interpolation from grids time series

— . < = Y
B = 7 - a7 B
Openfile Saveas Importparameters ~Siar computal Save process \ Follow example
7. Interpolation of imegular variation timé ™ ... Interpolation of given records ime || ,, Interpolation at the given location Construction of records time series ||,,, Reconstruction of grids time series according
_series from grids time series “"" series from grids time series *"* andtime from grids time series. “* by space-time interpolation “"* 1o given spatiotemporal resolution

& Open any of variation grids time series files >> Program Process * Operation Prompts 4/ Save program process as
Setthe wildcard of the grid file names C/ETideL0ad4 01

Ordinal Number of the first wildcard in the fily¢hame |5 0 Ci/ETideLoad4.0
= CUETideLoad4.0_y
Number of consecuive wildcards in file nam_[8 ERE 1 s

—_@2;_+
CiETideLoad4.0_3 nples)

[ Vector grids time series C/ETideL0ad4.0_y
@ Open the site time series file to be interpolated CETideLoad4.0_wi
CiETideLoad4.0_)

Column ordinal number of the starting MJDO in header (4 3¢ = ggg:tg:g:g.

Column ordinal number of the sampling time in record |1 2| |>> Setting parameters have been imported in the program!
* Click the control button [Start computation), or the ool button [Start computation]
Spatial interpolation yode  The cubic sp) ¥ || >> Computation start time: 2022-03-03 22.42.23
Temporal nterpolation mode| |Trigonomegiefunction estimation %> Comlete the [There are 37 grids fime series fles involved in the computation’
#nC end time: 4724 v

[ Save the results as #| Import setting parameters # Start computation

Display of theigput-output file | 4/ Save data in the text box as

-

ont_u [X.050
0180101120000
2010102120000
20150103120000

0.0864
00265
0.0866
0.0867

00868

20150104120000

2 000
20150120120000
20150121120000

s 016 T oveuty o
-22.€550

-15.7950 20.0000
-11.0730 21.0000

20150122120000 v

) The latitude and longitude of the site to be interpolated should not exceedthe latitude and longitude range ofthe grids time series, andthe interpolated epoch should not exceed the sampling time range of the grids ime
series bytoo much.

ﬂWhEn there is large noise or more default values in the variation (vector) grids or their time series, Gaussian function is for space and the function method is
recommended for ime interpolation.

3.8.2 Interpolation of given records time series from grids time series

[Function] Using the specified two-dimensional space interpolation and one-dimensional
time interpolation method, interpolate to obtain all the sampling values of the input records
time series from the variation grids time series files. The output records time series file format
is the same as the input records time series file.

The program also outputs the remnant variation records time series file (file extension
rnt) into the current folder. The format is the same as the input records time series file. Here
the remnant variation is equal to the difference between the input sample value and the
interpolation.
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&

Save process

Openfile Saveas Impor parameters

e ... Interpolaion altne given localion |, . Construction of records ime series | .., Reconstruction of grids ime senes aceording
" serles from grids time series " andtime from grids time series “ by sp e “ 1o given resolution

® Open i ess ** Operati s 4/ Save program process as
e e ol e griife nare CETideLoad4 0_wing4eniexamples Tmordinterpolationimpndizndf20 170331 fiat -
Ordinal Number of the first wildcard in the fi C/ETideLoad4 0_y 20170501 pat

CIETideLoans 0y

Number of conseculive wildcards in e nanig af20170701 at

CETE D-winedanieamplesTmardinterpolationimridizn
G /ETideL oadd 0_winG4eniexamples petslioatagridiond}20170801 piat
G/ETideLoaad 0_wine4eniexamples/TmgrainterpolationAmgnaizna{20170831 frat

B Open the records time sefies file

CETIdeL0ag4 0_) 171001 fiat
Column ordinal number of first sampling epoch in header (4 (5] | C/ETideLoad4 0_y 420171031 bt
v G/ETideLoad4 i
‘Column ordinal number of fist sampling variai rd -
lumn ordinal number offirst sampling variation n record [5__[+] peslbeprrery: i

>> Selting parameters have been imported in the program!
** Click the control bulton [Start computation], of the 100! button [Start computation]..

Spatial interpolation mdde  The cubic spiine
Temporal interpolation mode} estmation

stantbme: 5419
are 37 grids ime series files involved In he comp }
>> Computalion end time: 2022-03-03 22 54 24 v
) Save the results as. ¥ Import sefling parameters. & Start computation
Dispiay of the input-output file . 4./ Save data in e text pox as
+ 2 iosc[mious sor o o T o T e e e T e T b
12z 27.3007] 50.54 W 0.7678  0.7676  0.7076  0.7076  -0.7076} 0.7877  0.79v9  0.7881  0.7084  —0.7388
ssss asases|  usieo - -
L2255 zs.oals 8175
3015 27.5035 206,78 a2 o
5585 23.2711 7153 a
ssee 23.2701 7153 o
Jo7ss 2011 233.20 o -0
218 27.8305 552.52 -0
2ess 281008 105_43 o
2608 201005 105 43 " o
ous = -0
s760 29 3687 42535 fe -0
£327 28583 s0.1s i~ -
1os 250201 73151 -0
so10 2.2 e27.01 o
3033 282718 182,77 o o
110 2ao3sez 247,30 -0
0so1  27.4709 11ses -a
0233 27.2335 55571 . -0
ol01  28.5420 11622 a
zwRg | 1195338 27 1356 65645 s 0181716 amns o T o
< >
Qe tatiude and not grics time series, and the Interpolaied epoch shouid not excesd ine sampiing time range of the grids time

‘seties by loo much.
LLWhen there is large noise or more default values in the variation (vector) grids of their timé Series, Gaussian funcion inerpolation is recommended for space interpolation, and the trigonometric funclion method is
recommendad for time intarpolation

3.8.3 Interpolation at the given location and time from grids time series
[Function] Using the specified two-dimensional space interpolation and one-dimensional
time interpolation method, interpolate or estimate the sampling value at the given location
and epoch time from the variation grids time series files.
3.8.4 Construction of records time series by space-time interpolation
[Function] Using the specifed two-dimensional space interpolation and one-dimensional
time interpolation method, from the variation grids time series files, construct the records
time series at the given location sites in the input discrete points file according to the given

sampling time specifications.

B Muki-form spat oral interpolation from grids time series

Openfile Saveas Import parameters

n
[ ... Interpolation time | .. Interpolation althe givenlocalion -7 Construction of records lime series . Reconstruction of grids ime series according
*" senes from grigs tme series *" series rom grids time series: ' andtime fram grigs me series ' by sp: P " 1o given resolution

® Openany i files > Prog * Operation Prompls 4 Save pragram process as
Sat he wildcard of the g fia namss

C/ETideLoad 0_wi i TG it B
‘Ordinal Number of the irstwildcard in the i CIETideL0ac4 0. i
C/ETideLoadd 0
‘Number of consecutive wildcards in file nar i mple: i ! 170701 Hat
C/ETideLoatk.0_winsdenierampls 0170801 pat
B Open the discrete points file o be interpolated CUETIdeL0ac4.0_ arzwafen 170821 frat
CJ/ETideLoadd 0_ pat
‘Spatial inerpatation nfods | The cubic spline ft s i i
Temporal C/ETIdeLoacd 0 s pat
L /ETideLoadd 0_y hﬂ171231p]
Number of rows of the file haader |1 2] | etting parameters have been imported in the program!
) - = | "+ Cick the control button [Start computation], or he faol bution [Start computaton]
‘Starttime for the targel time series|| 20150115 o stantime: 2022-03-03 23.07.35
End fime for the targt time series | 20171215 <] |+ Complete the computation] There are 37 gnds e ssres Hies imvolved in fre computation!
‘Sampling intemal forthe target fim}: series |7 000 days 7] L>>Comatation end time: 20277 =
) Save the results as Import sefing parameters < Start computation
Display ofthe input-output e 4 Save data inthe text box as:
154 zo1s0u1s00 zo1sorzzon zoisozsos -
Jom 1133833 sico so|  1.5es3 | 42.1383  0.0000  0.0000  ©0.0000  ©0.0000  ©.0000  ©0.0000  0.0000  0.0000  0.0000
Jmx 11siz2es 25081 sof  1loesz | szleezz  -olesss  -0les7s  -0.aese 04755  -0.4731  -0.4€07  -0.4405  -0.4165  -0.3552
Waz 11s.se1s 275035 sof  olsees s
K L15.Sséc 282741 sof  aleser | szl a0
LISK L1s.sséc 2 2741 sof  ileser | s i10
Q 115.0755 20,0451 so| slnzes | anl g, s
ooy 1154210 273205 sof  omess | a 120
e 1192644 281008 so| alenno [ a8l 00
QI n1sioass  27.3m17 sof  2loann | as se6
Q110 5750 sof ol | as 7
QUZH 118 8317 ™ 29, WM 204
Q2LY 115.1108 %0 -1.1113 4 4o
SHNQ 115.3010 80 0.05985 44, 02| €7
i 11s 3033 0 -iaez | oa P
SUIC 115.1€10 50 -4.188¢ es. 0 Les
wENC 20,0501 0 sess | s 531
1200233 50 raeio | 4002 s
TONK 120,001 0 rsee | s 04
mRQ 11,5328 50 oz |-a Bz
3 1133308 5o -zaom | e e
IIYE 115.4124 50 0.6536 43. Lo e e i Lo 155 |v
< 5
Qe lathuge ana not grids time series, and the Interpolated spoch should not excesdthe sampling time range of the grids time

‘seties by loo much.
QLVWnen there is large noise or more default values in the variation (vector) arids of their time series, Gaussian function interpalation i recommended for space interpolation, and the rigonometric funclion method is
recommended for time interpolation
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3.8.5 Reconstruction of grids time series according to given spatiotemporal

resolution

[Function] Using the specified two-dimensional spatial interpolation and one-
dimensional time interpolation or estimation method, increase or decrease the spatial and
temporal resolution of the grids time series according to the given grid spatial resolution and
time sampling specification, and then calculate time-derivative (per week, /wk) of the
variation grids time series.

The program output the variation (vector) grids time series files grdtmsp*.dat and their
time-derivative (vector) grids time series files grdtmdf.dat (per week, /wk).

B Muiti-form spatiotemporal interpolation from grids time series

B = 3 > az s

Openfile Saveas Importparameters Start compuiation  Save process \Follow example,

... Interpolation of irregular variation time .., Interpolation of given records time ... Interpolation at the given location , . Construction of records time series¢”,. Reconstruction of grids time series according’
“ " series from grids time series “'" series from grids time series *"* and time from grids time series  ““* by space-time interpolation ~lo given spatiotemporal resolution

& Open any of variation grids time series files >> Program Process ** Operation Prompts 4./ Save program process as

Set the wildcard of the grid file names C-/ETideLoad4.0 ITr { 17033 1|dat A
Ordinal Number of the first wildcard in the Ci/ETideLoad4.0_wi L 170501(dat
= del 0add 0. i 170531|dat
Number of consecutive wildcards in file nai < C:/ETideLoadd 0 r 170701)dat
= 5 7 5 C:/ETideLoad4.0_win64en/examples/Tmgrdin 0170801}dat
(7] Veector grids time series spatial resolution | 2.500" - C:/ETideLoad4.0_wi T i 170831}dat
Spatial interpolation mode Gaussian function ~ | Ci/ETideLoadd.0 Al 171001|dat
= - T C:/ETideLoad4.0_\ I 171031fdat
Temporal mode| function ~|  Ci/ETideLoad.0y T 171201|dat
- - C:/ETideLoad4.0_wi T i i 0171231fdat
Start time for the target time seried 20150115 ~ | || >> Setting parameters have been imported in the program!
End time for the target time series| 20171215 2 ** Click the control button [Start computation], or the tool button [Start computation]...
- || >> Computation start time: 2022-02-24 23:37:09
Sampling internal for the target tie series |7.000 days = || >> Complete the computation![There are 37 grids time series files involved in the computation! |
>> Computation end time: 2022-02-28 23°37-13 5
}=) Set the result files folder 3 Import setting parameters & Start computation
Display of the input-output file| 4! Save data in the text box as
118 A
-1.0292 -0.9963 = 9 -0.9
-1.0123 -1.0234 -1.0300 B
1 2.5' rate (pegweek) grid 20151001
The input 1’ grid 20151001 “ 2.5' rgconstruction grid 20151001 AA

'y 4

T TSI B

Ay

Py,

T

<

£ The latitude and longitude of the site to be interpolated should not exceed the latitude and longitude range of the grids time series, and the interpolated epoch should not exceed the sampling time range of
the grids time series by too much.

£ If the variation (vector) grids or their time series have large noise or more default values, it is recommended to choose the Gaussian function method for space Interpolation and the trigonometric function
method for time interpolation.
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4 Approaching of load-deformation field or temporal gravity field

The non-tidal load variations of atmosphere, sea level, soil water, groundwater, rivers,
lakes, glaciers, ice caps, and snowy mountains in the Earth’s surface layer, excite solid Earth
deformation, which can cause variations of various geodetic quantities with time. These
variations can also be quantitatively captured by a variety of ground, space, or ocean
geodetic technologies.

Using the consistent geophysical models, uniform numerical standards, and compatible
algorithms to monitor and represent various geodetic non-tidal effects, are an important
basis for 1cm (20uGal) accuracy level geodesy. And are also necessary conditions to realize
the collaboration of the geodetic multi-technologies, the deep fusion of the multi-source

heterogeneous geodetic data, and construction and maintenance of a high-accuracy
geodetic datum frame.

[

Approaching of load-deformation field or temporal gravity field

= @ @ g &
-
% @ @ L 24
L, — * %% o @
N R ST *%N% -‘»3
S RGP ¢ PN &
¢ X el Som o
f& L e 33\4*“%*“ 'x’-'t""' 7
: ' * - ¢ ¥ xRk
Spherical harmonic analysis on global Spherical analysis on tide parameters Computation of the model value by Computation of load-deformation field
surface load time series and construction of tidal load model spherical harmonic synthesis by spherical harmonic synthesis
- ,/'
s TR g . ewh
33 ®
& ( TN e
rp L o
“ o
Regional approaching of load- Estimation of land water variations Estimation of high-resolution land water Geodynamic calculation on geodetic
deformation field by Green's Integral based on multi-monitoring networks variations from CORS/INSAR field grids time series

« Functions frame of approaching of load ion field or P gravity field

£ The non-tidal load variations of atmosphere, sea level, soil water, groundwater, rivers, lakes, glaciers, ice caps, and snowy mountains in the Earth's surface layer, excite solid
Earth deformation, which can cause variations of various geodetic quantities with time. These variations can also be quantitatively captured by a variety of ground, space, or
ocean geodetic technologies.

[ Using the consistent geophysical models, uniform numerical standards, and compatible algorithms to monitor and represent various geodetic non-tidal effects, are an
important basis for 1cm (20pGal) accuracy level geodesy. And are also necessary conditions to realize the 1 of the It
the multi-source F geneous ic data, and cor and mair of a high. datum frame.

nologies, the deep fusion of

4.1 Spherical harmonic analysis on global surface load time series

[Purpose] From the global grid model of the surface loads such as land/sea surface air
pressure, land water, and sea level variation, generate a normalized surface load spherical
harmonic coefficients model by spherical harmonic analysis. Using the model, the non-tidal
load effects on various geodetic quantities outside the solid Earth can be computed by the
spherical harmonic synthesis method.

The spherical harmonic coefficient degree n is equal to the number of grid-elements of
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global surface load grid in the latitude direction. For example, the 0.25° x 0.25° global surface
load grid corresponds to n=720.
4.1.1 Construction of global surface data grid in spherical coordinates

[Function] From the global land/sea surface discrete point value data, according to the
simple average method and given spatial resolution, construct the spherical coordinate grid
model. When there is no valid discrete point data in the grid element region, the value on
the grid element is set to zero.

[Input files] A series of global land/sea surface discrete point value data files with the
same format.

The file record format: Point number (name), longitude, latitude (decimal degrees),
attribute to be gridded,

[Parameter settings] Set the wildcard patameters of the input file names. enter the
number of rows of the input file header, row ordinal number of target attribute in the file
record, and grid resolution.

[Output files] A series of spherical coordinate grid files that correspond one-to-one with

the input discrete point value files.

& Spherical harmonic analysis on global surface load time series

CI= ? & &z '
Openfile Saveas Import parameters Start computation Save process \ Follow example
7, Construction of global surface data ° Spherical harmonic analysis on .. Spherical harmonic analysis on Spherical harmonic analysis on
#_grid in spherical coordinates surface air pressure variations " global land water variations global sea level variations

% Open any of global surface discrete point data files ~ >> Program Process ** Operation Prompts 4.' Save program process as

Set the wildcards of the file names load effects on various geodetic quantities outside the solid Earth can be computed by the spherical harmonic synthesis method. ~
>> Select the computation function from the 4 control buttons on the top of the interface.
>> [Funcnon] From the global land/sea surface discrete point value data, according to the simple average method and given spatial

slution, construct the spherical coordinate grid model. When there is no valid discrete point data in the grid element region, the value

agnt is set to zero

|
Ordinal number of first wildcard in the file nai
| Number of consecutive wildcards in file name

The discrete points file format >> Open any ol globarsudace discrete point data files C./ETideLoad4.0_\ valys/gr txt.
= * The window below only shWs~aq_more than 3000 rows of data in the file!
Number of rows of the file header |1 > | >>Create or select the result files folder deLoad4.0_\
| Column ordinal number of target atrribute ** The discrete point value files searched by wildca intiation:
in the record C:/ETideLoad4.0_) ate I
C:/ETideLoad4.0_\

Target grid resolution | 30.0
vet g etting parameters have been imported in the program!

bkthe control button [Stan computanon] or the tool button [Start computation]...

f the given wildcards.

Y 4. Save data in the text box as
) Set the results folder

# Import setting parameters

s
v & Windows (C

& Start computation AppData

) The spherical harmonic coefficient degree n is equal to the number of grid-elements of global surface load grid in the latitude direction. For example, the 0.25° x 0.25 global surface load grid
corresponds to n=720.

4.1.2 Spherical harmonic analysis on global surface air pressure variations
[Function] From the global land/sea surface air pressure variation (in unit hPa) spherical
coordinate grids time series, compute the air pressure non-tidal load spherical harmonic

coefficient models (in unit m) time series by normalized spherical harmonic analysis.
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The spherical coordinate grids time series files are extracted according to the given
wildcards.

[Input files] The global land/sea surface air pressure variation spherical coordinate grids
time series files.

[Parameter settings] Set the wildcard patameters for the file names of grids time series
and enter the iteration condition parameters.

[Output files] The surface air pressure load spherical harmonic coefficients model files

*k*k *kk

airpress***cs.dat, iteration process statistics file pro***.ini and residual air pressure grid file

rnt***.dat. Here, *** are the instance of the given wildcards.

4" Spherical harmonic analysis on global surface load time series - a]

Y = =

2 » &z -7
Openfile Saveas Importparameters Start computalion  Save process \ Follow example
4, Construction of global surface data ‘ Spherical harmonic analysis on - Spherical harmonic analysis on Spherical harmonic analysis on
“# grid in spherical coordinates surface air pressure variations global land water variations global sea level variations
& Open any of air pressure spherical coordinate grids files  >> Program Process ** Operation Prompts 4! Save program process as
Set the wildcards of the file names ** The window below only shows no more than 3000 rows of data in the file! ~
Ovdinal number of first wikdcard in the file na - >> Create or select the result files folder C:/ETideLoad4.0_\

~ The spherical grid files by wildcard
C:/ETide[oada-u_wmo= emples/loa harmonanalys/airpress/airpress
C:/ETideLoad4.0_win64en/examples/Loadspharmonanalysia arpres

Number of consecutive wildcards in file nam dsp 2016020312]dat
2016030212fdat

16040612|dat

C:/ETideLoad4.0_ adspharmonar P

e 9
e\ 10
>> Setting parameters have been imported in the program!

Residual standard deviation threshold (a)| 1.0 %o : ** Click the control button [Start computation], or the tool button [Start computation].

Termination condition of residual decreasé (b) |1.0%o ;  >> Computation start time: 2022-03-04 11:14:16
-2 >> Complete the spherical harmonic analysis for 3 surface air pressure variation grids!

Set termination condition of the iteration

** The program outputs the surface air pressure load spherical harmonic coefficients model files airpress***cs.dat, iteration process
statistics files pro™™*.ini and residual air pressure grid files rmt™"*.dat. *** is the instance of the given wildcards
** The file header of the airpress****cs.dat: the geocentric gravitational constant GM (x10'*m?/s?), equatorial radius of the Earth a
m), zero degree term aACw (hPa), relative error © (%). Where © is the residual standard deviation of the last step iteration as a
percentage of the standard deviation of the original grid values, and GM,a are also known ag the scale parameter of the spherical
harmonic coefficient model
>> Computation end time: 2022-03-04 11:14:44

") Set the results folder
[l se sul Display of the input-output file| Degree 180 coefficients model | 4.r Save data in the text box as

» Import setting parameters

Statistics of the original surface air
pressure variation grid values

1

Input global surface air pressure
variation grid (hPa)

Output load spherical harmonic
coefficients model (m)

number of iterations, mean; SD, minimum, maximun

STITTEETZTE

0 The spherical harmonic coefficient degree n is equal to the number of grid-elements of global surface load grid in the latitude direction. For example, the 0.25° x 0.25" global surface load grid
corresponds to n=720.

*kkk

The file header of the airpress****cs.dat: the geocentric gravitational constant GM
(x10'm?3/s?), equatorial radius of the Earth a (m), zero degree term aACo (hPa), relative
error © (%). Where O is the residual standard deviation of the last step iteration as a
percentage of the standard deviation of the original grid values, and GM,a are also known
as the scale parameter of the spherical harmonic coefficient model.

The zero degree term represents the variations of the total atmospheric mass caused
by the variation of global atmospheric pressure, which is meaningless under the condition of
Earth’s atmospheric mass conservation. The three first degree spherical harmonic
coefficients (ACiwo, AC11, AS11) represent variations of the Earth's center of mass due to the

variations of global atmospheric pressure.
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4.1.3 Spherical harmonic analysis on global land water variations

[Function] From the global land equivalent water height variation (in unit cm) spherical
coordinate grids time series, compute the land water non-tidal load spherical harmonic
coefficient models (in unit m) time series by normalized spherical harmonic analysis.

[Input files] The global land equivalent water height variation spherical coordinate grids
time series files. The land-sea terrain spherical coordinates grid file.

The spatial resolution of the land-sea terrain grid should not be lower than the spatial
resolution of the surface loads grid.

[Parameter settings] Set the wildcard patameters for the file names of grids time series
and enter the iteration condition parameters.

[Output files] The global land water load spherical harmonic coefficients model files

Fkk

Indwater***cs.dat, Iteration process statistics file pro**.ini and Residual air pressure grid file

rnt***.dat. Here, *** are the instance of the given wildcards.

kK

The file header of the Indwater***cs.dat: the geocentric gravitational constant GM
(x10'm?3/s?), equatorial radius of the Earth a (m), zero degree term aAC.o (cm), relative

error © (%).

& Spherical harmonic analysis on global surface load time series o

] oY = =

3 » az Am
Openfile Saveas Importparameters Start computalion  Save process \Follow example,
4, Construction of global surface data e Spherical harmonic analysis on - Spherical harmonic analysis on Spherical harmonic analysis on
“# grid in spherical coordinates surface air pressure variations < global land water variations global sea level variations
'8 Open any of land water spherical coordinate grids files  >> Program Process ** Operation Prompts 4! Save program process as
Set the wildcards of the file names | sphETOPONcS5m.dat ~

Ordinal number of first wildcard in the file narfo >'>' Create or select the result files folder C:/ETideLoad4.0_\
The spherical grid files by wildcard
Number of consecutive wildcards in file name! C:/ETidelCoaga o

3 T oadspharmonanalys/indwater/lanwate§201402|dat
C:/ETideLoad4.0_win64en/examples/Loadspharmonanalys 01404 |dat
Set termination condition of the iteration C:/ETideLoad4.0_wir adspharmonanaly 01406 jdat

= >> Setting parameters have been imported in the program!
Residual standard deviation threshold (a) | 1.0 % = " Click the control button [Start computation], or the tool button [Start computation]
Termination condition of residual decrease (b) | 1.0%e | =  >>Computation start time: 2022-03-04 11:22:01
>> Complete the spherical harmonic analysis for 3 land water variation grids!
** The program outputs the land water load spherical harmonic coemmems model files Indwater***cs.dat, iteration process statistics
il les, ro”™~.ini and residual land water variation grid files mt™*.dat. *** is the instance of the given wildcards.
** The file header of the Indwater**"cs.dat: the geocentric gravitational constant GM (x10'“m?/s??), equatorial radius of the Earth a

:S Open the land-sea terrain spherical coordinates grid file

[ Statistics of the original land 'm), zero degree term aACw (cm), relative error © (%). Where @ is the residual standard deviation of the last step iteration as a
water variation grid values percentage of the standard deviation of the original grid values, and GM.a are also known as the schle parameter of the spherical
model.

>> Computation end time: 2022-03-04 11:22:51 7

e Display of the input-output file| 4./ Save data in the text box as

=) Set the results folder Degree 360 coefficients model

b Tadensaviuiu dnt! e 01402 ini £ of - -
~2.47: s, 1= Indvater2014020s. datid

| T

S2424P-00 -] 2962046880

Ou!put load spherical harmonic

number of iterations, mean, SD, minimum, maximun coefficients model (m)

1.23%:

<

£} The spherical harmonic coefficient degree n is equal to the number of grid-elements of global surface load grid in the latitude direction. For example, the 0.25° x 0.25" global surface load grid
corresponds to n=720.

The three first degree spherical harmonic coefficients (ACiw, AC1i;, AS11) represent
variations of the Earth's center of mass due to variations of global land water. For global
geodetic purposes, the first degree spherical harmonic coefficients needs to be taken into
account. The zero-order term can be controlled to a small value by adjusting the time datum.
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4.1.4 Spherical harmonic analysis on global sea level variations

[Function] From the global sea level variation (in unit cm) spherical coordinate grids time
series, compute the sea level variation non-tidal load spherical harmonic coefficient models
(in unit m) time series by normalized spherical harmonic analysis.

[Input files] The global sea level variation spherical coordinate grids time series files.
The land-sea terrain spherical coordinates grid file.

The spatial resolution of the land-sea terrain grid should not be lower than the spatial
resolution of the surface loads grid.

[Parameter settings] Set the wildcard patameters for the file names of grids time series
and enter the iteration condition parameters.

Iteration termination condition: The standard deviation of the residual grid value is less
than a% of the standard deviation of the original grid value, or the difference of the residual
standard deviation of the previous step iteration relative to the current step iteration is less
than b%o. of the standard deviation of the original grid values.

[Output files] The global sea level variation load spherical harmonic coefficients model

*kk

files seachg***cs.dat, iteration process statistics files pro***.ini and residual sea level

*kk

variation grid files rnt***.dat. Here, *** are the instance of the given wildcards.

& Spherical harmonic analysis on global surface load time series. - u]

=~ e
Spherical harmonic analysis on
global sea level variations

Openfile Saveas Importparameters Start computation
4.' Save program process as

A=
Follow example

5 a7

Save process

. Spherical harmonic analysis on

«, Construction of global surface data
" global land water variations

° Spherical harmonic analysis on
# grid in spherical coordinates

surface air pressure variations
w Open any of sea level variation spherical coordinate grids files

>> Program Process ** Operation Prompts

Set the wildcards of the file names

** The spherical coordinates grid files searched by wildcard

Residual standard deviation threshold (a) | 1.0 %o

Termination condition of residual decrease (b) ' 1.0 %oo
|

-2 Open the land-sea terrain spherical coordinates grid file

Statistics of the original sea
level variation grid values

= Set the resy

ts folder

o

16,4552

number of iterations, mean, SD, minimum, maximun,

C:/ETideLoad4.0_ 4 018010312{dat

Ordinal number of first wildcard in the file na Tideloadd 18011012ldat

| Number of consecutive wildcards in file name! C:/ETideLoad4.0_win64en/examplesit 18011712|dat
C:/ETideLoad4.0_win64er 18012412|dat

Set termination condition of the iteration C:/ETideLoad4.0_y q2018013112]dat

>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation)

>> Computation start time: 2022-03-04 11:26:34

>> Complete the spherical harmonic analysis for 5 sea level variation grids!

** The program outputs the sea level variation load spherical harmonic coefficients model files seachgr™**cs.dat, iteration
process statistics files pro***.ini and residual sea level variation grid files mt™" dat. *** is the instance of the given wildcards
** The file header of the seachg™“cs.dat: the geocentric gravitational constant GM (x10"m?/s?), equatorial radius of the
Earth a (m), zero degree term aAC.: (cm), relative error © (%). Where © is the residual standard deviation of the last stey

iteration as a percentage of the standard deviation of the original grid values, and GM,alare also known as the scale
parameter of the spherical harmonic coefficient model.
>> Computation end time: 2022-03-04 11:38:05

Display of the input-output file| Degree 360 coefficients model 4.! Save data in the text box as

) The spherical harmonic coefficient degree n is equal to the number of grid-elements of global surface load grid in the latitude direction. For example, the 0.25° x 0.25 global surface load grid
corresponds to n=720.

The three first degree spherical harmonic coefficients (ACiw, ACu, ASu) represent
variations of the Earth's center of mass due to global sea level variations. For global geodetic
purposes, the first degree spherical harmonic coefficients needs to be taken into account.
The zero-order term can be controlled to a small value by adjusting the time datum.
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For global geodetic purposes, the zero constraint should be considered that the sum of
the zero-order terms of sea, land and atmosphere at any epoch time is equal to zero, that is,
the total loads of sea level, land water and atmospheric pressure variations is conserved.

4.2 Spherical analysis on tide parameters and construction of tidal load model

[Purpose] From the tidal constituent harmonic parameters grid of the global land/sea air
pressure or ocean height, generate a normalized tidal load spherical harmonic coefficients
model by spherical harmonic analysis. The model format is the same as FES2004 ocean
tidal load model in the IERS conventions (2010). Using the model, the tidal load effects on
various geodetic quantities outside the solid Earth can be computed by the spherical
harmonic synthesis method.

4.2.1 Construction tidal harmonic parameters grid in spherical coordinates

[Function] From the tidal constituent harmonic parameters of the surface air pressure or
ocean height on the discrete points, according to the simple average method and given
spatial resolution, construct spherical coordinate harmonic parameters vector (prograde
amplitude, retrograde amplitude) grid model. When there is no valid discrete harmonic
parameter data in the grid element region, the vector on the grid element is set to zero.

[Input files] A series of global discrete tidal constituent harmonic parameters files with

the same format.

Spherical analysis on tide parameters and construction of tidal load model

= ) 4 az Ae
Save process \ Follow example

Openfile Saveas Import parameters

~_Construction tidal harmonic parameters o Spherical harmonic analysis on surface + Spherical harmonic analysis on ocean ~: Construction algorithms of Global Tidal Load
grid in spherical coordinates air pressure tidal harmonic parameters tidal constituent harmonic parameter . Spherical Harmonic Coefficients Model

% Open any discrete tidal constituent harmonic parameters file >> Program Process ™" Operation Prompts it Save program process as

Set the wildcard of the file names >> [Function] From the tidal constituent harmonic parameters of the surface air pressure or ocean height on the discrete points, according to the simple
average method and given spatial resolution, construct spherical coordinate harmonic parameters vector (prograde amplitude, retrograde amplitude)
grid model, When there is no valld discrete harmonic parameter data in the grid element region, the vector on the grid element is set to zero.
** The program requires at least one row of file header in the tidal constituent harmonic parameters file, and there are the name and Doodson
wat of the tidal constituent in the header.

Rows of the file header 1 :  >>Openany

Ordinal number of the first wildcard in the file #&
Number of consecutive wildcards in file namé

sczgte tidal constituent harmonic parameters file C-/ETideLoad4.0_ /$1_airp.tat.
Lo 0! f data In the file!

Column ordinal number of the component 1 of hows no more than 3000 rows of P
Tamonic ferametars i the recort 4 = >> Create or selectthe result e Tokia  C/ETideLoadd.0_.
Golumn orcinal number of the component 2of ' n CTETT’Q::L(:; ;\%a\ constituent harmonic pa s files searched by $ w‘r:lanhahon
harmonic parameters in the record. > 2 5 1

e C/ETideLoad4.0_ NE irp.txt
Spatial resolution of the target grid| |30.0* C/ETideL0ad4.0. b0t
The form of harmonic C/ETideL0add.0_y xt

tting parameters have been imported in the program!
Column ordinal number of the tidal constituent |,
name in the file header

Column ordinal number of the Doodson |,

constant in the file header dat into thefoutput folder. *** is the tidal

4! Save data in the text box as

Set the results folder

Import setting parameters examples > Loadtidespharmsyntt] > gridrst v
sphS1_dat il
sphs2_dat 2/
sphsa_dat 1
sphSsadat 1
Start computation

The output spherical coordinate
harmonic parameters grid files

The input discrete tidal constituent
harmonic parameters file

£ The unit of the tidal constituent harmonic parameters s the same as the unit of the spherical harmonic coefficients. The unit of the air pressure tidal harmonic parameters and the load spherical harmonic coefficients is hPa,

and the unit of the ocean tidal harmonic parameters and the load spherical harmonic coefficients is cm.
£ The Doodson constant (integer, such as M: tidal Doodson constant is 255555) is the basis for ETideLoad prgrams to identify the tidal type and calculate the tidal frequency. and it should be correct.

21

The program requires at least one row of file header in the tidal constituent harmonic
parameters file, and there are the name and Doodson constant of the tidal constituent in the

77



file header.

The Doodson constant (integer, such as M. tidal Doodson constant is 255555) is the
basis for ETideLoad prgrams to identify the tidal type and calculate the tidal frequency, and
it should be correct.

[Parameter settings] Set the wildcard patameters of the input file names. Enter the
number of rows of the input file header, column ordinal number of the tidal constituent name
and its Doodson constant the input file header, column ordinal number of the component 1
and 2 of harmonic parameters in the record, and select the form of harmonic parameters.

[Output files] The spherical coordinate grid files of the tidal constituent harmonic
parameters sph***.dat. Here, *** are the tidal constituent’s name.

4.2.2 Spherical harmonic analysis on surface air pressure tidal harmonic
parameters

[Function] From the surface air pressure tidal constituent harmonic parameter (in unit
hPa) spherical coordinate grid, compute the surface air pressure tidal load spherical
harmonic coefficients model (in unit hPa) in FES2004 format by normalized spherical
harmonic analysis.

The tidal constituent harmonic parameter vector spherical coordinate grid files are

extracted according to the given wildcards.

Openfile Saveas Importparameters Start co

. _Construction tidal harmonic parameters ~a Spherical harmonic analysis on surface Spherical harmonic analysis on ocean 2 Construction algorithms of Global Tidal Load
grid in spherical coordinates air pressure tidal harmonic parameters tidal constituent harmonic parameter = Spherical Harmonic Coefficients Model

¥ Open any tidal constituent harmonic parameters grid file  >> Program Process ** Operation Prompts 4./ Save program process as
Set the wildcard of the file names >> Computation end time: 2022-02-25 18:38:51 Fr——— 1B
Ordinal number of the first wildcard in the file >> [Function] From the surface air pressure tidal constituent harmonic parameter (in unit hPa) spherical coordinate grid, d
Ioad spherical harmonic coefficients model (n unit hPa) in FES2004 format by normalized spherical harmonic analysis
Number of consecutive wildcards in file name! & fidal constituent harmonic parameter vector spherical coordinate grid files are extracted according to the given wil G
>> Open an! onstituent harmonic parameters grid file C:/ETideLoadd.0_ SpiideS1.cLd !
o arer o the ! consBtuent ** The window below Omi.shows no more than 3000 rows of data i the fle! !
4 >> Crea!e or select the result fléS-fekie[ C-/ETideLoad4.0_! 1
“'“’;"l":‘::a'ﬁ';“'r"“’err the Doodeon; * The tidal constituent harmonic parameteTsgsid files searched by wildcard instantiation J
constant in the file header /ETideL0add.0_ 7 Jdat Airtdloadcs dat !
Set termination condition of the iteration thigraresiaps2 |dat pros1_ini )
: >, e
Residual standard deviation threshold (a)| 1.0 %o $ Sa_jdat pros2_ini !
Termination condition of residual decreasé (b) 1.0 % : have been imported in the program! [r s
[Start computation], or the tool button [Start computation]
{ 2,02,55 18 5:,] 57 f P ] The output files
>> Complete the spheri analysis for 4 surface air pressure tidall constituent harmonic p: U R
** The program outputs the si ressure tidal load spherical harmonic coefficients model filefAi all t
on process statistics files pro™**.ini and residual harmonic pargmeter grid fi

the tidal constituent's name.
>> Computation end time: 2022-02-25 19:06:4 -
Display of the input-output file | 4t Save data in the text box as
Set the results fdider

Import setting paraeters

rat number of iterations, mean,
The output tidal load spherical harmonic SD, minimum, maximun
coefficients model (hPa) ¢ H

£ The unit of the tidal constituent harmonic parameters is the same as the unit of the spherical harmonic coefficients. The unit of the air pressure tidal harmonic parameters and the load spherical harmonic coefficients is hPa,
and the unit of the ocean tidal harmonic parameters and the load spherical harmonic coefficients is cm.
£ The Doodson constant (integer, such as M: tidal Doodson constant is 255555) is the basis for ETideLoad prgrams to identify the tidal type and calculate the tidal frequency, and it should be correct.

[Input files] All the surface air pressure tidal constituent harmonic parameter vector
spherical coordinate grid files.
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[Parameter settings] Set the wildcard patameters for the file names, enter the column
ordinal number of the tidal constituent’'s name and its Doodson constant the input file header,
and set the iteration condition parameters.

[Output files] The surface air pressure tidal load spherical harmonic coefficients model
file Airtdloadcs.dat, all tidal constituent spherical harmonic coefficients model files

*k %k

airptide***cs.dat, iteration process statistics files pro***.ini and residual harmonic parameter

*kk

grid files rnt***.dat. Here, *** are the tidal constituent’'s name.

4.2.3 Spherical harmonic analysis on ocean tidal constituent harmonic parameters

[Function] From the ocean tidal constituent harmonic parameter (in unit cm) spherical
coordinate grid, compute the ocean tidal load spherical harmonic coefficients model (in unit
cm) in FES2004 format by spherical harmonic analysis.

[Input files] All the ocean tidal constituent harmonic parameter vector spherical
coordinate grid files. The land-sea terrain spherical coordinates grid file.

The land-sea terrain spherical coordinates grid is used for the land-sea separation for
the ocean tidal harmonic parameters, whose resolution should not be lower than the
resolution of the ocean tidal constituent harmonic parameters grid.

CY- | 4 a4 An
Openfile Saveas Importparameters St putatios Save process \Follow example
. _Construction tidal harmonic parameters - @ Spherical harmonic analysis on surface ‘Spherical harmonic analysis on ocean. 2 Construction algorithms of Global Tidal Load
grid in spherical coordinates air pressure tidal harmonic parameters tidal constituent harmonic parameter " Spherical Harmonic Coefficients Model

4, Save ram process as

¥ Open any tidal constituent harmonic parameters grid file  >> Program Process ** Operation Prompts

Set the wildcard of the file names CiETideLoadd 0.4 £52014_60m/spfARE at
Ordinal number of the first wildcard in the file/fame |4 \ = Ci/ETideLoad4.0_ 14_S0m/sp
_ ETideLoad4.0_ 14_60msp
Number of consecutive wildcards in file namb 4 T G/ETRe 14 o at
Column ordinal number of the tidal consttuent o - | ey SpharmsynthVFES2014_
name in the file header C/ETideLoadd. o E£52014 ¢ at
Column ordinal number of the Doodson | | CiETideLoadd.0 IFES2014_ at
constant in the file header 14 at
Set termination condition of the iteration X ES2014_¢ at
= 4
Residual standard deviation threshold (a) | 1.0 % & - ES20147

Termination condition of residual decrease|(b) 10% |

2} Open the land-sea terrain spherical coordinates grid file

s.analysis for 34 ocean tidal constituent harmonic parameters arids! |

** The program outputs the oC®aq tiddNqad spherical harmonic coefficients model filejOtideloadcs dat)
[Otidetide™™"cs dat Jiteration proc® q

constituent’s name.
>> Computation end time: 2022-02-25 19:38:34

Display of the input-output file}

et oo be

Set the results folddr =| 180 degree b
Import setting paramefers 00000 | Sy
: b

model (cm)

N
N
N
N
N
N

2

28
N
N
N
N
N
N
N
N

£ The unit of the tidal constituent harmonic parameters is the same as the unit of the spherical harmonic coefficients. The unit of the air pressure tidal harmonic parameters and the load spherical harmonic coefficients is hPa,
and the unit of the ocean tidal harmonic parameters and the load spherical harmonic coefficients is cm.
[} The Doodson constant (integer, such as M: tidal Doodson constant is 255555) is the basis for ETideLoad prgrams to identify the tidal type and calculate the tidal frequency, and it should be correct.

[Output files] The ocean tidal load spherical harmonic coefficients model file
Otideloadcs.dat, all tidal constituent spherical harmonic coefficients model files
Otidetide***cs.dat, iteration process statistics file pro***.ini and residual harmonic parameter

*k*

grid file rnt***.dat. Here, are the tidal constituent’'s name.
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The unit of the tidal constituent harmonic parameters is the same as the unit of the
spherical harmonic coefficients. The unit of the surface air pressure tidal harmonic
parameters and the load spherical harmonic coefficients is hPa, and the unit of the ocean
tidal harmonic parameters and the load spherical harmonic coefficients is cm.

4.3 Computation of the model value by spherical harmonic synthesis

[Purpose] From the tidal load spherical harmonic coefficients model or the surface non-
tidal load spherical harmonic coefficients model, calculate the model values of the tidal
harmonic parameters or the non-tidal surface loads by spherical harmonic synthesis.

Adopting the remove-restore process, the program can be used for regional tidal load
effects refinement based on the tidal load spherical harmonic coefficients model, and for
regional load-deformation field and temporal gravity field approaching based on the surface
load spherical harmonic model.

4.3.1 Computation of model value of surface load equivalent water height

[Function] From the surface air pressure, land water, or sea level variation load
normalized spherical harmonic coefficients model (m), compute the model value of the
surface air pressure (hPa), land equivalent water height (cm), or sea level variation (cm) at
the given location.

| *% Computation of the model value by spherical harmonic synthesis o
B B ? 5 at e
Openfile Saveas Importparameters Start computation  Save process \Follow example,
~5- Computation of model value of surface -, Computation of model values of tidal , Computation of model values time series
load equivalent water height constituent harmonic parameters of load equivalent water height
' Open the calculated points file >> Program Process ** Operation Prompts 4.1 Save program process as
Namber of fows of the file haadar | 1 >> Select the computation function from the 3 control buttons on the top of the interface. ~

>> [Function] From the surface air pressure, land water, or sea level variation load normalized spherical harmonic coefficients model
(m), compute the model value of the surface air pressure (hPa), land equivalent water height (cm), or sea level variation (cm) at the
j_\ Open surface load harmonic goefficients model file  given location
** Maximum truncated degree of the spherical harmonic coefficients model. The program automatically selects the minimum value
The type of surface load Surta&;é air pressure (hPa) 1 | petween the maximum degree of the spherical harmonic coefficients model and the entered maximum degree as the calculated degree.
>> Open the calculated points fileC:/ETideLoad4.0_ txt
** Look at the file information in the window below and set the row number of the file header.
ic coefficients model file C:/ETideLoad4.0_\
16020312cs.dat.

ows no more than 3000 rows of data in the file!

>> Save the results as C/ETideLoad4.0_\ v
>> Setting parameters have been imported in the program!

** Click the control button [Start computation), or the tool button [Start computation]

** The computation process needs to wait... During the computation period, you can open the gutput file C:/ETideLoad4.0_winé4en/

1xt.to look at the progt

>> Computation start time: 2022-03-04 14:20:33
>> Complete the computation!
>> Computation end time: 2022-03-04 14:20:42

[ K

Maximum trungated degree of the coefficients model|

f=) Save the results as 3 Import setting parameters # Start computation

4. Save data in the text box as.

Display of the input-output file |

Model values of surface
air pressure (hPa)

L) Combining with the function [The regional refinement of tidal load effects by Green's Integral], you can refine the regional air pressure or ocean tidal effects by the remove-restore process based

on the tidal load spherical harmonic coefficients model.

£) Combining with the function [Regional approaching of the load-deformation field by Green's Integral], you can approach the regional load-deformation field or temporal gravity field by the remove-

restore process based on the global load spherical harmonic coefficients model.

£ Due to the mixing effects of the high-degree spherical harmonic coefficients, the model values of the sea level variation and ocean tidal harmonic parameters are not zero in the coastal land area,
and the model values of the land equivalent water heigh are not also zero in the coastal sea area
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[Input files] The discrete calculated points file. The surface load spherical harmonic
coefficients model file.

The calculated points file record format: Point number (name), longitude, latitude
(decimal degrees), ....

[Parameter settings] Enter maximum truncated degree of the coefficients model, and
select the type of surface loads.

The program automatically selects the minimum value between the maximum degree of
the spherical harmonic coefficients model and the entered maximum degree as the
calculated degree.

[Output file] The surface load model values file.

The output file header comes from the input calculated points file. Behind the input file
record, add a column of the model value of surface load as the output file record.

4.3.2 Computation of model values of tidal constituent harmonic parameters

[Function] From the surface air pressure or ocean tidal load normalized spherical
harmonic coefficients model (hPa/cm), compute the harmonic parameter model values
(hPa/cm) of all tidal constituents in the harmonic coefficients model at the given location.

[Input files] The discrete calculated points file. The tidal load spherical harmonic
coefficients model file.

% Computation of the model value by spherical harmonic synthesis - o
C =] ¥ ¥ a e
Openfile Saveas Importparameters Start computatios Save process \_Follow example
s Computation of model value of surface B Computation of model values of tidal % Computation of model values time series
" load equivalent water height constituent harmonic parameters of load equivalent water height
& Open the calculated points file >> Program Process ** Operation Prompts 4.! Save program process as
** The computation process needs to wait... During the computation period, you can open the output file C-/ETideLoad4.0_win64en/ -

Number of rows of the file header 1

pl xt,to look at the progress!!
= >> Computation start time: 2022-03-04 14:20:33
(5} Open tidal load harmonic coefficients model fle ., Complete the computation!
>> Computation end time: 2022-03-04 14:20:42
>> [Function] From the surface air pressure or ocean tidal load normalized spherical harmonic coefficients model (hPa/cm), compute the
harmonic parameter model values (hPa/cm) of all tidal in the harmonic model at the given location.
>> Open the calculated points fileC:/ETideLoad4.0_y .
** Look at the file information in the window below and set the row number of the file header.
>> Open tidal load harmonic coefficients model file C:/ETideLoad4.0_\ dat
** The window below only shows no more than 3000 rows of data in the file!
>> Save the results as C:/ETideLoad4.0_\ txt.
>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation).

** The computation process needs to wait... During the computation period, you can open the output file C:/ETideLoad4.0_win6den/

o xt o look at the progress!!
>> Ci start time: 2022-03-04 14:29:15
» harmonic model values for 4 tidal constituents! |
>> Computation end time: 2022-0303 133008 v
Maximum truncated degree of the coefficients mod l & b,, Save the results as & Import setting & Start computation
Display of the input-output file| 4! Save data in the text box as.
. = A

1 X 294089

£} Combining with the function [The regional refinement of tidal load effects by Green's Integral], you can refine the regional air pressure or ocean tidal effects by the remove-restore process based
on the tidal load spherical harmonic coefficients model.

£\ Combining with the function [Regional approaching of the load-deformation field by Green's Integral], you can approach the regional load-deformation field or temporal gravity field by the remove-
restore process based on the global load spherical harmonic coefficients model

£ Due to the mixing effects of the high-degree spherical harmonic coefficients, the model values of the sea level variation and ocean tidal harmonic parameters are not zero in the coastal land area,
and the model values of the land equivalent water heigh are not also zero in the coastal sea area.
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[Output file] The tidal harmonic parameter model values file.

The output file header comes from the input calculated points file. Behind the input file
record, add 2n columns of the tidal harmonic parameter model values as the output file
record. Here, n is the number of tidal constituents in the harmonic coefficients model.

4.3.3 Computation of model values time series of load equivalent water height

[Function] From the surface air pressure, land water, or sea level variation load
normalized spherical harmonic coefficients model (m) time series, compute the records time
series of the model value of the air pressure (hPa), land equivalent water height (cm), or sea
level variation (cm) on the given points in the input file.

[Input files] The discrete calculated points file. The surface load spherical harmonic
coefficients model time series files.

[Parameter settings] Set the wildcard patameters for the surface load spherical harmonic
coefficients model time series files. Enter the number of rows of the input file header, row
ordinal number of target attribute, and grid resolution.

% Computation of the model value by spherical harmonic synthesis - o

- Y = =
5 a4 az A
Openfile Saveas Import parameters Save process \ Follow example,

Start computatior

-5~ Computation of model value of surface
load equivalent water height

3 Open the calculated points file

«, Computation of model values of tidal
constituent harmonic parameters

>> Program Process ** Operation Prompts

% Computation of model values time series
of load equivalent water height

4./ Save program process as

C:/ETideLoad4.0, 018010312 coe A

Number of rows of the file header |1 C/ETideLoadd.0_wir 018011012)coe
= C:/ETideLoad4.0_wi 0180117 12fcoe
2| Open any surface load harmonic coefficients model fie  C./ETideLoadd.0_\ 018012412 coe
= C:/ETideLoad4.0_wi 018013112coe

Setthe wildcard of the file names C//ETideLoadd.0_\ amples/Loadspharmisys ‘ﬂsTs%meozom coe

Ordinal number of the first C:/ETideLoad4.0 oad 018021412 coe
wildcard in the file name TE TideLoad4.0_\ 018022112fcoe
Number of consecutive wildda C:/ETideLoad4.0_wir 018022812 coe
in file name C:/ETideLoad4.0_wir 018030712 coe

>> Setting parameters have been imported in the program!

** Click the control button [Start computation], or the tool button [Start computation]...

** The computation process needs to wait... During the computation period, you can open the output file C:/ETideLoad4.0_win64en/
1xtto look at the computation progress!!

** The instance wildcards in the file header represent that the computation of the model value at the corresponding epoch time has
just been completed
>> Ci start time: 2022-03-04 14:33:48

>>{Complete the computation of the load EWH model values of 10 sampling epoch time!
>> Computation end time: 2022-03-04 14:35:42

The type of surface load | Land water EWH (cm)

Maximum truncated degree of the coefficients model |4 savetheresultsas & Import setting parameters & Start computation
Display of the input-output file |

point re [z

4. Save data in the text box as

< >

{3\ Combining with the function [The regional refinement of tidal load effects by Green's Integral], you can refine the regional air pressure or ocean tidal effects by the remove-restore process based
on the tidal load spherical harmonic coefficients model.

£ Combining with the function [Regional approaching of the load-deformation field by Green's Integral], you can approach the regional load-deformation field or temporal gravity field by the remove-
| restore process based on the global load spherical harmonic coefficients model.

| [ Due to the mixing effects of the high-degree spherical harmonic coefficients, the model values of the sea level variation and ocean tidal harmonic parameters are not zero in the coastal land area,
and the model values of the land equivalent water heigh are not also zero in the coastal sea area.

[Output file] The surface load model value records time series file.
Behind the input file header, add n sampling epoch times of the surface load spherical
harmonic coefficients model time series as the output file header. Behind the input file record,
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add n load model values as the output record. Here, n is the sampling number.

The computation process needs to wait... During the computation period, you can open
the output files to look at the computation progress!

The instance wildcards in the file header represent that the computation of the model
value at the corresponding epoch time has just been completed.

Combining with the function [The regional refinement of tidal load effects by Green's
Integral], you can refine the regional air pressure or ocean tidal effects by the remove-restore
process based on the tidal load spherical harmonic coefficients model.

Combining with the function [Regional approaching of the load-deformation field by
Green's Integral], you can approach the regional load-deformation field or temporal gravity
field by remove-restore process based on global load spherical harmonic coefficients model.

Due to the mixing effects of the high-degree spherical harmonic coefficients, the model
values of the sea level variation and ocean tidal harmonic parameters are not zero in the
coastal land area, and the model values of the land equivalent water heigh are not also zero
in the coastal sea area.

4.4 Computation of load-deformation field by spherical harmonic synthesis

[Purpose] From the surface air pressure, land water, and sea level variation load
spherical harmonic coefficients model (m), compute the load effects on various geodetic
variations on the ground or outside the solid Earth by the spherical harmonic synthesis
algorithm.

The time of the load effects is equal to the sampling epoch time of the load spherical
harmonic coefficients model.

When computing the load effects of sea level variations, the height of the calculated
point is the normal or orthometric height. When computing the load effects of surface air
pressure or land water variations, the height of the calculated point is the height relative to
the Earth’s surface.

4.4.1 Computation of various load effects by spherical harmonic synthesis

[Function] From the surface air pressure, land water, and sea level variation load
spherical harmonic coefficients model (m), compute the load effects on the geoid or height
anomaly (mm), ground gravity (uGal), gravity disturbance (uGal), ground tilt (SW, to the
south and to the west, mas), vertical deflection (SW, to the south and to the west, mas),
horizontal displacement (EN, to the east and to the north, mm), ground radial displacement
(mm), ground normal or orthometric height (mm), disturbing gravity gradient (10pE) or
horizontal gravity gradient (NE, to the north and to the east, 10pE) by the spherical harmonic
synthesis.

[Input files] The discrete calculated points file. The surface load spherical harmonic
coefficients model file.
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The calculated points file record format: Point number (name), longitude, latitude
(decimal degrees), height....

[Parameter settings] Enter column ordinal number of the height in the input file record
and maximum truncated degree of the spherical harmonic coefficients model, and select the
type of surface loads.

The program automatically selects the minimum value between the maximum degree of
the spherical harmonic coefficients model and the entered maximum degree as the
calculated degree.

[Output file] The surface load effects file.

The file header is the same as the input file. Behind the input file record, add one or
several columns of the surface load effects selected as the output file record. In this example,
all types are selected, and there are 14 attributes added to the record.

Computation of load-deformation field by spherical harmonic synthesis

¥ e &4 A
Openfile Saveas Importparameters Startcomputation  Save process \Follow example,
Computation of various load effects by’ ® Computation of various load effects of Computation of load effects time series 2 The formula of spherical harmonic
spherical harmonic synthesis Earth satellite or outside solid Earth by spherical harmonic synthesis = synthesis of load deformation field
‘8 Open the calculated points file >> Program Process ** Operation Prompts 4,/ Save program process as
Set the file format ** The time of the load effects is equal to the sampling epoch time of the load spherical harmonic coefficients model. A
| Number of rows of the file header |1 2 >> Select the computation function from the 3 control buttons on the top of the interface.
b >> [Function] From the surface air pressure, land water, and sea level variation load spherical harmonic coefficients model (m), compute the load
Rt s 1 recosd 4 2 effects on the geoid or height anomaly (mm), ground gravity (uGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west,
| held N mas), vertical deflection (SW, to the south and to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial
i‘ Open surface load harmonic mNems ‘model file Jdlsplaoemenl (mm), ground normal or orthometric height (mm), disturbing gravity gradient (10E) or horizontal gravity gradient (NE, to the north
and to the east, 104E) by the spherical harmonic synthesis.
Select the type of effects \ >> Open the calculated points file C:/ETideLoad4.0_ txt
| [ ge0 or heignt anomary (o} ~ Look at the file information in the window below and set the row number of the file header.
e >> Open surface load harmonic coefficients model file CJE TideLoad4.0_t $20170315.txt
7] ground gravity (uGal) (= ** The window below only shows no more than 3000 rojvs of data in the file!
| b gravity (WGal) 1 ave the results as C:/ETidel 0add.0) ot
= | \ >> Setting parameters have been imported in the prografn!
| [ ground tilt (SW, mas) (= T 1Te CONMTor BUNT [STArt COMmpUTAtON], oF e 1oq1 BUMoH [STEr Computaton
1 vertical deflection (SW, mas) >> Computation start time: 2022-03-04 15:28:22
2| horizontal displacement (EN, mm) (= Complete the computation of the model values!
P ( ) >>\qomputation end time: 2022-03-04 15:30:00 N

| 1 ground radial displacement (mm) (=)

o romal o xomoGn (T e ysbq e o Sutemarrmsnrs | | ) soveme sz || ipotsoing poaners 15 S SHAIARH

1 disturbing gravity gradient (10pE)
1 horizontal gravity gradient (NE, 104E)

Maximum truncated degree of the @
coefficients model

4:! Save data in the text box as

< >
£ When computing the load effects of sea level variations, the height of the calculated point is the normal or orthometric height. When computing the load effects t of air pressure or land water variations,
the height of the calculated point is the height relative to the Earth's surface
L) Using the monitoring data of global surface air pressure, land water and sea level variations, determine the non-tidal temporal Earth's gravity field, as well as the non-tidal load effects on the geopotential
| coefficients, and then you can calibrate various parameters of the gravity satellite's key and y improve and check the quality, reliability, and accuracy of the time-varying
monitoring of satellite gravity field

4.4.2 Computation of various load effects of Earth satellite or outside solid Earth
[Function] From the surface air pressure, land water, and sea level variation load
spherical harmonic coefficients model (m), compute the load effects on the geopotential
(0.1m?s?), gravity (uGal), or gravity gradient(10uE) outside the solid Earth by the spherical
harmonic synthesis.
Here the space point outside the solid Earth generally refers to the point that is not fixed

to the solid Earth in ocean space, near-Earth space, or satellite altitude.
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[Input files] The discrete calculated points file. The surface load spherical harmonic
coefficients model file.

[Output file] The surface load effects file.

The file header is the same as the input file. Behind the input file record, add one or
several columns of the surface load effects selected as the output file record.

Computation of load-deformation field by spherical harmonic synthesis

P : v az £
Openfile Saveas Importparameters Siart compuiation  Save process \ Follow example
Computation of various load effects by T Computation of various 0ad effects of Computation of load effects time series ~: The formula of spherical harmonic
spherical harmonic synthesis Earth satellite or outside solid Earth by spherical harmonic synthesis - synthesis of load deformation field
@ Open the calculated points file >> Program Process ** Operation Prompts 4. Save program process as
Set the file format >> Computation start time: 2022-03-04 15:28:22 P
Number of rows of the file header |1 O >> Complete the computation of the model values!

>> Computation end time: 2022-03-04 15:30:00
>> [Function] From the surface air pressure, land water, and sea level variation load spherical harmonic coefficients model (m), compute the load
effects on the geopotential (0. 1m?/s?), gravity (uGal), or gravity gradient(10LE) outside the solid Earth by the spherical harmonic synthesis.
{5} Open tidal load harmonic coefficiels model file | ** Here the space point outside the solid Earth generally refers to the point that is not fixed to the solid Earth in ocean space, near-Earth space, or
satellite altitude.
>> Open the calculated points file C-/ETideLoad4.0_y txt
100 g file (3] ) e ndow belo nd set the row number of the file header.
ideL0ad4.0, n 18010312.coe.

Column ordinal number of the 4
height in the record

Select the type of effects

|| geopotential (0.1m?/s?) Katih 0 auon in the w A\ wa T
9200 - ) >> Open surface load harmonic coefficients model file C/g

[ gravity vector (XYZ. pGal) ** The window below only shows no more than 3000 rowd of data in the file!

- QfaVlf)’ vector (ENU. pGal) ave the results as C/FTidel 0add 0 xt
Y Setting parameters have been imported in the program!

gravity gradient (XYZ, 104E) * Click the control button [Start computation], or the tool Hutton [Start computation].

/I gravity gradient (ENU, 10HE) N\ Computation.start time:2022.03.04.15:33:54
= = e >>Npmplete the computation of the model values!
HXmUm Ncaied degree o @ 2| | >> Chqputation end time: 2022-03-04 15:35:29 S
coefficients model
The type Xsurface load| Land water EWH [} save the results as # Import setting parameters & Staft computation

Display of the iNput-output file | 4! Save data in the text box as

| <
£ When computing the load effects of sea level variations, the height of the calculated point is the normal or orthometric height. When computing the load effects t of air pressure or land water variations,
the height of the calculated point is the height relative to the Earth's surface.
£ Using the monitoring data of global surface air pressure, land water and sea level variations, determine the non-tidal temporal Earth's gravity field, as well as the non-tidal load effects on the geopotential
coefficients, and then you can calibrate various parameters of the gravity satellite’s key and ly improve and check the quality, reliability, and accuracy of the time-varying
monitoring of satellite gravity field

4.4.3 Computation of load effects time series by spherical harmonic synthesis

[Function] From the surface air pressure, land water, and sea level variation load
spherical harmonic coefficients model (m) time series, compute the time series of the load
effects on various variations on the computed points in the input file by the spherical
harmonic synthesis.

[Input files] The discrete calculated points file. The surface load spherical harmonic
coefficients model time series file.

The time series files of the load spherical harmonic coefficients model are extracted
according to the given wildcards.

[Output file] The surface load effects files load™** txt.

The number of output files is equal to the number of the time series files of the load
spherical harmonic coefficients model. Here, *** are the wildcards of the model time series
file name, whose instance can identify the sampling epoch time of the computed load effects.

The computation process needs to wait... During the computation period, you can open
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the output files folder to look at the computation progress!
The last column attribute of each output file header is the instance of the wildcards of
the file name of the model time series, which represents the sampling epoch time of the

output file.
+ Computation of load-deformation field by spherical harmonic synthesis. o s ] X
B 3 8 4 az

Openfile Saveas Importparameters Start computation  Save process

. Computation of various load effects by ® Computation of various load effects of Computation of load effects time series ¢ The formula of spherical harmonic
spherical harmonic synthesis Earth satellite or outside solid Earth by spherical harmonic synthesis v o synthesis of load deformation field

3 Open the calculated points file >> Program Process ** Operation Prompts 4 Save program process as
Set the file format

model. *** are the wildcards of the model time series file name, whose instance can identify the sampling epoch time of the computed load effects. -

Number of rows of the file header 1 O ** The load harmonic coefficients model files searched by wildcard instantiation:

Column ordinal number of the |, = g-;gget"az-g— E018010312l00e

height in the record ¥ /ETideLoad4.0_\ po18011012
C:/ETideLoad4.0_\ 18011712

2} Open any load harmonic coefficients model file =~ C7/ETideLoad4.0_ Ayﬂf ﬂmsmzﬂz
C:/ETideLoad4.0_\ .oad ntr 18013112]
Set the wildcard of the file names C-/ETideLoad4 0_win6den b e bo18020712)
Ordinal number of the first wildcagd >> Setting pargme @Ve been imported in the program!
in the file name ~eicxThe control button [Start computation], or the tool button [Start computation]....
Number of consecutive wildcardl ** The computation process needs to wait... During the computation period, you can open the output files folder C:/ETideLoad4.0_win64en/
in file name

to look at the
Select the type of effects

** The last column attribute of each output file header is the instance of the wildcards of the file name of the model time series, which represents the
poch time of the output fil
art time: 20
>> Complete the computation of the model values for 6 load deformation §eld!
>> Computation end time: 2022-03-04 15:58:51

] ground gravity (uGal) =
v gravity (uGal)
1] ground tilt (SW, mas) (») The type of surface load v [=) set the respits folder » Impprt setting & Start
[E2 vertical de
4] horizontal displacement (EN, mm) ® Display of the input-output file| 4.! Save data in the text box as

(] ground radial displacement (mm) (=) 3.9
[¥] ground normal or orthometric height (mm) (=)
[V disturbing gravity gradient (10pE)

] horizontal gravity gradient (NE, 104E)

Maximum truncated degree of the @ =
coefficients model -

004418

1
2
:
3
3
3
3
4
4
4
5
5
5

£ When computing the load effects of sea level variations, the height of the calculated point is the normal or orthometric height. When computing the load effects t of air pressure or land water variations,
the height of the calculated point is the height relative to the Earth’s surface.

£ Using the monitoring data of global surface air pressure, land water and sea level variations, determine the non-tidal temporal Earth's gravity field, as well as the non-tidal load effects on the geopotential
coefficients, and then you can calibrate various parameters of the gravity satellite’s key i and i improve and check the quality, reliability, and accuracy of the time-varying

20,4722

monitoring of satellite gravity field.

Using the monitoring data of global surface air pressure, land water and sea level

variations, determine the non-tidal temporal Earth's gravity field, as well as the non-tidal load
effects on the geopotential coefficients, and then you can calibrate various parameters of
the gravity satellite's key measurement equipment, and effectively improve and check the
quality, reliability, and accuracy of the time-varying monitoring of satellite gravity field.

A

i month/day/year
07/02/18 0101719 07/03/19 01/0120 07/02/20

Soil water load deformation with time in Chinese mainland (360 degree model): geoidal variation (mm)
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month/day/year
07/02/18 01/01/19 07/03/19 01/01/20 07/02/20

Soil water load deformation with time in Chinese mainland (360 degree model): ground normal height variation (mm)

i ; i / month/daylyear
07/02/18 01/01/19 07/03/19 01/01/20 07/02/20

Soil water load deformation with time in Chinese mainland (360 degree model): disturbing gravity gradient variation (10uE)

: : : month/dayl/year
07/02118 01/01/19 07/03/19 01/01220

Sea level load deformation with time in Chinese coastal zone (360 degree model): geoidal variation (mm)
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[/ / : I ; month/daylyear |
07/02/18 01/01/19 07/03/19 01/01/20
Sea level load deformation with time in Chinese coastal zone (360 degree model): normal height variation (mm)

month/day/year i

07/0.2118 0110‘1/19 0710'3/19 N ‘ 01/01720
Sea level load deformation with time in Chinese coastal zone (360 degree model): gravity disturbance variation (pGal)

100 T : .

so\f\ ERN i A

S0 Vi P2\ f

-1001 - onth/dayl/year |
07/02/18 01/01/19 07/03/19 01/01/20
Sea level load deformation with time in Chinese coastal zone (360 degree model): disturbing gravity gradient variation (10pE)

4.5 Regional approaching of load-deformation field by Green's Integral

[Purpose] Firstly, execute the program [Computation of tide and load model value by
spherical harmonic synthesis] to calculate and remove the load model values from the
regional surface air pressure, land water, or sea level variation to obtain the residual load
grid. Then, calculate the residual load-deformation field and the temporal gravity field grid
by Green's integral. Finally, execute the program [Computation of load-deformation field by
spherical harmonic synthesis] to calculate and restore the model values grid of the load
effects, to approach the regional load-deformation field and temporal gravity field.

88



The regional load-deformation field and the temporal gravity field can be represented by
the time series of the load effects on various geodetic quantities. The temporal field of one
type of geodetic quantity can be represented by a set of time series files.

4.5.1 Computation of regional residual surface load effects by Green's Integral

[Function] From the regional residual equivalent water height variations grid (cm),
compute the residual surface load effects on the geoid or height anomaly (mm), ground
gravity (uGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas),
vertical deflection (SW, to the south and to the west, mas), horizontal displacement (EN, to
the east and to the north, mm), ground radial displacement (mm), ground normal or
orthometric height (mm), indirect effect of disturbing gravity gradient (mE) or horizontal
gravity gradient (NE, to the north and to the east, mE), direct effect of disturbing gravity
gradient (mE) or horizontal gravity gradient (NE, to the north and to the east, mE) by the
Green's integral.

[Input files] The discrete calculated points file. The regional residual equivalent water
height variations grid file.

The calculated points file record format: Point number (name), longitude, latitude

(decimal degrees), height....

BB Regional approaching of load-deformation field by Green's Integral

Openfile Saveas Importparameters Start computalion  Save process \ Follow example,

« Computation of regional residual surface = Computation of lakes, glaciers, and snow Computation of regional load effects »~: The formula of load effects
— load effects by Green's Integral * load effects by Green's Integral * time series by Green's Integral - by Green's Integral

¥ Open the calculated points file >> Program Process ** Operation Prompts 4. Save program process as
Set the file format

geodetic quantities. -
Number of rows of the file header 0 = >> Select the computation function from the 3 control buttons on the top of the interface.
>> [Function] From the regional residual equivalent water height variations grid (cm), compute the residual surface load effects on the
Column ordinal number of the -
height in the record 4 2 geoid or height anomaly (mm), ground gravity (uGal), gravity disturbance (pGal), ground tilt (SW, to the south and to the west, mas),
vertical deflection (SW, to the south and to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial
ﬂ Open the residual ight grid file (mm), ground normal or orthometric height (mm), indirect effect of disturbing gravity gradient (mE) or horizontal gravity

gradient (NE, to the north and to the east, mE), direct effect of disturbing gravity gradient (mE) or horizontal gravity gradient (NE, to the

Select the type of effects north and to the east, mE) by the Green's integral.
[ geoid or height anomaly (mm) =

v} ground gravity (uGal) (=

e of the surface equivalent water height (cm) grid model.
xt

>> Open the calculated points file C:/ETideLoad4.0_win64er g
** Look at the file information in the window below and set the rof number of the file header..
Opon-d 4-0-

| /| gravity disturbance (pGal) } \ Hren-he-resiguat obeighi-gre-Ho-G-ETdst — dw2018041112.dat.
= >> Save the results as C:/ETideLoad4.0, xt
(£4 ground tit (SW, mas) ¢ I > Sefting parameters have been imported In the program!
| vertical deflection (SW, mas) Click the control button [Start computation], or the tool button [Start computation].....

>> OQmputation start time: 2022-03-04 20:16:20
, >> Complete the computation!
i 9roUNKd radies clspiacetnont (M) 5 >> Compation end time: 2022-03-04 20:16:22 5

/] ground normal or orthometric height (mm) (e =
! indirect effect of disturbing gravity gradient (mE) The type of suNgce Ioad v ) savg the resultsas - Import s%ning parameters 4 |Start computation
[ indirect effect of horizontal gravity gradient (NE, mE)
I/ direct effect of disturbing gravity gradient (mE)

[ direct effect of horizontal gravity gradient (NE, mE)

Integral radiu of the Green funcnon o

| horizontal displacement (EN, mm) (=

Display of the input-sutput file | 4./ Save dzta in the text box as

1.7

< >

Q The regional load-deformation field and the temporal gravity field can be represented by the time series of the load effects on various geodetic quantities. The temporal field of one type of
geodetic quantity can be represented by a set of time series files.

£} Due to shortwave dominance of the residual load effects, the residual load equivalent water height grid is required to have an appropriate spatial resolution to refiect the loads shortwave
characteristics. Otherwise, Green's function integral may be unstable.
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[Parameter settings] Set the calculated points file format parameter, enter the load
Green’s integral radiu, and select the type of surface loads.

[Output file] The regional surface load effects file.

The file header is the same as the input file. Behind the input file record, add one or
several columns of the surface load effects selected as the output file record. In this example,
all types are selected, and there are 16 attributes added to the record.

When computing the load effects of sea level variations, the height of the calculated
point is the normal or orthometric height. When computing the load effects of surface air
pressure or land water variations, the height of the calculated point is the height relative to
the Earth’s surface.

4.5.2 Computation of lakes, glaciers, and snow load effects by Green's Integral

[Function] From the load equivalent water height variations grid (cm) of the inland water-
bodies such as the rivers, lakes, reservoirs, glaciers, and snow-capped mountains, compute
the water-bodies load effects on the geoid or height anomaly (mm), ground gravity (uGal),
gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical
deflection (SW, to the south and to the west, mas), horizontal displacement (EN, to the east
and to the north, mm), ground radial displacement (mm), ground normal or orthometric
height (mm), indirect and direct effects on disturbing gravity gradient (mE) or horizontal
gravity gradient (NE, to the north and to the east, mE) by the Green's Integral.

BB Regional approaching of load-deformation field by Green's Integral

B N 3 5 fn
Openfile Saveas Importparameters Star computalion  Save process \ Follow example
« Computation of regional residual surface .= Computation of lakes, glaciers, and snow Computation of regional load effects »: The formula of load effects
* load effects by Green's Integral = load effects by Green's Integral * time series by Green's Integral - by Green's Integral

W Open the calculated points file >> Program Process ** Operation Prompts
Set the file format

>> Computation start time: 2022-03-04 20:16:20

Number of rows of the file header 1 = >> Complete the computation!

Column ordinal number of the |, - | >> Computation end time: 2022-03-04 20:16:22

height in the record >> [Function] From the load equivalent water height variations grid (cm) of the inland water-bodies such as the river .
\ mountains, compute the residual surface load effects on the geoid or height anomaly (i

7} Open the water-bodies equivalent wabceight grid file | south and to the west, mas), vertical deflection (SW, to the south and to the west, mas). hrizontal displacement (EN =

he
ST radial displacement (mm). ground normal or orthometric height (mm), indirect and direct effects on disturbing gravity

(NE, to the north and to the east, mE) by the Green's Integral
| geoid or height anomaly (mm) } = it at the same sampjing epoch time can be suf _ |

effects by Green's function integral
g ground gravity (iCe) ¥ > Open The calculated points Tl CTETideloadd 0_winbden/examples/Loadfmmigteeninfgiakecalcpnt txt
v
>> Save
>> Setting pa
= Click the conl

=] gravity disturbance (uGal) K at the file information in the window below and set the row Jumber of the fe heafie

P oo S e >> OPwg the water-bodies eauivalent water heiaht arid file C./ETideLbad4,0
gonc e ) results as C./ETideLoad4.0_y ot
vertical deflection (SW, mas) ters have been imported in the program!

T e N puitton [Start octhe toal hutton [Sthat

I — - >> Computation staf

il ground radip [T TOMM | > Complete the comput

| ground normal or orthometric height (mm) (+ >> Computation end time:
indirect effect of disturbing gravity gradient (mE)
indirect effect of horizontal gravity gradient (NE, mE)
direct effect of disturbing gravity gradient (mE)

] direct effect of horizontal gravity gradient (NE, mE)

Integral radiu of the Green funcnon

je: 2022-03-04 20:24:22

# Import settihg parameters & Starticomputation

4} Save data in the tex] box as

£ The regional load-deformation field and the temporal gravity field can be represented by the time series of the load effects on various geodetic quantities. The temporal field of one type of geodetic quantity can be represented
by a set of time series files

£ Due to shortwave dominance of the residual load effects, the residual load equivalent water height grid is required to have an appropriate spatial resolution to reflect the loads shortwave characteristics. Otherwise, Green's
function integral may be unstable.
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[Input files] The discrete calculated points file. The water-bodies equivalent water height
variations grid file.

[Parameter settings] Set the calculated points file format parameter, and enter the load
Green’s integral radius.

[Output file] The inland water bodies load effects file.

The file header is the same as the input file. Behind the input file record, add one or
several columns of the surface load effects selected as the output file record. In this example,
the geoid or height anomaly, ground gravity, ground tilt, horizontal displacement and ground
radial displacement are selected, and there are 7 attributes added to the record.

The equivalent water height variations grid of multiple water bodies at the same sampling
epoch time can be sumed directly, and then you can get the total load effects by Green's
function integral.

If the changes of the inland water bodies such as the rivers, lakes, reservoirs, glaciers,
and snow-capped mountains are represented by the load equivalent water height variations
grid, the program can accurately compute these load effects on various geodetic quantities.

Due to shortwave dominance of the residual load effects, the residual load equivalent
water height grid is required to have an appropriate spatial resolution to reflect the loads
shortwave characteristics. Otherwise, Green's function integral may be unstable.

4.5.3 Computation of regional load effects time series by Green's Integral

[Function] From the regional residual equivalent water height (cm) grids time series,
compute the time series of the residual value of the load effects on various variations on the
computed points in the input file by Green's integral. The residual equivalent water height
variation (cm) grids time series files are extracted according to the given wildcards.

[Input files] The discrete calculated points file. The regional residual equivalent water
height grids time series file.

The time series files of the equivalent water height grids are extracted according to the
given wildcards.

[Parameter settings] Set the calculated points file format parameter and the wildcard
patameters for the surface load equivalent water height grids time series files, enter the load
Green’s integral radiu, and select the type of surface loads.

[Output file] The residual surface load effects files rent ***.txt.

The time of the residual load effects is the sampling epoch time of the surface equivalent
water height grid model.

The number of the output files is equal to the number of time series files of the residual
equivalent water height variation grid. Here, *** are the wildcards of the variation grids time
series files names, whose instance can identify the sampling epoch time of the load effects.

The computation process needs to wait...During the period, you can open the output
files folder to look at the computation progress!

91



The last attribute of each output file header is the instance of the wildcards of the time
series file name of the residual equivalent water height grid model, which represents the
sampling epoch time of the output file.

Gravity gradient ultrashort waves are dominant, and its surface load effects are bigger.
In order to fully display the spatial inhomogeneity of direct and indirect load effects on gravity
gradient, the program divides the load effects on gravity gradient into the direct and indirect
effects with their unit enlarged from 10uE to mE.

B Regional approaching of load-deformation field by Green's Integral

B N ¥ ¥ &g A
Openfile Saveas Importparameters Start computalion  Save process \JFollow example

.= Computation of lakes, glaciers, and snow

+s Computation of regional residual surface
* load effects by Green's Integral

* load effects by Green's Integral

. . Computation of regional load effects
_ time series by Green's Integral

** Look at the file information in the window below and set the row number of the file header.

= The formula of load effects
by Green's Integral
4. Save program process as

& Open the calculated points file
Set the file format

>> Program Process ** Operation Prompts

Number of rows of the file header 1

Column ordinal number of the 4
height in the record

Set the wildcard of the file names
Ordinal number of the first
wildcard in the file name
Number of consecutive
wildcards in file name

Select the type of effects

|12} Open any residual equivalent waly

2 >>Open any residual equivalent water height grid file C/ETideLoadd.0_

17010412 dat.

>> Create or select results folder C:/ETideLoad4.0_\

: ** The output file name is rent"*".txt. The number of the files is equal to the number of time series files of the residual equivalent water height variation
(cm) grid. *** are the wildcards of the variation grids time series files names, whose Instance can identify the sampling epoch time of the load effects.

height grid file ** The EWH grid files searched by wildcard instantiation:

C:/ETideLoad4.0_\
C:/ETideLoad4.0_wi .oadfmm
C:/ETideLoad4.0, oadfm

17010413 dat
17011112jdat
17011812]dat

There are 3 EWH grid files searched by wildcard instantiatios
>> Setting parameters have been imported in the program!

** Click the control button [Start computation], or the tool button [Start computation]..
** The computation process needs to wait... During the computation period, you can open the output files folder C:/ETideLoad4.0_win64en/examples/

o

L to look at the

s the instance of the wildcards of the time series file name of the residual equivalent water height grid
je of the output file.
R

n)

[M geoid or height anomaly (mm)
[] ground gravity (uGal) (=

[~ gravity disturbance (pGal) }
L] ground tilt (SW, mas) (=

[] vertical deflection (SW, mas)

[] horizontal displacement (EN, mm)

[M ground radial di (mm) (=) }
[l ground normal or orthometric height (mm) (=

[ indirect effect of disturbing gravity gradient (mE}
[ indirect eflect of horizontal gravity gradient (NE.ImE)

[ rent2oiroionz. et ]
tunctiof 500km

odel, which represents the sampling epoch tin{
Computation start time: 2022-03-04 20:41:

field!

o
>> Cogputation end time: 2022-03-04 20:42:48}

=) Set the results folder & Start

3 Import setting

4! Save data in the text box as.

Integral radiu of the Greer 1T 20170104

18 1
£ The regional load-defprmation field and the temporal gravity field can be represented by the time series of the load effects on various geodetic quantities. The temporal field of one type of geodetic qrznmy can be
by a set of time.series files.

£ Due to shortwave dominance of the residual load effects, the residual load equivalent water height grid is required to have an appropriate spatial resolution to refiect the loads shortwave characteristics

Otherwise, Green's function integral may be unstable.

20F

10

month/day/year |
07/02/20

-20¢ 3 H R 4 i =/ et i %
07/02/18 01/01/19 07/03/19 01/01/20

30'x30’ Residual soil water load effects on gravity disturbance (pGal) on in Chinese mainland (Green integral)

The Green integral computations show that the residual soil water variations in medium
and short waves (30’ spatial resolution) can cause time-varying gravity gradients above the
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mE level which is no obvious time-varying feature (difficult to model).

month/daylygar

L i 1 " .
07/02/18 01/01/19 07/03/19 01/01/20 07/02/20

Indirect effects of 30'x30' Residual soil water on disturbing gravity gradient (mE) on in Chinese mainland (Green integral)

month/day/year
07/02/18 01/01/19 07/03/19 0101120 07/02/20
Direct effects of 30'x30’ Residual soil water on disturbing gravity gradient (mE) on in Chinese mainland (Green integral)

s

e & A O o N & &
T~ T - T

4 : : 2 montl::ldaylyear |
07/02/18 01/01/19 07/03/19 01/01/20 07/02/20
Direct effects of 30°x30’ Residual soil water on horizontal gravity gradient (East, mE) on in Chinese mainland (Green integral)

After superimposing the effects of ultrashort-wave surface water and groundwater loads,
the time-varying magnitude of the ground disturbance gravity gradient can reach 100 mE,
while that of the horizontal gravity gradient can reach hundreds of mE. This complex dynamic
environment without obvious spatiotemporal features will seriously restrict the realization of
ground gravity gradient measurement with mE level accuracy. So, it is not recommended to
measure the horizontal gravity gradient directly on the ground or at low altitudes.
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4.6 Estimation of land water variations based on multi-monitoring networks

[Purpose] Using various geodetic variations of the ground sites such as the regional
CORS network, solid Earth tide stations, or various geodetic networks as the observations,
and the regional load Green’s integral as the geodynamic constraints, estimate the
spatiotemporal variations of the land water.

The program requires that the long-wave parts of the load effects on the geodetic
variations should be removed in advance either by calculating the known load effects with
the air pressure, surface water, and sea level variations, or using the temporal satellite
gravity field model, to suppress the far-region effects and meet the condition of the local
Green's integral.

Furtherly combining the function [Computation of tide and load model value by spherical
harmonic synthesis], [Computation of load-deformation field by spherical harmonic
synthesis], and [Regional approaching of the load-deformation field by Green's Integral], you
can effectively monitor regional land water variations, load-deformation field, and temporal
gravity field.

Please refer to the program [CORS/InSAR collaborative monitoring and ground stability
variations estimation] for the unified method of spatiotemporal datum frame for various
geodetic variations.

4.6.1 Estimation of land water variations from various geodetic variations

[Function] Using the ground ellipsoidal height (mm), ground gravity (uGal), ground
normal or orthometric height (mm) variations unified in the spatiotemporal frame as the
observations, and the load Green's integral as the geodynamic constraints, estimate the
equivalent water height variations (cm) grid of the regional land water.

[Input files] The geodetic variation records time series file. The estimated region zero
value grid file.

The geodetic variation records time series file. The file header contains the time series
length and the sampling epoch time arranged with time. Record format: the site name,
longitude, latitude, height, variation type, weight, ..., variations arranged in time series length
(default value is 9999.0000).

Variation type = 1 represents the height anomaly (mm), = 2 represents gravity
disturbance (uGal), = 3 represents ground gravity (uGal), = 4 represents ground ellipsoidal
height (mm), = 5 represents ground normal or orthometric height (mm).

The program requires that the estimated region range must be greater than the geodetic
site’s distribution range to absorb the edge effects. The estimated region grid is used to
specify the latitude and longitude range and spatial resolution of the estimated land water
variations grid. Generally, the values of the estimated region grid are always equal to zero,
which means that the estimated land water loads locate on the surface.

[Parameter settings] Set the geodetic variation records time series file format parameter
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and the iteration conditio patameters, enter the column ordinal number of current variation,
load Green’s integral radiu and average distance between sites.

Termination condition of the iteration: the sign of the average of the residual values of
the geodetic variations occurs reverse, or the difference between the current residual
standard deviation and the previous iteration residual standard deviation is less than a% of
the standard deviation of the source geodetic variations.

2 A
% Open geodetic variation records time series file ~ Estmaton of s vater varatons s Esmaton ot anvetr g e saris
File parameters of the records time series 17O various geodetic variations from various geodetic variations

Column ordinal number of first epoch time in header 5 >> Program Process ** Operation Prompts 4./ Save program process as

Column ordinal number of the first variation in record |8
with the air pressure, surface water, and sea level variations, or using the temporal sateliite gravity field model. to suppress the far-region effects and meet the condition of
the local Green's integral
>> Select the computation function from the 2 control buttons on the top right of the interface
> [Function] Using the ground ellipsoidal height (mm), ground gravity (Gal), ground normal or orthometric height (mm) variations unified in the spatiotemporal frame as.
thegbservations, and the load Green's integral as the geodynamic constraints, estimate the equivalent water height variations (cm) grid of the regional land water.

* The file header contains the time series length and the sampling epoch time arranged in time series length. Record format: the site name, longitude, latitude. height
variations arranged in time series length (default value is 9999.0000).

Column ordinal number of variation type 6
Column ordinal number of variation weight |5
Column ordinal number of current variation ' 12.
Average distance between monitoring sites 20.0
2} Open the estimated region zero value grid file'

Load Green's integral radiu 240km

Maximum number of iterations |50

G4en/exampl es 60C
oss statetical mtnm:z-e" ’\'e ;w: the. w"\.z geocwc m";w"v; filento-the-current folder,-namely.C+/ETideL0add 0_winBaen!
0 15061600 sta and C/ETideLoad4.0_\ 1600.mt

Termination condition of residusj decrease (a) | 0.5 %

Display of the input-output file.

116.5 1

£ Combining the function [Computation of tide and load model value by spherical harmonic synthesis). [Computation of load-deformation field by spherical harmonic synthesis]. and [Regional approaching of the load-deformation field by
Green's Integral], ETideLoadd.0 can effectively monitor land water variations, load-deformation field, and temporal gravity field

£ The program requires that the estimated region range must be greater than the geodetic site’s distribution range to absorb the edge effects. The estimated region grid Is used to specify the latitude and longitude range and spatial
resolution of the estimated land water variations grid. Generally, the values of the estimated region grid are always equal to zero, which means that the estimated land water loads locate on the surface.

[ After the estimation is completed, the residual value files should be opened to check the results. The first few rows of the file indicate the change information of the mean and standard deviation of the residual value with the number of
iterations. If necessary, the integral radius or the number of iterations should be adjusted (there is a certain correlation between the two), and the iterative estimation should be performed again.

[Output files] The equivalent water height variations grid file, the iterative process
statistical information file, and the residual geodetic variations file.

4.6.2 Estimation of land water grids time series from various geodetic variations

[Function] Using the variation records time series of the ground ellipsoidal height (mm),
ground gravity (uGal), ground normal or orthometric height (mm) as the observations time
series, the Green's integral as the geodynamic constraints, estimate the variation grids time
series of the land equivalent water height (cm).

[Input files] The geodetic variation records time series file. The estimated region zero
value grid file.

[Parameter settings] Set the geodetic variation records time series file format parameter
and the iteration conditio patameters, enter the load Green’s integral radiu and average
distance between sites.

[Output files] The estimated equivalent water height grid file ewh***.dat, iterative process
statistical information file ewh***.sta and residual geodetic variations file rnt***.txt. Here, ***
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are the sampling epoch time that is also the 7th attribute in the header of the grid file
ewh***.dat.

The residual variations time series (a residual variations file at each sampling epoch
time) can be furtherly used to evaluate the stability of the sites and the quality of the geodetic

monitoring data.

B N : ¥ it A-
Openflle Saveas Importparameters ~S'af esimaton  Save process \JFollow example
3 Open geodetic variation records fime serics flle - Estimation of land water variations 5+ Estimation of land water grids time series
¥
S RS R from various geodetic variations. from various geodetic variations
Column ordinal number of frst epoch time in header |5 |3 > program Process ** Operation Prompts 4.+ Save program process as
Column ordinal number of the first variation in record <
S\ >> Computation start time: 2022-03-04 21:35:10
Column ordinal number of variation type |6 > Complete the estimation!
Column ordinal number of variation weight |5 : -omputation end time: 2022-03-04 21:35:35
. - >>Ruqetion] Using the variation records time series of the ground ellipsoidal height (mm), ground gravity (Gal), ground normal or orthometric height (mm) as the observations
verage distance between monitoring sites| 20.0 K *time the Green's integral as the geodynamic constraints, estimate the variation grids time series of the land equivalent water height (cm)
** The fllegader contains the time series length and the sampling epoch time amanged in time series length. Record format. the site name, longitude, latitude, height, variation
(2} Open the estimated region zero value grid file e, weight, yariations arranged in time series length (default value is 9999.0000).
SR gen geodativaiato records tme seresfle C:ETideLoadd.0_winGsen/examples|fGadewhgeodatcesimCORSad b
Load Green's integral radiu | 240km 3 t the fie infoguation in the window below and set the flle parameters of the
= (> gstimated grid file C./ETicel 0add 0, dat
Maximum number of iterations | |50 | >> Crealhy Svigct the resiRy{older [o/E TideLoad4.0, |
. . *The prog uts the eSilhated EqUVATEHT Waler TRt gid Tles Ewh™ Gal_ eralive process Staustcal formation mena residual geodetic variation files
Jarnirefion condiion of reekivegdecrsae (8);10.5 % T mt*™ txt into the ugreMJolder. H * are the sampiing epoch time that is also the 7th atiribute in the header of the grid file ewh*™ dal
>> Setting parametetadapeen i in the program!
** Click the control buttm(Staq estima the tool button (Start estimation]
** The estimationn processhegad wai the estimation period. you can open the output files foider C-/ETideLoadd.0_win6den/examples/Loadewhgeodeticestm/
ewnhgridtmto ook at the CompubRiQRpgres:
>> Computation start time: 2022-03X 356
> L
>d
meters & Start estimation
Display of the input-output file] i 22m203 . ! : 4 Save data In the text box as

L | e VY [

1 Combining the function [Computation of tide and load model value by spherical harmonic synthesis), [Computation of load-deformation field by spherical harmonic synthesis], and [Regional approaching of the load-deformation field by Green's
Integral, ETideLoadd.0 can effectively monitor land water variations, load-deformation field, and temporal gravity field.

Q) The program requires that the estimated region range must be greater than the geodetic site's distribution range to absorb the edge effects. The estimated region grid is used to specify the latitude and longitude range and spatial resolution of the
estimated land water variations grid. Generally, the values of the estimated region grid are always equal to zero, which means that the estimated land water loads locate on the surface.

L After the estimation is completed, the residual value files should be opened to check the results. The first few rows of the file indicate the change information of the mean and standard deviation of the residual value with the number of iterations. If
necessary, the integral radius or the number of iterations should be adjusted (there s a certain correlation between the two). and the iterative estimation shoukd be performed again.

After the estimation is completed, the residual value files should be opened to check the
results. The first few rows of the file indicate the change information of the mean and
standard deviation of the residual value with the number of iterations. If necessary, the
integral radius or the number of iterations (there is a certain correlation between the two)
should be adjusted, and the iterative estimation should be performed again.

4.7 Estimation of high-resolution land water variations from CORS/InSAR

[Purpose] Using the high-resolution InSAR variations unified in the CORS network
monitoring frame as observations, the regional load Green’s integral as the geodynamic
constraints, estimate the land water variations with high spatiotemporal resolution.

The program requires that the long-wave parts of the load effects on the InSAR
variations should be removed in advance either by calculating the known load effects with
air pressure, surface water, and sea level variations, or using the temporal satellite gravity
field model, to suppress the far-region effects and meet the condition of the local Green's
integral.

Please refer to the program [CORS/INSAR collaborative monitoring and ground stability
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variations estimation] for the unified method of the spatiotemporal monitoring frame for multi-
source InSAR vertical deformation.
4.7.1 Estimation of land water variations from InSAR variations

[Function] Using the high-resolution INSAR variations as the observations, the load
Green's integral as the geodynamic constraint, estimate the equivalent water height grid (cm)
of the regional land water.

[Input files] The INSAR variation records time series file. The estimated region zero value
grid file.

The InSAR variation records time series file. The file header contains the time series
length and the sampling epochs arranged in time series length. Record format: the point
no/name, longitude, latitude, ..., INSAR variations arranged in time series length (default
value is 9999.0000).

[Parameter settings] Set INSAR variation records time series file format parameter and
the iteration conditio patameters, enter the column ordinal number of current variation and
load Green’s integral radiu.

Termination condition of the iteration: the sign of the average of the residual values of
the geodetic variations occurs reverse, the difference between the current residual standard
deviation and the previous iteration residual standard deviation is less than a% of the
standard deviation of the source geodetic variations.

B Estimation of high-resolution land water variatioas from CORS/INSAR

= oy = = -
B B ¥ a3t A
Openfile Saveas Importparameters 52 Save process \Follow example,
B Open INSAR variation records time series file — Estmaton of and watorvaraions . Estmaton ofa vater variton
File parameters of the records time series SfomiosaRYarkions grids time series from INSAR

Column ordinal number of first epoch time in header |3 * >>Program Process ** Operation Prompts 4./ Save program process as
Column ordinal number of the first variation in record/|4 :

- | the geodynamic constraints, estimate the land water variations with high spatiotemporal resolution. ~

Column ordinal number of current variation |6 ~ | >> Please refer to the program [CORS/INSAR collaborative monitoring and ground stability variations estimation] for the unified method of the spatiotemporal
frame for multi InSAR vertical i
_"} Open the estimated region zero vajde file >> Select the computation function from the 2 control buttons on the top right of the interface.
>> [Function] Using the high-resolution InSAR variations as the observations, the load Green's integral as the geodynamic constraint, estimate the equivalent

Load Green's integral radiu 200km 3 | | water height grid (cm) of the regional land water.

| >> The file header contains the time series length and the sampling epochs arranged in time series length. Record format: the point noiname, longitude,
Maximum numbers of iterations | 6 = | latitude, ..., INSAR variations arranged in time series length (default value is 9999.0000)

o - e . txt
condition of @ fs5% * Look at the file information in the window below and set the file parameters of the r6cords Tme Senes. ]

>> Open the estimated region grid file C:/ETideLoad4.0_\ dat
>> Save the results as C/ETideLoadd.0_y 1 SAR dat
>> The program outputs the iterative process statisticgl m}nmanm.&ia.aqg the residual INSAR vanations file into the current folder, namely C:/
ETideLoad4.0_y sta - = mt.
> Setting parameters have been imported in the progral————
 Click the control button [Start estimation], or the topi button [Start estimation]

>N\Computation start time: 2022-02-08 22:32:05
S6314 201 ;\ sigsos zorsoscqation!

je: 2022-02-08 22:44:18

the results as 2~ Import setting paranJ

£ The program requires that the long-wave parts of the load effects on the InSAR variations should be removed in advance either by calculating the known load effects with air pressure, surface water, and sea level variations,
or using the temporal satelite gravity field model, to suppress the far-region effects and meet the condition of the local Green's integral.

£ Termination condition of the iteration: the sign of the average of the residual values of the InSAR variations occurs reverse, the decrease in the standard deviation of the residual value is less than a% of the standard
deviation of the source variations.

£\ After the estimation is completed, the residual value files should be opened to check the results. The first few rows of the file indicate the change information of the mean and standard deviation of the residual value with the
number of iterations. If necessary, the integral radius of the number of iterations should be adjusted (there is a certain correlation between the two), and the iterative estimation should be performed again

[Output files] The equivalent water height variations grid file, the iterative process
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statistical information file, and the residual INSAR variations file.

4.7.2 Estimation of land water variation grids time series from INSAR

[Function] Using the high-resolution INSAR variation (mm) records time series as the
observations time series, the Green's integral as the geodynamic constraints, estimate the
variation grids time series of the land water equivalent water height (cm).

[Input files] The INSAR variation records time series file. The estimated region zero value
grid file.

[Parameter settings] Set INSAR variation records time series file format parameter and
the iteration conditio patameters, enter the load Green’s integral radiu.

[Output files] The estimated equivalent water height grid files ewh***.dat, iterative
process statistical information files ewh***.sta and residual InSAR variations files rnt***.txt.
Here, *** are the sampling epoch time that is also the 7th attribute in the header of the grid
file ewh***.dat.

After the estimation is completed, the residual value files should be opened to check the
results. The first few rows of the file indicate the change information of the mean and
standard deviation of the residual value with the number of iterations. If necessary, the
integral radius or the number of iterations (there is a certain correlation between the two)
should be adjusted, and the iterative estimation should be performed again.

Openfie Saveas Import parameters

4 Open InSAR variation records time series file - Estimation of land water variations _ , Estimation of land water variation

¥ ; &
File parameters of the records time series. oM inSAR varistions grids time series from InSAR

Column ordinal number of first epoch time in header = >>Program Process ** Operation Prompts it Save program process as
Column ordinal number of the first variation in record/{4
>> Computation end time: 2022-02-08 22:44:18 ~
> [Function] Using the high-resolution INSAR variation (mm) records time series as the observations time series, the Green's integral as the geodynamic
2} Open the estimated region zero value/rid constraints, estimate the variation grids time series of the land water equivalent water height (cm)
| | >> The file header contains the time series length and the sampling epochs arranged in time series length. Record format: the point no/name, longitude,
~ || latitude, ..., INSAR variations arranged in time series length (default value is 9999, 00!

Load Green's integral radiu | 200km /

Maximum numbers of iterations| 6 txt.

T || ** Look at the file information in the window below and set the file parameters of the (6CoTas TMe Serm
b) 05 % 2 |>> Open the estimated region grid file C/ETideLoad4.0_ dat

Termination condition of residual decredse
>> Create or select the resylts folder C/ETideload40 whinSARtm. .

** The program outputs the estimated equivalent water height grid files ewh*"* da iterative procesq statistical information files ewh™™ sta hind residual
InSAR variation files mt™* It Into the current foider. Here, - are the sampiing epoch time that is alsc Thé 7Ih atfibute n the header of the grid file
ewh™™" dat

/ >> Setting parameters have been imported in the program!

** Click the control button [Start estimation), or the tool button [Start estimation]
** The estimationn process needs to wait... During the estimation period, you can open the output files folder C/ETideLoad4.0_win64en/examples/
L .10 look at the C progress!!
>> G start time: 2022-02-08 22:47:37
sisas0san 201ssseqmation of 6 equivalent water height grids!
2,900 ltime: 2022-02-08 23:36:11 v

PRIV EUTe

he results folder + Import setting parameters & Start estimation

4.! Save data in the text box as

] N&,;‘

| Ry

[ The program requires that the long-wave parts of the load effects on the INSAR variations should be removed in advance either by calculating the known load effects with air pressure, surface water, and sea level variations,
or using the temporal satellite gravity field model, to suppress the far-region effects and meet the condition of the local Green's integral.

£ Termination condition of the iteration: the sign of the average of the residual values of the InSAR variations ocours reverse, the decrease in the standard deviation of the residual value is less than a% of the standard
deviation of the source variations.

£\ After the estimation is completed, the residual value files should be opened to check the results. The first few rows of the file indicate the change information of the mean and standard deviation of the residual value with the
number of iterations. If necessary, the integral radius or the number of iterations should be adjusted (there is a certain correlation between the two), and the iterative estimation should be performed again
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4.8 Geodynamic calculation on geodetic field grids time series

[Purpose] Calculate the time difference, space horizontal gradient, or two vector grids
inner product of the ground deformation field grids time series to display their spatiotemporal
geodynamic characteristics.

4.8.1 Time difference operation on variation (vector) grids time series

[Function] Sort the input variation (vector) grids time series files according to the
sampling epoch time (the seventh attribute of the file header), and then calculate the
variation rate at two neighboring sampling epochs to generate the variation (vector) rate
grids time series. Here, the sampling epoch time of the current grid is equal to the average
of the before and after sampling epochs of the variation (vector) grids, the unit of the variation
rate is per k day, and k is the given differential time scale factor.

The variation (vector) grids time series files are extracted according to the given
wildcards. For the variation vector grids time series, the program requires them to be in the
form of horizontal coordinates.

[Input files] The variation (vector) grids time series files.

Bl Geodynamic calculation on geodetic field grids time series

B M 3 F 8 (e

Openfile Saveas Importparameters Start compulation  Save process N\ Follow example
& Open any of variation grids time series files .. Time difference operation on variation . . Horizontal gradient calculation , Inner product operation of two groups
Set the wikdicard of the grid ile names vector) grids time series on batch variation grids on vector grids time series
Orddinal number of the first wildcard in the, E IS Program Process ** Operation Prompts 4. Save program process as
Number of consecutive wildcards in file narhe_6 -
C:/ETreteadd 0 01504 |txt (ol

C:/ETideLoad4.0, nplesiL )1505|txt

R C:/ETideLoad4 0_wm64en/;msla7tmdlmnnnu 1506txt

Set the differential time scale factor = C:/ETideLoad4.0_ i 4mgrid/dmzP01507}txt
C/ETideL. = o 1508]txt

C:/ETideLoad.0_\ 01509]txt

C:/ETideLoad.0_\ )1510|txt

C:/ETideLoad.0_\ 1511 jtxt

C:/ETideLoady.0_\ 201512ftxt

>> There are 12 grid time series files searched by wildcard instantiation
>> Setting parafneters have been imported in the program!
** Click the corftrol button [Start computation], or the tool button [Start computation]

>>C time: 2022-03-04 22:32:20

>> Complete th¢ computation! [There are 11 variation rate grid dat. *** the sampling epoch time

of the variation fate grid file, and is also 7th atrribute of the file header.

>> Computationjend time: 2022-03-04 22:32:20 v
[ save the results folder # Import setting parameters & Start computation

Display of the input-output file| 4./ Save data in the text box as

118. A

pridtmdynca... v o #%"Loadfmgridtmdyncal

Loadfmgridtmd... > diftmgrd v o FE"dift

diff2015013106.dat 022/1/1 1
diff2015030118.dat 11 1
diff2015050100.dat

diff2015053112.dat 2
diff2015080100.dat ( 1 1
diff2015083112.dat 022/1/12
diff2015100100.dat ( 1712 1
diff2015103112.dat 11 1
diff2015120100.dat 2022/1/1 1

diftmgrd gradtm inner tmgrid

vtmgrid 01.png 02,png 03.png

[Parameter settings] Set the wildcard patameters for the variation (vector) grids time
series files, enter the differential time scale factor k.
[Output files] The variation (vector) rate grids time series files.
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4.8.2 Horizontal gradient calculation on batch variation grids
[Function] From batch variation grids files with the same grid specifications in the
specified folder, calculate horizontal gradient vector grids (per km). The horizontal gradient
vector can be output in the form of polar coordinates or EN horizontal coordinates. The

variation grid files are extracted according to the given wildcards.

Bl Geodynamic calcutation on geodetic field grids time series

B E; Tfl e & &z Rn

Openfile Saveas Importparameters Start computation  Save process \ Follow example

8 Open any of variation grids time series files ... Time difference operation on variation .. Horizontal gradient calculation ., Inner product operation of two groups
Set the wildcard of the grid file names " (vector) grids time series “_* on batch variation grids on vector grids time series

Orddinal number of the first wildcard in the fffe name |5 * >>Program Process ** Operation Prompts 4t Save program process as
Number of consecutive wildcards in file nathe_6 - g
(o] 0 201504 txt IS

C:/ETideLoad4.0_wiro# ples/Loadfmgridtmdyncalc/tmgrid/dmz20150 txt
esm:

C:/ETideLoad4.0_\ plesy 1508 txt
The form of horizontal gradient vector C:/ETideLoad4.0_) atr ‘@-d.lim 01507 txt
C:/ETideLoad4.0_\ 1504 txt
C:/ETideLoad4.0_wi )1509 txt
C:/ETideLoad4.0_\ D151 txt
C:/ETideLoad4.0_\ )1511jtxt

C:/ETideLoad4.0_\ 1513 txt

>> There are 12 grid time series files searched by wildcard instantiation
>> Setting parameters have been imported in the program!

** Click the control button [Start computation], or the tool button [Start computation]
>> Computation start time: 2022-03-04 22:37:43
>> Complete the computation!|[There are 12 variation horizontal gradient vector grid fime series files grad***.dat. *** represents the
sampling epoch time of the variation horizontal gradient viector grid file, is also 7th atrribute of the file header.
>> Computation end time: 2022-03-04 22:37:44

[ Save the results folder 3 Import sefting parameters & Start computation

Display of the input-output file| 4. Save data in the text box as

~4Yridtmdynca..

Windows (C) > ETideLoad4.0 winbden > examples > Loadfmgridtmdyncalc > g

grad2015011612.dat
rad2015021500.dat
grad2015031612.dat
grad2015041512.dat
9rad2015051612.dat
grad2015061512.dat
rad2015071612dat
9rad2015081612.dat
9rad2015091512.dat
9rad2015101612.dat
9rad2015111512.dat
9rad2015121612.dat

diftmgrd gradtm inner tmarid|

vimgrid 01.png 02.png 03png

7.07 ~6.¢6

4.8.3 Inner product operation on two groups of vector grids time series

[Function] Calculate the inner product grids time series from two groups of variation
vector grids time series in the form of the EN horizontal rectangular coordinates with the
same grid specifications.

The variation vector grid files are extracted according to the given wildcards.

The program allows a group of vector grid files with only one sampling time. When the
two groups are both vector grids time series, the program requires one-by-one
correspondence between the sampling epochs.
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5 CORS/InSAR collaborative monitoring and stability estimation

The group of programs can be used to construct an accurate geometric and physical
spatiotemporal monitoring frame with regional unification, long-term stability, and high
robustness performance, and then perform scientific computations for the collaborative
monitoring of the CORS network and multi-source InSAR. From the variation grids time
series of the geodetic deformation field, quantitatively and continuously monitor the regional
ground stability variations by constructing some quantitative criteria for the ground stability

reduction.

5 CORS/InSAR collaborative monitoring and ground stability estimation

CORS/InSAR collaborative monitoring and ground stability estimation

A g x‘%
y »!
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Pseudo-stable adjustment of records Gross error detection and spatial Cooperative monitoring and : ; .
time series for geodetic network deformation analysis on INSAR processing of CORS network and Deep fusion and time series analysis
variations variations INSAR on multi-source INSAR variations

3
4

Calculation of ground stability variation Calculation of ground stability variation Calculation of ground stability variation Statistical synthesis and prediction of
based on vertical deformation based on gravity variations based on variation vectors ground stability variations

CORS and InSAR collaborative monitoring principle for vertical deformation

£ Through the gross error detection, spatial filtering, and time series analysis, the INSAR vertical variation is separated into two parts, one part is the vertical deformation of
the rock and soil layer several meters deep, and the other part is the expansion and contraction of the soil own. Only the former is compatible with most geodetic variations,
while the latter is mainly affected by the temperature and rainfall and should not be regarded as a solid Earth deformation.

£ Using the CORS network ellipsoidal height variations time series as the constraints on the multi-source InSAR vertical variations time series, separate the ground vertical
deformation signal, and then realize the collaborative monitoring of the CORS network and multi-source INSAR.

£} Only the vertical deformation of the rock and soil layer several meters deep is the useful information needed for monitoring of the ground subsidence, earthquakes,
geological disasters, ground stability variations, solid Earth deformation, groundwater variations, and geodynamics.

Functions frame of CORS/INSAR collaborative monitoring and ground stability variations

Continuous quantitative monitoring of ground y
L) From the grids time series of the geodetic vertical deformation, ground gravity, and tilt variations, quantitatively and continuously monitor ground stability variations by
constructing the quantitative criteria for the ground stability reduction.

[ Quantitative criteria of the ground stability reduction can include that the ellipsoidal height ir , the gravity , the horizontal gradient of the height or gravity
variation is large, and the inner product of the tilt variations and terrain slope vector is greater than zero.
£\ According to the i that d, optimize and ize a variety of g ic ground stability variation grids time series to adapt to the local

environmental geology, and then consolidate regional stability variations monitoring capabilities.

CORS and InSAR collaborative monitoring principle for vertical deformation:

(1) Through the gross error detection, spatial filtering, and time series analysis, the
INSAR vertical variation is separated into two parts, one part is the vertical deformation of
the rock and soil layer several meters deep, and the other part is the expansion and
contraction of the soil own. Only the former is compatible with most geodetic variations, while
the latter is mainly affected by the temperature and rainfall and should not be regarded as a

solid Earth deformation.
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(2) Using the CORS network ellipsoidal height variations time series as the constraints
on the multi-source INSAR vertical variations time series, separate the ground vertical
deformation signal, and then realize the collaborative monitoring of the CORS network and
multi-source InSAR.

(3) Only the vertical deformation of the rock and soil layer several meters deep is the
useful information needed for monitoring of the ground subsidence, earthquakes, geological
disasters, ground stability variations, solid Earth deformation, groundwater variations, and
geodynamics.

Continuous quantitative monitoring scheme of ground stability variations:

(1) From the grids time series of the geodetic vertical deformation, ground gravity, and
tilt variations, quantitatively and continuously monitor ground stability variations by
constructing the quantitative criteria for the ground stability reduction.

(2) Quantitative criteria of the ground stability reduction can include that the ground
ellipsoidal height increases, the gravity decreases, the horizontal gradient of the height or
gravity variation is large, and the inner product of the tilt variations and terrain slope vector
is greater than zero.

(3) According to the geological disasters that occurred, optimize and synthesize a variety
of geodetic ground stability variation grids time series to adapt to the local environmental
geology, and then consolidate regional stability variations monitoring capabilities.

5.1 Pseudo-stable adjustment of records time series for geodetic network
variations

[Function] Using the variations time series of the GNSS baseline components, height
differences of the leveling route, or gravity differences of the gravity control network as the
observations, and a given group of sites reference values time series as the pseudo-stable
references, estimate the variations time series of the coordinate component of the CORS
network sites, the height of the leveling network sites or the gravity of the gravity network
sites by the indirect least squares adjustment method.

The program can be used to construct an accurate geometric and physical
spatiotemporal monitoring frame with regional unification, long-term stability, and high
robustness performance.

The program requires that all the variations are strictly synchronized at each sampling
epoch time, and the reference epochs of all the records time series of all the variations need
be unique.

[Input files] The observed variation records time series file of the geodetic network. The
reference variation records time series file of the reference sites.

(1) The observed variation records time series file of the geodetic network (consists of
the baselines or routes). The file header includes the number of characters of the baseline
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or route name, the number of characters of the site name, the sampling length, ......, all the
sampling epochs arranged with time.

The record includes the baseline or route name, the starting site (longitude, latitude,
height), the ending site (longitude, latitude, height), ......, all the observed variations
arranged with sampling time (default value is 9999).

(2) The variation records time series file of the reference sites. The file header contains
all the sampling epochs arranged with time. The record format: the site name, longitude,
latitude, height, ..., all the variations arranged with sampling time (default value is 9999).

The relations between the baselines (or routes) and the pseudo-stable reference sites
in the geodetic monitoring network are reflected with the composition of the characters of
their name. A baseline or route name is agreed to be composed of site names A and B at
both ends (B***A), where the number of characters of all the sites names is required to be
equal. Therefore, the number of characters of the baseline or route name shall not be less

than twice the number of characters of the site name.

“ _ Pseudo-stable adjustment of records tim ies for geodetic network varlations
~ S = - —
B N 4 I az
Openfile Saveas Importparameters Startad ent  Save process \_Follow example,
) Open the observed variation records time series >> Program Process ** Operation Prompts 4. Save program process as
file of the geodetic network
Setihe o foriat Faranatr >> [Function] Using the variations time series of the GNSS baseline components, height differences of the leveling route, or gravity "
differences of the gravity network as the observations, and a given group of sites reference values time series as the pseudo-
jumn ordinal number of first ch time in header |4 Y stable references, estimate the variations time series of the coordinate component of the CORS network sites, the height of the
co alnu st epo ade leveling network sites or the gravity of the gravity network sites by the indirect least squares adjustment method
Column ordinal number of starting MJDO in header [5 % =1 | >>The program can be used to construct an accurate and physical frame with regional

unification, long-term stability, and high robustness performance
** The program requires that all the variations are strictly synchronized at each sampling epoch time, and the reference epochs of
all the records time series of all the variations need be unique
>>\gpen the observed variation records time series file of the geodetic network C:/ETideLoadd.0_win64en/examples/
o

Column ordinal number of the first variation in record |8

) Open the reference variation records time series
file of the reference sites

R o e IGHTATon i The text o below, se the format parameters of he observed variaton records time series
Set the file format parameter

enge variation records time series file of the sites CH/E 0.
R U
Colime ceringl nor) bhe variation records time series file of the

Column ordinal numier of starting MJDO in header 5

Column ordinal numier of the first variation in record 6 fcords time series file of the reference sites.

fluesarranged with sampling epoch time.
Column ordinal numier of the weigh attribute |5

The constraint mode offthe
pseudo-stable referencks  veidnted average with referen

14.0_win6den/examples/

s. The record format: the site name,
anged with sampling time.
5 ow of the file is the weighted average time

** When selecting the
series of the reference values of the source reference sites.
>> Calculation end time: 2022-02-27 02:51:59

!'jg Save theresults as 3 Import setting parameters & Start adjustment
-] i

Display of the input-output file |

£ The relations between the baselines (or routes) and the pseudo-stable reference sites in the geodetic monitoring network are reflected with the composition of the characters of their name. A baseline or
route name is agreed to be composed of site names A and B at both ends (B**"A), where the number of characters of all the sites names is required to be equal. Therefore, the number of characters of the
baseline or route name shall not be less than twice the number of characters of the site name.

£ When selecting the constraint of "weighted average with reference values", the program requires that the observed variation records time series are one-by-one correspond with the sampling epoch time of
the reference value records time series. When selecting the constraint of “weighted average with zero values”, the adjusted results time series only reflect the relative deformation of the region, whose
deformation properties are similar to INSAR variations time series.

[Parameter settings] Set the records time series files format patameters for the observed
variations of the geodetic network and the reference variations of the reference sites, set the
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constraint mode of the pseudo-stable references.

When selecting the constraint of "weighted average with reference values", the program
requires that the observed variation records time series are one-by-one correspond with the
sampling epoch time of the reference value records time series.

When selecting the constraint of “weighted average with zero values”, the adjusted
results time series only reflect the relative deformation of the region, whose deformation
properties are similar to INSAR variations time series.

[Output files] The variation adjusted value records time series file of the geodetic network
sites.

The file header comes from the reference variation records time series file of the
reference sites. The record format: the site name, longitude, latitude, height, all the variation
adjusted values arranged with sampling epoch time.

When selecting the constraint of "weighted average with reference values", the program
outputs the reference site adjusted values time series file ***.dmn into the current folder.

The file header comes from the variation records time series file of the reference sites.
The record format: the site name, longitude, latitude, height, weight, all the reference site
adjusted values arranged with sampling time. The last row of the file is the weighted average
time series of the reference values of the source reference sites. Here, *** are the output file
name of the variation adusted value records time series.

5.2 Gross error detection and spatial deformation analysis on INSAR variations

[Purpose] Construct INSAR variations spatial analysis algorithms according to the spatial
distribution natures of the ground deformation under the action of the environmental geology
and load geodynamics, separate the outliers and gross errors in INSAR variations, suppress
and weaken the impact of the soil own variations, and then extract the INSAR ground vertical
deformation which is compatible with the other geodetic variations.

5.2.1 Gross error detection and separation on InSAR variation records time series

[Function] According to the spatial high-correlation characteristics of the ground
deformation, construct a reference surface respectively at each sampling epoch time with
the given low-pass filter to separate the outliers, gross error, and abrupt signals from the
input INSAR variation records time series.

[Input file] The INSAR variation records time series file.

INSAR variations time series is agreed in the records time series format, and the
sampling epoch time is agreed in ETideLoad format.

[Parameter settings] Set the INSAR variation records time series files format patameters,
select the spatial filtering mode, and enter the number of gross error detection iterations.

[Output file] The INSAR variation records time series file.

The InSAR variation records time series in the output file is the same as that in the input
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file, with only the gross variations replaced by 9999.000.

= Gross eror detection and spatial deformation analysis on INSAR variations

P . W = A
B 98 ¥ ¥ a4
Open InSAR file Saveas Import parameters S mputation  Save process \JFollow example
= Gross error detection and separation on ~_ Analysis and processing of relative spatial Generation high-resolution grids time
INSAR variation records time series ~ deformation of INSAR variations * series from records time series

W Open InSAR variation records time series file >> Program Process ** Operation Prompts &I Save program process as
Set format parameters of the file >> Select the computation function from the 3 control buttons on the top of the interface. ~
Column ordinal number of first epoch time in header |3 = >> [Function] g to the spatial high. natures of the ground deformation, construct a reference surface respectively at each

sampling epoch time with the given low-pass filter to separate the outliers, gross error, and abrupt signals from the input InSAR variation
records time series.
** The InSAR variation records time series in the output file is the same as that in the input file, with only the gross variations replaced by

Column ordinal number of the first variation in record/S
L3
Spatial filtering mode Spatial Gaussian filter \ 9999.000.

>> Open InSAR variation records time series file C:/ETideLoad4.0_\ 18-101-12.txt
ISet low-pass filter parametern 6 - ** Look at the input file information in the text box below, set the format parameters of InSAR variation records time series file.
** The window below only shows the INSAR variation records time series with no more than 2000 rows!

>> Save the results as C:/ETideLoad4.0_) Y pi 2018-101-12.xt.
>> Setting parameters have been imported in the program!

** Click the control button [Start computation], or the tool button [Start computation]. The program takes time to run, please wait
>> Computation start time: 2022-02-27 03:10:49
>> The program automatically outputs the INSAR gross error records time series file in the current folder. The file format is the same as the
source input INSAR time series file. The file header occupies 1 row, and the last few column properties correspond to the gross error
percentage of the INSAR variations at each sampling epoch time. The default value of 9999.00 represents that the INSAR variation is not a
gross error. The non-default value represents that the INSAR variation is a gross error, and the value is the source INSAR variation.
>> Computation end time: 2022-02-27 03:11:25

[Numbers of gross error detection iterations |2

[} Save the results as 3 Import setting parameters & Start computation

Display of the input-output file} 4. Save data in the text box as

1
16
19

13.816

4 26. 2 9999.0000 22.284 .244 :
< - = >

[\ The purpose of the gross error detection and Is to separate signals including the outliers, gross errors, and sudden changes In the InSAR variations, and eliminate the SAR
multipath effects and rough surface environment interferences.

£ The purpose of the spatial deformation analysis is to suppress the surface soil's own expansion and contraction effects due to the temperature changes, rainfall, and other meteorological actions, and to
suppress the short-wave effects of the atmospheric delay and surface multipath

The program automatically outputs the INSAR gross error records time series file in the
current folder. The file format is the same as the source input INSAR time series file. The file
header occupies 1 row, and the last few column properties correspond to the gross error
percentage of the InSAR variations at each sampling epoch time. The default value of
9999.00 in the record represents that the InSAR variation is not a gross error. The non-
default value represents that the INSAR variation is a gross error, and the value is the source
INSAR variation.

The purpose of the gross error detection and separation is to separate non-deformable
signals including the outliers, gross errors, and sudden changes in the InSAR variations, and
eliminate the SAR multipath effects and rough surface environment interferences.

5.2.2 Analysis and processing of relative spatial deformation on INnSAR variations

[Function] According to the spatial distribution natures that the ground vertical
deformation is inversely proportional to the distance away from the dynamic source,
suppress or weaken the local changes due to non-geological dynamics on the shallow
surface from the input INSAR variation records time series using the specified spatial filtering
algorithm.

[Input file] The InSAR variation records time series file.
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[Parameter settings] Set the INSAR variation records time series files format patameters,
select the spatial filtering mode, enter spatial low-pass filter times, and set the checkbox of
[use the spatial filtering value to repair the gross error].

For the moving average filter, the greater the filtering parameter n, the greater the
filtering strength. For the spatial Gaussian filter, the smaller the n, the greater the filtering
strength.

[Output file] The INSAR variation records time series file.

Before and after filtering, the format, time-space sampling distribution and quantity of
the monitoring points of the output INSAR variation records time series file are the same as
that of the input INSAR variation records time series file. The output variation = the input

variation — the residual variation.

= Gross error detection and spatial deformation analysis on InSAR varlations

@ = 3 ¥ az Qs

Open InSAR file Save as Import parameters Start computation  save process \JFollow example
- Gross error detection and separation on ~_ Analysis and processing of relative spatial Generation high-resolution grids time
InSAR variation records time series __deformation of INSAR variations * series from records time series
& Open InSAR variation records time series file >> Program Process ** Operation Prompts 4! Save program process as
Set format parameters of the file >> Computation end time; 2022-02-27 03:11:25 ~
= >> [Function] g to the spatial natures that the ground vertical deformation is inversely proportional to the distance away

LT LA L e T S ~ from the dynamic source, suppress or weaken the local changes due to non-geological dynamics on the shallow surface from the input
Column ordinal number of the first variation in reeur > InSAR variation records time series using the specified spatial filtering algorithm.

** Before and after filtering, the format, time-space sampling distribution and quantity of the monitoring points of the output INSAR variation
Spatial filtering mode  Spatial Gaussian lller = records time series file are the same as that of the input INSAR variation records time series file. The output variation = the input variation —
the residual variation.
SS ITor

Set low-pass filter parametern 8 >> Open InSAR variation records time series file C:/ETideLoad4.0_\ 18-101-12.txt
™ Look at the input file information in the text box below, set the format parameters of INSAR vananon records time series file..
** The window below only shows the INSAR variation records time series with no more than 2000 rows!
>> Save the results as C:/ETideLoad4.0_\ 018-101-12.txt.
>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]. The program takes time to run, please wait
>> Computation start time: 2022-02-27 03:17:00
>> The program automatically outputs the INSAR residual variation records time series file *.mt in the current folder, and * represents the file
name of the source input INSAR time series. The file format is the same as the source input INSAR time series file. The residual variation =
the input variation — the output variation
>> Computation end time: 2022-02-27 03:21:52 &

iv] Use the spatial filtering value to repaiy the gro:

f=) save the results as 3 Import setting parameters & Start computation

Display of the input-output file | 4. Save data in the text box as

£ The purpose of the gross error detection and is to separate signals including the outliers, gross errors, and sudden changes In the INSAR variations, and eliminate the SAR
multipath effects and rough surface environment interferences.

) The purpose of the spatial deformation analysis is to suppress the surface soil's own expansion and contraction effects due to the temperature changes, rainfall, and other meteorological actions, and to
suppress the short-wave effects of the atmospheric delay and surface multipath.

The program automatically outputs the INSAR residual variation records time series file
in the current folder. The file format is the same as the source input INSAR time series file.
The residual variation = the input variation — the output variation.

The purpose of the spatial deformation analysis is to suppress the surface soil's own
expansion and contraction effects due to the temperature changes, rainfall, and other
meteorological actions, and to suppress the short-wave effects of the atmospheric delay and
surface multipath.
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5.2.3 Generation high-resolution grids time series from records time series

[Function] According to the given minimum number of the effective monitoring points in
a grid element, generate the high-resolution variation grids time series by the direct
averaging or Gaussian function interpolation method. The number of the output grids time
series files are equal to the number of sampling epochs of the variation records time series.
The grid value on the invalid grid element is represented by 9999.0.

[Input file] The INSAR variation records time series file.

[Parameter settings] Set the INSAR variation records time series files format patameters
and enter the grid spatial resolution.

[Output file] The results file names are grid***.dat. The number of files is equal to the
sampling number of the variation records time series, and *** are the sampling epoch time
in the long ineger format agreed by the ETideLoad.

5.3 Cooperative monitoring and processing of CORS network and INSAR

[Purpose] Unify the reference epoch time of multi-source INSAR variations time series
and CORS network height variation records time series, and then through the compatibility
analysis of vertical deformation of the CORS network and InSAR, InSAR variations
adjustment with the constraint of the CORS network, unify the spatiotemporal monitoring
frame of the InSAR variations time series and control the accumulation of the InSAR
monitoring errors over time.

The purpose of cooperative monitoring and processing of the CORS network and InSAR:
(1) Repair the tidal and non-tidal load effects on the InSAR variations, compensate the
spatial long-wave troposphere model errors. (2) Compensate the temporal information which
spatial wavelength larger than the INSAR monitoring region, control the cumulative error of
the InSAR variations over time. (3) When there are no less than 3 CORS stations, can
precisely repair the InSAR differential interference scale error and compensate the other
medium-long wave errors.

5.3.1 Unification of reference epoch for variation records time series

[Function] Using the cubic spline interpolation, Gaussian function interpolation, or low-
pass filtering method, estimate and remove the sampling value of all the variation records
time series at the given reference epoch time, thereby unify the reference epoch time of all
the variation records time series. At the reference epoch time, the sampling values of all the
variations are always zero.

The program requires that the reference epoch time be no earlier than the first sampling
time and no later than the last sampling time, otherwise automatically set to the first or last
sampling time.

[Input file] The INSAR variation records time series file.

[Parameter settings] Set the INSAR variation records time series files format patameters,
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select the time interpolation mode, and enter the reference epoch time.

[Output file] The INSAR variation records time series file.

When the interpolation result of a record time series at the reference epoch time is
invalid , the program separates the record time series into the file ***.rep.

5 Cooperative monitoring and processing of CORS network and InSAR

— s = a

- = 5 > 4
Open InSAR file Save as Import parameters Start computation  Save process \Follow example,

L Unification of reference epoch for = Compatibility analysis on INSAR vertical InSAR variations time series adjustment
variation records time series deformation using CORS network: with spatiotemporal frame constraints

i Open InSAR variation records time series file >> Program Process ** Operation Prompts 4.+ Save program process as

Set format parameters of the file accumulahnn of the INSAR monitoring errors over time. ~

** INSAR variations time series is agreed in the records time series format, and the sampllng epoch time is agreed in ETideLoad format.
>> Select the computation function from the 3 control buttons on the top of the interface.
>> [Function] Using the cubic spline interpolation, Gaussian function interpolation, or low-pass filtering method, estimate and remove the
ling value of all the variation records time series at the given reference epoch time, thereby unify the reference epoch time of all the
agation records time series. At the reference epoch time, the sampling values of all the variations are always zero.
** When the interpolation result of a record time series at the reference epoch time is invalid , the program separates the record time

Column ordinal number of first epoch time in header 3
Column ordinal number of the first variation in record 5 \

Input the reference epoch time| 2019050812
Set time interpolation modey Gaussian function

>> Computation start th\e:
>> Complete the
>> Computation end time: 2{

[=) save the results as & Start computation

Display of the input-output file | 4/ Save data in the text box as

The purpose of and of the CORS network and INSAR

£ Repair the tidal and non-tidal load effects on the INSAR the spatial long. model errors.

£ Compensate the temporal information which spatial wavelength larger than the INSAR monitoring region, control the cumulative error of the INSAR variations over time.
£} When there are no less than 3 CORS stations, can precisely repair the InSAR differential interference scale error and compensate the other medium-long wave errors

When there are more noise or missing samples in the variation records time series,
Gaussian function interpolation is recommended.

When the reference epoch time exceeds the effective time range of a record time series,
if the cubic spline interpolation is still selected, the program automatically extrapolates the
sampling value of the reference epoch time of the records time series by the Gaussian basis
function method.

5.3.2 Compatibility analysis on INSAR vertical deformation using CORS network

[Function] Calculate the ellipsoidal height variations time series on the CORS site from
INSAR variations time series near the CORS site by the direct average method. Interpolate
the CORS site ellipsoidal height variations at sampling epochs of the INSAR time series from
the CORS site ellipsoidal height variations time series. And then construct the CORS
baselines by the complete combinations of the CORS sites, calculate all the double-
difference time series respectively from the two kinds of CORS site ellipsoidal height
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variations time series. Evaluate the compatibility of the vertical deformation between the
CORS network and INSAR and analyze the effectiveness of the INSAR variations gross error
detection and spatial analysis algorithm.

The double-difference algorithm of the INSAR variations time series on the CORS
baseline: firstly, calculate the INSAR variation at the current epoch time on the CORS site by
the direct average method using the InSAR variations around the CORS site, and then
calculate the InSAR variation difference between the two ends of the CORS baseline at the
current epoch time, and finally calculate the time difference between the INSAR variation
differences after and before the epoch time to obstain the INSAR variation double-differences
time series of the CORS baseline.

[Input file] The INSAR variation records time series file. The CORS site ellipsoidal height

variation records time series file.

5 Cooperative monitoring and processing of CORS network and ISAR

= 3 ¥ a2

Open InSAR file Save as Import parameters Start computation  save process \Follow example

L Unification of reference epoch for = Compatibility analysis on INSAR vertical & InSAR variations time series adjustment
variation records time series deformation using CORS network with spatiotemporal frame constraints

3 Open InSAR variation records time series file >> Program Process ** Operation Prompts 4. Save program process as

Set format parameters of the file >> Create or select the rg les/DynCORScntrtmInSAR/CORSINSARcomp. ~
Coknto'ordinal number o st epdch thne in heedor |4 <] ™ The program Dulpul4lhe comparison file CORSlnSARénlcomE txt i.}elweeﬂ the CORS site ellipsoidal height variations and InNSAR
variations time series into the current folder. The file header contains the total number of the CORS sites in the INSAR monitoring range,
Column ordinal number of the first variation in record |5 number of INSAR monitoring points, and all fhe sampling epochs. The comparison information consists of 3 rows records for each
te. The first row is the CORS site height variation time series at all the INSAR sampling epochs, the second row is the

height averaged from InSAR variations, and the third row is the number

R monitoring points invojved in the calculation for the second row. .

ible-differences time series file dblediff*.txt, *=1~n/2 represents the multiple number of the

Open the CORS site ellipsoidal height variation
records time series file

Set format parameters of the file

Column ordinal number of first epoch time In header + | sampling interval, i pochs. The file header includes the number of the difference sampling epochs n/2, n/2
Col dinal Botof the et i d Z sampling epochs. Each (difference records time series consists of two rows. The first row is the INSAR variation
Ak orCins nimberos e SELVaNSOn R IRCOIE Dy bl deline, and the second row is the ellipsoidal height variation double-differences time series

Set time interpolation model Gaussian function ~ | of the CORS baseline.
>> Setting parameters have been impol
- ** Click the control button [Start computationfs
>> Computation start time: 2022-02-27 04:15:
Surrounding search radiug | 500 m ~ | >> Complete the computation of the compatibiliy analy3) ation from CORS network and INSAR!

>> G end time: 2022-02-27 04:15:2¢ v
/ \ [ Set the results folder 3 Import setting paraf & Start computation

Display of the input-output file |

n n e pr
the \ool n [Start computation]...

N

Minimum number of INSAR poifts around CORS silt

53

The purpose of and of the CORS network and InNSAR

£ Repair the tidal and non-tidal load effects on the INSAR the spatial long- model errors.

£ Compensate the temporal information which spatial wavelength larger than the INSAR monitoring region, control the cumulative error of the INSAR variations over time.
£ When there are no less than 3 CORS stations, can precisely repair the INSAR differential interference scale error and compensate the other medium-long wave errors.

[Parameter settings] Set the INSAR and CORS site variation records time series files
format patameters, select the time interpolation mode, and enter the minimum number of
INSAR points around CORS site and surrounding search radius.

When there are more noise or missing samples in the CORS height variation records
time series, Gaussian function interpolation is recommended.
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[Output file] The comparison file CORSINSARpntcomp.txt between the CORS site
ellipsoidal height variations and INnSAR variations time series.

The file header contains the total number of the CORS sites in the INSAR monitoring
range, the number of INSAR monitoring points, and all the sampling epochs. The comparison
information consists of 3 rows records for each CORS site. The first row is the CORS site
ellipsoidal height variation time series at all the INSAR sampling epochs, the second row is
the time series of the CORS site ellipsoidal height variations averaged from neighboring
INSAR variations, and the third row is the number time series of the INSAR monitoring points
involved in the calculation for the second row.

The program simultaneously outputs the double-differences time series file dblediff*.txt,
*=1~n/2 represents the multiple number of the sampling interval, n is the number of sampling
epochs. The file header includes the number of the difference sampling epochs n/2, n/2
sampling epochs. Each CORS baseline double-difference records time series consists of
two rows. The first row is the INSAR variation double-differences time series of the CORS
baseline, and the second row is the ellipsoidal height variation double-differences time series
of the CORS baseline.

5.3.3 InSAR variations time series adjustment with spatiotemporal frame
constraints

[Function] From the comparison file CORSInSARpntcomp.txt output by the function
[Compatibility analysis of vertical deformation from CORS network and InSAR], estimate
spatiotemporal monitoring datum transfer parameters, construct spatiotemporal frame
constraint equations, perform the adjustment for the InSAR variation records time series, so
as to unify the spatiotemporal monitoring frame of the INSAR variation records time series
into the CORS network spatiotemporal monitoring frame.

[Input files] The INSAR variation records time series file. The geodetic variations time
series file to be reconstructed. The comparison file CORSINSARpntcomp.txt between the
CORS site ellipsoidal height variations and InSAR variations time series. The two files can
be automatically called by the program without manual input.

[Parameter settings] Set the checkbox [The linear space scale constraint of the height
difference variation].

[Output file] The INSAR variation adjusted value records time series file. Whose format
is same as the input INSAR variation records time series file.

*k%k

The program outputs the InSAR variations calibration file ***.scl in the current folder.

*kk

Here *** are the output adjusted results file name.

The header of the file is the same as the adjusted results file. The second row is the
records time series of the scale factors of the INSAR variations spatial difference, and the
third row is the number time series of the CORS baselines used to estimate the scale factor.

When the space scale constraint is not selected, the scale factor at each epoch time is
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always 1.0, and the third row is all 0.

@ = | ¥ & aa
Open InSAR file Saveas Import parameters Start computation  Save process \ Follow example
. Unification of reference epoch for &= Compatibility analysis on INSAR vertical 5 InSAR variations time series adjustment
variation records time series leformation usi ne with spatictem) me constraints
B o rd deformation using CORS network th spatiotemporal fra i

&\ Open InSAR variation records time series file >> Program Process ** Operation Prompts 4. Save program process as

Set format parameters of the file >> Complete the computation of the compatibility analysis of vertical deformation from CORS network and InSAR! ~
Column ordinal number of first epoch time in header 4 >> Computation end time: 2022-02-27 04.15.26

. i }Fromthe ison file CORSIn >.txt butput by the function [Compatibility analysis of vertical deformation from
Column ordinal number of the first variation in record 5 -  CORS network and Tn! . esfimate spafiofemporal monitoring datum transfer parameters, construct spatiotemporal frame constraint

equations, perform the adjustment for the INSAR variation records time series, so as to unify the spatiotemporal monitoring frame of the

Open the CORS site ellipsoidal height variaffon InSAR variation records time series into the CORS network spatiotemporal monitoring frame
records time series file ** The linear space scale constraint of the height difference variation: Only at the sampling epoch time when there are no less than 3
Set format parameters of the file valid CORS sites within the range of the INSAR monitoring point, the program can be allowed to use the space scale constraint to the

space difference of the INSAR variations.

Column ordinal f first epoch time in header] 6 *  >>Save the results as C:/ETideLoag nCORSentrtmIinSAR/guass6it2019-101-12adj.txt.
LR fthe frst variation n record 5 2| " The program oulpuls the INSAR fariations calibration melELT_l'h_rr'lE‘Ll'h_ﬂ_rfh_ﬂ_Lm—I.sc Tn The currenl Tolder, The header of the Te 1s e same as the adjusted
- o : N = " results file. The second row is the regords time series of the scale factors of the InSAR variations spatial difference, and the third row is the
Set time interpolation mode |Gaussian function number time series of the CORS bagelines used to estimate the scale factor. When the space scale constraint is not selected, the scale
factor at each epoch time is always 1.0, and the third row is all 0
Minimum number of INSAR points around CORS sitd 2 . | >> Setling parameters have been imported in the program!
= = ** Click the control button [Start corpputation], or the tool butten [Start computation).
Surrounding search radius 500 m - >> Computation start time: 2022-02}27 04:21:23
>> Complete the of the InSAR time series with frame constraints!
O The linear space scale constraint of >> Computation end time: 2022-02-47 04:21:29 e
the height difference variation =
rj Save the results as # Import setting parameters. < Start computation
Display of the input-output file | 4./ Save data in the text box as
20190124 20090205 20180217 zoianel 8100522 20100408 010
2€.3083382 1. 029 4.1820
] 20150128 20130205 20180217 20180301
H 1 . i

4

Z019012%

< >
The purpase of cooperative monitoring and pracessing of the CORS network and InSAR

£ Repair the tidal and non-tidal load effects on the INSAR variations, compensate the spatial long-wave troposphere model errors
[\ Compensate the temporal information which spatial wavelength larger than the InNSAR monitoring region, control the cumulative error of the INSAR variations over time.
£\ When there are no less than 3 CORS stations, can precisely repair the InSAR differential interference scale error and compensate the other medium-long wave errors.

The scale factor is an important quantitative indicator to evaluate the performance of the
INSAR deformation monitoring. At sampling epoch time whose scale factor exceeds (0.5,
2.0), the vertical deformation separation of the INSAR variations is insufficient, or the quality
of the INSAR variations is poor.

The linear space scale constraint of the height difference variation: Only at the sampling
epoch time when there are no less than 3 valid CORS sites within the range of the INSAR
monitoring point, the program can be allowed to use the space scale constraint to the space
difference of the INSAR variations.

5.4 Deep fusion and time series analysis on multi-source InSAR variations

[Purpose] Firstly, deeply fuse multi-source InSAR variation records time series into the
uniform spatiotemporal monitoring frame and reference epoch represented by the CORS
variations time series respectively in time and space, and then perform time series analysis
for all InSAR variation monitoring points, to realize multi-source InSAR collaborative
monitoring.
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5.4.1 Long-time connection of the same-track INSAR variation time series

[Function] From the two INSAR variation records time series in the same region and with
the same reference epoch time, respectively supplement the sampling values of each time
series by the Gaussian interpolation method, and then generate the one InSAR variations
time series by resampling with the given spatial resolution.

[Input files] The two INSAR variation records time series files in the same region and with
the same reference epoch time.

[Parameter settings] Set the two InSAR variation records time series files format
patameters and enter the resampling spatial resolution.

[Output file] The connected INSAR variation records time series file.

The output file format and reference epoch are same as that of the input INSAR variation
records time series file.

C - & it
Open InSAR file Saveas Import parameters ~ Slart compulalion  Save process \\Follow example,

© Long-time connection of the same-orbit o Seamless spatial fusion of multi- ™ Analysis and filtering of variation [ Reconstruction of time series with
INSAR variation time series source INSAR variations records time series given sampling specifications

& Open InSAR variation records time serles file >> Program Process ** Operation Prompts 4! Save program process as
Set format parameters of the file INSAR variation points, to realize mutt INSAR -

>> Select the computation function from the 4 control buttons on the top of the interface.
>> [Function] From the two INSAR variations time series in the same region and with the same reference epoch time, respectively supplement
‘Column number of the first variation in record § the sampling values of each time series by the Gaussian interpolation method, and then generate the one InSAR variations time series by
esampling with the given spatial resolution
The spatial resolution for vesamplmg n INSAR variation records time series file C:/ETideLoad4.0_\ 018-101-12.txt.
at the input file information in the text box below, set the format parameters of INSAR variation records time series file.
‘& Open the same-orbit INSAR variations time series file he window below only shows the INSAR variation records time series with no more than 2000 rows!
e-orbit INSAR records time series file C/ETideLoad4.0_y 19-101-12.txt.

Column number of first epoch time in header 3

Column number of first epoch time in header 3

Column number of the first variation in record 5 ideLoad4 0 182019.txt.
imported in the program!

putation], or the tool button [Start computation].
16

Computation end time: 2022-01>
B peassBf162018-101-12. txt DS

£ Before deep fusion of multi-source INSAR variation records time series, i
£ The program allows the spati resolution of mult Ins4
coverage regions of multi-source INSAR are partially or completd]

5.4.2 Seamless spatial fusion on multi-source InSAR variations
[Function] According to the given spatial resolution, resample the input multi-source
INSAR variation records time series to generate a new InSAR variation records time series.
The input INSAR variation records time series files are extracted according to the given
wildcards, and all the input files are in the same format.
Before deep fusion of multi-source INSAR variation records time series, it is necessary
to ensure that the reference epochs of all INSAR time series are unified.
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[Input files] Multi-source INSAR variation records time series files.
In this example, two InSAR variation records time series are on adjacent areas, and a
small number in the two groups of INSAR monitoring points are cross-distributed.
[Parameter settings] Set the file name wildcards and file format patameters of multi-
source InSAR variation records time series and enter the resampling spatial resolution.
[Output file] The fused InSAR variation records time series file. The format is the same
as that of the input INSAR variation records time series file.

¥4 Deep fusion and time series analysis on multi-source InSAR variations
B BN ¥ » a
Open InSAR file Save as Import parameters ~ Start computation  Save process \Follow example
L i ion of the track ' spatial fusion on multi- 1, Analysis and filtering on variation g, Reconstruction of time series with
InSAR variation time series source InSAR variations records time series given sampling specifications
j Open any INSAR variation records time series file >> Program Process ** Operation Prompts &:/ Save program process as
Set the wildcard of the file names >> [Function] According to the given spatial ple the input mult; INSAR variation records time A

- series to generate a new InSAR variation records tlme series. The input INSAR variation records time series files are
extracted according to the given wildcards, and all the input files are in the same format

>> Open any InSAR variation records time series file C:/ETideLoad4.0_) ynin:
MulMSAR/adj6fit1_ep2019050812.txt.

** Look at the Trpe

- senes file
Column ordinal number of first epoch time in header 3 4 ** The window below only shows the ariation records time series with no more than 2000 rows!

5 2|  >> Save the results as C:/ETideLoad4.0_win64en/e gs/Dynir p2019050812.txt.

Ordinal umber of the first wildcard in file narge

Number of consecutive wildcards in file namg

Set format parameters of the file g information in the text box below, set the format parameters of INSAR variation records time

Column ordinal number of the first variation in recol

** The InSAR variation records time series files searched by Witdearq instantiati
" = | Cl/ETideLoad4.0_win6der ynir q 1] ep2019050812.txt
e Lignest reeckiton forrsaerng = | CJETideLoad4.0_win6der vl R/adj ~£] €p2019050812 txt

>> 2 InSAR variation records files are found by wildcard |nsbant|almn
>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]..

>> Computation start time: 2022-03-05 12:02:15 ]
>>|Comglete the coméulatlon of the spatial fusion with 2 INSAR var|, s\
>> Computation end time: x 02 v,

P':,'] Save the results as # Import setting parameters 3

Display o'

s
201

<

0 Before deep fusion of multi-source InSAR variation records time series, it is necessary to ensure that the reference epochs of all INSAR time series are unified.

5.4.3 Analysis and filtering on variation records time series

[Function] Using the continuous Chebyshev and triangular basis function combination
method, estimate the low-pass filtering parameters for variation records time series on each
monitoring point, and then calculate the filtering value and the linear variation (per year, /a)
at source sampling epochs.

[Input files] The INSAR variation records time series files.

[Parameter settings] Set the file format patameters of INSAR variation records time
series and enter the ratio of the number of sampling epochs to filter parameters.

[Output file] The filtered INSAR variation records time series file ***.ixt. The InSAR
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variation first-order time-derivative (per week, /wk) records time series file ***.dft. Here, ***
are the output file name.

The filtered variation records time series file. The file format is the same as that of the
input INSAR variation records time series file and the fourth column in the file record is the
linear variation (per year, /a).

The InSAR variation first-order time-derivative (per week, /wk) records time series file
*.dft. The file format is the same as that of the output INSAR variation records time series
file, and the fourth column in the record is the linear variation (per year, /a).

175 Deep fusion and time series analysis on multi-source InSAR variations

¥ 4 &z
Open InSAR file Saveas Import parameters ~ Start computalion  Save process \Foll
. Long-time connection of the same-track & Seamless spatial fusion on multi- 4, Analysis and fitering on variation 4 Reconstruction of time series with
LS InSAR variation time series source INSAR variations records time series " given sampling specifications
¥ Open INSAR variation records time series file >> Program Process ** Operation Prompts 4:! Save program process as
Set format parameters of the file ** Click the control button [Start computation], or the tool button [Start computation] ~
- | >> Computation start time: 2022-02-09 22:45:33

Column ordinal number of first epoch time in header |3
>> Complete the computation of the seamiess spatial fusion with 2 INSAR variation records time series!

>> Computation end time: 2022-02-09 22:46:09
>> [Function] Using the continuous Chebyshev and triangular basis function combination method, estimate the low-pass fitering parameters for
ariation records time series on each monitoring point, and then calculate the filtering value and the linear variation (per year, /a) at source sampling
chs. In the output variation records time series file, the fourth column of the record is the linear variation (per year. /a)

- e program simultaneously outputs the variation first-order time-derivative (per week, /wk) records time series file * dft, whose format is the same
{the-outp 4 ik he fourth column of the record is the linear variation (per year, /a)
>> OpenMQAR variation records time series file C:/ETide[o: _wincden/examples/Dyn fusionimsqu/guasst -101-12.txt.
** Look at’ put file information in the text box below, set the format parameters of INSAR variation records time series file.
** The wind w only shows the INSAR variation records time series with no more thah 2000 rows!

>> Save the resiits 2C/ETideLoad4.0_\ 18-107-T25
>> Setting parametegs Maye been imported in the program!
** Click the control btstton S{art computation], or the tool button [Start
>> Computation start tinte;: 02-09 22:54:29
>> Complete the analysis

Column ordinal number of the first variation in record 5

The ratio of the number of sampling 12
epochs to filter parameters

< 5

[ Before deep fusion of multi-source INSAR variation records time series, it is necessary to ensure that the reference epochs of all INSAR time series are unified.

5.4.4 Reconstruction of time series with given sampling specifications

[Function] Using the continuous Chebyshev and triangular basis function combination
method, estimate the filtering parameters for variation records time series of each monitoring
point, and then reconstruct the variation records time series according to the given time
series sampling specifications.

The program has time-domain interpolation and short-time forecasting capabilities.

[Input files] The INSAR variation records time series files.

[Parameter settings] Set the file format patameters of INSAR variation records time
series and enter the ratio of the number of sampling epochs to filter parameters and time
series sampling specifications.

When the starting time is earlier than the first sampling epoch time of the source variation
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records time series, the program lets the starting time = the first sampling epoch time -
sampling interval * total number of the samples * 5%.

When the ending time is later than the last sampling epoch time of the source variation
records time series, the program lets the ending time = the last sampling epoch time +
sampling interval * total number of the samples * 5%.

[Output file] The reconstructed INSAR variation records time series file ***.txt. The INSAR
variation first-order time-derivative (per week, /wk) records time series file ***.dft. Here, ***
are the output file name.

The filtered variation records time series file. The file format is the same as that of the
input INSAR variation records time series file and the fourth column in the file record is the
linear variation (per year, /a).

The InSAR variation first-order time-derivative (per week, /wk) records time series file
*.dft. The file format is the same as that of the output INSAR variation records time series
file, and the fourth column in the record is the linear variation (per year, /a).

175 Deep fusion and time series analysis on multi-source InSAR variations

B KB 3 & %)
Open INSAR file Save as Import parameters Start computation  save process \Follow example

4 Long-time connection of the same-trac g Searmless spatil fusion on vl nalysis and filtering on variation % Reconstruction of time series wi
Le ecti f the k S Il i fus it Anal 'd il R structi f tis ith
LS InSAR variation time series source INSAR variations records time series o given sampling specifications
¥ Open INSAR variation records time series file >> Program Process ** Operation Prompts 4:! Save program process as
Set format parameters of the file >> Save the results as C:/ETideLoad4.0_) 18-101-12.txt. Lo}
Column ordinal number of first epoch time in header |3 3 | >>, Setting parameters have been imported in the program!

** Click the control button [Start computation], or the tool button [Start computation].
>> Computation start time: 2022-02-09 22:54:29
>> Complete the analysis and filtering of variation records time series!
> Computation end time: 2022-02-09 22:55:02
Function] Using the continuous Chebyshev and triangular basis function combination method, estimate the filtering parameters for variation
s time series of each monitoring point, and then reconstruct the variation records time series according to the given time series sampling
cord & serie e & record is linear variation (per year, /a).

Column ordinal number of the first variation in record 5

The ratio of the number of samgjing 12
epochs to filter parameters

Start time for the target time sefies 20180115  speci

End time for the target time sefje: 7 v o records time series file *.dft, whose format is the same
™ L edlibild as that owm variation records time series file, and the fourth column of the record is also the linear variation (per year, /a). The program has
Sampling internal 15.000 days < time-d and short-time

>> Save the resiits 3.C /ETideLoadd.0_win64en/examples{DyninSARfusionimsquiconstruct2018 o |—‘
>> Setting parametars Paye been imported in the program!
** Click the control Bistton S¢art computation]. or the tool button [Start computatior

>> Computation start tinte; 02-09 23:05:15 5 G2 wh, mm
B

=) save the results as # Import setting parameters

Display of the input-output file|

[ Before deep fusion of multi-source INSAR variation records time series, it is necessary to ensure that the reference epochs of all INSAR time series are unified.

5.5 Calculation of ground stability variation based on vertical deformation

[Purpose] From the ground vertical deformation rate and its horizontal gradient grid
model, using the normalized statistical synthesis algorithm, quantitatively estimate the
ground stability variations grid according to the quantitative criteria of the ground stability
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reduction defined by ETideLoad.

Quantitative criteria defined by ETideLoad for the ground stability reduction based on
the vertical deformation grids time series are in the following.

(1) The ground vertical deformation rate is relatively large (greater than zero). At this
time, the ground here is rising upward.

(2) The horizontal gradient (modulus) of the vertical deformation rate is relatively large.
At this time, the ground is twisting locally.

(3) The terrain slope value is relatively large.

5.5.1 Estimation of normalized ground stability variations grid

[Function] From the ground vertical deformation rate grid and ground digital elevation
model with the same grid specifications, calculate the horizontal gradient of the ground
vertical deformation rate and the terrain slope vector grid, and then quantitatively estimate
the ground stability variations grid by the normalized statistical synthesis algorithm according
to the quantitative criteria of the ground stability reduction.

[Input files] The ground vertical deformation rate grid file and ground digital elevation

model file with the same grid specifications.

# Calculation of ground stability variation based on vertical deformation

B f& ] &z Ba

Openfile Saveas Importparameters Start computation  Save process \ Follow example

‘& Open a ground vertical deformation rate grid file - Estimation of normalized ground = R
0 nd digital elevation model fil stability variations grid variation grids time series
) Open a ground digital elevation e

-—’J with the same grid specifications

>> Program Process ** Operation Prompts 4. Save program process as
Weight of the ground cal - -
0 groumc e 3.00 ~ Exponent 0.5 - >> [Function] From the ground vertical deformation rate grid and ground digital elevation model with the same grid A
deformation rate
calculate the gradient of the ground vertical deformation rate and lhe terrain slope vector grid,
Weight of horizontal gr3dient [ 3 Exponent 05 2] | and then quantitatively estimate the ground stability grid by the algorithm
of deformation rate aocormng to the quantitative criteria of the ground stability reduction.
B ** The ground vertical deformation rate is the variation rate of the ground vertical with time. The
Wegttotiaral siope]2.00 _ (eliExponent|o.6 gradlenl of lhe ground vertical deformation rate is the horizontal gradient vector of the ground vertical de'ormallon rate

£) The weights and exponent parameters do not change with time, kigformation rale grict fle. C:(ETidel.osa () grT

amzcqur:mzmsnzm dat
which are only used to roughly distinguish the responses of different " 3 ideLoadd4.0_win64en/exampleg Dyngmdngtstabumy/stanlrst dat.
types of the to the Rough value can ' >> Open a round dvgllal elevation model file with the same Grid speciicatio ideLoaaa.0_winé4en/examples/

meet the needs. Dyngrndhdtstablility/dtm.dat
>> Settigflg parameters have been imported in the program!
o the control button [Start computation], or the tool button [Start comgutation]....

F= Save the results as 3 Import setting parameters & Start computation

Display of the input-output file| 4.' Save data in the text box as

it

s s I
< > >

£} Quantitative criteria defined by ETideLoad for the ground stability reduction based on the vertical deformation grids time series: (1) The ground fertical deformation rate is relatively large (greater

than zero). At this time, the ground here is rising upward. (2) The gradient of the vertical ion rate is relatively large. JAt this time, the ground is twisting locally. (3) The
terrain slope value is relatively large.
£ The ground vertical deformation may be the ground ellipsoidal height variation, or the ground formal or orthometric height variation. The can be found

in the program [Statistical synthesis and prediction of ground stability variations].
£ The ground stability variation is a dimensionless continuous real variable. At any sampling epoch time, the grid value of a grid element is greater than zero, indicates that the stability at this time|
is decreasing, and the grid value less than zero indicates that the stability at this time is improving.
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[Parameter settings] Set the weights and exponents for ground vertical deformation rate,
horizontal gradient of the ground vertical deformation rate and terrain slope.

The ground vertical deformation rate is the variation rate of the ground vertical
deformation with time. The horizontal gradient of the ground vertical deformation rate is the
horizontal gradient vector of the ground vertical deformation rate.

[Output file] The normalized ground stability variations grid file.

The weights and exponent parameters do not change with time, which are only used to
roughly distinguish the responses of different types of the variations to the geological
environment. Rough value can meet the needs.

5.5.2 Estimation of ground stability variation grids time series

[Function] From the ground vertical deformation rate grids time series and ground digital
elevation model with the same grid specifications, calculate the terrain slope vector grid and
the vector grids time series of the horizontal gradient of the ground vertical deformation rate,
and then quantitatively estimate the ground stability variation grids time series by the
normalized statistical synthesis algorithm according to the quantitative criteria of the ground

stability reduction.

# Calculation of ground stability variation based on vertical deformation

]

Start computation

N ¥

Openfile Saveas Import parameters

3 Open any ground vertical deformation rate grid file

Set the wildcard of the file names
Ordinal number of the first wildcard in file ndme 11
Number of consecutive wildcards in file nalge 8

:! Open a ground digital elevation model file
with the same grid specifications

A
Follow example

az
Save process

Estimation of normalized ground
" stability variations grid

>> Program Process ** Operation Prompts

© Estimation of ground stability
variation grids time series

4./ Save program process as

YQbh|
'YQbh|

at A

C:/ETideLoad4.0_wincz mples/D!
C:/ETideLoad4.0_win64en/exam

plesTDyMomeg

ablility/vdfmrate/dmzcgYQbh|
iy zcgYQbh

C:/ETideLoad4.0,

Weight of the ground viertical =
deformation rate .00 4 EXpOnent;|0.5
Weight of horizontal grhdient -

of deformation rate 500 51 EXponst 0.5
Weight of terrain slope} 200  Exponent 0.5

C:/ETideLoad4.0,

e C:/ETideLoad4.0,

C:/ETideLoad4.0

C:/ETideLoad4.0_\

C:/ETideLoad4.0_

ohifh

>> There are 35 ground vertical deformation rate grids files searched by wildcard instantiation
>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]...
£} The weights and exponent parameters do not change with time, | 5 , _03- -51:13
h

which are
types of the
meet the neefis.

PR

>> Computation end time: 2022-03-05 09:51:16

[=) Set the results folder

1' Complete the computation! The program outputs 35 ground stability variation grids time series files stbhgt™™* dat l"

Rough value can  represents the sampling epoch time, and is also the 7th atrribute of the grid file header.

3 Import setting parameters

& Start computation

54 Qaua Anta in tha tavk hav ac

£} Quantitative criteria defined by ETideLoad for the ground stability reduction based on the vertical deformation grids time series: (1) The ground vertical deformation rate is relatively large (greater
than zero). At this time, the ground here is rising upward. (2) The gradient of the vertical rate is relatively large. At this time, the ground is twisting locally. (3) The
terrain slope value is relatively large.

£ The ground vertical deformation may be the ground ellipsoidal height variation, or the ground normal or orthometric height variation. The
in the program [Statistical synthesis and prediction of ground stability variations].

£ The ground stability variation is a dimensionless continuous real variable. At any sampling epoch time, the grid value of a grid element is greater than zero, indicates that the stability at this time
is decreasing, and the grid value less than zero indicates that the stability at this time is improving.

can be found
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[Input files] The ground vertical deformation rate grid time series files and ground digital
elevation model file with the same grid specifications.

[Parameter settings] Set the wildcard patameters for the deformation rate grids time
series files, enter the weights and exponents for ground vertical deformation rate, horizontal
gradient of the ground vertical deformation rate and terrain slope.

[Output file] The normalized ground stability variations grid time series files.

The ground vertical deformation may be the ground ellipsoidal height variation, or the
ground normal or orthometric height variation. The normalized statistical synthesis algorithm
can be found in the program [Statistical synthesis and prediction of ground stability
variations].

The ground stability variation is a dimensionless continuous real variable. At any
sampling epoch time, the grid value of a grid element is greater than zero, indicates that the
stability at this time is decreasing, and the grid value less than zero indicates that the stability
at this time is improving.

The ground stability variation grids time series can quantitatively express the time and
location of the ground stability reduction phenomenon, the continuous influence time, and
the spatial influence range.

5.6 Calculation of ground stability variation based on gravity variations

[Purpose] From the ground gravity (or gravity disturbance) variation rate and its
horizontal gradient grid model, using the normalized statistical synthesis algorithm,
quantitatively estimate the ground stability variations grid according to the quantitative
criteria of the ground stability reduction defined by ETideLoad.

Quantitative criteria defined by ETideLoad for the ground stability reduction based on
the gravity variation grids time series are in the following.

(1) The ground gravity variation rate is relatively large (less than zero). At this time, the
ground here is rising upward.

(2) The horizontal gradient (modulus) of the gravity variation rate is relatively large. At
this time, the ground is twisting locally.

(3) The local terrain effect of the gravity disturbance is relatively large (less than zero).

The ground gravity variation may be the ground gravity variation, or the ground gravity
disturbance variation.

5.6.1 Normalized ground stability variations grid estimation

[Function] From the ground gravity variation rate grid and ground digital elevation model,
calculate the horizontal gradient vector grid of the ground gravity variation rate and the local
terrain effect grid of the gravity disturbance, and then quantitatively estimate the ground
stability variations grid by the normalized statistical synthesis algorithm according to the
quantitative criteria of the ground stability reduction.
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[Input files] The ground gravity variation rate grid file. The ground digital elevation model
grid file.

[Parameter settings] Set the weights and exponents for ground gravity variation rate,
horizontal gradient of the ground gravity variation rate and local terrain effect, set the
checkbox [Taking into account the local terrain effects of gravity disturbance].

The ground gravity variation is the variation rate of the ground gravity variation with time.
The horizontal gradient of the ground gravity variation rate is the horizontal gradient vector
of the ground gravity variation rate.

[Output file] The normalized ground stability variations grid file.

¥ az £
Openfile Saveas Importparameters Start compulation  save process \ Follow example
5 Open a ground gravity variation rate grid file .~ Estimation normalized ground = Estimation of ground stability
— > stabilty variations grid > variation grids time series
7] Taking into account the local terrain effects of gravity disturbance
2} Open a ground digital elevation mode! file >> Program Process ** Operation Prompts 4. Save program process as

>> [Function] From the ground gravity variation rate grid and ground digital elevation model, calculate the horizontal gradient vector grid of the ~
ground gravity variation rate and the local terrain effect grid of the gravity disturbance, and then quantitatively estimate the ground stability
Weight of horizontal gradientof the rate |5.00 = Exponent 0.5 |3 | vanations grid by the normalized statistical synthesis algorithm according to the quantitative criteria of the ground stability reduction

** Here, the local terrain effect of the gravity disturbance is used to quantify the severity of the topographical undulations. The program
Weight of local terrain effectd | 2.00 = Exponent 0.5 2| requires that the latitude and longitude range of the ground digital elevation model grid should be expanded by no less than 50km out of the
ground gravity variations grid for the computation of the local terrain effect using the numerical integration method
L) The weights and exponent parameters do not change with time, which are | ** The ground gravity variation rate s the variation rate of the ground gravity variation with time. The horizontal gradient of the ground gravity

only used 1o roughly distinguish the responses of diflerent types of the | Variation rate is the horizontal gradient vector of the ground vertical deformation rate. I
e - fravrateaifi2015013106 dat ]

variations to the geological environment. Rough value can meet the needs] | .. e 2 ground digital elevation model file C-/ETideLoad4.0_ win64en/examples/Dyngmaravstablilty/ctm30s.dat

>> Save the results as C/ETideLoad4.0_win64en/examples]

>> Setting parameters have been imporied in the program!
** Click the control button [Start computation], or the tool button [Start comgutation]

>> Computation start time: 2022-03-05 10:26:33

>> Complete the computation!

>> Computation end time: 2022-03-05 10:26:57

Weight of ground gravity variption rate (300 ¢ Exponent 0.5

¥} Save the results as » Import setting parametd & Start computation

Display of the input-output file} 4./ Save data in the text box as

118.5 29.0000000 .0166666 0166666

< >

£ Quantitative criteria defined by ETideLoad for the ground stability reduction based on the gravity variation grids time series: (1) The ground gravity variafion rate is relatively large (less than zero). At this time, the ground
here is rising upward. (2) The horizontal gradient (modulus) of the gravity variation rate is relatively large. At thif time. the ground is twisting locally. (3) The local terrain effect of the gravity disturbance is relatively large (less
than zero)

1 The ground stablity variation is a dimensioniess continuous real variable. Al any sampling epoch time, the grid value of a grid element is greater than zero, indicates that the stability at this time is decreasing, and the grid
value less than zero indicates that the stability at this time is improving

5.6.2 Estimation of ground stability variation grids time series

[Function] From the ground gravity variation rate grids time series and ground digital
elevation model, calculate the local terrain effect grid of the gravity disturbance and the
vector grids time series of the horizontal gradient of the ground gravity variation rate, and
then quantitatively estimate the ground stability variation grids time series by the normalized
statistical synthesis algorithm according to the quantitative criteria of the ground stability
reduction.

[Input files] The ground gravity variation rate grid time series files and ground digital
elevation model file.

[Parameter settings] Set the wildcard patameters for the gravity variation rate grids time
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series files, enter the weights and exponents for ground gravity variation rate, horizontal
gradient of the ground gravity variation rate and local terrain effect.

Here, the local terrain effect of the gravity disturbance is used to quantify the severity of
the topographical undulations. The program requires that the latitude and longitude range of
the ground digital elevation model grid should be expanded by no less than 50km out of the
ground gravity variations grid for the computation of the local terrain effect using the
numerical integration method.

The weights and exponent parameters do not change with time, which are only used to
roughly distinguish the responses of different types of the variations to the geological
environment. Rough value can meet the needs.

[Output file] The normalized ground stability variations grid time series files.

ability variation based on gravi

ty variations

B W 3 ”
Openfile Saveas Import parameters oy
W Open any ground gravity variation rate grid file

Set the wildcard of the file names

Ordinal number of the first wildcard in the filg

Save process

An

Follow example

az

- Estimation normalized ground
 stabllity variations grid

>> Program Process ** Operation Prompts

. Estimation of ground stability
“* vanation grids time series

4.t Save program process as

Number of consecutive wildcards in file namé

de 015033112 dat -
= C./ETideLoad? gn/examples/D! 1505010¢ dat
1 Taking into account the local terrain effects of gravity disturbance
= Lot C/ETideLoad4 0 winGdenieR Qyagmgravst 15053112|dat
C//ETideLoad4 0. Dyngma? avrate/diff01507010d dat

(2} Open a ground digital elevation model file

Ci/ETideLoad4.0_t avratErA0 15080100 dat
- C/ETideLoad4.0_) 15083112]dat
Weight of ground gravity variation rate |3.00 = Exponent (0.5 CETideLoadd 0. 100100
- - C:/ETideLoad4.0_ 15103112]dat
Weight of horizontal gradient ¢f the rate < Exponent - -
o grach 5.00 ol WL C/ETideLoad4.0 01512010 dat
Weight of local terrain effects | 200 121 Exponent [0.5 = >>There are 11 ground gravity variation rate grids files searched by wildcard instantiation
>> Setting parameters have been mported in the program!

* Click the control button [Start computation], or the tool button [Start computation]
>> Computation start time: 2022034)5 10:31:08

£} The weights and exponent parameters do not change with time, which are
only used to roughly distinguish the responses of different types of the
variations to the geological environment. Rough value can meet the needs.

*** represents the

40 win6den > examples > Dyngmgravstablility » stability| >> Computation end time: 2022-03-05 10:31:33

[=) Set the results folder 3 & Start computation
$169r62015013106.dat

030118.dat

4./ Save data in the text box as

$120ra2015070100.dat
$189ra2015060100.dat
$12ra2015083112.dat
$19ra2015100100.dat
$tagra2015103112.dat
$189ra2015120100.dat

Sl o~
“ ‘ -
| v “ . '/
: i e g Z »
Quantitative criteria defined by ETideLoad for the ground stability reduction £ -2 . ' 2 atively large (less than zero). At this time, the ground
y g ly farg g

here is rising upward. (2) The horizontal gradient (modulus) of the gravity variation rate is relatively Iarge At this time, the ground is twisting locally. (3) The local terrain effect of the gravity disturbance is relatively large (less
than zero).

£ The ground stability variation is a dimensionless continuous real variable. At any sampling epoch time, the grid value of a grid element is greater than zero, indicates that the stability at this time is decreasing, and the grid
value less than zero indicates that the stability at this time is improving

5.7 Calculation of ground stability variation based on variation vectors

[Purpose] From the ground tilt (vertical deflection or horizontal displacement) variation
rate vector grid and ground digital elevation model, using the normalized statistical synthesis
algorithm, quantitatively estimate the ground stability variations grid according to the
quantitative criteria of the ground stability reduction defined by ETideLoad.

Quantitative criteria defined by ETideLoad for the ground stability reduction based on
the variation vector grids time series are in the following.
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(1) The directions of the ground tilt (vertical deflection or horizontal displacement)
variations are gathering or diverging. At this time, the ground nearby here is being squeezed
or stretched.

(2) The vector inner product of the ground tilt (vertical deflection or horizontal
displacement) variation rate and the terrain horizontal gradient is greater than zero. At this
time, the ground here is being pulled along the terrain slope direction.

The variation vector may be the ground tilt variation, vertical deflection variation, or
ground horizontal displacement.

5.7.1 Estimation of normalized ground stability variations grid

[Function] From the ground tilt (vertical deflection or horizontal displacement) variation
rate vector grid and ground digital elevation model, calculate the horizontal gradient vector
grid of the variation rate, the horizontal gradient vector grid of the terrain and the two vectors
inner product grid, and then quantitatively estimate the ground stability variations grid by the
normalized statistical synthesis algorithm according to the quantitative criteria of the ground
stability reduction.

[Input files] The ground variation rate vector grid file and ground digital elevation model
file with the same grid specifications.

f ground stability variation based on variation vectors

. = — = .
= ¥ ¥ & a~
Openfile Saveas Importparameters Starl computation  Save process \ Follow example

& Open a variation rate vector grid file _; Estimation of normalized ground - Estimation of ground stability
stability variations grid variation grids time series
e Open a ground digital elevation model file
with the same grid specifications . =
>> Program Process ** Operation Prompts 4. Save program process as
Weight of gradient vector of rate} 3.00 |- Exponent 0.5 2| | Select the computation function from the 2 control buttons on the top right of the interface... ~
5 2 - : >> [Function] From the ground tilt (vertical or ) variation rate vector grid and ground digital

pslout ofiNectons innev produciy] 5.00 EXponai 0.5 elevation model, calculate the horizontal gradient vector grid of the variation rate, the horizontal gradient vector grid of the

£ The weights and exponent parameters do not change with time. terrain and the two vectors inner product grid, and then quantitatively estimate the ground stability variations grid by the

y to the criteria of the ground stability reduction.
which are only used to roughly distinguish the responses of 5> Open a variation rate vector grid file C:/ETideLoad4.0_\
different types of the to the : cxpcb5|2§1§2§j xt. !
Rough value can meet the needs. >> Open a ground digital elevation model file with the same grid specifications C:/ETideLoad4.0_win64en/examples/

Dyndeflectstabilility/dtm.dat.

>> Save the results as C:/ETideLoad4.0_win64en/examples

>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]....

>> Computation start time: 2022-03-05 11:10:50

>> Complete the computation!

>> Computation end time: 2022-03-05 11:10:50

Vector type| Ground tilt vector v [u) savetheresultsas 3 Irfport setting & Start

Display of the input-output file | 4. Save data in the text box as

<

£ Quantitative criteria defined by ETideLoad for the ground stability reduction based on the varj Wﬂmﬂl"s of the ground tilt (vertical deflection or horizontal
i ) i are or ing. At this time, the ground nearby here is being squeezed or stretched. (2) The vector inner product of the ground tilt (vertical deflection or horizontal

displacement) variation rate and the terrain horizontal gradient is greater than zero. At this time, thd ground here is being pulled along the terrain slope direction.

£ The ground stability variation is a dimensionless continuous real variable. At any sampling epoch time, the grid value of a grid element is greater than zero, indicates that the stability at this time

is decreasing, and the grid value less than zero indicates that the stability at this time is improving.
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[Parameter settings] Set the weights and exponents for the rate gradient and two vectors
inner product, select the vector type.

[Output file] The normalized ground stability variations grid file.

5.7.2 Estimation of ground stability variation grids time series

[Function] From the ground tilt (vertical deflection or horizontal displacement) variation
rate vector grids time series and ground digital elevation model, calculate the horizontal
gradient vector grids time series of the variation rate, the horizontal gradient vector grid of
the terrain, and the two vectors inner product grids time series, and then quantitatively
estimate the ground stability variation grids time series by the normalized statistical synthesis
algorithm according to the quantitative criteria of the ground stability reduction.

[Input files] The ground variation rate vector grids time series files and ground digital
elevation model file with the same grid specifications.

[Parameter settings] Set the wildcard patameters for the rate vector grids time series
files, enter the weights and exponents for the rate gradient and two vectors inner product,
select the vector type.

[Output file] The normalized ground stability variations grid time series files.

@ Calculation of ground stability variation based on variation vectors

B = ¥ > a2 @
Openfile Saveas Importparameters Start computalion  save process \ Follow example
8 Open any vaniation rate vector grid flle - Estimation of normalized ground - Estimation of ground stability
Set the wildcard of the file names Sakiyivariatons orid variation grids time series

Ordinal number of the first wildcard in the fil

ghame 8
Number of consecutive wildcards in file nama, 8

>> Program Process ** Operation Prompts 4./ Save program process as

0150504..txt -
v [o¥ IETldeLoa O=in6: txt
fa) Jhen e ground dgial e evation model e C//ETideLoad4.0_wineaem 20150704 txt
Lok C/ETideLoad4.0_ 20150807 txt
= = C:/ETideLoad4.0_) wmsden/examples/Dynde eCrstakliljty/vectrate/cxpcbh§20150904 txt
Weight of gradient vector of rate} 3.00 - Exponent 0.5 < C:/ETideLoad4.0_) ""*%“’” 20151009 txt
Weight of vectors inner product| 500 < Exponent 0.5 - S/ETideLoads 0 Wi AL b
9 P =1 EXPO = C:/ETideLoad4.0_) 20151211 txt
>> There are 11 variation rate vector grid files searched by wildcard instantfation.
£ The weights and exponent parameters do not change with time, | ., Setting parameters have been imported in the program!
which are only used to roughly distinguish the responses of = ** Click the control button [Start computation], or the tool button [Start
different types of the i to the . | >> Computation start time: 2022-03-05 11:16:13

;omplete the computation! The program outputs 11 ground stability variation grids time series files stovdf*** dat***
represents the sampling epoch time, and is also the 7th atrribute of the grid file header.
>> Computation end time: 2022-03-05 11:16:14

Vector type| Ground tilt vector ~ [ Set the results folder Import setti & Start
in6den > examples > Dyndeflectstablility > stabiility e o ¥ impott seting

4! Save data in the text box as

Rough value can meet the nefus

=10 fEX e

w stavdf2015013106.dat 2022/2/10 15:39 =
£ stavdf2015030118.dat 2022/2/10 15:39

w stavdf2015033118.dat 2022/2/10 15:39

w1 stavdf2015050106.dat 2022/2/10 15:39

w=l stavdf2015053118.dat 2022/2/10 15:39

w1 stavdf2015070106.dat 2022/2/10 15:39

w1 stavdf2015080100.dat
w stavdf2015083118.dat
szl stavdf2015100106.dat
wi stavdf2015103118.dat
i stavdf2015120106.dat

2022/2/10 15:39

57

Q Quantitative criteria defined by ETideLoad for the ground stability reduction based on the variation vector grids time series: (1) The directions of the ground tilt (vertical deflection or horizontal
are ing or di ing. At this time, the ground nearby here is being squeezed or stretched. (2) The vector inner product of the ground tilt (vertical deflection or horizontal

dlsplacement) variation rate and the terrain horizontal gradient is greater than zero. At this time, the ground here is being pulled along the terrain slope direction.

ﬂ The ground stability variation is a dimensionless continuous real variable. At any sampling epoch time, the grid value of a grid element is greater than zero, indicates that the stability at this time

is decreasing, and the grid value less than zero indicates that the stability at this time is improving.
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5.8 Statistical synthesis and prediction of ground stability variations

[Purpose] According to historical disasters events during the monitoring period, by
adjusting the weights and exponents of multiple stability variations based on various
geodetic variations, optimize the ground stability variation grids time series by the statistical
normalized synthesis algorithms, to reflect the spatial distribution and temporal natures of
the regional ground stability variations.

5.8.1 Optimized synthesis of two geodetic variation grids time series

[Function] From two groups of geodetic variation grids time series with the same space-
grid and time-sampling specifications, generate the coupled geodetic variation grids time
series by the statistical normalized synthesis algorithms, to reflect the spatiotemporal
dynamic effects of the two kinds of geodetic joint monitoring.

[Input files] The two groups of geodetic variation grids time series files with the same
space-grid and time-sampling specifications.

[Parameter settings] Set the wildcard patameters for grids time series files, enter the
weights and exponents.

¥} Statistical synthesis and pre ound stability variations

& | e =
5/ &} A
Openfile Saveas Importparameters Startc Save process \ Follow example,

® Optimized synthesis of two geodetic & Optimized synthesis of three stability & spatiotemporal characteristics synthesis
__variation grids time series variation grids time series of ground stability variations

3 Open any among group 1 of variation >> Program Process ** Operation Prompts 4.7 Save program process as
= grid time series files

= C:/ETideLoad4.0_\ 15013106.dat -
Ordinal number of the first wildcard in the file name 7 < C/ETideLoad4.0. 15030118.dat
Number of consecutive wildcards in file name |10 < C:/ETideL.oad4.0_y 15033112.dat
" - - C:/ETideL.oad4.0_\ i 15050100.dat
Weight G 3.0 =} Bponsntne (0.5 || cuETideLoads. i 15053112.dat
C:/ETideLoad4.0_ 12015070100.dat
) s sy among group 2 of Vadetion C:/ETideLoad4.0_ 15080100.dat
G0 e Sarien e C/ETideLoadd.0_\ 15083112 dat
Ordihal ngmber of the first wildcard in the file name 7 & C:/ETideLoad4.0_\ 15100100 dat
= C:/ETideLoad4.0. 15103112 dat
Nunfper df consecutive wildcards In file name |10 < C/ETideLoad4.0_\ 15120100.dat
Weightq] 50 = Exponentn, 05 = []Singlegrid || >> There are 11 variation grid files searched by wildcard instantiation
>> Setting have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2022-03-05 11:28:42

>> Complete the compu(atlon'IThe program outputs 3 synthesized variation grids time series files integr***.dat. ] represents the sampling
epoch time, and is also the 7th atimibute of the grid Tle header.

>> Computation end time: 2022-03-05 11:28:43 v
Optimined pyninenis Sormile 4 Set the results folder 3 Import setting parameters & Start computation

x = sgn(A)IAIQ, + 5
A=(a-a)/a,

n(B)iBI"™ Q).
~B)/

jof the input-output file| i." Save data in the text box as

14106 ~

[ Repeatedly use the function [two groups of grid timing statistics normalization synthesis] n-1 times, which can realize the statistical normalization synthesis of the n geodetic variation grids time series. In this
case, you can design n geodetic variations weights and exponents at one time in advance. When the m (smaller than n) synthesis is performed, the variation weights after m-1 synthesis are the sum of the
previous m-1 weights, and the exponent is 1

[ The ground stability variations based on the vertical deformation have a large spatial influence range, but weak close-range sensitivity. The ground stability variations based on the gravity variations have a
strong close-range sensitivity, but a small spatial influence range. The ground stability variations based on the tilt variations can describe ground stability change information in different directions. The further
synthesis of the three ground stability variations can effectively improve the sensitivity and reliability of the ground stability variation grids time series.

[Output file] The synthesized variation grids time series files.
If all the characters of the file name are set as wildcards, the variation grids time series
only is an epoch sampling grid. In this case, the program can realize the normalized
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synthesis between a group of the grids time series and a single grid.
With the two geodetic variation grids time series a, b, the synthesized variation grids
time series x can be calculated by the following formula.
x = sgn(A)|A|"Q, + sgn(B)|B|™Q,, Where, sgn(*) is a sign function,
=(a-a)/0,,B=(b-b)/0,,Qu = —2—,Q, = —

da +qb qatqp

5.8.2 Optimized synthesis of three stability variation grids time series

[Function] From three groups of ground stability variation grids time series with the same
space-grid and time-sampling specifications, generate the ground stability variation grids
time series with spatiotemporal dynamic feature information, higher sensitivity, and reliability
by the statistical normalized synthesis algorithms.

[Input files] The three groups of stability variation grids time series files with the same
space-grid and time-sampling specifications.

[Parameter settings] Set the wildcard patameters for grids time series files, enter the
weights and exponents.

[Output file] The synthesized stability variation grids time series files.

¥} Statistic

2 N

= ‘ = a2 @
Openfile Saveas Importparameters Start computation  Save process WEollow example

) Optimized synthesis of two geodetic & Optimized synthesis of three stability ® spatiotemporal characteristics synthesis
variation grids time series variation grids time series of ground stability variations
& Open any among group 1 of variation >> Program Process ** Operation Prompts 4. Save program process as
= grid time series files
- C:/ETideLoad4.0_\ $2015070100]dat -
Ordinal number of the first wildcard in the file name 7 < C/ETideLoad4.0_\ i 15080100|dat
Number of consecutive wildcards in file name |10 < ‘é ;E:;etoa:: 8_ i 01‘;‘1’831‘2)%?13‘
- = - eLoa M at
[weighta, 30 : Exponentns [05 | ¢ lETdeLoadd o int = 15103112fdat
C/ETideLoad4.0_\ wm54en/examples/ psiatyra mlgresxm/graslabxl|tyls(agrg0I5120100 dat
J Ogmnufnl;y;m:g'lgroup 20tvaneion >> There are 11 ﬂes belonging 1of gnd files searched by wildcard instantiation
p d<Time series files searched by wildcard instantiation:
Ordinal number of the first wildcard in the file pé oadd 0.\ 15013106/dat

» C IETxdeLoadd 0_\ il 015030118|dat
Number of consecutive wildcards in file name C/ETideLoad4.0_) Al Isla dat

lNe‘Qm Q 50 < Exponentn, 0.5 I [] Single gnd >> There are 3 files belonging to group 3 of grid files Seareffed by wildcard instantiation
>> Setting parameters have been imported in-Te

ﬂ Open any among group 3 of variation
= grid time series files

“** represents the
Ordinal number of the first wildcard in the file pd

Number of consecutive wildcards in file name
IWe\aM gc 50 * Exponentn. 0.5 ]L Single grid  OptimriZed synthesis formula
= sgn(A)|AI"Q, + sgn(B)|B|" @y,
A=l(a-a)le, l—(hfb]/a.

sgn(+) sasignuncion | Display of

[ng parameters & Start computation

4! Save data in the text box as

[} Repeatedly use the function [two groups of grid timing statistics normalization synthesis] n-1 times, which can realize the statistical normalization synthesis of the n geodetic variation grids time series. In this
case, you can design n geodetic variations weights and exponents at one time in advance. When the m (smaller than n) synthesis is performed, the variation weights after m-1 synthesis are the sum of the
previous m-1 weights, and the exponent is 1

[ The ground stability variations based on the vertical deformation have a large spatial influence range, but weak close-range sensitivity. The ground stability variations based on the gravity variations have a
strong close-range sensitivity, but a small spatial influence range. The ground stability variations based on the tilt variations can describe ground stability change information in different directions. The further
synthesis of the three ground stability variations can effectively improve the sensitivity and reliability of the ground stability variation grids time series.

The ground stability variations based on the vertical deformation have a large spatial
influence range, but weak close-range sensitivity. The ground stability variations based on
the gravity variations have a strong close-range sensitivity, but a small spatial influence
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range. The ground stability variations based on the tilt variations can describe ground
stability change information in different directions. The further synthesis of the three ground
stability variations can effectively improve the sensitivity and reliability of the ground stability
variation grids time series.
5.8.3 spatiotemporal characteristics synthesis of ground stability variations

[Function] From the ground stability variation grids time series, calculate its spatial
horizontal gradient and time-derivative grids time series. And then using the low-pass
filtering and statistical normalization synthesis methods, generate the grids time series files
stachr*.dat of the ground stability variations that fuse spatiotemporal characteristics
according to the given sampling specifications and statistical parameters.

[Input files] The ground stability variation grids time series files.

¥} Statistical synthesis and prediction of ground stability variations
& - = a 2
=7 ti ¥ a7 A
Openfile Saveas Importparameters Startcomputation  Save process \Follow example
® Optimized synthesis of two geodetic ® Optimized synthesis of three stability & spatiotemporal characteristics synthesis

variation grids time series variation grids time series of ground stability variations
@ Open any among groud stability variation >> Program Process ** Operation Prompts 4.1 Save program process as
= grid time series files
- + H~+efn the ground stability variation grids time seriek, calculate its spatial horizontal gradient and time-derivative grids time -~
Ordinal number of the firs| wildcard in the file name 7 ~ | series. And then using ﬁe low-pass Tl !enng and statistical normalization synthesis methods, generatefthe grids time series files stachr".dat |
Number of consecutive w’dcards in file name |10 + | of the ground stability variations that fuse to the given sampling specifications ahd statistical

Weight - E t = parameters.
[wenta. 50 :| Eponentn. o5 ] = P program simultaneously outputs the filtered ground s(abllr% variation grids fir he grounf stabllll vliui“n
Spatial filtering fnode Moving average filter 1 | into the cu‘;’rhm folder i (g PETWEE™T o r {stadft” dat |
'Spatial domain filter pararheter 6 2| | >> Open any among variation grid time series files C:/ETideLohd4.0_)
Time d filte 5 stagra2015¢13106 dat. I
IO oMo (WAt (Nl I12.0 >> Create of select the results folder C:/ETideLoad4.0_\
Start time for the target tihe series 20150131 v ** The grogip 1 of grids time series files searched by wildcard jnstantiation:
End time for the target tirfe series 20151201 7] SE o st
'Sampling internal for the target time series ' 15.00 days & CIJE 0: 1503311| |
2 = = CUETI .0 1505010 +
Weight of horizontal gradij bnt 5.0 < Exponent 0.5 - CJE 0\ 1505311] 7
Weight of time derivative 15.0 * | Exponent 0.5 & CIJE .0\ 120150701Q) -t
CiE 0_\ 1508010) -
CYETi 0y 1508311| |
CJE 0y 15)001q |
CJE 0_y 15§0311)
forusila [ Set the results folder ¥ Import sett

x = sgn(A)|AITQ, + sgn(B)|BI™Q,,
A=(a-a)/af.B=(b-b)/ay,
= <2 ,{,’;_ sgn(+) sasgnncion | Display of the input-outgut file|

[ Repeatedly use the function [two groups of grid timing statistics normalization synthesis] n-1 times, which can realize the statistical normalization synthesis of the n geodetic variation grids time series. In this
case, you can design n geodetic variations weights and exponents at one time in advance. When the m (smaller than n) synthesis is performed, the variation weights after m-1 synthesis are the sum of the
previous m-1 weights, and the exponent is 1.

£ The ground stability variations based on the vertical deformation have a large spatial influence range, but weak close-range sensitivity. The ground stability variations based on the gravity variations have a
strong close-range sensitivity, but a small spatial influence range. The ground stability variations based on the tilt variations can describe ground stability change information in different directions. The further
synthesis of the three ground stability variations can effectively improve the sensitivity and reliability of the ground stability variation grids time series.

[Parameter settings] Enter the weights and exponents for the ground stability variation,
its horizontal gradient and time-derivative, set spatial and time domain filter parameters, and
set the sampling specificationsl| parameters.

When the starting time is earlier than the first sampling epoch time of the source variation
grids time series, the program lets the starting time = the first sampling epoch time - sampling
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interval * total number of the samples * 5%.

When the ending time is later than the last sampling epoch time of the source variation
grids time series, the program lets the ending time = the last sampling epoch time + sampling
interval * total number of the samples * 5%.

[Output file] The synthesized ground stability variation grids time series files stachr*.dat,
filtered ground stability variation grids time series files staflt*.dat, ground stability variation
horizontal gradient (modulus, per km) grids time series files stagrd*.dat and its time-
derivative (per week) grids time series files stadft*.dat.

Repeatedly use the function [two groups of grid timing statistics normalization synthesis]
n-1 times, which can realize the statistical normalization synthesis of the n geodetic variation
grids time series. In this case, you can design n geodetic variations weights and exponents
at one time in advance. When the m (<n) synthesis is performed, the variation weights after
m-1 synthesis are the sum of the previous m-1 weights, and the exponent is 1.
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6 Editing, calculation and visualization for geodetic data files

The group of programs can be used to construct of geodetic data files in ETideLoad
format, convert between data formats, and edit, interpolate, grid, extract, separate, merge,
detect the gross errors, directly calculate, and visualize on geodetic data files.

# Geodetic data files editing and calculation tools - o X

Geodetic data files editing and calculation tools

- v

) %

Conversion of general ASCII data Data interpolation, extracting and separation Simple and direct calculation on Operations of geodetic time series
into ETideLoad format of land and sea geodetic data files with same specifications
® ol | © '
® Vars e ;‘g b | ]
12 -/ £ {1 ) !
e
4 Kx
\
Rewe
(L’;w“ q® ® ®
® ® X YR | i = =
Generating and constructing of regional Constructing and transforming of Statistical analysis based on Gross error detection and weighted
geodetic grid vector grid file geodetic data file basis function gridding

@ Geodetic Data Files in ETideLoad own Format

[\ ETideLoad only recognizes the five kinds of geodetic stationary data and five kinds of geodetic variation time series data in ETideLoad own format. The program
[Conversion of general ASCII records data into ETideLoad format], and the function [Normalized extraction of batch time series of geodetic monitoring network] are the
important interfaces for ETideLoad software to accept external text data. Using the function [Global prediction of solid earth tidal effects on various geodetic quantities], or
[lobal prediction of surface air pressure tidal load effects on various quantities], you can a ground variations time series with the given location and
sampling specifications. Using the program [ ing and cor g of regional g ic grid], you can construct a numerical grid with the given grid specifications.

6.1 Conversion of general ASCII data into ETideLoad format

[Function] Convert the general ASCII data records file from different sources and non-
standard formats into the discrete geodetic records file in ETideLoad format.

[Input file] The general ASCII data records file.

After entering the number of rows of the input file header, click the control button [Exact
and edit data] to open the dialog [Exact and edit data from the source text file].

Set the format parameters about the target file header, record table header, and record
attributes.

When the target file does not need the record table header, please clear the text
corresponding to the input text box.

Click the button [OK] to close the dialog. Click the control button [Organize and display
results file] to count the maximum number of each column characters of the target record
attributes, and then display the target file header, record table header, and all the records. It
takes some time to organize the target record attributes, please wait...

Complete the statistics of the maximum number of characters of the target record
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attributes, and display the target file header, record table header, and all the records.

(onvev;ion of general ASCII data into ETideload format

B ¥ B %

The record atrributes of source file The record atrributes of target file
Opentextfile Exactdata Saveas Save process Follow example ; >

102546777
W Ada atmbute | | 24.458002
—' |1659.0410

-33.6150

latituds

& Inser>>>

= Delete—
& Clear all
Set the target file header/Editable
[Fame tongituoe tattuge neight kst |
Set the target record tabse header/Editabie
9 — 1
5 103. x> Gance
& Open the source ASCII text file of the file header 1 &~ - Exact and edit data | £ Organize and display results file 4. Save data in the textbox as
Display of the input-output file | 4.r Save program process as

>> [Function] Convert the general ASCII data records i€ from different sources and non-standard formats into the discrete geodetic records file in ETideLoad format.
Py liok tha buttan [Onan th Accou la1

46

fd rntksich. txt B3
(oo

the file header firstly, click the button [Exact and edit data]...
rd attributes
mber of each column characters of the target record attributes, and then display the target

ributes, and display the target file header, record table header, and all the records.
n [Save data in the text box as] to save the contents in the textbox above as the target

£\ The progi is the impi for ETideLoad to accept the external text data

[Output file] The discrete geodetic records file in ETideLoad format.

Check the target records file displayed in the editable textbox. Click the control button
[Save data in the textbox as] to save the contents in the textbox above as the target file...

The program is the important interface for ETideLoad to accept the external text data.

6.2 Data interpolation, extracting and separation of land and sea

6.2.1 Changing of grid resolution by interpolation

[Function] Increase or decrease the grid spatial resolution according to the given grid
resolution and specified interpolation method.

[Input file] The geodetic numerical grid file.

[Parameter settings] Enter the spatial resolution for target grid and select the
interpolation mode.

[Output file] The target geodetic numerical grid file.

The grid direct averaging method is that sums up all the effective source grid element
values within the target grid element, and then divided them by the number of the effective
source elements. The grid equal-area averaging method is that sums up all the effective
source grid element values within the target element, and then divided by the total number
of source elements.

It is recommended to adopt the grid equal-area averaging method when decreasing the
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spatial resolution of the surface loads.

£ Data interpolation, extracting and separation of land and sea

ﬁ Ea } i :_é;f g
Openfile Saveas Importparameters Startcomputation  Save process \ Follow example

i Changing of grid resolution i Interpolating of geodetic sites - Seclecting of records based ~ Separating of (vector) grid data
! by interpolation * attribute from grid “ an attribute condition “ to two different regions
\éj Open a geodetic grid file >> Program Process ** Operation Prompts 4! Save program process as
[[] Process many files in a folder >> Select the computation function from the 4 control buttons on the top of the interface... i

- 2 B =] >> [Function] Increase or decrease the grid spatial resolution according to the given grid resolution and interpolation
Grid spatial resolution | 1.000" ~ | method.

Interpolation mode ** The grid direct averaging method is that sums up all the effective source grid element values within the target grid
element, and then divided them by the number of the effective source elements. The grid equal-area averaging
method is that sums up all the effective source grid element values within the target element, and then divided by the
total number of source elements.

** It is recommended to adopt the grid equal-area averaging method when decreasing the spatial resolution of the
surface loads.
>> Open a geodetic grid file C:/ETideLoad4.0_win64en/examples/Edatafsimpleprocess/dtm15s.dat.
>> Save the results as C:/ETideLoad4.0_win64en/examples/Edatafsimpleprocess/dtm60s.dat.
>> Setting parameters have been imported in the program!

** Click the control button [Start computation], or the tool button [Start computation]...
>> Computation start time: 2022-02-27 21:47:26
>> Compete the computation!
>> Computation end time: 2022-02-27 21:47:27

Gaussian base function v

v

[ Save the results as 3 Import setting parameters & Start computation

Display of the input-output file| 4./ Save data in the text box as

26.
999
99¢
99¢
99¢
999
99¢
999
99¢
99¢
99¢
99¢
998
999
999
99¢
99¢
99¢
99¢

998

The grid direct averaging method or the grid equal-area averaging method can be used
to decrease grid resolution. When the resolution of the target grid is lower than that of the
source grid, the program automatically adopts the inverse distance weighted interpolation
method.

6.2.2 Interpolating of geodetic sites attribute from grid

[Function] From a numerical grid, interpolate the attribute values of the geodetic sites
according to the specified interpolation method.

[Input files] The discrete geodetic points file to be interpolated. The geodetic numerical
grid file for interpolation.

[Parameter settings] Enter number of rows of the discrete geodetic points file header
and select the interpolation mode.

[Output file] The interpolated discrete geodetic points file.

The file format is the same as the input discrete geodetic points file file. Behind the input
file record, add one column of the interpolated value as the output file record.
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6.2.3 Selecting of records based an attribute condition
[Function] Select the geodetic records from a geodetic records file according to the
maximum and minimum range of the specified attribute.
[Parameter settings] Enter number of rows of the input file header, colmun ordinal
number of the condition attribute in the file record, and minimum and maximum of the

attribute.

+ Data interpolation, extracting and separation of land and sea

2 N 3 ) 37 2

Openfile Saveas Importparameters Start computation  Save process \Follow example

. Changing of grid resolution -, Interpolating of geodetic sites - Seclecting of records based ~ Separating of (vector) grid data
“~ by interpolation - attribute from grid “ an attribute condition to two different regions

(%} Open a discrete points file >> Program Process ** Operation Prompts 4:! Save program process as
Set format parameters of the file

>> Save the results as C:/ETideLoad4.0_win64en/examples/Edatafsimpleprocess/chksinterp.txt. A
Number of rows of the file header! 2| | >> Setting parameters have been imported in the program!
. ** Click the control button [Start computation], or the tool button [Start computation]...
Eominodinainumber ol 2| | >> Computation start time: 2022-02-27 21:53:44

e colidion arbine \ >> Compete the computation!

>> Computation end time: 2022-02-27 21:53:45

Minimum -28.00 \
Maximum ' 9000.00

file according to the maximum and

minimum range of the sepcified attribute.

>> Open a discrete points file C:/ETideLoad4.0_win64en/examples/Edatafsimpleprocess/chksinterp.txt.
** Look at the input file information in the text box above, set the ffile format para

>> Save the results as C:/ETideLoad4.0_win64en/examples/Edatafsimpleprocessichksinterp_.txt.

>> Setting parameters have been imported in the program!

** Click the control button [Start computation], or the tool button

Computation start time: 2022-02-27 21:55:44

>>Compete the computation!

tart computation]...

v
% Import setting paranjeters ¥ Start computation

4. Save data in the text box as

~

[ chksinterp. (x(ml

| 11569 106.020833 27.020833 -30.808 -30.7790
11570 106.062500 27.020833 -30.805 -30.7727
11571 106.104167 27.020833 -30.785 -30.7528
11572 106.145833 27.020833 -30.741 -30.7133
11573 106.187500 27.020833 -30.680 -30.6599
11574 106.229167 27.020833 -30.618 -30.6044
11575 106.270833 27.020833 -30.573 -30.5599
11576 106.312500 27.020833 -30.550 -30.5312
11577 106.354167 27.020833 -30.536 -30.5065
11578 106.395833 27.020833 -30.500 -30.4654
11579 106.437500 27.020833 -30.416 -30.3872
11580 106.479167 27.020833 -30.284 -30.2650 v

6.2.4 Separating of (vector) grid data to two different regions

[Function] According to the maximum and minimum range of the specified reference grid
value, replace the source (vector) grid values with the given constant when the reference
grid values are out of the range, to separate the source (vector) grid.

The program requires that the reference grid can distinguish the target region by the
maximum and minimum value range.

The program can realize the separation of land or sea (vector) grid. The resolution of
the source grid may be different from that of the reference grid.

[Input files] The source geodetic (vector) grid file. The reference grid file whose grid
range and resolution are not smaller than that of the source grid file.
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+ Data interpolation, extracting and ration of land and sea

& . =,

S/ | ¥

B, Changing of grid resolution
“ by interpolation

(.2} Open a geodetic grid file

[Z) Process many files in a folder
[_] Separate vector grid data

(%} Open the reference grid file

Minimum |0.00
Maximum ' 9000.00 =

Interpolation mode

Gaussian base function v

Constant grid value ' IS

R &z A

Open file Saveas Import parameters Start computation  save process \ Follow example,

1+ Interpolating of geodetic sites - Seclecting of records based
“* attribute from grid “ an attribute condition

>> Program Process ** Operation Prompts 4:I Save program process as

>> [Function] According to the maximum and minimum range of the specified reference grid value, replace the
source (vector) grid values with the given constant when the reference grid values are out of the range, to separate
the source (vector) grid. The program requires that the reference grid can distinguish the target region by the
maximum and minimum value range.

>> Open a geodetic grid file C:/ETideLoad4.0_win64er E i /dbmGM1800150sksi00.dat.

>> Open the reference grid file C:/ETideLoad4.0_win64 Edatafsimplepi dtminds.dat.
>> Save the results as C:/ETideLoad4.0 wm64en/examples/Edatafsmpleprooess/dmeM18001505k5|lnd dat.
>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]...
>> Computation start time: 2022-02-27 22:18:53
>> Compete the computation!
>> Computation end time: 2022-02-27 22:18:53

B Save the results as 3 Import setting parameters & Start computation

e e ra 21,

1 the text box as

30 -30.47¢
50 -30.80!
w28 -30.23t
L6 -30.23t
38 -28.62!
> )G -27.34
32 -26.50"
L4 -24.37!
o )0 9990.00¢
0 9990.00¢

o )O 9990.00¢
-16.48.v

~

A

& W

B Changmg of grid resolution
by interpolation

(.2} Open a geodetic grid file

[C] Process many files in a folder
[_] Separate vector grid data

Constant grid value( 9990.00) ~

\Q Open the reference grid file

Minimum ' -99000.00
Maximum 0.00

Interpolation mode

Weighted inverse distance v

> az A

Openfile Saveas Importparameters Start computation  save process \ Follow example

++4 Interpolating of geodetic sites - Seclecting of records based = Separating of (vector) grid data
-+ attribute from grid “ an attribute condition —_to two different regions
>> Program Process ** Operation Prompts 4.1 Save program process as

[ o

>> Computation end time: 2022-02-27 22:18:53
>> [Function] According to the maximum and minimum range of the specified reference grid value, replace the
source (vector) grid values with the given constant when the reference grid values are out of the range, to separate
the source (vector) grid. The program requires that the reference grid can distinguish the target region by the
maximum and minimum value range.
>> Open a geodetic grid file C:/ETideLoad4.0_win64er I --—---uw»zETOPOZ&Omsph dat.
>> Open the reference grid file C:/ETideLoad4.0_win64 Edatafsimpleprocess/ETOPO30msph.dat.
>> Save the results as C:/ETideLoad4.0 wrn64en/examples/Edataf5|mpleprocess/ETOPOSOmsea dat.
>> Setting parameters have been imported in the program!

** Click the control button [Start computation], or the tool button [Start computation]...
>> Computation start time: 2022-02-27 22:22:51
>> Compete the computation!
>> Computation end time: 2022-02-27 22:22:52

[ Save the results as 3 Import setting parameters ¥ Start computation

~
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6.3 Simple and direct calculation on geodetic data files

6.3.1 Weighted operations on two specified attributes in records file

[Function] Perform weighted plus, minus, or multiply operations on two specified
attributes in the discrete points file.

[Input file] The discrete geodetic points file.

[Parameter settings] Enter number of rows of the discrete geodetic points file header,
colmun ordinal number and weight of the attribute 1, and colmun ordinal number and weight
of attribute 2. Select operation mode.

[Output file] The operated discrete geodetic points file.

The file format is the same as the input discrete geodetic points file file. Behind the input
file record, add one column of the computed result as the output file record.

L&) Simple and direct calculation on geodetic data files

% = 3 = az

Openfile Saveas Importparameters Startcomputation  save process

. Weighted operations on two specifi . i perations on «. Product operations on @ Weighted operations on two
__attributes in records file ! two geodetic grid files “* two vector grid files harmonic coefficients files

(2} Open a discrete points file >> Program Process ™" Operation Prompts
The file format parameter

4. Save program process as

>> Select the computation function from the 4 control buttons on the top of the interface...
>> [Function] Perform weighted plus, minus, or multiply operations on two specified attributes in the discrete points file.
>> Open a discrete points file C:/ETideLoad4.0_win64en/s ples/EdFigeodatacalculat e/pntdata. txt.
** Look at the input file information in the text box above, set the file format parameters......
>> Save the results as C:/ETideLoad4.0_win64en/examples/EdFlgeodatacalculate/pntdataadd.txt.
>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]...
Computation start time: 2022-03-05 16:49:39
omplete the computation!

Number of rows of the file header 0

Colmun ordinal number of attribute 1 5

v ]l

Colmun ordinal number of attribute 2 |6
Select operation mode
Plus + v

The first weight | 1.00

The second weight| 1.00

“+ Import setting parameters & Start computation

Display of the input-output file| 4./ Save data in the text box as

~

129 . 0 2
1228.2 .1689 -0.5385 -2.7074

6.3.2 Weighted operations on two geodetic grid files

[Function] Perform weighted plus, minus, or multiply operations on grid elements in two
(vectors) grid files with the same specifications.

6.3.3 Product operations on two vector grid files

[Function] Perform outer product or inner product operations on vectors grid elements
in two vectors grid files with the same specifications.

6.3.4 Weighted operations on two harmonic coefficients files

[Function] Perform weighted operations on two normalized spherical harmonic
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coefficients model files.

L&) simple and direct calculation on geodetic data files

& ¥

Open file Saveas Import parameters

&z ‘An

Save process \_Follow example

2, Weig| perations on two sp + Weig| perations on «. Product operations on e Weighted operations on two
attributes in records file * two geodetic grid files “* two vector grid files harmonic coefficients files
& Open the first spherical harmonic >> Program Process ** Operation Prompts 4. Save program process as
== coefficients model file
>> Computation end time: 2022-03-05 16:57:42 -

& Open the second spherical harmonic | . [Function] Perform weighted operations on two normalized spherical harmonic coefficients model files. The header of the
coefficients model file model file occupies a row.

Select operation mode >> Open the first spherical harmonic coefficients model file C:/ETideLoad4.0_win64er P dF llate/
CS50.dat.
¥ | >> Open the second spherical harmonic coefficients model file C:/ETideLoad4.0_win64er p dFigeoc llate/
CS60.dat.

The first weight| 1.00

>> Save the results as C:/ETideLoad4.0_win64en/ p dF Jlate/CSadd60.dat.
>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]...
>> Computation start time: 2022-03-05 17:01:22
>> Complete the computation!
>> Computation end time: 2022-03-05 17:01:24

oo

The second weight| 1.00

[ Save the results as % Import setting parameters & Start computation

Display of the input-output file | 4./ Save data in the text box as

A

< >

The file header occupies a row and consists of two attributes for scaling parameters of
the spherical harmonic coefficients model, namely the geocentric gravitational constant GM
(x10'*m?/s?) and equatorial radius of the Earth a (m).

6.4 Operations on geodetic time series with same specifications

6.4.1 Weighted operations on two records time series with same specifications

[Function] Perform weighted plus, minus, or multiply operations on two variations at the
same sampling epochs from two records time series.

The program requires that the records of two groups of time series are one-by-one
correspondence in location and sampling epoch.

[Input files] The two groups of variation records time series files.

[Parameter settings] Set the records time series file format parameters, enter the weighs ,
and select operation mode..

If some a sampling epoch is not in both of two group records time series, the
corresponding variation time series is neglected.

[Output file] The operated discrete geodetic points file.

The file header is composed of the weighted operation type (0 - plus, 1 - minus, 2 -
multiply), number n of attribute columns of the variation location information in the record,
number m of sampling epochs, and m sampling epochs.
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Behind top n columns attributes of the first records time series, add m variations of result
time series as the output record.

% Operations on geodetic time series with same specifications

2 M 3 T &z A
Openfile Saveas Importparameters Startcomputalion  save process \ Follow example,
= Weighted operations on two records P Construction of records time series p Weighted operations on two groups
__time series with same specifications " from batch discrete points files ~ of grids time series files

4 Open the geodetic records time series file 1 >> Program Process ** Operation Prompts 4! Save program process as
Column ordinal number of first epoch time in header |3 series. The program requires that the records of two groups of time series are one-by-one correspondence in location and sampling epoch. a

Colinne ocdioal teaber of the Tt vesiaion in record ** If some a sampling epoch is not in both of two group records time series, the corresponding variation time series is neglected

>> Open the geodetic records time series file 1 C:/ETideLoad4.0_win64er 1.txt

Open the records time series file 2 with

** Look at the input file information in the text box below, set the file format parameters.
s the same specifications

** The window below only shows the records time series with no more than 2000 rows!
>> Open the records time series file 2 with the same specifications C:/ETideLoad4.0_wir 2.txt.
2 ¢ ** Look at the input file information in the text box below, set the file format parameters.

** The window below only shows the records time series with no more than 2000 rows!

Column ordinal number of the first variation in recbrd 5. = Save the results as C./ETideLoadd.0_. t
Ths file header is composed of the weighted operation type (0 - plus, 1 - minus, 2 - multiply), number n of attribute columns of the variation
in the record, number m of sampling epochs, and m sampling epochs. Behind top n column attributes of the first records
add rirvariations of result time series as the output record.

Plus +
ngters have been imported in the program!
The first weight 1.00 * The second Jveight 1.00 |° by bufton [Start compu(anon] or the tool button [Start computation]

>> Complete the weighted operatians of tWo-records time series files! [Tiere are 12 pairs of variartions operated

>> Computation end time: 2022-03-0! 22:43

Column ordinal number of first epoch time in head

Select operation mode

[} save the results as ort setiing parameters

t computation

‘lsplay of the input-output file |

6.4.2 Construction of records time series from batch discrete points files

[Function] From a series of discrete points files with the same specifications including
the sampling epoch time, extract the specified attribute variation, and compose a time series
by sorting with time, and then generate a records time series file with several kinds of
variations.

[Input files] A series of discrete points files with the same specifications.

The program requires that the file header occupies a row that contains a sampling epoch
in ETideLoad format.

The program also requires that the locations of the variations in all the geodetic record
files are one-by-one correspondence, but the record length may be different.

[Parameter settings] Set the wildcard patameters for a series of discrete points files and
the file format parameters, enter column ordinal number of the epoch time in the input file
header and target attributes time series in the input file record.

[Output file] The variation records time series file.

The output file header: The number of the sites, number (n) of attributes for the site
location information in the record, sampling number (m), m sampling epoch times.

The output file record format: The first n columns of attributes of the record in the first
discrete points file, m sampling variations of the result record time series.
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Openfile Saveas Importparameters Start computation  Save process \ Follow example

wmnm operations on two records Weighted operations on two groups
“ time series with same specifications “ of grids time series files
& Open any discrete points file with time >> Program Process ** Operation Prompts &I Save program process as
Set the wikicard of the flls names >> [Function] From a series of discrete points files with the same specifications including the sampling epoch time, extract the specified attribute -

Ordinal number of the first wildcard in the file nai
Number of consecutive wildcards in the file name

variation, and compose a time series by sorting with time, and then generate a variation records time series file. The program requires that the file
header occupies a row, and contains a sampling epoch in ETideLoad format
*ag rogram also requires that the locations of the variations in all the geodetic record files are one-by-one correspondence, but the record length

Column ordinal number of sampling epoch in header 7

2 etg points file with time C:/ETideLoad4.0_\ 170315.txt
Column ordinal number of target variation in record 6 5 xt.
el the sites, number (n) of attributes for the site location information in the record, sampling number (m), m sampling
epoch times. The file record format: égst n columns attributes of the record in the first discrete points file, m sampling variations of the result
record time series.
** The discrete polms file searched by wildcard ins ion:
C:/ETideLoa
C:/ETideLoadd. 0

C:/ETideLoad4.0_\
>> Setting parameters have been imported in the program!
** Click the control button [Start computation), or the tool button [Start computation]...
>> Computation start time: 2022-03-05 17:45'54
>> Complete the of records time series![There are 3 location and time files involved. J———
>> Computation end time: 2022-03-05 17:46:31

¥} Save the results as 3 Import setting parameters & Start computation

3.3738
3.428

1470 25:6 35.p_0:08333333 508333333 [ 2
T T -1

AasabsBLWLW

4.708333
104.791667
8

v o

6.4.3 Weighted operations on two groups of grids time series
[Function] From two groups of variation grids time series with the same specifications,
sort the two groups of grids with time and then perform weighted plus, minus, or multiply
operations.

& . o
5/ | ¥ d a2 An
Openfile Saveas Importparameters Start compulalion  Save process \_Follow example
- Weighted operations on two records - Construction of records time series - Weighted operations on two groups’
time series with same specifications from batch discrete points files of grids time series files
'# Open any grid time series file of the group 1 >> Program Process ** Operation Prompts &' Save program process as
Set the wildcard of the file names CJETideLoad4.0_y =
Ordinal number of the first wildcard In the file ng C/ETideLoad4.0_ winG
p € grids time series mes o! me group 2 searcheu by wlidcard lnslanuanon
Number of consecutive wildcards in the file nai CJ/ETideLoad4.0_y YQbhB0150207]dat
i C:/ETideLoad4. 0_ YQbh20
8 Open any grid time series fie of the group 2 C//ETideLoad4.0_ i i vabho
Set the wildcard of the file names C/ETideLoadd.0_y i YQbh{20
Ordinal number of the first widcard in the fil C/ETkdeLoad4.0. """“e“’e"‘"'“ : .
5 Baeniex: YQbhR0
Number of consecutive wildcards in file nar Ci IET|deLoad4 0 YQbh20
C/ETideLoadd.0_y i i gYQbhR0
Select operation mode C-/ETideLoad4.0_\ YQbh{20151009]dat

Plus + < >> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation)...
- } <| | >> Computation start time: 2022-03-05 17:56:56
The first weight 1.00 = The second weight 1100 = | |, complete the weighted operations of two groups of grid time series files![TTiere are & pais of grid ime series files operated |
>> Computation end time: 2022-03-05 17:56:56 v

[} Set the resuits folder 3 Import setting parameters & Start computation

Display of the input-output file |

27.000001
:»4‘2:',1

18.500000 +66666667

L0659E+01

1
1
1

©

1
1%
1
1
1
1
1
1
5
8

D
S

7
6.9341E400 6.89 0 6. .8309E+0 v
1.0370E+01 1.0432E+401 1. .0525E+01 -0639E+01
1.0958E+01 1.0989E+01 1. .1062E+01 11038401 v
< >

The program automatically ignores the grid file whose sampling epoch is not one-by-
one correspondence.
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6.5 Generating and constructing of regional geodetic grid

6.5.1 Gridding of discrete geodetic data by simple interpolation

[Function] From a geodetic discrete point records file, generate the specified attributes
grid file according to the specified interpolation method and grid specifications.

[Input files] The discrete geodetic points file to be interpolated. The geodetic numerical
grid file for interpolation.

[Parameter settings] Enter number of rows of the discrete points file header, colnum
ordinal number of the target atrribute in the file record, interpolation search radius (multiple
of the grid element) and grid specifications parameters. Select the interpolation mode.

[Output file] The operated discrete geodetic points file.

The file format is the same as the input discrete points file. Behind the input file record,
add one column of the interpolated result as the output file record.

] Generating and constructing of regional geodetic grid o
— . = a3 =
Y > a4 A
Open file Saveas Importparameters Start computation  Save process \Follow example
-, Gridding of discrete geodetic " Gridding of high record - . of vector grid from two Constructing of general » Extracting of data according to
—_ data by simple sy by direct g o in geodetic records geodetic grid file latitude and longitude range
W Open a discrete points file >> Program Process ** Operation Prompts 4.1 Save program process as

[] Process batch files with the same specifications  >> Select the computation function from the 5 control buttons on the top of the interface..
| Number of ros of the file header >> [Function] From a geodetic discrete point records file, generate the specified attributes grid file according to the specified interpolation

| ' method and grid specifications
| Colnum ordinal number of the target - 9 o

4 >> Open the discrete points file C:/ETideLoad4.0_winé4er gt150s.txt
atribute in the file record ** Look at the input file information in the text box below, set the file format parameters.
Select interpolation mode >> Save the results as C:/ETideLoad4.0_win64er gt150s.dat
= >> Setting parameters have been imported in the program!
- ** Click the control button [Start computation], or the tool button [Start computation].
search radius - >> Computation start time: 2022-02-28 13:50:23
| number of the grid element) S I ~  >>Complete the computation!

[] Output spherical coordinate g >> Computation end time: 2022-02-28 13:50:25

Maximum latitude 34.000° |3 [ Save the results as

114.000° < | # Import the parameters

Minimun latitude

& Start computation

Display of the input-output file|

500

6.5.2 Gridding of high-resolution record attributes by direct averaging
[Function] Using the direct averaging method, grid the high-resolution discrete
observations.
6.5.3 Interpolation of vector grid from two attributes in geodetic records
[Function] From a geodetic discrete points file, generate the vector grid file according to
the two specified component attributes, specified interpolation method, and given grid
specifications.
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nerating and constructing of regional geodetic grid

= | ¥

Open file Saveas Import parameters

>

Start computation

«, Gridding of discrete geodetic
“* data by simple interpolation

+1 Gridding of high- recor
*+4 attributes by duract averaging

Constructing of general -
geodetic grid file

| 3 Open a vector points file >> Program Process ** Operation Prompts

"] Process batch files with the same spemﬁca“ons >> Setting parameters have been imported in the program!

** Click the control button [Start computation], or the tool button [Start computation].
| Number of ros of the file header * | >>Computation start time: 2022-02-28 13:52:31
Colnum omxngl number of the 8 = >> Complete the computation!
component 1 in the file record >> Computation end time: 2022-02-28 13:52:32
Colnum ordinal number of the
component 2 in the file record

|
| Select interpolation mode

t interpolation method, and given grid specifications.

>> C:/ETideLoad4.0_\ xt

Extracting of data according to

* latitude and longitude range

4! Save program process as

B >> [Function] From a geodetic records file, generate the vector grid file according to the two specified component attributes, specified

| ** Look at the input file information in the text box below, set the file format pammetsrs
>> Save the results as C:/ETideLoad4.0_\ dat.
Setting parameters have been imported in the program!
| Intarpolanon search radius ("'""""E] lick the control button [Start computation], or the tool button [Start computation].
| number. of the gnd element) utation start time: 2022-02-28 13:58:27
[_] Output spherical coordinate grid the computation!
end time: 2022-02-28 13:58:28
1040 114,0 08333395 0:08933333 <3.9364 414390 34.000° 5
) 041667 3.6195 3,022
104.000° <1[5.000" <1 [114.000°

}=) save the results as

< |'# Import the parameters

1
1
1
104
1
1

104,

34.000000 0.08
0.4855
0.5962
0.6446
0.7567
0.9158

6.5.4 Constructing of general geodetic grid file

[Function] According to the given latitude and longitude range and spatial resolution,
generate the constant values, random number, 2D array index values, or Gaussian surface

grid file.

=] Generating and constructing of regional geodetic grid

. = = =
B N ¥ > a2 e
Openfile Saveas Importparameters Start computation  Save process \ Follow example
«, Gridding of discrete geodetic +1 Gridding of high- record tion of vector grid from two Constructing of general
“* data by simple interpolation “*4 attributes by duracl averaging s annbutss in geodetic records geodetic grid file
Grid construction mode

>> Program Process ** Operation Prompts

:
< ** Look at the input file information in the text box below, set the file format parametsrs
Set grid value parameter m - >> Save the results as C:/ETideLoad4.0_\ dat,

| >> Setting parameters have been imported in the program!

** Click the control button [Start computation], or the tool button [Start computation]
‘ >> Computation start time: 2022-02-28 13:58:27

>> Complete the computation!

>> Computation end time: 2022-02-28 13:58:28

index values, or Gaussian surface grid file
>> Save the results as C./ETideLoad4.0_\
| >> Setting parameters have been imported in the program!

| ** Click the control button [Start computation], or the tool button [Start computation]..
| >> Computation start time: 2022-02-28 14:01:29

>> Complete the computation!

>> Computation end time: 2022-02-28 14:01:29

dat

Extracting of data according to

** Jatitude and fongitude range

4! Save program process as

| >> [Function] According to the given latitude and longitude range and spatial resolution, generate the constant values, random number, 2D array

34.000°

ongitudelf 104.000°  [$][2.500" sl 14,

[ save the results as
2 |'» Import the parameters

& Start computation

00 00000901

4./ Save data in the text box as




6.5.5 Extracting of data according to latitude and longitude range
[Function] According to the given latitude and longitude range, extract data from the
geodetic discrete points file, grid file, or vectors grid file. The program can extract data from
batch files.

] Generating and constructing of regional geodetic grid = o X

BN ¥ 5w
Openfle Saveas Importparameters ~Siari compuiation  Save process \ Follow example
.-, Gridding of discrete geodetic .- Gridding of high-resolution record - ., Interpolation of vector grid from two Constructing of general xtracting of data according 1o
* data by simple interpolation  “*/ attributes by direct averaging * atributes in geodetic records geodetic grid file lalitude and longitude range
The source flie format >> Program Process ** Operation Prompts 4. Save program process as

Dicrete points file -
>> Setting parameters have been imported in the program! B

| ** Click the control button [Start computation]. or the tool button [Start computation]....
3 Open a source data file >> Computation start time: 2022-02-28 14:01:29
| [ Process batch files with the same specifications | >> Complete the computation!
- | >>Computation end time: 2022-02-28 14:01:29
Number of ros of the file header 0 B

>> [Function] According to the given latitude and longitude range, extract data from the geodetic discrete points file, grid file, or vectors
grid file. The program can extract data from batch files
>> Open the source data file C:/ETideLoad4.0_y xt
** Look at the input file information in the text box below, set the file format parameters
>> Save the results as C:/ETideLoad4.0_\ 150s5ub.txt
>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the ool button [Start computation].
>> Computation start time: 2022-02-28 14.04:52
>> Complete the computation!
>> Computation end time: 2022-02-28 14:04:56

Maximum latitude|

B [} Save the results as

Minimum fongitude Maximum longitude 105.000° 3 113.000° 3 3 Import the parameters
Minimun latitude| 26.000° (5 & Start computation
Display of the input-output file 4.t Save data In the text box as

6.6 Constructing and transforming of vector grid file

6.6.1 Combining of two grid files into a vector grid file
[Function] Combine two grids with the same specifications as the two components of the
vector into a vector grid.

[E! Constructing and transforming of vector grid file - o X

@ M ¥ d o
Openfile Saveas Importparameters Startcomputation  Save process \Follow example
‘Combining of two grid files’ = Decomposing of vector grid
into a vector grid file file into two grid files

>> Program Process ** Operation Prompts 4./ Save program process as

Transforming of vector form 3 Converting of vector grid file
vector grid file " into discrete points file

: ﬂ Open the grid file 1 with the same specifications
- - >> Select the computation function from the 4 control buttons on the top of the interface |
| 1.2} Open the grid file 2 with the same specifications | >> [Function] Combine two grids with the same specifications as the two components of the vector into a vector grid

>> Open the grid file 1 with the same specifications C:/ETideLoad4.0_win64en/examples/EdVectorgridtransf/
“
** Look at the input file information in the text box above, set the file format parameters...

>> Open the grid file 2 with the same specifications C:/ETideLoad4.0_win64enfexamples/EdVectorgridtransf/

>> Save the results as C-/ETideLoad4.0_win64en/examples/EdVectorgridtransffiectorgrd dat. |
>> Setting parameters have been imported in the program!
** Click the control button [Start computation), or the tool button [Start computation).
>> Computation start time: 2022-02-11 15:57:06
>> Complete computation!
>> Computation end time: 2022-02-11 15:57:06

[} save the vector grid as "+ Import setting parameters. & Start computation

Display of the input-output file| 4! Save data in the text box as
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6.6.2 Decomposing of vector grid file into two grid files
[Function] Decompose a vector grid file into two components

grid files.

[ Constructing and transforming of vector grid file

© B

Open file Save as Import parameters

E

Start computation

az
Save process

Follow example

HE ‘Combining of two grid files D posing of vector gri [ Transforming of vector form
into a vector grid file file into two grid files * for vector grid file
>> Program Process ** Operation Prompts
| ) Open a vector grid file -
| >> Save the results as C:/ETideLoad4.0_\ rgrd.dat.

>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]...
>> Computation start time: 2022-02-11 15:57:06
>> Complete computation!
>> Computation end time: 2022-02-11 15:57:06
>> [Function] Decompose a vector grid file into two components grid files
>> Open a vector grid file C:/ETideLoad4.0_\ i

>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]...
>> Computation start time: 2022-02-11 15:59:55
>> Complete computation!
>> Computation end time: 2022-02-11 15:59:55

[=) Save the component 1 grid as || Save the component 2 grid as

3 Import setting parameters

Display of the input-output file|

u] X

Convemng of vector grid file
into discrete points file

4./ Save program process as

fdbmchexpe dat_]
>> Save the component 1 grid as C:/ETideLoad4.0_win64en/examples/EdVectorgridtransf}
>> Save the component 1 grid as C:/ETideLoad4.0_ bmct .dat]

& Start computation

4! Save data in the text box as

6.6.3 Transforming of vector form for vector grid file

[Function] Transform the vectors in a vector grid file between plane coordinates (in-
phase/cross-phase amplitude) and polar coordinates (amplitude/phase).
6.6.4 Converting of vector grid file into discrete points file
[Function] Convert the (vectors) grid flle into the discrete pomts flle

“., (cnsmxlvl\g and transforming of vector gnd file

©  H

o

3 5

3

Open file Save as Import parameters

Start computation

Save process

Follow example,

- Combining of two grid files ] Decomposing of vector grid [ Transforming of vector form ... Converting of vector grid file
" into a vector grid file file into two grid files for vector grid file nto discrete points file

[T Convert the grid into discrete points | >> program Process ** Operation Prompts
2} Open a vector grid file

>> Save the results as C:/ETideLoad4.0_\ ~dat.
>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]...
>> Computation start time: 2022-02-11 16:02:06
>> Complete computation!
>> Computation end time: 2022-02-11 16:02:06
>> [Function] Convert the (vectors) grid file into the discrete records file.

>> Setting parameters have been imported in the program!
** Click the control button [Start computation], or the tool button [Start computation]
>> Computation start time 2022-02-11 16:05:14
>> Complete computation!
>> Computation end time: 2022-02 11 16:05:16

F=) save the results as 3 Import setting parameters

Display of the input-output file | &

4. Save program process as

>> Open a geodetic grid file C:/ETideLoad4.0_win64en/examples/EdVectorgridtransffldbmchcxpe.dat. |
>> Save the results as C:/ETideLoad4.0_)\ vectorpnt.txt.

& Start computation

! Save data in the text box as

142000000

TLOATEREET
17

66eeT 2
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6.7 Statistical analysis on various geodetic data file

[Purpose] Extract the latitude and longitude range, mean, standard deviation, minimum,
maximum, and other statistical information from the specified attributes of the discrete points

file, geodetic grid file, or vector grid file.

42 Statistica: analysis on various geodetic data e X |42 Statistical analysis o0 various geodetic data e
&= 3 & a4 s ) 5 = a7 As
Openfile Import parameters Save statistical information  Follow example Openfile Import parameters Save statistical information  Follow example
EHEEUDN RS UPE 0 DS Sate o >> Program Process ** Operation Prompts &t Save the statistical information as | Select the fle type fo be siatistic >> Program Process ™ Operation Prompts & Save the statistical information as
The discrete points fie The site time series file .
>> [Purpose)] Extract the latitude and longitude range, mean, standard deviation, 5> Stallotio onults:
& Open the discrete points file minimum, maximum, and other statistical information from the specified attributes & Open the site time series file Minimum longitude: 102.3455°
of the discrete points file, geodetic grid file, or vector grid file. Maximim longiiios: 103 4285
Number of rows of the file header 0 $ ** Please selects the file type used for statistics firstly. Column ordinal number of the | Minimum laitude: 24.3751
>> Statistics on the specified attributes. attribute to be statistic Maximum laitude: 25 4877

Column ordinal number of the | **Mean: -0.1007

. >> Open the discrete points fie C:/ETideLoadd.0_win64en/examples/

SRENIS G IS Savietc Tistatisticanalysis/GNSSiksirent txt + Import setting parameters Standard deviation: 0.0308
v e ek . . . Minimum: -0.1550
3 Import sefting parametes mr‘;::::r; the input file information in the text box above, set the file format T A

Computation end time: 2022-02-28 14:50:15
>>\Riatistics on the specified attribute time series.
>> Oden the site time series file C/ETideLoadd.0_win64en/examples/
> " Tistatishganalysis/DONT txt
= T >> Settind\parameters have been imported in the program!
o o ** Cick thikgontrol buon [Start staisc], o the ool bution [Start tatistc]
>> Computatidy start tme: 2022-02-28 14:53:59

& Stan stat >> Setting parameters have been imported in the program!
** Click the control button [Start statistic], or the tool button [Start statistic]
>> Computation start time: 2022-02-28 14:50.15

Minimum laitude: 24.3751°
Maximum laitude: 25 4877
~"Mean: -0.1007
Standard deviation: 0.0308
finimum: -0.1550
[aximum: -0.0459
> Qpmputation end tme 02-28 14:50:15

728 14:53.59

Display of the input-output file| 4./ Save data in the text box as | Display of the input-output file] 4/ Save data in the text box as

6.8 Gross error detection and weighted basis function gridding

6.8.1 Gross error detection on observations based on low-pass reference surface

[Function] Select the low-pass grid as the reference surface, interpolate the reference
value of the specified attribute value at the discrete point, and then detect and separate the
gross error records according to the statistical properties of the differences between the
specified attribute value and reference value.

[Input files] The discrete geodetic points file to be detected. The low-pass reference
surface grid file.

The reference surface can be constructed from discrete data by simple gridding and
then low-pass filtering, and can also be the specified attribute grid constructed by weighted
basis function gridding.

[Parameter settings] Enter number of rows of the discrete geodetic points file header,
column ordinal number of the attribute to be detected in the record, and beyond multiples of
the standard deviation.

When the absolute value of the difference between the attribute and its mean is greater
than n times the attribute standard deviation, the record in which attribute is a gross error
record.

[Output file] The operated discrete geodetic points file without gross error, whose format
is the same with the input discrete points file. The gross error points file, whose file header
include the average, standard deviation, minimum and maximum of the differences.
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@ Gross error detection and weighted basis function gridding o

m Y = =

2 s 4 a7 A
Openfile Saveas Importparameters Start compulation Save process \_Follow example
Gross error detection on - of ‘weight -+, Gridding by basis function .. Batch gridding by basis function . . Gridding of records time series by basis
based on low-pass reference surface with given reference attribute “ weighted interpolation * weighted interpolation “ function weighted interpolation
B Open the discrete points file >> Program Process ** Operation Prompts 4.1 Save program process as
NOIBAF of Towe ot ttie 15 headar 11 2| | >> Select the computation function from the 5 control buttons on the top of the interface

>> [Function] Select the low-pass grid as the reference surface, interpolate the reference value of the given attribute value at the discrete point, and then
detect and separate the gross error records according to the statistical properties of the differences between the given attribute and reference value.
** The reference surface can be constructed from discrete data by simple gridding and then low-pass filtering.

Column ordinal number of the attribute

to be detected in the record 5

Beyond multiples number of >> Open the discrete points file C:/ETideLoad4.0_\ P! txt
the standard deviation ** Look at the input file information in the text box below, set the file format p :
31 >> Open the reference surface grid file C:/ETideLoad4.0_\ pp dat. |
(i Oy the TMEnnCe e fce orid e >> Save no error results as C:/ETideLoad4.0_y PP N
>> Save the gross error results as C:/ETideLoad4.0_y P txt

>> Setting parameters have been imported in the program!
** Click the control button [Start computation]. or the tool button [Start computation].
>> Computation start time: 2022-02-28 15:38:30
>> Complete the computation!
>> Computation end time: 2022-02-28 15:38:30

number long(deg/dec ght (m) rentKsi(m) TerEffect (mGal)

[} save no error results as ¥ Save the gross error rekults as & Start computation

Display of the input-output file | I’ Save data in the text box as

-

102.42

6.8.2 Estimation of observation weight with given reference attribute

[Function] Using the weight function defined by ETideLoad, estimate the observation
weight according to the statistical property of the specified reference attribute in the input
geodetic records file.

Weight function defined by ETideLoad4.0w(x,a) = 100\/a2 + (ax)?, here x is the
reference attribute, a is the given smoothing factor of the weight function, o is the standard
deviation of x calculated automatically by the program.

The larger the weight function smoothing factor a, the slower the weight function w
decays with distance.

6.8.3 Gridding by basis function weighted interpolation

[Function] According to the given grid specifications (grid range and spatial resolution),
and speccified basis function, grid the sepecified attribute in the input discrete geodetic
records file by the weighted basis function interpolation method.

[Input files] The discrete geodetic points file.

[Parameter settings] Enter number of rows of the discrete points file header, colnum
ordinal number of the target atrribute in the file record, and grid specifications parameters.
And set the base function and its parameters.

The smaller the kurtosis is (the slower the basis function decays with distance), the
larger the number of neighboring points in the interpolation, the smoother the interpolation,
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the weaker the edge effect, and the stronger the interpolation ability for sparse data.
The interpolation weight is equal to the product of the attribute weight and base function.
[Output file] The geodetic grid file.

@ Gross eror detection and weighted basis function gridding o
2 =" 5 az An
Openfile Saveas Import parameters Save process \Follow example
+ Gross error detection on { = of ion weight .+, Gridding by basis function .-, Batch gridding by basis function . .. Gridding of records time series by basis
B based on low-pass reference surface with given reference attribute __ weighted interpolation " weighted interpolation * function weighted interpolation
E‘ Open the discrete points file >> Program Process ** Operation Prompts 4./ Save program process as
Number of rows of the file header |1 >> Computation start time: 2022-02-28 15:48:12 ~
= >> Complete the computation!
Column ordinal number of the attribute > >> Computation end time: 2022-02-28 15:48:12
to be grided in the record >> [Function] According to the given grid specifications (grid range and spatial resolution). weight function, and other parameters, grid the given
PV Tl attributes in the input discrete geodetic records file by the weighted b
20 e finction >> Open the discrete points file C:/ETideLoad4.0_ txt
Guassian function - [] Equal weight ¢f observations ™ Look at the input file information in the text box below, set the file orma parameters.

>> Save the griding results as C:/ETideLoad4.0_y pp! tgrid dat
>> Setting parameters have been imported in the program!

™ Click the control button [Start computation], or the tool button [Start computation]...
>> Computation start time: 2022-02-28 15:54- —
>> Complete the computation! T8
>> Computation end time: 2022-02-28 15:54:1 “*[™

Parameters of base function

25.500° <
Column ordinal number of weight |§

Number of the neighboring

points for interpolation 7 -
The kurtosis of base functigd 2 s

e | 102.400° S 1.000' < 103.400° <
24.400° <

[} save the griding results as  #* Import fhe parameters & Start computation

Display of the input-output file 4.+ Save data in the text box as

The program of the gridding by basis function weighted interpolation is specially
designed by ETideload 4.0 based on the properties of general geophysical fields, and it is
suitable for griding of single types of multi-source heterogeneous geophysical fields.

6.8.4 Batch gridding by basis function weighted interpolation

[Function] According to the given grid specifications, base function, and other
parameters, respectively grid the specified attribute in each of the input discrete points files
saved in a folder by the weighted basis function interpolation method.

[Input files] Batch discrete geodetic points files with same format.

[Parameter settings] Set the wildcard patameters for batch discrete geodetic points files,
Enter number of rows of the discrete points file header, colnum ordinal number of the target
atrribute in the file record, and grid specifications parameters. Select the base function, and
set the number of the neighboring points and kurtosis of base function.

[Output files] A series of numerical grid files bsfgrd***.dat that correspond one-to-one
with the input discrete point value files. Here, *** are the instance of the input discrete points
file name wildcards.
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# Gross error detection and weighted basis function gridding

B M 3 ¥ a3 An

Openfile Saveas Importparameters Start compuialion  Save process \Follow example

Gross error detection on

i on weight 5 Oridding by basis function ~Batch gridding by basis function™ . Gridding of records time series by basis
based on low-pass reference surface With given reference atiribute weighted interpolation _weighted interpolation function weighted interpolation
R T T >> Program Process ** Operation Prompts 4.+ Save program process as
=1 >>Open any discrete points file C/ETideLoad4 0, it ~
Number of rows of the file header |0 * ** Look at the input il information in the text box below, set the file format parameters
Column ordinal number of the attribute | = >>Create or select the results folder C-/ETideLoadd.0_

to be grided in the record ** The discrete points files searched by wildcard instar

tiation:
C/ETideLoadd 0, mrﬁlen/exampteslwptaefmewgndateﬁkﬁowom:nzlx

Set the wildcard of the file names CiETideLoadd 0.1
Ordinal number of the first wildcard n file nane \g Ci/ETideLoads 0
Number of consecutive wikdcards in file nama
| >> Setting parameters have been imported in the progr
Solc: ihe bere Arckon ** Click the control button [Start computation], or the ool mmnn [Start computation]...
| Guassian function - 1 Equal weight of observatidps | >3 Computation start time:_2022.02:28 16:23.07
| 21 Conrplataia rdding.of & clscrte s es by sl ko waghied insrpolati
| >>Tomputation & 5

| [Taramalers ctbass Amcior Maximum latitude 25.500° |

imum longitude | Resolution | Maximum longitude | 99.000° =1 1.000° 101.500° ¢

The kurtosis of base functi

[Minimun lattude: 24500° |3

¥ Set the results folder & Import the parameters. & Start computation

Display of the input-output file| 4.1 Save data in the text box as

24.5041667

6.8.5 Gridding of records time series by basis function weighted interpolation
[Function] According to the given grid specifications, weight function and other
parameters, respectively grid the variations of each sampling epoch in the input records time

series file by the weighted basis function interpolation method, generate variation grids time
series files.

# Gross error detection and weighted basis function gridding

Y= | ¥ o 3

Openfile Saveas Importparameters Startcomputation  Save process \ Follow example

g Gross error detecton on i on weight Gridding by basis function .. Batch gridding by basis function (7=, Gridding of records time series by basis™ |
based on low-pass reference surface With given reference atiribute weighted interpolation " weighted interpolation function weighted interpolation |
8 Open a variation records time series file  >> Program Process ** Operation Prompts 4 Save program process as |
R s = ** Click the control button [Start mpmauun] o the tool button [Start computation]. A1

first epoch time in header >

- >> Computation start time: 2022-02-28 16:55:1 ‘
| Column ordinal number of the

| >> Complete the gridding of 5 discrete points nles by basis function weighted interpolation!

ot Vo I e | | >> Computation end time: 2022-02-28 16:55:35
>> [Function] According to the given grid specifications, weight function and other parameters, respectively grid the variations of each sampling epoch in the
Select the base function input records time series file by the weighted basis function interpolation method, generate variation grids time series files.

>> Open the variation records time series file C-/E TideLoad4.0_y 101-12.0.
** Look at the input file information in the text box below, set the file format parameters...

>> Create or select the results folder C:/ETideLoad4.0_y

>> Setting parameters have been imported in the program!
** Click the control button [Start oompu'znoﬂ] & the tool button [Start computation].

>> Computation start time 16:

[Complete the computation! Outpi 28 cnmesenesﬁle:'
To B end

|

>;

[ Maximum latitude | 26500° %
Minimum longitude | Resolution | Maximum longitude | 98.500° 1< 0.500" 99.500° 3

[ Minimun latitude | 24500 |3

=) Set the results folder 5 I & Start computation

| Display of the input-output file| 4:f Save data in the text box as

143



6.9 Visualization plot tools for various geodetic data files

6.9.1 Visualization for multi-attributes in groud variation time series

[Function] Plot multi-variations time series curves stored in a groud geodetic variations
time series file.

The program can plot less than 15 time series curve each time.

[Parameter settings] Select the sampling epoch time format, enter the column number
of the sampling epoch time in the file record, set the location parameters of the time series
plotted, and enter minimum-maximum of the plotted variations and row ordinal number of
the starting-ending sampling epochs.

When the location parameter corresponding to the column ordinal number in the record
is greater than the record maximum column number, the program automatically sets the
location parameter as the serial number of the record maximum column.

When the column ordinal number of the end sampling variations is greater than the
number of samples of the time series, the program automatically sets the number of samples
of the time series as the column ordinal number of the end sampling variations.

- Visualization for multi-attributes in groud variation time series -

) B F & An

Open file Import parameters  Chartplot  plotsave  Follow example

& Open a ground variations time series file

Select the sampling epoch time format  ETideLoad long \nt}rger -

Column ordinal number of the sampling epoch in header | 1 = ——
Location parameter of the group 1 time series plcnedl 402 =

Location parameter of the group 2 time series plutte:l

Location parameter of the group 3 time series plonedl 801 -

Min-maximumn variations -9990.0 < |99%0.0

Row ordinal number of the starting- 1

ending sampling epochs in record =] |9999 -

The program can plot less than 15 time series curve eact time.

< >

Label fontsize 7 - Linethickness 2 = 3 Import set parameters 4§ Chart plot] 4.+ Save current plot as

=200

L L L .
12/05/18 12/07/18 12/09/18 1211718

ﬂ Hold down the left mouse button fo rotate the plot, hold down the right button or scroll the middle mouse button to zoom the plot, and hold down the middle button to pan the plot.

Hold down the left mouse button to rotate the plot, hold down the right button or scroll
the middle mouse button to zoom the plot, and hold down the middle button to pan the plot.
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6.9.2 Visualization for variation records time series on geodetic network

[Function] Plot multi-variations time series curves stored in a variation records time
series file.

[Parameter settings] Enter the ordinal number of the first sampling epoch in file header
and the first sampling variation in record, set the location parameters of the time series
plotted, and enter the ordinal number of starting-ending sampling epochs and minimum-
maximum of the plotted variations.

When the location parameter corresponds to the row ordinal number of the record is
greater than the number of rows of the file records, the program automatically sets number
of rows of the file records as the row ordinal number of the last record.

The program can plot less than 15 time series curve each time. When different groups
of location parameters correspond to the same variation, the program is automatically
merged, counted and plot according to one variation.

Visualization for variation records time series on geodetic network - o

3 > a4 Rn

Open file Import parameters  Chartplot  piotsave  Follow example

' Open a variation records time series on geodetic network

Format parameters for the records time series file

Ordinal number of the first sampling epoch in header (4 =3

Ordinal number of the first sampling variation in record 5

Set parameters of records time series to be plotted

Location parameters of the group 1 variations

Location parameters of the group 2 variations :
Location parameters of the group 3 variations | 100
Location parameters of the group 4 variations [1202

Location parameters of the group 5 variations | 100 <

Ordinal number of starting-

ending sampling epochs =||2000

" >
Min-maximum variations -9900.0 < 19900.0

Label font size 6 < | Line thickness 2 * | b Import set parameters & Chart plot| 4.1 Save current plot as

0218 oK1 070319 010120 0702720

£ Hold down the left mouse button to rotate the plot, hold down the right button or scroll the middle mouse button to zoom the piot, and hoid down the middle button to pan the piot.
£ The program can plot less than 15 time series curve each time.

6.9.3 Visualization for specified attribute in discrete point records file
[Function] Displays the point locations and their specified attributes in a geodetic
discrete points file.
After changing the input data file, z attribute, or other parameters, you need to click the
control button [Import setting parameters] again to update the graph.
If needing a larger scale plot, enlarge the graphics window on the right firstly, and then
click the control button [Scatter plot].
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Hold down the left mouse button to rotate the plot, hold down the right button

or scroll

the middle mouse button to zoom the plot, and hold down the middle button to pan the plot.

3 ¥ &

Open file Import parameters  Scatter plot  piot save

4 Open a discrete geodetic records file

Number of rows =] Column ordinal z
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You can unify the scales by fixing the scale range for batch plots. Adjust the size of the
plot window on the right and the plot requirements to an appropriate state before drawing
batch plots. During plot period, the parameters and the size of the plot window are kept

unchanged, and no mouse operation is performed on the plot.
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6.9.4 Visualization for geodetic grid and variation grids time series file
[Function] Plot for geodetic grid or grid time series files.
[Parameter settings] Seleclt display style and set the checkbox [Custom scale range

(used for grids time series plots)].

M Visualization for geodetic grid and variation grids time series file

2 3 5 a7 Re
Open file Import parameters Draw plot  pjotsave  Follow example

:j Open a geodetic numerical grid file

Minimum |-9000.0 Maximum 90000 <

Plot parameters

Label font size |5 <

1 Display style 2D color map I

l | Custom scale range (used for grids time series plots) I

# Import parameters ¥ Draw plot —
4./ Save the current plot as
£ Hold down the left mouse button to rotate the plot.
£\ Hold down the right button or scroll the middle mouse

button to zoom the plot.
0 Hold down the middle button to pan the plot.

- 3D color map

3D color + Contour

Allows the first component of a vector grid to be displayed as grid data.
After seting the custom scale range, you can plot a series of figures for grids time series.
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6.9.5 Visualization for the geodetic vector grid file
The X-axis and Y-axis of the plotting coordinate system respectively point east and north
(EN), which is the same with horizontal displacement vector.
Vector form: East-North (EN, e.g., horizontal displacement vector), South-West (SW,

e.g., vertical deflection vector), North - East (NE, e.g., Tangential gravity gradient vector).

& =
& ¥ o .
Openfile Import parameters Drawplot Ppiotsave  Follow example
.2} Open a vector grid file
Label font size |5 = ! y y
o | o ) ;
Vector parameters 3“ s Y
S N Wl -",///
x direction arrow number |60 - e LALLELNLILL, %
e & 7 ,
Vector arrow size | < }.Q /
Line length of modulus of vector |15 = 3 }\«'% ¢ 7% /
N /
Vector form East-North (EN) v " AN A
)
3 Import parameters & Draw plot — 1
¢y
4.t Save the current plot as ,)‘r',}; L
Y - -
ot 4% s o
£} Hold down the left mouse button to rotate the plot. ~
£ Hold down the right button or scroll the middle mouse -
button to zoom the plot. R gt
£ Hold down the middle button to pan the plot. < g
by
B
e S
S
43
Sedea.
e A
e on
T
pah 3
Sl * -
110" 12 114"
12 14 16 18 2
104.000000 114.000000  25.000000  34.000000 0.08333333 0.08333333 A
0.4646 0.4714 0.4786 0.4861 0.4939 0.5020 0.5102 0.5185 0.5269 0.5352 0.5434 0.
0.5802 0.5864 0.5922 0.5975 0.6024 0.6068 0.6108 0.6144 0.6177 0.6207 0.6235 0.
0.6362 0.6390 0.6421 0.6455 0.6493 0.6535 0.6583 0.6635 0.6693 0.6757 0.6827 0.
0.7258 0.7359 0.7464 0.7572 0.7682 0.7794 0.7907 0.8021 0.8135 0.8247 0.8358 0.
0.8879 0.8975 0.9068 0.9160 0.9250 0.9340 0.9429 0.9519 0.9611 0.9705 0.9803 0.
1.0372 1.0506 1.0647 1.0796 1.0951 1.1112 1.1278 1.1449 1.1622 1.1798 1.1973 15
1.2798 1.2042 1.3074 1.3195 1.3304 1.3399 1.3481 1.3549 1.3605 1.3647 1.3678 1.
1.3696 1.3684 1.3670 1.3657 1.3646 1.3638 1.3636 1.3639 1.3650 1.3668 1.3693 1.
0.4570 0.4629 0.4691 0.4757 0.4825 0.4896 0.4968 0.5041 0.5115 0.5189 0.5261 0.
0.5595 0.5653 0.5707 0.5758 0.5806 0.5849 0.5890 0.5928 0.5963 0.5997 0.6029 0.
0.6185 0.6221 0.6258 0.6300 0.6344 0.6393 0.6447 0.6505 0.6569 0.6638 0.6712 0.
0.7161 0.7265 0.7372 0.7482 0.7595 0.7710 0.7826 0.7942 0.3059 0.8174 0.8289 0.
0.8831 0.8932 0.9031 0.9128 0.9223 0.9318 0.9413 0.9508 0.9605 0.9705 0.9807 0.9
<
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7 Data files format, geophysical models and numerical standards

7.1 Geodetic Data Files in ETideLoad own Format

ETideLoad only recognizes the five kinds of geodetic stationary data and five kinds of
geodetic variation time series data in ETideLoad own format. The geodetic stationary data
files include the discrete geodetic records file, geodetic network observation records file,
numerical grid file, vector grid file, and spherical harmonic coefficients (Stokes coefficients)
file. The variation time series files include the ground variations time series file, geodetic
network site records time series file, geodetic network observations time series file, variation
(vector) grids time series files, and spherical harmonic coefficient (Stokes coefficient) models
time series files.

The program [Conversion of general ASCII records data into ETideLoad format], and
the function [Normalized extraction of batch time series of geodetic monitoring network] are
the important interfaces for ETideLoad to accept external text data. Using the function
[Global prediction of solid earth tidal effects on various geodetic quantities], or [lobal
prediction of surface air pressure tidal load effects on various geodetic quantities], you can
construct a ground variations time series with the given location and sampling specifications.
Using the program [Generating and constructing of regional geodetic grid], you can construct
a numerical grid with the given grid specifications. The other programs or functions only
accept the format data generated by ETideLoad own.

7.2 The files format of 5 kinds of stationary geodetic data

7.2.1 The discrete geodetic records file
A discrete geodetic records data is represented by a one-dimensional array.

[ rdgravpntmede. txtE3 |

T T 102 204402 2227.4900  25. 22.8415 2 22.9157
2 2 102 .508898 2169.5000  19. 23.3282 2 23.1268
3 3 102 .529614 2012.&300 =-2. 23.5704 2 23.1433
a 4 102 .545253 2121.8000 8. 22,2483 2 22,4506
5 5 102 .563563 1970.5800  -7. 21,1752 2 20.8999
6 102 581317 1939.6100  -9. 19.2625 1 19.1874

. 7 102 603553 1964.8800 7.7 16.3706 19 16.3132
g 102 617811 1997.0200  -5. 14.5630 187 14.6096

s 102 638363 1915.4500 -11. 12.4719 19 12.4048

1 10 102 653500 2009.9700 -0. 10.8712 19 10.9325
11 1 102 675343 1945.3300 7.3 a.6422 1 9.5877
12 12 102 .692939 1980.3300  -3.748 1 5.0868
1 13 102 .708913 2028.0300 2. 1 8.9453
14 14 102 .727566 1902.2900 -12. 1 5.0650
15 15 102 1869.7500 =15 1 8.9468
1 16 102 2083.6400 7 2 8.6092
17 17 102 2268.9800 26.9 8.1585 2 8.2855
1 8 102 1938.8900 -7 7.5344 2 7.3956
1 19 10z, 1904.2900 -10.6788 4.8800 1 4.7832
2 20 102, 1880.3900 -11.48 _2.6543 1 _2.661a

(1) Multiple rows of the file headers are allowed, whose content and format are not
restricted.

(2) One record represents the geodetic data of one site. The attributes of each record
include site number (name), longitude (degree decimal), latitude (degree decimal), attribute
4, ..., attribute n.
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(3) The attribute convention is a numeric format, the number of the attributes (n) is not
more than 80, and the attributes are separated by spaces.

(4) A record reading statement in Fortran language is:

read(fileno,*)(record(i),i=1,n) ! real*8 record(n)
7.2.2 The geodetic network observations file

A geodetic network observations file can store the baseline component data for the
CORS network, height differences for the levelling network, or travity differences for the
gravity network.

(1) The file header occupies a row and includes the number of characters of the baseline
or route name, number of characters of the site name, ......

(2) The file record includes the baseline or route name, starting site (longitude, latitude,
height), ending site (longitude, latitude, height), ...... , Observations (default value is 9999).

(3) The relations between the baselines (or routes) and the sites in the geodetic
monitoring network are reflected with the composition of the characters of their name. A
baseline or route name is agreed to be composed of site names A and B at both ends (B***A),
where the number of characters of all the sites names is required to be equal.

Therefore, the number of characters of the baseline or route name shall not be less than
twice the number of characters of the site name.

7.2.3 The geodetic numerical grid file

The geodetic numerical grid data is represented by a two-dimensional array.

(1) There is a row of file header at the beginning of the file. The file header contains
minimum longitude, maximum longitude, minimum latitude, maximum latitude, grid cell
interval along longitude, grid cell interval along latitude. The units of all the attributes are
decimal degrees.

(2) The grid elements are sequentially stored in an increasing manner of row latitude
and column longitude until all data is stored. The elements are separated by spaces.

(3) The Fortran reading program for the entire grid data in a geodetic grid file:

open(unit=fileno,file=filename,status="old")
read(fileno,*)(hd(i),i=1,6) I hd(6) - the file header
nlon=nint((hd(2)-hd(1))/hd(5)) !nlon - the number of grid columns along longitude direction
nlat=nint((hd(4)-hd(3))/hd(6)) ! nlat - the number of grid rows along latitude direction
do i=1,nlat

read(fileno,*)(gr(i,j),j=1,nlon) ! gr(nlat,nlon)- two dimension array used to store grid values
enddo

The grid value of grid cell represents the average value of the grid cell. In the numerical
integral operation, the location of the center point of the grid cell is used to calculate the
integral distance from the grid cell to the calculation point.
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|| dbmhzti50s. datkd
1 104.000000 114.000000 25.000000 34.000000 0.04166667 0.04166667
2 1580.6233 1872.6612 1910.7203 1931.7653 1992.7665 1897.7149%9
3 1579.5158 1478.53€60 1457.5736 1610.5877 1703.5435 1392.4407
4 1127.0862 1141.1257 1156.197% 1181.3065 1335.4466 1400.5901
5 530.3264 562.3283 478.4546 553.5518 T717.637%9
& 642 .5849 ET7E5.7052 654.9330 694 .0809 807.1985
7 T26.9670 439.0212 604.1542 596.2404 510.3528
5 820.4032 667.4105 585.4184 661.4350 557.44%90
= 494.4559 433.5850 430.9312 T723.1754 821.3956
10 128.9223 219.0560 152.277 7.3618 113.4669
11 456.2471 331.3871 451.7 864l 6338.9905
1z 151.7805 150.9271 343. .4793 343.6893
13 220.4542 Ee0.7228 548, 1834 295.2821
14 267.7073 300.913% 576, L5556 559.7308
15 466.1608 254.1723 236,21 .4018 331.5582
16 508.1123 504.2678 873. .9491 T777.160%9
17 8216 112.8806 223. .2738 219.4003
1 8 6248 1859.6737 1903.741%9 2051.7 .T992 1910.7605
19 1475.5124 1382.5200 1476.5441 1626, . 4903 1318.3843
20 1155.2158 193.2735 1209.35&9 1255, .5851 1386.7009
21 603.2370 489.2430 499.3152 525.4287 630.5491 820.648
22 436.4368 493.5515 611.6602 584.7656 649,9001 678.0571

7.2.4 The geodetic vector grid file

A vector grid file is composed of the first components grid and the second components
grid of the vector. The header file and the first components grid in the vectors grid file are
same as that in the geodetic grid file, and the second components grid follow the first
components grid closely with the same way.

Vector grid such as vertical deviation and horizontal gradient vector grid in ETideLoad
are stored in the form of vector grid file.

7.2.5 The spherical harmonic coefficients file

(1) The file header occupies a row and consists of two attributes for scaling parameters
of the spherical harmonic coefficients model, namely the geocentric gravitational constant
GM (x10'“m?/s?) and equatorial radius of the Earth a (m).

(2) The Earth’s geopotential coefficients model and surface loads spherical harmonic
coefficients model in ETideLoad are stored in the form of spherical harmonic coefficients file.

(3)The spherical harmonic coefficients correspond to the scaling parameters of GM
and a. For different spherical harmonic coefficient models, GM and a are not necessarily
the same.

(4) The n-th degree m-th order spherical harmonic coefficient is expressed by a record
with the format “degree n, order m, C,., Spm (,  Cpm e€rror, S,., error)”.

ETideLoad does not require the degrees and orders of harmonic coefficients to be
arranged and allows to exist insufficient orders. For the harmonic coefficient of insufficient
order, ETideLoad automatically sets to zero.

7.3 The files format of 5 kinds of geodetic variations time series

The variation time series files adopt the ETideLoad own format, which includes the
ground variations time series file, geodetic network site records time series file, geodetic
network observation records time series file, variation (vector) grids time series files, and
spherical harmonic coefficient (Stokes coefficient) models time series files.
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7.3.1 The ground variations time series file

A ground variations time series file can store the time series data of several kinds of
variations of a certain site, a certain baseline or route, and the sampling epochs (here, the
epoch is an instantaneous time) of these variations are the same. Such as CORS station
coordinate solution time series, solid tide station observation or analysis result time series,
GNSS baseline solution time series, etc.

(1) The file header occupies a row and contains site name, longitude (degree decimal),
latitude (degree decimal), height (m) relative to the ellipsoidal surface (sea level, or the
ground), the starting MJD (optional), ......

(2) Starting from the second row of the file, each row of records stores the sampling
values of all the variations at one sampling epoch time. At least one column of attribute in
the record is the sampling epoch time.

(3) Each attribute in the record (except the sampling epoch time) represents a type of
variations time series, and the sampling epoch time of different types of variations is the
same.

(4) The sum of the starting MJDO in the header and the sampling epoch time (day) is
equal to the sampling epoch time of MJD day in the record. When the sampling epoch time
is in ETideLoad format, the starting MJDO is not necessary in the file header.

[ tmsqurst. txtEd |
1 NYB 101.230000 29.910000 47.218 58434.000000
2 2019010100 0.000000 2.764 L0173 10.3234 19.
3 2019010101 0.041667 2.778 7.5174 12.7102 23
4 2015010102 0.083333 5361 13.9736 26.
S 2019010103 0.125000 2. 2989 13.8655 26.
2019010104 0.166667 z. SE626 12.2479 23
7 2015010105 0.208333 2. 4140 10.0683 8
5 2019010106 0.250000 z. 9254 7.2674 13.7
2015010107 0.291667 2. 0339 4.6323 8.7
10 2019010108 0.333333 2. €508 2.6643 5.
11 2019010109 0.375000 z. 5663 1.6655 3.
12 2015010110 0.4166€7 2. 4143 1.6833 3
13 2019010111 0.458333 2. €679 2.5175 2
14 2019010112 0.500000 z. 5656 3.7816 7.
5 2019010113 0.521667 z. 0904 5.0033 a.
16 2019010114 0.583333 z. 9509 5.7439 10.
17 2015010115 0.625000 2. 2372 5.7101 10.
5 2019010116 0.666667 2. 8270 4.8356 a.
19 2019010117 0.708333 z. 2909 3.3117 €.
20 2015010118 0.750000 2. 7224 1.5535 2.
21 2019010119 0.791667 z. .3457 0.1037 a.
22 2019010120 0.833333 2. 4070 -0.5077 -0.
23 2019010121 0.875000 2. 4457 0.0868 a.
24 2019010122 0.916667 z. 9073 1.9732 3.
25 2015010123 0.5858333 2. €479 4,9074 ]
26 2019010124 1.000000 2. 5732 2.3545 15
27 2019010201 1.041667 z. 1804 9. 11.6122 21
28 2019010202 1.083333 z. 7.2344 2, 13.9541 26.
2 2019010203 1.125000 z. 5611 2 14.9570 .
2015010204 1.166667 2.568 8430 5. 14.3301

7.3.2 The geodetic site variation records time series file
A geodetic site variation records time series file can store the time series data of one
kind of variations for a group of geodetic sites. Such as the station coordinates time series
for the CORS network, benchmark heights time series for the levelling network, observations
time series for the tide station network, and InNSAR monitoring time series, etc.
(1) The file header occupies a row and contains all the sampling epochs arranged with
time.
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(2) The file Record: the site name, longitude, latitude, height, ...... , all the sampling
variations arranged with sampling time.

(3) ETideLoad stipulates that the number of sampling epochs in the file header is equal
to the number of sampling variations in the record, and the sampling epochs are one-by-one
correspondence with the sampling variations.

(4) When receiving the input record time series file from the program interface, it is
generally required to specify the column ordinal number of the first sampling epoch in the
file header and the column ordinal number of the first sampling variation in the record.

[=] TsqaveRowll txtEd ‘d Tsqavebsloll txt I
1 4 0 36 2015011612 2015021500 2015031612 2015041600 2015051612 2015061600
2 JINH 119.6426  29.2173 .60 1.0 -4.9145 9.3944 3.7319 0.4720 1.1566 2.7777
3 JINX 119.3792  29.070% .78 1.0 -4. 1.8001 §.6220 0.8372 2.9622 1.8461
4 JNJZ 119.6375  27.976% .78 1.0 -4, 3.2284 3.1467 -0.2777 2.3145 1.8212
S JSEN 118.6036  28.7279 .54 1.0 10.8248 7.4036 2 0.3532 -2.2769
5 LISH 119.9295 L2613 .54 1.0 10.8248 7.4036 2 0.3532 2
7 LONC 11%.1331  28.0807 .28 1.0 3.4121 3.3682 -2. -2.0137
5 QIYU 1159.079 27.6213 .75 1.0 5.7773 7.2012 1. -3.3157
S ONYN 1l8. 27.6157 .38 1.0 7.2540 6. a. -1.3013
10 ©QUZH 118 28.9 .78 1.0 5.9658 5. -1. 0.5323
11  ©QZLY 118. 29, .81 1.0 §.4320 8. 1.8 1.5578
1z SENQ 119. 27. .01 1.0 3.4134 3. 1. 3.2554
13 SN¥N 119. 28. .77 1.0 3.1365 4. a. 2.1431
14 YAYA 120. 27. .71 1.0 5.1838 4. 3. 4.5640
15 YONK 120. 28. .22 1.0 4.75€9 7. 2.7 0.1517
16 ZJ¥H 119. 28. .05 1.0 2.5552 3.8 -0. 0.4079
B T=cavrRenll extbd| B Tsaavebelall ttl) B InSaRspdfirst. txtEd
20141103 20141127 20141221 20150114 20150207 20150408 20150502 20150526
2 35.0251902 -2.793 -0.3091 0.0866 0.0482 0.2154 0.2865 0.5720 0.3395 0.4760
39.0251902 -2.304 ~0.1796 0.2752 0.1908 0.2887 0.3340 0.5632 0.2861 0.2759
35.0251902 -0.3846 $999.0000 -0.0523 0.0135 0.1783 -0.0167 -0.5455 -0.1440
35.0251902 -0.2325 0.2301 0.0701 0.2610 0.4179 0.7154 0.4377 0.7507
5 39.0251902 -0.1876 0.3087 0.3743 0.5182 0.6967 0.9859
35.0251902 -0.2356 0.2486 1.03%0 0.8643
35.0251902 -0.2211 0.1605 1.0206 0.8163
39.0251902 -0.2530 0.0627 0.9470 0.5182
7 39.0251902 -0.2733 0.0120 0.8895 0.
7 35.0251902 -0.2306 0.0654 0.8569 0.
2 39.0251902 -0.1282 0.2632 1.0386 1.
3 7 39.0251902 -0.0641 0.3303 1.1231 1.
35.0251902 0.003%8 1.2231 1.
.3512080 39.0251902 0.0089 1.2489 1.
7.3513747 39.0251902 0.0053 1.2806 1.
7.3515413 35.0251902 -0.0670 1.2285 1.
.3517080 39.0251902 -0.1241 1.16387 1.
-11.102 117.3520413 39.0251902 -0.1866 1.0231 1.
20 -10.425 117.3522080 39.0251902 -0.1592 1.0229 1.
2 35.0251902 -0.0856 1.1620 1.
22 35.0251902 -0.0689 $999.0000 1.3511 1.
23 543745 39.0251902 0.1071 0.4859 1.2854 1.
2 545412 39.0251902 0.1224 0.5127 1.25856 1.
25 -22.513 117.3547079% 39.0251902 0.1425 0.5367 1.3448 1.

7.3.3 The geodetic network observation records time series file

A geodetic network observation records time series file can store the variation records
time series of the baseline component for the CORS network, the variation records time
series of the height difference for the levelling network, or the variation records time series
of the gravity difference for the gravity network.

(1) The file header occupies a row and includes the number of characters of the baseline
or route name, number of characters of the site name, sampling length, ...... , all the sampling
epochs arranged with time.

(2) The file record includes the baseline or route name, starting site (longitude, latitude,
height), ending site (longitude, latitude, height), ...... , all the observed variations arranged
with sampling time (default value is 9999).

(3) The relations between the baselines (or routes) and the sites in the geodetic
monitoring network are reflected with the composition of the characters of their name. A
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baseline or route name is agreed to be composed of site names A and B at both ends (B***A),
where the number of characters of all the sites names (such as A and B) is required to be
equal.

Therefore, the number of characters of the baseline or route name shall not be less than
twice the number of characters of the site name.

[ Teaeriont et [ Teqawrbslol. txtEd |
9 0 36 2015011612 2015021500 2015031612 2015021600 2015051612 2015061600
2 CANN_DONT 120.4247 0.00 121.1503 0.00 3.5311 -0.6494 3.4802 1.28057 -0.3761
5 CANN_FDIQ 120.4247 0.00 120.2073 0.00 9995.0000 9.3866 4.9306 -3.7116 0.3579
CANN_JHYW 120.4247 0.00 120.0784 0.00 1.7841 -0.5867 -0.4076 0.7054 -0.27%6
CANN_JINH 120.2247 0.00 11%9.6226 0.00 -0.7712 -1.3292 1.3058 -1.2847 -2.4476
CANN_JINX 120.4247 0.00 119.3792 0.00 1.6376 3.5908 1. -1.6367
CANN_JNJZ 120.4247 0.00 6375 0.00 3.1138 0.3909 a. -1.6116
CANN_JSAN 120.4247 0.00 0.00 0.7616 -0.5568 -4.1410 -5.3632
CANN_LHAI 120.2247 0.00 0.00 -1.6069 -0.4355 -0.0362 -0.7623
CANN_LISH 120.4247 0.00 0.00 lo.s5885 4.5791 -0.7531
11 CANN_LONQ 120.4247 0.00 6.00 £.1923 1.8460 -1.9823
12 CANN_LUCY 120.4247 0.00 0.00 4.0624 0.1673
5 CANN_PANA 120.2247 0.00 0.00 -2.9385 -0.0623
CANN_PCHQ 120.4247 0.00 0.00 1.6373 -1.4516
CANN_PCJM 120.4247 0.00 0.00 8.5291 3.1970
CANN_QINT 120.4247 0.00 0.00 4.4460 -0.4966
CANN_QIYU 120.4247 0.00 0.00 1.9230 -5.9045
CANN_QNYN 120.4247 0.00 0.00 1. -3.5702
CANN_QUZH 120.4247 0.00 0.00 1.
CANN_QZLY 120.4247 0.00 0.00 4.
21 CANN RUIA 120.4247 0.00 0.00 o.
22 CANN_SHNQ 120.4247 0.00 0.00 3.
25 CANN_SNYN 120.4247 0.00 0.00 1.
CANN_SUIC 120.2247 0.00 119.2693 0.00 10.1070 4.
CANN TAIZ 120.4247 0.00 121.416% 0.00 0.3639 1.

7.3.4 The variation grids time series files for geodetic field
A group of variation grids time series files are composed of a series of numerical grid
model files of a certain kind of variation (vector), and the seventh attribute of the header in
each grid file is agreed to be the sampling epoch time. Such as the grids time series of land
water equivalent height, sea level variation, and grids time series of various regional load-
deformation fields or temporal gravity fields, etc.

= owdx20150331 dat63|tj 20160531 datid | owceZ0150851 dat ]
118.500000 121.500000 27.000000 29.000000 1.66666667E-02 1.6666666TE-02 2015033118
2 -0.3746 -0.5686 -0.6666 -0.9356 -1.0686 -1.0336 -1.0606 -1.0586
3 -0.5445 -0.4746 -0.4986 - 3 -0.9356 -0.9356
-0.9326 -0.9123 -0.9132 -0.7606 -0.6170 -0.5403
-0.5622 -0.5214 -0.4842 -0.4832 -0.5045 -0.4994
-0.1776 -0.0795 0.0535 0.1088 -0.0087 -0.1460
-0. 0.1393 0.3488 0.5169 0.2675 0.1964
o. -0.0175 -0.1520 -0.3917 -0.5751 -0.6501
-0. -0.1304 0.0015 0.2607 0.4382 0.4686
-0. -0.6231 -0.7580 -0.9315 -1.0331 -1.0528
-1. -1.0936 -1.0966 -1.0996 -1.1006 -1.0996
2 -1. -0.9372 -0.9330 -0.8047 -0.6460 -0.571%
-0. -0.3094 -0.3723 -0.5417 -0.7159 -0.7967
-0 -0.6176 -0.7077 -1.0456 -1.0546 -1.0526
-0. -0.3635 -0.4356 -0.7596 -0.9016 -0.9016
-0. -0.9133 -0.9142 -0.7696 -0.6310 -0.6283
-0. -0.5344 -0.5152 -0.5093 -0.5505 -0.5446
-0. -0.1410 -0.0271 0.0242 -0.0763 -0.1896
-0. 0.1349 0.3035 0.4327 0.2203 0.1393
2 0. -0.0434 -0.1649 -0.4047 -0.5781 -0.6770

7.3.5 The spherical harmonic coefficient models time series files

A group of spherical harmonic coefficient models time series files can store the time
series of the spherical harmonic coefficient (Stokes’ coefficient) models of global surface
load variations, global load-deformation fields, or temporal global gravity field.

(1) The header file occupies one row and consists of three attributes, namely the
geocentric gravitational constant GM (x10'*m?/s?), equatorial radius of the Earth a (m),
and sampling epoch (in ETideLoad format).

(2) The spherical harmonic coefficients correspond to the scaling parameters of GM
and a. For different spherical harmonic coefficients models, GM and a are not necessarily
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the same.

(3) The n-th degree m-th order spherical harmonic coefficient is expressed by a record
with the format: degree n, orderm, C,.,,,, Spm (. Cnm €rror, S,,, error). Atdifferent sampling
epochs, n of the model files can be not the same.

(4) ETideLoad does not require the degrees and orders of harmonic coefficients to be
arranged and allows to exist insufficient orders. For the harmonic coefficient of insufficient
order, ETideLoad automatically sets to zero.

7.4 Geophysical models and numerical standards in ETideLoad4.0

ETideLoade4.0 is mainly based on the geophysical models and numerical standards
recommended by IERS Conventions (2010). You can update them from the program
[geophysical models and numerical standards settings]. These geophysical models and
numerical standards are stored in file form.

7.4.1 The surface air pressure tidal load spherical harmonic coefficients model file

The 360-degree surface air pressure tidal load spherical harmonic coefficients model
file ECMWF2006.dat is stored in the folder C:\ETideLoad4.0_win64en\iers in FES2004
format, which were constructed by the spherical harmonic analysis programs of
ETideLoad4.0 using 0.5°x 0.5° global harmonic parameter grids of four atmospheric tidal
constituents, to meet the basic needs of centimeter-level geodesy. The four tidal constituents
are respectively the diurnal, semi-diurnal, semi-annual and annual periodic tidal constituents
(S;,5,,Ss,,Sa) whose harmonic parameter grids come from ECMWF-DCDA2006 of
European Centre for Medium-Range Weather Forecasts.

[E zomwrzoo06. datEd ‘

Atmospheric tide model: ECMWF-DCDA2006 normalized model up to (360,360) in hpa
¥ A/AB/EF/FRARE

3 Doodson Darw n Csin+ Ccos+ Csin- Ccos- c+ eps+ c- eps—

4 164.556 51 -0.01055351 0.00555959 -0.01055351 0.00555959 .01192835 287.7803 01192835 297.7803

5 164.556 s1 -0.00898730 0.02713172 -0.00898730 0.02713172 .02858149 341.6727 02858149 341.6727
164.556 51 0.02416514 0.01232573 0.02416514 0.01232573 .02712707 62.9756 02712707 62.9756

7 164.556 51
3 164.556 sl
: 164.556 51
1c 164.556 51
11 164.556 51
12 164.556 51 9
13 164.556 51 10
14 164.556 51 11

o

-01971778 -0.01808456 0.01971778 -0.01808456
.00538826  -0.01556217 0.00538826  -0.01556217
-0.01896560 -0.00055330 -0.01896560 -0.00055330
.00163224 .00711628 0.00163224 .00711628
.00341644 -00607435 0.00341644 -00607435
-0.00469730 -0.00311697 -0.00469730 -0.00311697
.00442735 -0.01563001 0.00442735 -0.01563001
.00941838 -0.00082618 0.00941838 -0.00082618

.02675523 132.5261
.01646859 160.9021
.01887366 268.3288
.00730108 12.9183
.00696920 29.3550
.0056373% 236.4331
.01624496 164.1847
.00945455 95.0132

02675523 132.5261
01646859 160.9021
01897366 268.3289
00730108 12.9183
00696920 29.3550
00563739 236.4331
01624496 164.1847
00845455 95.0132

@ e e W e
o

o
o
o

ooo
o
o

o

164.556 sl 12 -0.00454013 0.00688423  -0.00454013 0.00688423 .00824654 326.5953 00824654 326.5953
164.556 51 13 -0.01227672 0.0031014%  -0.01227¢72 0.00310148 .01266243 284.1781 01266243 284.1781
164.556 51 14 0.00203678 0.00166923 0.00203678 0.00166923 .00263340 50.6638 00263340 50.6638
164.556 sl 15 0.00253994 0.00381849 0.00253994 0.00381849 .00458608 33.6306 00456608  33.6306
164.556 51 16 0.00613602 -0.00041704 0.00613602 -0.00041704 .00615017 §3.8882 00615017 §3.8882
164.556 51 17 -0.00113104 -0.00413462 -0.00113104 -0.00413462 .00428652 195.2992 00428652 195.29%82
164.556 51 18 -0.00311700 0.00136741 -0.00311700 0.00136741 .00340375 293.6868 00340375 293.6868
164.556 51 19 -0.00217138 0.00053937 -0.00217138 0.00053937 .00223737 283.94%8 00223737 283.9498
164.556 51 20 -0.00017645 0.00369644 -0.00017645 0.00369644 .00370065 357.2671 00370065 357.2871

164.556 51 21
164.556 sl 22
164.556 51 23
164.556 51 24
164.556 sl 25
164.556 51 26
164.556 51 27

In ECMWF-DCDA2006 model, the diurnal and semidiurnal constituents (S;,S,) of
atmospheric pressure can constitute RP03 model.

o

.00068441 -0.00165216 0.00068441 -0.00165216
.00100221 -0.00214635 0.00100221 -0.00214635
.00461395  -0.00179653 0.0046139%5  -0.00179653
-0.00143873 .00014453 -0.00143873 .00014453
-0.00083151 -0.00001238 -0.00083151 -0.00001238
-0.00272792 -0.00095240 -0.00272792 -0.00095240
-0.00183890 -00217563 -0.00183890 -00217563

.00178831 157.4980
.00236881 154.9703
.00495136  111.2744
.00144597 275.7366
.00083160 269.1470
.00288%40 250.7543
.00284868 319.7946

00178831 157.4980
00236881 154.9703
00495136 111.2744
00144597 275.7366
00083160 269.1470
00288940 250.7543
00284868 319.7%46

oo

o

LR R
o

e N N e NN N N N e N R R e R R )
R - )

o
o

The surface air pressure tides, their tidal constituent harmonic parameters and tidal load
spherical harmonic coefficients are all in hPa as unit.
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7.4.2 The ocean tidal load spherical harmonic coefficients model file
The 100-degree ocean tidal load spherical harmonic coefficients model file
FES2004S1.dat is stored in the folder C:\ETideLoad4.0_win64en\iers in FES2004 format.
The relationship between the ocean tidal load normalized spherical harmonic coefficients
and the geopotential coefficients is as the formula (6.15) in the IERS Conventions (2010).

ISl ECHUF2008. datid (5 FES200451. dat\ﬂ‘
Ocean tide model: FES2004 normalized model (fev. 2004) up to (100,100) in cm

2 (long period from FES2002 up to (50,50) + equilibrium Oml/Om2, atmospheric tide NOT included)
3 Doodson Darw n m Csin+ Ccos+ Csin- Ccos- c+ eps+ c- eps—

4 55.565 Oml 2 0 -0.5405%4 0.000000 0.000000 0.000000 0.5406 270.000 0.0000 0.000
5 55.575 Om2 2 0 -0.005218 0.000000 0.000000 0.000000 0.0052 270.000 0.0000 0.000
6 56.554 Sa 1 0 0.017233 0.000013 0.000000 0.000000 0.0172 89.957 0.0000 0.000
7 56.554 sa 2 0 -0.046€04 -0.000903 0.000000 0.000000 0.0466 265.89%0 0.0000 0.000
3 56.554 35a 3 0 -0.000889 0.000049% 0.000000 0.000000 0.0009 273.155 0.0000 0.000
: 56.554 5a 4 0 0.012069 -0.000413 0.000000 0.000000 0.0121 91.960 0.0000 0.000
10 56.554 Sa 5 0 -0.009780 -0.000421 0.000000 0.000000 0.0098 267.535 0.0000 0.000
11 56.554 sa 6 0 0.00689%5 0.000043 0.000000 0.000000 0.0069 89.643 0.0000 0.000
12 56.554 35a 7 0 -0.010515 -0.000287 0.000000 0.000000 0.0105 268.437 0.0000 0.000
13 56.554 5a 8 0 0.002087 -0.000011 0.000000 0.000000 0.0021 90.305 0.0000 0.000
14 56.554 5a 9 0 -0.00423¢ -0.000110 0.000000 0.000000 0.0042 268.512 0.0000 0.000
15 56.554 sa 10 0 -0.001781 -0.000085 0.000000 0.000000 0.0018 26€7.268 0.0000 0.000
16 56.554 35a 11 0 -0.001372 -0.000068 0.000000 0.000000 0.0014 267.163 0.0000 0.000
17 56.554 5a 12 0 -0.004081 -0.000048 0.000000 0.000000 0.0041 26€9.326 0.0000 0.000
18 56.554 5a 13 0 -0.00011¢ -0.000041 0.000000 0.000000 0.0001 250.534 0.0000 0.000
18 56.554 sa 14 0 -0.003043 -0.000007 0.000000 0.000000 0.0030 2€9.868 0.0000 0.000
2 56.554 sa 15 0 0.00110% -0.000028 0.000000 0.000000 0.0011 91.446 0.0000 0.000
21 56.554 5a 16 0 -0.0025%9¢€ -0.000034 0.000000 0.000000 0.0026 26€9.250 0.0000 0.000
22 56.554 Sa 17 0 -0.000€74 0.000022 0.000000 0.000000 0.0007 271.870 0.0000 0.000
23 56.554 sa 18 0 0.000546 0.000006 0.000000 0.000000 0.0005 89.370 0.0000 0.000
24 56.554 sa 19 0 -0.000024 0.000023 0.000000 0.000000 0.0000 313.781 0.0000 0.000
25 56.554 5a 20 0 0.0008€7 0.000014 0.000000 0.000000 0.0009 89.075 0.0000 0.000

In order to meet the basic needs of satellite, coastal zone and ocean gravity gradient
data processing, we adopted AVISO+'s FES2014b global tidal height harmonic parameters
grid models and constructed the 360-degree ocean tidal height spherical harmonic
coefficients model file FES2014cs.dat in FES2004 format by the spherical harmonic analysis
programs of ETideLoad4.0.

FES2014cs.dat includes spherical harmonic coefficients of the 36 tidal constituents (Q1,
Q2; 2N2, Eps2, J1,K1,K2,L2, La2, M2, M3, M4, M6, M8, Mf, MKS2, Mm, MN4, MS4, MSf,
MSgm, Mtm, Mu2, N2, N4, Nu2, O1, P1, Q1, R2, S1, S2, S4, Sa, Ssa, T2), in which the
spherical harmonic coefficients of the two balance tidal constituents (Q1, Q2) come from
FES2004S1.dat.

The ocean tidal height, harmonic parameters of the tidal constituent and tidal load
spherical harmonic coefficients are all in cm as unit.

7.4.3 The Earth’s Load Love numbers file

The Earth’s load Love numbers also called the load deformation coefficients (LDC) can
be calculated using the spherically symmetric non-rotating elastic earth model REF6371.
The Load Love numbers in ETideLoad4.0 come from a Regional EIRstic Rebound calculator
(REAR1.0, 2015.11), using the file Love load cm.dat stored in the folder
C:\ETideLoad4.0_win64en\iers. The file includes the load Love numbers of the radial
displacement, horizontal displacement and geopotential (h;, ;,, k;,),n = 1,---,32768 from 1
to 32768 degree, as shown in the figure.

In order to suppress the high-degree oscillations of the load Green's function, the load
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Green's function is calculated to 54000 degree in ETideLoad, and the load Love numbers
exceeding 32768 degree (n>32768) are calculated with the following asymptotic formula

h, =-6.209114, 1, =1.890061/n, k;, =-2.682697 /n.

[ Love_load_em dat!ﬂl

The load Love numbers from the REAR package are attached. There are no

2 more of these oscillations at high degree, and they go up to degree 32768.
3 November 20, 2015, Jean-Paul

4 CM: center of mass reference frame

5 h' (vert) 1" (horiz) k' (potent)

€ 0.0000000000D+00 0.0000000000D+00 -1.0000000000D+00

-0.0287112%38D+01 0.1045044062D+00 -1.0000000000D+00
—0.9945870591D+00 0.2411251588D-01 -0.3057703360D+00
-0.1054653021D+01 0.7085493677D-01 -0.1962722363D+00
-0.1057783895D+01 0.5958723133D-01 -0.1337905897D+00
-0.1091185915D+01 0.4702627503D-01 -0.1047617976D+00
—-0.1149253656D+01 0.3940811757D-01 -0.9%034958051D-01
-0.1218363201D+01 0.3499400649D-01 -0.8205733906D-01
-0.12904736€61D+01 0.3225123202D-01 -0.7652348%67D-01
-0.1361847865D+01 0.3038562458D-01 -0.72392876%0D-01
—-0.1430981761D+01 0.2902258995D-01 -0.6907768441D-01
-0.14973774568D+01 0.27%8156018D-01 -0.6629382122D-01
-0.1560934855D+01 0.2716367080D-01 -0.6388475059D-01
-0.1621715593D+01 0.2650554043D-01 -0.6175536119D-01
-0.1679770379D+01 0.25%96800569D-01 -0.5933856019D-01

w om

1 1 —-0.1735198310D+01 0.2551661917D-01 -0.58089651550-01
22 1 -0.1788088250D+01 0.2512667367D-01 -0.5647488828D-01
23 1 -0.1838448069D+01 0.2478452330D-01 -0.5456610314D-01
Z 1 -0.1886440474D+01 0.2447083426D-01 -0.5354901315D-01
A3 1 -0.1932084430D+01 0.2417919471D-01 -0.5220607051D-01
26 e -0.1975465902D+01 0.2389362142D-01 -0.5092726303D-01

[
-
B O wmm o bW RO Wm ) @b W o

-0.2016677975D+01 0.2362510597D-01 -0.4970406011D-01
-0.2055800328D+01 0.2335504437D-01 -0.4853059813D-01

ta
@
)
)

7.4.4 The IERS Earth orientation parameters time series file
The IERS Earth orientation parameters (EOP) time series file IERSeopc04.dat
(ITRF2008) were stored in the folder C:\ETideLoad4.0_win64en\iers. You can update the
EOP time series from the IERS website. For future epochs, the forecast EOP products can
be used. Considering the non-tidal nature of the polar motion, the forecast time should be
controlled within half a year.

|8 ecuvrzo0s. dat 3| E FES200451. datEd B IRSeon:DJ.duB‘
INTERNATIONAL EARTH ROTATION AND REFERENCE SYSTEMS SERVICE
EARTH ORIENTATION PARAMETERS
EOP (IERS) 14 c04
FORMAT (3 (T4) , 17, 2(F11.6), 2 (F12.7), 2(F11.6), 2(F11.6) , 2 (F11.7) , 2 (F12.6} )
pRerieaes Foebis 84 84 84 Feeed
1 Date “ID ® ¥ UT1-UTC LoD dx ay x Err y Err  UTI-UTC Err LOD Err dx Err dY Err
2 " H s = B " " " - = " "
(0 UIC!

2000 1 1 51810 -0.073506 0.398095 0.0931626 0.0006630 0.000150 -0.000109 0.000061  0.000048 0.0000107 0.0000131  0.000028  0.000030
€ 2001 1 2 51911 -0,072651 0.399806 0.0924546 0.0007596  0,000141 -0.000092 0.000061 0.000048 0.0000070 0.0000131  0.000028  ©,00003
17 2001 1 3 51812 -0.071557 0.401864 0.0516573  0.0008515 0.000132 -0.000074 0.000061  0.000047 0.000003¢ 0.0000131  0.000028  0.000031
18 2001 1 4 51913 -0.071024 0.403840 0.0907195  0.0008969 0.000149 -0.0000B4 0.000061  0.000047 0.0000084 0.0000132  0.00002%  0.000031
1§ 2001 1 5 51914 .070723 0.405333 0.0897667 0.0008872 0.000174 -0.000103 0.000060 0.000047 0.0000163 0.0000132 0.00002% 0.000031
20 2001 1 6 51915 070378  0.406725 0.0888292  0.0008068 0.00019% -0.000122 0.000060  0.000047 0.0000221 0.0000132  0.000028  0.00003

2001 1 7 51916 -0.070068 0.408041 0.0882375 0.0006463 0.000224 -0.000141 0.000060  0.000047 0.0000163 0.0000132  0.00002%  0.000031
2000 1 8 51917 -0.070205 0.409479  0.087€861  0.0004933  0.000250 -0.000160 0.000060  0.000047 0.0000104 0.0000132  0.00002%  0.000031
2000 1 9 51918 070220  0.410814  0.0872445  0.0004441  0.000275 -0.000179 0.000060 0.000046 0.0000046 0.0000132  0.000028  0.000032
2001 1 10 51919 . 069861 0.412336 0.0868199% 0.000418& 0.000270 -0.000158 0.000060 0.000046 0.0000043 0.0000133 0.00002% 0.000031
2001 1 11 51920 -0.069330 0.414004  0.0864003  0.0004447  0.000155 -0.000180  0.000058  0.000046 0.0000039 0.0000133  0.000028  0.00003
2001 1 12 51921 -0.068456 0.416120 0.0B58451 0.0005855  0.000106 -0.000203  0.00005%  0.000046 0.0000088 0.0000133  0.000028  0.000030
2001 1 13 51822 067463  0.418251 0.0851161  0.0007422  0.000085 -0.000222  0.000058  0.000046 0.0000138 0.0000133  0.000028  0.000030
2001 1 14 51823 066475  0.420226 0.0842390  0.0008823  0.000084 -0.000241 0.000058 0.000046 0.0000112 0.0000134  0.000028  0.000029
2001 1 15 51924 065406  0.422044  0.0833100  0.0009404  0.000072 -0.000259 0.00005%  0.000046 0.0000086 0.0000134  0.000027  0.000028
2001 1 16 51925 06399%  0.423541 0.0824180 0.0009155 0.000061 -0.000278  0.00005% 0.000046¢ 0.0000060 0.0000134 0.000027 0.000028
2001 1 17 51926 -0.062602 0.425076 0.0816384  0.0007815 0.000050 -0.000287  0.000058  0.000046 0.0000034 0.0000135  0.000027  0.000027
2001 1 18 51927 061434  0.426438  0.0809369  0.0005717  0.000307 -0.000078  0.000060 0.000046 0.0000060 0.0000135  0.000026  0.00002§
2001 1 1% 51928 060301 0.428009% 0.0803992 0.0004021 0.000387 -0.000005 0.000060 0.000046 0.0000114 0.0000135 0.000028 0.000025
2001 1 20 51929 -0.058175 0.429380 0.0801026 0.0002618  0.000335 -0.000045 0.000060  0.000046 0.00001%7 0.0000136  0.000025  0.000025
2001 1 21 51930 -0.058122 0.430418  0.0799970  0.0000786  0.000284 -0.000085 0.000060  0.000046 0.0000198 0.0000136  0.000025  0.000024
2001 1 22 51831 -0.056745 0.431160  0.0798504 0000387  0.000232 -0.000124  0.000060  0.000047 0.0000184 0.0000136  0.000024  0.000023
2001 1 23 51832 -0.055378 0.432515  0.0800354 0000794  0.000180 -0.000164 0.000061  0.000047 0.0000200 0.0000137  0.000024  0.000022
2001 1 24 51933 -0.054038 0.434289 0.0801054 -0.0000531 0.00018% -0.000183 0.000061  0.000047 0.0000090 0.0000137  0.000024  0.000022
2001 1 25 51934 -0.052227 0.436048 0.0801105 0.0000481 0.000130 -0.000240 0.000061  0.000047 0.0000025 0.0000137  0.000023  0.000021
2001 1 26 51935 050435  0.438026  0.0799589  0.0001715 0.000101 -0.000252 0.000062 0.000048 0.0000160 0.0000137  0.000023  0.000021
2001 1 27 51836 045130 0.438812 0.0796787 0.0002940 0.000094 -0.000242 0.000062 0.000048 0.0000312 0.0000137 0.000022 0.000020
2001 1 28 51937 -0.047602 0.441607 0.0792944  0.0004503 0.000086 -0.000232 0.000062 0.000048 0.0000276 0.0000137  0.000022  0.000019
2001 1 29 51938 —0.045537 0.443509 0.0788172  0.0005621 0.00007% -0.000221 0.000063  0.000048 0,0000239 0.0000138  0.000021  0.000019
2001 1 30 51939 -0.043660 0.444974  0.0782782  0.000601% 0.000072 -0.000211 0.000063  0.000048 0.0000203 0.0000138  0.000021  0.00001%
2001 1 31 51840 042067  0.4463%6  0.0777060  0.0005437  0.000254 -0.000159 0.000063  0.00004% 0.0000063 0.0000138  0.000021  0.000019
2001 2 1 51841 040683 0.447325 0.07720686 0.0004689 0.000298 -0.000141 0.000064 0.00004% 0.0000064 0.0000138 0.000022 0.000020
47 2001 2 2 51942 -0.03%012 0.448060 0.0767917  0.0003692 0.000290 -0.000134  0.000064  0.00004% 0.0000143 0.0000138  0.000022  0.000020
48 2001 2 3 51943 -0.037722 0.448368 0.0764837  0.0002097 0.000263 -0.000128 0.000064  0.00004% 0.000028¢ 0.0000138  0.000023  0.000021
46 2001 2 4 51544 .036102  0.449525 0.0763497  0.0000712  0.000275 -0.000122 0.000064 0.000045% 0.0000205 0.0000138 0.000023 0.000022
50 2001 2 5 51845 . 034057 0.450440 0.0783128 -0.0000019 0.0002e8 -0.000115 0.000064 0.000050 0.0000125 0.0000138 0.000024 0.000022
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7.4.5 The geocentric motion parameters time series file
The geocentric motion parameters time series file GCN_L1 L2 30d CF-CM.txt
(ITRF2005) were stored in the folder C:\ETideLoad4.0_win64en\iers, which are monthly
variation time series products of geocentric motion parameters measured by 5 satellite laser
ranging (SLR) provided by UT/CSR. For future epochs, the forecast products can be used,

but the forecast time should be controlled within three months.

|3 EoiwF2006. datt JIH FES200451. dated| [E TERS=opc0# datkd H con_L1_L2_30d_CF-CH. txtﬂ‘
1 Year X Y z X_sig Y sig 7Z_sig
2 2001.0402 2.50 2.00 5.40  1.78  T1.48 1.24
3 2001.1248 0.65 -1.35 10.75 1.61 1.34 3.68
4 2001.2128 -0.10 -3.40 3.05 1.61 1.41 3.51
5 2001.2932 -0.85 -3.55 -4.10 2.82 2.15 3.7%9
& 2001.3784 0.40 -2.50 -7.00 1.70 2.30 3.05
7 2001.4646 -1.65 -1.60 -6.60 1.62 3.30 3.11
5 2001.5456 -1.55 -2.45 -3.35 1.27 1.85  3.00
9 2001.6278 -4.45 -0.40 -2.80 1.44 1.90 3.22
10 2001.7120 -2.05 0.85 -4.05 1.44 1.95  3.34
11 2001.7911 -1.20 2.05 0.25 1.27 2.05 3.28
12 2001.8708 0.05  2.05 -2.60 1.44 1.55  3.11
13 2001.9569 0.05 3.70 -4.60 1.53 1.41 3.39
14 2002.0399  3.85 4.05  -6.05 1.70 1.75  3.39
15 2002.1250 1.10 0.25 1.75 1.36 1.27 3.17
16 2002.2103 0.40 -1.45  3.30 1.44 1.20 2.94
17 2002.2899 0.50 -2.20 3.10 1.53 1.27 3.34
16 2002.3769 0.95 -3.45 -0.80 1.44 1.55  5.36
19 2002.4625 -1.15 -4.50 -5.75 1.62 1.27 2.94
20 2002.5412  -3.30 -4.90 -4.80 2.16 1.48 2.94
21 2002.6263 -1.85 0.15 -5.55 1.78 2.35 3.17
22 2002.7114  -1.85 0.05 0.70 1.53  2.05  3.90
23 2002.7952 -2.80 -0.30 0.55 1.44 1.90 3.73
24 2002.8744  -2.75 1.70 0.15 1.44 3.10 3.62
25 2002.9543 1.75 3.45 9.15 1.95 1.56 5.72
26 2003.0438 1.40 -0.35  2.40 1.61 1.95 4.19
27 2003.1279 0.70 0.75 2.30 1.44 1.25 3.28
28 2003.2108 1.80 -0.05 4.10 1.36 1.55  2.77
29 2003.2952 1.60 -1.70 2.35 1.78 1.48 3.28
30 2003.3796 0.50  -3.75 1.35 1.53 1.27 3.16

7.4.6 Ocean tidal constituent harmonic parameters grid model files

(1) The ocean tidal height model is composed of multiple grids models of all tidal
constituent harmonic parameters. Each tidal constituent harmonic parameters are stored as
a vector grid file.

(2) All the tidal constituent grids files from an ocean tidal height model should be in a
folder with the same grid specifications.

(3) The 10 vector grid files in the folder C:\ ETideLoad4.0_win64cn\OceanTide
represent the ocean tide model GOT4.8 with 10 global grid models of 10 tidal constituent
harmonic parameters.

(4) The type of the tidal constituent is identified by the seventh attribute (Doodson
constant) in its grid file header. These files can be named at will.

[ M2_gota. 8 am:ll
1 0.000000 360.000000 -90.000000 S$0.000000 0.50000000 0.50000000 255555
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
€ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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(5) The ocean tidal height model can be global or regional, and the ETideLoad program
can be automatically identified. The ocean tidal height and the harmonic parameters are all
in cm as unit.

7.4.7 The JPL Planetary Ephemeris DE405 file

The JPL Planetary Ephemeris DE405 file JEPH.405 was stored in the folder
C:\ETideLoad4.0_win64en\iers. The ephemeris starts at 0:00 on 9 December 1599
(JD2305424. 5) and ends at 0: 00 on 20 February 2201 (JD2525008. 5).

7.4.8 The corrections file of frequency dependence for Love numbers

The corrections file IERS2010T65.dat of frequency dependence was generated from
Table 6.5a. 6.5b and 6.5c in IERS Conventions (2010), to calculate the corrections of
frequency dependence of geopotential Love numbers to obtain the high-accuracy solid tide
effect on the Earth's external geopotential.

7.4.9 The Desai ocean pole tide coefficients file

The ocean pole tide is generated by the centrifugal effect of polar motion on the oceans.
Desai (2002) presents a self-consistent equilibrium model of the ocean pole tide. This model
accounts for continental boundaries, mass conservation over the oceans, self-gravitation,
and loading of the ocean floor. Using this model, the ocean pole tide produces the following
perturbations to the normalized geopotential coefficients, as a function of the pole shift

parameters (m;,m,).

Bl Bomwrz006. date3| [ FES200451. dated|[E IERSeopec04. datkd|[E GEN_L1_L2_30d_CF-CM. txtEd [H desaizcopolecoet.

txtEd ‘

14

1
1
2
2
2
3
3
3
3
4
4
4
4
4
5
5
5
5
5
5
3
3
3
3
3
3
3
7
7
7
7
7
7
7
7
8
8
8
8

W RO LN e WN RO EWRNFONEWN HFOEWNFRFOWRNEONRFOROH

—

-1.
.3606306693006e-04
.1139374002795e-02
-1.
.3132021252707e-03

[

S

-1.
.2731253376468e-03
.4460712639068e-02
.4439256593180e-03

— =0

ww

—

.9102047023374e-02

0612668622736e-02

6100794768731e-02

1818705609675e-02

.7744391579465e-03
.2420227193323e-03
-1.
-1.
.3964996790643e-03

3403793397592e-03
1987665799148e-02

|
A HWORHFRNHNWOOHHNROBHHEHNORWLUDRWNO WO

.1158297399424e-02

.0000000000000e+00
.2051992576636e-03
.70315449%62514e-02
.4681986705593e-02
.6836271624465e-03

.2063416189422e-02
.8353138561674e-02
.5510747244577e-03
.0000000000000e+00

.6205935938625e-02
.0204123402364e-03
.0000000000000e+00
.7952628984046e-03
.7659797083036e-03

-1.

-1.
.0130037501025e-03
=1.
.5178410813713e-03
-2.

(S}

[}

-1.
-1.
.9167437350844e-04
-1.

@

=1.
6.
-8.
3.
-9.

51237701€9928e-02

5569196271270e-02

9621127289889e-03

9309550249205e-03

6584597520384e-02
0870088052722e-02

067098646917¢6e-03

4210466275681e-03
5738366845630e-03
9119937331666e-04
0548620901213e-03
6345882913594e-04

FORNFOOMNE OWO

|
@

-

-2.
.7120935900411e-03
.6048652898081e-02
.0000000000000e+00

SRS

-2.
6.
.0000000000000e+00
-2.
.1931284495957e-04

o

[l

1 n Znm (Real) Bnm (Real) Anm (Imaginary) Bom (Imaginary)

2 1.873€759805448e-02 .0000000000000e+00 2.96868884960424e-02 .0000000000000e+00
3 2.8258913146935e-02 .1774643075236e-02 2.3898264393684e-02 .6771602236635e-02
4 -3.9555099024374e-03 .0000000000000e+00 6.8390464271953e-04 .0000000000000e+00
5 —2.4325330521304e-01 .4680741193318e-03 5.4680741193318e-03 -1.9252111185300e-01

.4857639911518e-04

—2.0869478248378e-02 .0000000000000e+00 -1.0775272844125e-02 .0000000000000e+00
3.0809252024501e-02 .4552538003486e-03 5.5937937407386e-03 .64966877724041e-02
2.3295703062692e-02 .7984356463618e-02 -2.167845624283%e-03 .123235916895%e-02

1 7.9776020803848e-03 .2502542787182e-02 -2.2341399966187e-02 -2.2979590161975e-02

.0000000000000e+00
.6323514549038e-02
.4440648505132e-04
-2.
.3175690530653e-02

1017136590507e-02

16 7.0731357453056e-03 .0000000000000e+00 -1.8023029843730e-03 0.0000000000000e+00
17 2.5644907587134e-03 .0076857169607e-02 -9.6273922883022e-03 -1.1684145258283e-02
18 —7.9615162895536e-03 .0820461332209e-03 -3.0274671879191e-03 -1.0475800274156e-02

8253596831795e-02

23 1.8261459881891e-02 -3.77751686887123e-03 -3.6768761254667e-03 -1.4329108864964e-03
24 —8.4568708595335e-03 .5640802224787e-03 8.0976103423504e-03 -6.3983905359798e-03
25 —1.5355186088842e-02 .8642589355748e-03 -9.6956523287846e-03 -2.2353328754893e-02

1.4142224508565e-03 -2.2076728030274e-03 -6.1060835758971e-03 1.4301205310949e-02

6879881476777e-03
6744309720085e-03

4656687484472e-02

—1.7567622661385e-02 .8385783341764e-04 9.3943264754830e-03 4.5672879067042e-03
2.8083751020130e-03 4.60980551787689%-04 -9.4429840592558e-03 2.6160014372180e-03
1.3438573148260e-02 -4.9709663788905e-03 5.4401137615611e-03 1.2610209142217e-02
2.3574978727809e-03 -1.8507773876743e-03 -8.8485482473243e-03 -1.7275571315203e-03
1.7687501823906e—03 -3.8588288830715e-03 5.1311168222451e-03 -3.4729764622333e-03
2.4179833053297e-03 0.0000000000000e+00 6.3989330948214e-04 0.0000000000000e+00
5.47477954449586e-03 -4.1645492784766e-03 -3.5505342447356e-03 9.2109717009068e-03

3 —3.5541696851032e-03 -1.050745545803%-02 -2.859121511803%e-03 -5.7895937048006e-05
40 —3.6234392832446e-03 5.2650936441460e-03 2.0052526194323e-03 5.90745689159813e-03

The Desai calculating formula of the ocean pole tide adopts the formula (6.23) in the
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IERS Convertions (2010), and the 360-degree ocean pole tide coefficients file
desaiscopolecoef.txt is stored in the folder C:\ETideLoad4.0_win64enl\iers.
7.4.10 The center of mass correction coefficients file for the ocean tide

(1) The center of mass correction formula of ocean tide adopts the formula (1.17) in the
IERS Convertions (2010). The object of correction is the three-dimensional coordinates of
the ground site in the terrestrial reference frame,

(2) When different tidal models are used to calculate the tidal load effect on the ground
site displacement, the corresponding correction coefficients of ocean tide should be used to
calculate the center of mass correction.

(3) There are some center of mass correction coefficients files for common ocean tide
models stored in the folder C:\ETideLoad4.0_ win64en\ CmcOtide. In which, the center of
mass correction coefficients for the ocean tide model FES2004:

[H EciyFz006. dat 3| = FES200481. dat 3| [E 1ERSeopco4. dat | cen_L1_L2_30d cF-CM. txtkd|[E desaiscopelecoef. txted [H FES2004. cmcﬂl

(a,1p, t42,3(2x,2e12.4))
M2 NCDF_FES2004 -1.2661E-03 -1.425%8E-03  -1.3724E-03 B8.2077E-04

[

.1478%E-03

)

.3005E-04

Wk
&
=]

s2 NCDF_FES2004 -1.7763E-04 -5.7273E-04 —5.3350E-04 -3.15%1E-04 -5.1370E-05 2.8184E-04
NCDF_FES2004 -3.2372E-04 -2.B8986E-04 -2.7121E-04 1.9849E-04 2.6018E-04 -1.4302E-04

5 K2 NCDF_FES2004 -1.1814E-04 -1.5250E-04 -1.12238-04 -1.0889E-05 -1.5751B-05 1.2367E-04
6 Kl NCDF_FES2004 -1.1370E-03 4.483%9E-03 -1.853%E-03 -8.6426E-04 -9.1022E-04 -1.7823E-03
7 ol NCDF_FES2004 -1.6802E-04 2.9702E-03  -1.39858-03 -2.2975E-04 —8.8856E-04 -6.4989E-04
Pl NCDF_FES2004 -3.6495E-04 1.4941E-03  -6.1436E-04 -2.9129E-04 -2.9261E-04 -5.7461E-04

9 ol NCDF_FES2004 3.070%9E-05 4.5472E-04 —2.7831E-04 -2.9313E-05 -2.1734E-04 -4.1637E-05
10 Mf NCDF_FES2004 -5.0643E-04 -7.3040E-05 -2.2065E-04 4.1472E-04 -1.0212E-04 B.2276E-05
11 Mm NCDF_FES2004 —2.7885E-04 2.0596E-05 4.6882E-05 1.8399E-04 —7.4897E-06 1.3209E-05
12 Ssa NCDF_FES2004 -1.489%E-04 2.6146E-06 1.3687E-04 3.5475E-05  -2.4093E-05 3.1666E-07
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8 Main Algorithms and Formulas used in ETideLoad4.0

8.1 Solid tidal effects on various geodetic quantities outside solid Earth

8.1.1 The tidal generating potentials of celestial bodies
The celestial bodies' tidal direct effects on the Earth's external geopotential can be
expressed by the variations of geopotential coefficients in the Earth-fixed coordinate system

- 1 w10 6Mj(a\"™ 5 . s
ACum = 105 = i I T (L) Pan(singy)e™, )

where j = 2~10 represent the moon, sun, Mercury, Venus, Mars, Jupiter, Saturn, Uranus
and Neptune. AC,,, — iAS,,, are the variations of the normalize geopotential coefficients
with degree n and order m (with AS,, = 0), P,,, are the normalized associated Legendre
functions, n = 2,3 for the moon, and n = 2 for the other celestial bodies. GM;,7;, ¢}, 4; are
respectively the gravitational parameter, distance from geocenter, geocentric latitude, and
longitude (from Greenwich) of the celestial body j. GM,a are respectively the geocentric

gravitational constant and Equatorial radius of the Earth.
8.1.2 Nominal values of solid Earth tide external geopotentials

The tidal generating potentials cause the deformation of the solid Earth, leading to the
re-adjustment of the Earth's mass, resulting in additional external geopotentials, known as
the indirect effects of the external geopotential, whose can be quantitatively represented by
the geopotential Love numbers.

The solid earth tide effects of geopotential coefficients are equal to the sum of the direct
effects and indirect effects of the tidal generating potentials.

For the elastic earth, the Love numbers are independent of the frequency, and such a
Love number is called the nominal Love number, as shown in Table 1.

Table 1 Nominal values of solid Earth tidal external potential Love nhumbers

no| m | Poonstiuents | P o
2 0 long period 0.29525 0.6078 0.0847
2 1 diurnal 0.29470 0.6078 0.0847
2 2 semi-diurnal 0.29801 0.6078 0.0847
3 0 long period 0.093 0.2920 0.0150
3 1 diurnal 0.093 0.2920 0.0150
3 2 semi-diurnal 0.093 0.2920 0.0150
3 3 1/3-diurnal 0.094 0.2920 0.0150
(1) Nominal solid tidal effects on geopotential coefficients
DGy — IAS,y, = Sham y10, i (—j)l Py (sing; )™, @)
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where k,,, are the nominal geopotential love numbers with degree n and order m.

gt

(2) Nominal solid tidal effect on height anomaly/geoid height
(=—Y3_, (a)n n o1+ k) (AC, ,cosmA + AS,,, sinmA)P,,,,. (3)

(3) Nommal solid tidal effect on ground gravity(®)

GM 3 a\™ " 2 n+1 - - -
=— n+1) (—) Z (1 +—hym — —knm) (ACmcosmA + AS,,, sinmA) Py,
n=2 r n n

r? m=0
(4)
(4) Nominal solid tidal effect on gravity disturbance
5g = i—IZZizz(n +1) (%)n =01 + k) (ACpmcosmA + AS,, sinmA) Py, (5)
(5) Nominal solid tidal effects on ground tilt(®
South: &5 = —sm 0y3_, (a)n n o1+ kpm — hpm) (ACmcosmA + AS,,,,sinmA) :—9an
(6)
West: 7° = yr25m6 y3_ 2( ) n_1(1 + kpm — hpm)m(AC,,,sinmA — AS,,,cosmA)B,,,,.
(7)

(6) Nominal solid tidal effects on vertical deflection
South: ¢ = —sm oy3_ 2( ) Y _o(1 + kpm)(AC,ncosmA + ASnmsmm/l) —Pin- (8)

West: n = yr2 g Y3, ( ) n 11+ kp)m(AC,,,sinmA — ASnmcosm/l)an. (9)
(7) Nominal SO|Id tidal effects on ground site displacement(®
East: e = —yrz P y3_ 2( ) 0 lumM(AC,,sinmA — AS,,,,cosmA)P,,,,. (10)
n - —_ —_
North: n = — Wsm 0y3_, (;) =0 lnm (ACymcosmA + AS,,, sinmA) ;_9an' (11)
n — — —
Radial: r = i—I:IZLZ (g) R =0 Mum (ACmcosmA + AS,,,sinmA) B,,,,. (12)

(8) Nominal solid tidal effect on disturbing gravity gradient
n — — —
Ton = = S T30+ D0 +2) (2)" Bico( + k) (A €0SMA + ASyySiMA) Py

(13)
(9) Nominal solid tidal effect on horizontal gravity gradient
North: T,, = — i—ngizz (g)n n—o(1 + kpm)(AC,ncosmA + ASnmsmmA) 52 b

(14)
East: Ty; = r3cosz —¥3_ 2( ) no1(1 + kpm)m?(AC,msinmA + AS,,,cosmA) By,y,.

(15)

The geodetic quantities above marked with (¢ are valid only when the sites are fixed to

the solid Earth. The other geodetic quantities can be on ground or outside the solid Earth.

8.1.3 The frequency dependent corrections to geopotential coefficients

In order to represent the variations of geopotential coefficients caused by the external

geopotentials of the anelastic Earth, three forms of the geopotential Love numbers are

(0)

needed, namely knm,k(+)(n > 2), and here k = 0 due to the mass conservation of the

deformation Earth, as shown in Table 2.
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Table 2 The frequency dependent of external potential Love numbers

nm . . Elastic Earth Anelastic Earth
periods of tidal
constituents
n | m Krim kS | Relknm) | Im(kym) | K
2 0 long period 0.29525 | -0.00087 | 0.30190 | -0.00000 | -0.00089
2 1 diurnal 0.29470 | -0.00079 | 0.29830 | -0.00144 | -0.00080
2 2 semi-diurnal | 0.29801 | -0.00057 | 0.30102 | -0.00130 | -0.00057
3 0 long period 0.093
3 1 diurnal 0.093
3 2 semi-diurnal 0.093
3 3 1/3-diurnal 0.094

The viscous nature of the mantle causes a delay in the response of the Earth's external
potential, so that the Love number k varies with frequency, and k,(ﬁ,)l and kéf,f have small
imaginary parts. The following two steps are usually used to deal with the variations of
geopotential coefficients caused by additional external geopotentials.

(+)

2m?’

dependent, compute the variations of degree 4 geopotential coefficients from the degree 2

(1) Using of the geopotential Love numbers k, ~,(m = 0,1,2) with the frequency

geopotential
ACypy — iAS,, = QZ}QZ My (i>3 F2m(singoj)eim’1f. (16)
5 GM rj
(2) Using the frequency dependent corrections 6k§‘2,)1 = kg(,’,)l — k,,for degree 2 Love
numbers, compute the corrections of degree 2 geopotential coefficients. The corrections
involve the contributions of 71 tidal constituents including the long period, diurnal and semi-
diurnal tidal constituents to the imaginary parts of the geopotential Love numbers.

8.1.4 The solid Earth tidal effects on ground site displacement
The tidal generating potentials’ indirect effects on the site displacement can be
quantitatively represented by the displacement Love numbers. For the viscoelastic Earth,
the displacement Love numbers depend on both station latitude and tidal frequency. The

solid Earth tidal effects on ground site displacement are usually computed in two steps.
(0) ;(0)
2

(1) Using the Nominal displacement Love numbers h;,. .15~

(m = 0,1,2), compute the
indirect effects of the degree 2 and 3 tidal generating potentials on site displacement by
formula (10) ~ (12).

(2) Considering the deviation between the frequency-dependent degree 2 displacement
Love numbers and their nominal value, compute the corrections to results of step 1. The

corrections involve the contributions of all tidal constituents to the imaginary parts of the

163



displacement Love numbers.

8.2 Earth pole shift effects on various geodetic quantities outside solid Earth

The Earth pole shift parameters (m,,m,) can be accurately measured by the space
geodetic method. In modern geodesy, the pole shift parameters are expressed by the non-
tidal variations of geopotential coefficient (AC,,, AS,,) after removing the effects of the solid
Earth tide and load tide.

8.2.1 The pole shift effect on the external geopotential

The pole shift effect on the external geopotential is caused by the centrifugal effect of
the pole shift, the pole shift effect is non-tidal. The direct effect AV of the pole shift on the
external geopotential can be expressed as

AV = —#sinZHRe[(m1 —imy)(cosA + isind)], (1)
where r,0,1 are respectively the distance from geocenter, geocentric co-latitude, and
longitude of the calculated point, w is the angular velocity of the Earth's rotation.

The pole shift causes the solid earth to deform, resulting in the additional geopotential,
that is, the indirect effect V¢ of the pole shift on the external geopotential, which can be
quantitatively represented by the degree 2 Love number k,

Ve =k,AV = —%sinZBRe[kz(m1 — imy)(cosA + isind)]. (2)

The total effect V, of the pole shift on the external geopotential is equal to the sum of
its direct and indirect effects

Ve = (1+k)AV = — 2 sin20Re[(1 + k) (my — imy)(cosA + isind)]
= —@sinZ@Re{(l + ky)[(mycosA + mysind) + i(mysind — m,cosA)]}. (3)

8.2.2 The pole shift effects on height anomaly/geoid
Given the degree 2 Love numbers, k, = 0.3077 + 0.0036i, h, = 0.6207, [, = 0.0836,
the pole shift effects on various physical and geometric geodetic quantities on the ground
and outside the solid Earth can be calculated.
(= e qy = —%;zsinZGRe[(l + k,)(mycosA + mysind) + i(m,sind — mycosl)]

4
= —%;ZsinZHRe{(l.3077 + 0.0036i)[(m,cosA + m,sind) + i(m,sind — m,cosA)|}

2,2
= —%sinZB[(l.3077m1 + 0.0036m,)cosA + (1.3077m, — 0.0036m,)sinA], (4)
where y is the normal gravity on the calculated point.

8.2.3 The pole shift effect on ground gravity(®
3
“2k;)
g: = —% = w?rsin26Re [(1 +h, — gkz) (my, — im;)(cosA + isinxl)]

= w?rsin20Re{(1.15915 — 0.0054i)[(m,cosA + m,sind) + i(m,sind — mycosA)]}

= w?rsin20[(1.15915m; — 0.0054m,)cosA + (1.15915m, + 0.0054m,)sinl]. (5)
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8.2.4 The pole shift effect on gravity disturbance

69, = —(1+ kz)aA—V = w?rsin20Re[(1 + k,)(m; — im,)(cosA + isind)] = —ZTYQ

= w?rsin260[(1.3077m, + 0.0036m;)cosA + (1.3077m, — 0.0036m,)sinA]. (6)

8.2.5 The pole shift effects on ground tilt(®

South: & =1 +k,— hz) o _ —wTZTCOSZQRe[(l + k, — hy)(m, — im,)(cosA + isini)]
2
= —%cosze[(o 687m1 + 0.0036m,)cosA + (0.687m, — 0.0036m,)sinl]. (7)
2
West: nf = (1 + k, — hy) m TTCOSQRE[(I + ky, — hy)(my — im,)(sind — icosA)]
2
= %cos@Re{(0.687 + 0.0036i)[(m,sind + mycosA) — i(mycosA + m,sind)]}
2
= %cos@[(0.687m1 + 0.0036m,)sind + (0.0036m, + 0.687m,)cosA]. (8)
8.2.6 The pole shift effects on vertical deflection
South: ¢, = % a;/ " c0s20[(1 + ky)(my — imy)(cosA + isind)] = ctg29 (9)
aA ) . )
West: n, = (1 +k;) )W‘;a/l = Tcos@Re[(l + ky)(my — imy)(sinA — Lcosl)]
2
= %cosa[(1.3o77m1 + 0.0036m,)sind + (0.0036m, + 1.3077m,)cosA]. (10)

8.2.7 The pole shift effects on ground site displacement(®

2,2
East: e = yzz:g}l =1, %cos@Re[(ml — imy)(sind — icosA)]
2,.2
= 0.0836%c059(mlsin1 — m,CcoSsA). (11)
i 1,0AV w?r? . . .
North: n = e = -1, TcosZHRe[(m1 —imy)(cosA + isind)]
2,2
= —0.0836£c0529(mlcos/1 + m,sini). (12)
Radial: r = M = —0. 6207—sm29(m1cosl + m,sind). (13)

8.2.8 The pole shift effect on disturbing gravity gradient

2
Ton = —% = w?sin20Re[(1 + k,)(m; — im,)(cosA + isind)] =
= w?sin20[(1.3077m, + 0.0036m,)cosA + (1.3077m, — 0.0036m,)sinA]. (14)

8.2.9 The pole shift effects on horizontal gravity gradient
North: Ty, = —Tpg = —(1 + k) w?sin20[(m, — im,)(cosA + isinl)]
= —w?sin26[(1.3077m; + 0.0036m,)cosA + (1.3077m, — 0.0036m,)sinA]. (15)

East: T, = % (1 + ky)w?ctgh[(m, — imy)(cosA + isind)]
= 2T,pc05%0 = —2T,,cos%0 = 2%60529. (16)

The geodetic quantities above marked with (» are valid only when the sites are fixed to
the solid Earth. The other geodetic quantities can be on the ground or outside the solid Earth.
The pole shift is the polar location shift of the instantaneous relative to a certain
reference epoch (such as the epoch J2000.0) after removing all the solid Earth tidal and
loading tidal effects. Both the pole shift and geocentric movement do not include various
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tidal effects. Non-tidal effects are difficult to be modeled and are generally measured using
geodetic techniques. In most fast or real-time geodetic applications, short-time forecast
estimations are adopted.

The Earth orientation parameters product EOP_C04 recommended by the IERS
Conventions (2010), has not removed the annual and semi-annual tidal effects of the
atmospheric load. Therefore, the Earth pole shift parameters (m,,m,) calculated by the
product EOP_CO04 obviously contain annual and semi-annual components.

8.3 Spherical harmonic synthesis on load deformation field

8.3.1 The surface loads and the effects on geopotential coefficients
In the Earth surface system, surface non-tidal load variations such as soil and vegetation
water, lake water, glacier and snow, groundwater, atmosphere, and sea level variations can
be uniformly expressed by variations of the surface equivalent water height. The equivalent
water height variation h, at the surface point (R,0,1) can be expressed as a load
normalized spherical harmonic series

hy,(R,0,1) = Ry ¥n _olACh,cosmA + ASY, sinmA] P, (cos8), (1)

where R is the mean radius of the Earth, ACY,, ASY,, are the load normalized spherical
harmonic coefficients with degree n and order m, P, (t = cosf) =P, are the
normalized associated Legendre functions with degree n and order m.

The variations of global surface equivalent water height directly cause the variations of
the surface geopotential

2 —
DUR,0,1) = Ty TR [ACH, cOSMA + ASiy sinmA] Py, )

where G is the Newtonian gravitational constant, p,,is the density of the water.

According to the theory of the earth's gravity field, the variations of the surface
geopotential ®* can also be expressed by the variations of the geopotential coefficients
(ACpm, AS,,n) @S

P = %Z;’f’ﬂ Yo _o(ACmcosmA + AS,,,, sinmA) By, (cos6). (3)
Comparing the formulas (2) and (3), we have
AC.. = 4R py, w _ 4mR® py, w _  AmWR®  py wo_ 3 Pwyow
nm M 2n+1 TN v 2nt+1 T T 4nR3pg/32n+l T T ont1p, MM
similarly, we have AS,,, = —2%As% . (4)

2n+1 pe
Where p,., M,V are the mean density, total mass, and total volume of the Earth, respectively.
The surface load effects on various geodetic quantities on the ground or outside the
solid Earth can also be expressed by the variations of the geopotential coefficients
(AC, ) AS,).
8.3.2 The surface load effect on height anomaly/geoid

GM oo [a\" , n _ _ ) _
{= y_rZ’FZ (:) (1 + k) X=o(ACycosmA + AS,, sinmA) Py, (5)
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8.3.3 The surface load effect on ground gravity(®
Zn ,(n+1) (1 +2p, -2 kn) (%)n n—o(ACymcosmA + AS,,, sinmA)P,,,. (6)
8.3.4 The surface load effect on gravity disturbance
59 =522+ DA+ k1) (2) Eco(ACuncosmA + A,y 5inmA) P, (7)
8.3.5 The surface load effects on ground tilt(®
South: &5 = —sm 0y ,(1+k,—hy) ( ) n —o(AC,mcosmA + AS,,, sinmA) :_gpnm-
(8)
Yo ,(1+k, —hy) ( ) n _1m(AC,,sinmA — AS,,,cosmA)P,,,.
9)

West: n° =

yr2 sin@

8.3.6 The surface load effects on vertical deflection

. GM . oo ! a\™ n ~ = . 0 =
South: ¢ = 2 Sin 0y (1 +k;) (—) n —o(AC,mcosmA + AS,,, sinmA) Ean. (10)

West: 7 = Zsmezn 2+ k) (2 ) n_ m(AC,,sinmd — AS,,.cosmA)P,,.. (1)
8.3.7 The surface load effects on ground site displacement(®

East: e = —Zsme smGZn S0 ( ) n _ m(AC,,sinmA — AS,,,cosmA)P,,.. (12)

North: n = — Wsin Oy, 0, (;) n _o(AC,mcosmA + AS,,,, sinmA) :—eﬁnm. (13)

Radial: r = i—lfz;'{;z (g)n h, 30 _o(AC,,cosmA + AS,,,, sinmA)P,,,. (14)

8.3.8 The surface load effect on disturbing gravity gradient
GM <o AN
Ton = — S Bp(n + D+ 2)(1 + ky) (2)
n _o(ACpmcosmA + AS,,,sinmA) P,,,. (15)

8.3.9 The surface load effects on horizontal gravity gradient
North: Ty, = =S4 5:2,(1 + ki) (f)"

0(ACnmcosmA + ASnmsmmA) (16)

202 1
s ()
3111+ kpp)m?(AC,,,sinmA + AS,,,,,cosmA) P,,,,. 17)
The geodetic quantities above marked with (¢ are valid only when the sites are fixed to
the solid Earth. The other geodetic quantities can be on the ground or outside the solid Earth.
In the Formulas (5) ~ (17), h;, L, k, are the radial displacement, horizontal
displacement and geopotential load Love numbers, respectively.

East: T)L)L = —

8.4 Surface load effects on various geodetic quantities by Green's Integral

8.4.1 The Integral formulas of the direct effects of surface loads
(1) The integral formula of the direct effect on geopotential of surface loads
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Given the surface load equivalent water heights h,,, whose direct effect 1}, on the
geopotential near Earth space directly given by the universal gravitation formula
Vi = Gpy [ hTWdS, L=+r2+r?%—=2rr'cosy, )

where L is the spatial distance between the calculated point (r,68,21) near Earth space and
the center (r',8',1") of integral area element on the surface, r,6,1 are the spherical
geocentric coordinates of the calculated point, namely distance from geocenter, co-latitude
and longitude, respectively. G is Newton’s gravitational constant, p,, = 1000kg/m? is the
water density. ¢ is the spherical angle between the calculated point (r,6,4) and the center
(r',8',1") of the area element.

cosy = cosOcos' + sinfsinb'cos(A’' — 1), siny = sinfcosO' + cosOsinf'cos(A’ — 1),(2)

simpcosa = sinfcosh' — cosOsinf'cos(A' — 1), sinypsina = sinf'sin(A’ — 1), (3)
ap _ oy _ o
96 = o, = COSX, = sinasind. (4)

When the calculated point is located on the surface and overlaps with the center of
integral area element, we have

L=ry, r— r’cosw =ryp?/2, (5)

A=dS=r*[T [P ydpda = irPPE - Py = f— (6)
here A =dS is the area of integral area element. In this case, the formula (1) on the

calculated point is an integral singularity
2 (P hy
Vo =Gpur? [,2 ]y * rbdipda = 210Gy, hyy . (7)

(2) The integral formula of the direct effect on gravity disturbance of surface loads
According to the definition of gravity disturbance, we have
89 ==2%=—Gp, [ hya(3)dS =Gpy [y hy—5"dS. 8)

When the calculated pomt is located on the surface and overlaps with the center of

integral area element, the formula (8) on the calculated point is an integral singularity

¥ II) /2
890 = 2nGpyh,, fo ° = G Py hyio- 9)
(3) The integral formula of the direct effect on vertical deflection of surface loads
— 1w _ Gpw Gpw ,sinw
=T G Waw() J, har 222 ds, (10)
&= 0% Gpwf h,r’ Slmp cosadS, n = —QZ—f sz sinf [ Ry’ Slmp sinadS.(11)

Where y is the normal graV|ty on the calculated point.
(4) The integral formula of the direct effect on disturbing gravity gradient of surface loads
According to the definition of disturbing gravity gradient, we have

2 o
Tin =T = ~ 2 Gpw fs hw;_r(r . COSlP) as = Gpy fs hy, [1 3 TLC051IJ) ]ds (12)

or? L3
9 (r—r'cost[)) _ 1 3(r-r'cosyp) @ L= 1 3(r—r'cos¢)2 d L =TT "cosyp

ar L3 L3 L4 ar L3 LS o T L

When the calculated point is located on the surface and overlaps with the center of
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integral area element, the formula (12) on the calculated point is an integral singularity
2 (Yo T 2nGpwhw o 1 s G pwhw
T = 206 P [} (s — )y = 200 [0 (o~ Sy ~ — 0 (9)(13)

31113 41-31/)5

(5) The integral formula of the direct effect on horizontal gravity gradient of surface loads

(205 -2y (2T s (i
Tpp = 391/; = Giw fs h, 7’ (Cis;p 3rr'sin w) ctgp(1 — cosa)ds, (15)
Ty, = FZTZ) = Giwf h, 7’ (cis;p — 3”’;? w) [ctgt/) — ctgy(sinfsina)? — wsj::;}se'] ds, (16)
2271/21 _ %cosa %smecose Cossli.:/l}ne cos(A'-2) _ ctgp(l — cos?a), (17)
32715 = —sinf —sma = —sinfsing' % = sinfsinf’ [CDS(A, J sm(i;i);osw Sinasin@]

— cospcosBeosh Sci:’lf;cosg Zfsi (sm@snmz)2 = (1 — sin?@sin®a)ctgyp — wsj;;sev. (18)

8.4.2 Green's functions formula of the indirect effects of surface loads
The effects of unit point-mass load gq,, = p, h,, (kg/m2) on various ground geodetic
quantities can be expressed by load Green’s function. Let t = cosy, k,, h;, [, representthe
load love numbers of geopotential, ground radial displacement, and horizontal displacement,
respectively. The Green's functions algorithm formula of the load indirect effects on various
ground geodetic quantities are given in following.
(1) Green's function of the indirect effect on ground geopotential / height anomaly (G,-V/Gf)

GY@) = v6i () = L Lo 4 L5 (h — kRO, (19)

where M is the total mass of the Earth, a is the Equatorial radius of the Earth, and B,(t)
is n degree Legendre function with t as its independent variable.

(2) Green's function of the indirect effect on ground gravity

kéo—2héo ' ' ' ’
G W) = =3 g™ ~ 3y Zinaln + Dl — ko = 20, — H )R, (20)
(3) Green's function of the indirect effect on gravity disturbance
5g _ _Y kéc _Y ’ k'
Gi (l/)) - MZSin% Zn 0[(1’1 + 1)k oo]Pn(t)- (21)
(4) Green's function of the indirect effect on ground tilt
¥ 1 oc¥ P
1 hoocos ikoocos?(1+2$m ) , ko , O\ 9P, ()
G W) = M 4sm2w M 25in%(1+sin%) Zn L (k hn + her ) oy (22)
(5) Green's function of the indirect effect on vertical deflection
1 P 4
0 _ lkwcos (1+25m ) AP, (t)
Gr () = M Zsinlp(1+sm ) Zn 1( n) o (23)

(6) Green's function of the indirect effect on ground horizontal displacement

loocosw 142s5in? , 12\ 9P, (1)
G'W) = _ o tocorg{1rzsng) + =Yy (ln - 7) o (24)

M Zsmw(1+sin%)
(7) Green's function of the indirect effect on ground radial displacement
Gy =2 5t Vi o(hy, = Rio) Po (). (25)
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(8) Green's function of the indirect effect on disturbing gravity gradient

G () = — L2 o (n + D(n + 2k (1) (26)

(9) Green's function of the indirect effect on horizontal gravity gradient

G W) = L o ki T2 (27)
Let G;(1) = 2asin%6i(z,b) = 1G;(y), then after substituting the load Love numbers into

the formula (19) ~ (27), obtain the Green's function values, such as table 1.

Table 1 Green's function values of the indirect effects of surface loads

l(km) g§x1o—13 gigx»]o-ﬂ giﬁgx»]o-m gitx10—14 gi(9x10-19 glx10-12 grx10—11 ginnx10-15 gissx10-15

0.1] -0.0249(-11.3315| 15.8795(42.2955| -2.1192| -0.8369|-42.1264| 40.7525| 20.0337

0.2| -0.0439| -9.8972| 29.6981|21.1510| -8.0632| -3.1842|-41.9553| 73.6102| 34.1831

0.3| -0.0625| -8.8334| 39.7946|14.1058|-16.6878| -6.5901|-41.7788| 92.3770| 37.9744

0.4| -0.0804| -8.2348| 45.2182(10.5853|-26.3601|-10.4097|-41.5956| 93.8712| 29.4189

0.5| -0.0975| -8.1095| 45.8894| 8.4739|-35.3064|-13.9425|-41.4057| 78.5612| 9.4993

0.6| -0.1139| -8.3807| 42.5773| 7.0657|-41.9834|-16.5790|-41.2101| 50.3867|-18.0490

0.7] -0.1294| -8.9073| 36.7009| 6.0583|-45.3905|-17.9241|-41.0109| 15.8142|-47.6055

0.8| -0.1444| -9.5157| 30.0034| 5.3006|-45.2558|-17.8704|-40.8109| -17.6468|-72.9744

1.0] -0.1727{-10.3454| 20.4992| 4.2343|-36.8762|-14.5596|-40.4173| -55.8494|-91.9157

1.2| -0.1998|-10.1321| 21.4749| 3.5210|-26.2416{-10.3574(-40.0402| -39.6641|-61.0517

1.4] -0.2261| -9.1669| 30.0077| 3.0153|-22.8895| -9.0304|-39.6752| 8.4433| -7.5471

1.6| -0.2518| -8.3519| 37.0350| 2.6419|-28.6871|-11.3158|-39.3091| 42.4515| 24.9158

2.0| -0.3003| -8.9633| 28.5858| 2.1198|-40.5309|-15.9830|-38.5476| -4.3817|-24.2022

2.5| -0.3570| -9.1242| 24.1119| 1.6843|-25.9871|-10.2232|-37.6133| -17.0612|-27.2278

3.0| -0.4112| -7.9718| 32.8632| 1.4080|-35.2424|-13.8576|-36.7093| 28.7167| 17.2271

3.5| -0.4621| -8.9437| 20.3140| 1.2022|-32.5321|-12.7629|-35.7866| -31.1746|-40.2655

4.0/ -0.5112| -7.7218| 29.8481| 1.0465|-28.2814|-11.0562|-34.9109| 22.8507| 15.9355

5.0| -0.6036| -7.8959| 22.7679| 0.8291|-26.3578|-10.2305|-33.1702| -5.9459|-11.1019

6.0| -0.6903| -7.8527| 18.1028| 0.6858|-29.9324|-11.5649|-31.5082| -23.6048|-28.4842

7.0| -0.7725| -7.2943| 18.8748| 0.5827|-33.7803|-12.9988|-29.9389| -13.5281|-18.2480

8.0| -0.8510| -6.5206| 22.0921| 0.5013|-33.1161|-12.6452|-28.4652| 9.3638| 5.3150

10.0| -0.9991| -6.0125| 18.9937| 0.3784(-24.7530| -9.1540(-25.7982| 5.3162| 2.8950

12.0] -1.1387| -5.9045| 13.1167| 0.2999|-27.9718|-10.2454|-23.5296| -16.1892|-18.4692
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14.0| -1.2726| -4.9048| 17.3988| 0.2398|-26.5722| -9.5373|-21.6664| 13.0654| 11.2087
16.0| -1.4019| -4.8896| 12.8941| 0.1911|-21.0009| -7.2164|-20.1480| -4.3047| -5.5888
20.0| -1.6520| -4.0437| 14.8205| 0.1306|-20.9145| -7.0582|-18.0179| 12.2601| 11.2369
25.0| -1.9534| -3.6904| 13.7959| 0.0872|-19.8016| -6.6584|-16.5317| 10.0949| 9.3198
30.0| -2.2455| -3.5544| 12.9067| 0.0638|-18.9897| -6.5141|-15.7982| 5.5325| 4.9129
35.0| -2.5296| -3.5250| 12.0811| 0.0505|-18.1729| -6.4230|-15.4331| 0.0753| -0.4331
40.0| -2.8059| -3.5272| 11.4345| 0.0423|-17.1945| -6.2698|-15.2297| -4.7358| -5.1568
50.0| -3.3365| -3.4643| 11.2395| 0.0322(-14.9772| -5.7725(-14.9607| -8.1685| -8.4622
60.0| -3.8395| -3.2518| 12.5464| 0.0262(-13.6029| -5.4612|-14.6941| -2.7549| -2.9775
70.0| -4.3177| -3.0073| 14.0654| 0.0229(-13.9783| -5.7205(-14.3923| 4.6469| 4.4506
80.0| -4.7741| -2.8804| 14.3310| 0.0210{-15.3999| -6.3101(-14.0649| 6.2127| 6.0235
100.0| -5.6311| -2.9117| 11.9306| 0.0171|-15.7804| -6.3810|-13.3843| -4.6763| -4.8316
120.0| -6.4270| -2.6545| 12.4755| 0.0129|-14.0249| -5.5346|-12.7235| 0.1761| 0.0607
140.0| -7.1738| -2.4359| 12.7461| 0.0120(-15.5946| -5.9880(-12.0989| 3.7448| 3.6348
160.0| -7.8804| -2.4586| 10.7233| 0.0100(-14.9953| -5.5941|-11.5133| -4.4893| -4.5820
180.0| -8.5536| -2.2087| 11.5710| 0.0080(-13.8312| -4.9933|-10.9748| 1.9062| 1.8299
200.0( -9.1986| -2.0952| 11.1758| 0.0080(-15.1075| -5.3733|-10.4758| 1.7439| 1.6689
250.0(-10.7136| -1.8097| 10.7082| 0.0058|-14.0435| -4.7072| -9.3924| 3.2869| 3.2307
300.0|-12.1238| -1.5962| 10.1419| 0.0042(-12.9077| -4.0819| -8.5118| 3.2916| 3.2481
350.0(-13.4587| -1.4397| 9.5227| 0.0030(-11.9089| -3.5581| -7.7994| 2.1184| 2.0836
400.0(-14.7375| -1.3210| 8.9521| 0.0023|-11.1503| -3.1625| -7.2265| 0.4258| 0.3969
500.0|-17.1749| -1.1331| 8.3207| 0.0016(-10.3019| -2.7029| -6.4078| -2.1612| -2.1831
600.0(-19.4980| -0.9603| 8.5053| 0.0014| -9.8691| -2.4641| -5.9044| -2.3040| -2.3219
800.0(-23.8986| -0.6720| 9.9646| 0.0010| -9.0007| -2.0628| -5.4405| 0.1041| 0.0908
8.4.3 Legendre function and its first and second derivatives to 3
Let t =cosy, u=siny, (26)
Pa(6) = T2 6Py (6) = 22 Py (D), (27)
Pi=t, Py=>(3t?—1). (28)
() = 2t TP () = Py () = T P (0. (29)
%Pl(t) =y %Pz(t) = —3ut. (30)
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22 n-1 9?2

2n-1(, 92 9
gz () == (tawz Proy = 2u5 5 P = tP"—l) o ooyz 1)
9?2 a2
Wpl(t) = —t, sz(t) = 3(1 - th). (32)

8.5 Algorithms for global tidal load spherical harmonic coefficients model

8.5.1 Construction of tidal load spherical harmonic coefficients model

General procedure of construction of the global ocean tidal load normalized spherical
harmonic coefficients model (in FES2004 format) from global ocean tidal height harmonic
parameters grids are:

(1) From the global ocean tidal harmonic parameters grid model of each tidal constituent,
generate the normalized spherical harmonic coefficients model of each tidal constituent by
spherical harmonic analysis method.

(2) According to the astronomical tide height algorithm, convert the normalized spherical
harmonic coefficients based on the harmonic parameters of the tidal constituent into the
normalized spherical harmonic coefficient based on the tidal load of the tidal constituent.

(3) Merging the global tidal load normalized spherical harmonic coefficients of all tidal
constituents, generate the global ocean tide load normalized spherical harmonic coefficients
model in FES2004 format.

Astronomical tidal height T(t), expressed as the height of the astronomical tidal level
relative to the local long-term mean sea surface, is equal to the sum of M tidal constituent
heights

T(p, A, t) = XL, Ti(@, 4, t) = XiLy Hi(@, Dcos[6;(t) — gi (o, D], (1)
where M is the number of the ocean tidal constituents, 6;,H;,g; are respectively the
astronomical argument, the amplitude and the phase of the tidal constituent i.

The astronomical tide height T; of the tidal constituent i can be expanded as

Ti(, A, t) = H;(p, Dcosgi(p, Dcosb;(t) + Hi(p, Dsing; (¢, D)sinb;(t)

= H;" (p, M) cos6;(t) + Hi (¢, 1)sin6;(t) = H; cosH; + H; sinb;. (2)

Through the spherical harmonic analysis, the tidal height T; of the tidal constituent i can

be also expressed as the normalized spherical harmonic series

Ti(‘p, /1, t) = ‘1rvl=1 Z?n:o an (Sin(p) [TiTnm(A: t) + Ti,_nm (/1' t)]! (3)
where T}, (A,t) = Cncos(0; + mA) + Sinsin(; + ma), (4)
Tm@A, 1) = Crmeos(0; — mA) + Si . sin(6; — ma). (5)

Expand the trigonometric functions in the formulas (4) and (5), we have
Thm@,t) = C*[cos6;,cosmA — sinb;sinmA] + S*[sind;cosmA + cosf;sinmA]

= [C*cosmA + StsinmA]cosB; + [-CtsinmA + StcosmA]sinb;, (6)
Tim(A, t) = C[cos6;cosmA + sinb;sinmA] + S~ [sinB;cosmA — cosf;sinmA]

= [C~cosmA — S~sinmA]cos6; + [C~sinmA + S~ cosmA]sin6;. (7)
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Comparing the formula (2) and formula (3), for the tidal constituent i, (any tidal
constituent number i is omitted below), we have

HY =N 3 o Pun (Ctcosmd + S*sinmAd + C~cosmA + S~ sinml), (8)

H =Y > o Bun (—C*sinmA + S*cosmA + C~sinmA + S~ cosmA), 9)
Ht=YN_ > P, [(Ct+ C)cosmA + (St — §7)sinmA], (10)
H =YN_ > P [(ST+ S )cosmd + (—C* + C)sinml], (11)
C* =C*tsinet, C~ =C"sine~, St =C%cose*,S™ =Ccose . (12)

Similarly, from the global surface air pressure tidal harmonic parameter grid models, can
construct the surface air pressure tidal load spherical harmonic coefficients model by the
spherical harmonic analysis. The 360-degree surface air pressure tidal load spherical
harmonic coefficients model ECMWF2006.dat in ETideLoad4.0 were constructed according
to the process above from the 0.5°x 0.5° global harmonic parameter grids of the four
atmospheric pressure tidal constituents (S;, S, Ssg, Sa).

8.5.2 Ocean tidal load effects on geopotential coefficients
According to Farrell's (1972) theory, the external geopotential of ocean tidal load V°¢
can be be expressed by Green's function integral

Vo (p, A t) = Gpy, [f; H(p', X,0)GY @)dS, (13)
where H is the ocean tidal height, S means the whole sea, 1 is the spherical angular
between the calculation point (¢,1) and the sea surface moving point (¢’,1"), GV () is
the load Green's function of the external geopotential.

The load Green's function GV () can be expressed in the form of a spherical harmonic
series with the load love numbers k;,:

GV () = Zoa(1 + kp)By(cosy). (14)
Substituting (14) into (13), the integral relationship between the global ocean tidal height
H and the variations of the geopotential coefficient (AC,,,, AS,,,) can be obtained:

ACum| _ cpw(+kl) jom (w5 . cosmA
[Agnm] = onn) Iy Jy HPun(sing) [sinm/l] cospdgdA, (15)
here g, = s the average gravity of the sea surface.

a2

Given an ocean tidal height model expressed by the harmonic constants (amplitudes

and phases) grids of all the tidal constituent (angular frequency o), on the sea surface(g, 1)
at epoch time t, the instantaneous ocean tidal height:

H(t, 0, 2) = He(9, ) = Lo Ho (9, Dcos[6,(t, 9, 1) = g5, (16)
here H, isthe amplitude of the tidal constituent o, 6,(p,A,t) is the astronomical argument
of the tidal constituent ¢ on the sea surface(¢,1) at epoch time t, g, is the phase at
Greenwich of the tidal constituent ¢.

The in-phase amplitude H,cosg, and the cross-phase amplitude H;sing, are
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represent by spherical harmonic series, and they are brought into formula (16) to obtain

He(9,2) = Zo XN=1Zm=0 Pam(c059) X7 HF nm (2, 1) (17)

HE (6, 2) = CEpmeos(g, + €5 £ mA) + SEpmsin(g, + &, £ mA) (18)
Here (C}nm, S}nm) are called as the prograde and retrograde normalized spherical
harmonic coefficients of the tidal constituent ¢ with degree n and order m, which can be
expressed in terms of harmonic amplitude CZ,,, and phase &£, as:

C_‘t-fl—,nm = Ac;l—,nmSinEUi,nm' Soi,nm = A}—,nmcosgg,nm (19)
In formula (18), ¢, is called as the phase bias of the tidal constituent o, which can be
defined according to the sign of H, (Cartwright & Eden, 1973) as Table 1.

Table 1 Values of the phase bias &, according to the sign of H,

The phase bias ¢, H; >0 H; <0
m=20 long period T 0
m=1 diurnal /2 /2
m=2 semi-diurnal 0 s

Substituting (17) into (15), taking into account (18) and (19), the external geopotential
coefficient variations can be expressed as:

ACpm — iAS, 1 = X6 (Cnm) FiSEnm )etioe (20)

Comparing equations (20) and (16), we have:

4Gy (1+kh) A .

C}:nm = ﬁ C}—.nmSln(S}—.nm + E(r) (21)
4Gy (1+kh) A

St%nm = % C}—,nmcos(‘g}—,nm + E(r) (22)

Using formulas (21) and (22), the ocean tide harmonic constants grid model represented
can be converted into the harmonic amplitude, and then the geopotential coefficient
variations can be calculated according to the formula (20).

8.6 Fast recursion algorithm for Ism,.(t) and their derivatives to 0
Let t = cosB,u = sind. (1)

8.6.1 Standard forward column recursion algorithm for P, (t) (n < 1900)
Pim () = anmtPn_1m(t) = bymProm(t) Vn>1m<n

_ [2nt1 5 (2)
Pnn(t) = rzl—nPn—l,n—l
_|@n-1)(2n+1) b _|@n+1)(n+m+1)(n-m-1)
Anm = | emyemy *  Onm = (2n-3)(n+m)(n-m)
Poo(t) =1, Pyo(t) =V3t, Pyy(t) =+3u (3)
8.6.2 Improved Belikov recursion algorithm for P,,,(t) (n < 64800)

When n=0,1, use formula (3) to calculate B,,(t). When n > 2:
Pno(t) = antpn—l,o(t) - bngpn—l,l(t): m=20 (4)
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®)

an(t) = Cnmtpn—l,m(t) - dnmupn—l,m+1(t) + enmupn—l,m—l(t): m > 0
(6)

_ |2n+1 _[2(n-1)(2n+1)
n = \IZn—l' by = \I n(n-1)

_1 (n+m)(n-m)(2n+1) _ 1 (n-m)(n-m-1)(2n+1) 7

Crm = ny 2n-1 » Gy = 2n\/ 2n-1 (7)

When m >0:
(8)

e 1 2 (n+m)(n+m—-1)(2n+1)
[CLCPYN PP 2n-1

ETideLoad4.0 adopts mainly the improved Belikov recursion algorithm to calculate the

normalized associated Legendre functions P,,,(t),
8.6.3 Cross-degree recursive algorithm for P,,,(t) (n < 20000)
When n=0,1, use formula (3) to calculate P,,(t). When n > 2:

an (t) = anmpn—z,m(t) + ﬁnmpn—z,m—z (t) - Ynmpn,m—z(t) (9)

_|@n+1)(n-m)(n-m-1)
Unm = (2n-3)(n+m)(n+m-1)

[T em=2 |@n+1)(n+m-2)(n+m-3)
Pom =1+ 60 \[ (2n-3)(n+m)(n+m-1) (10)
[T em=2 |m-m+1)(n+m-3)
Yam = V140 (n+m)(n+m-1)
8.6.4 Non-singular recursive algorithm for %I_’nm(cos 0)
0 = i 0 =
ﬁan(cos 6) = —smOEan(t) (11)
ipno __ ’n(n+1) 13111. ipnl _ n(n+1) Isno _ J(n-1)(n+2) 13"2
a0 2 a0 2 2 (1 2)
0 = (n+m)(n-m+1) 5 (n-m)(n+m+1) 5
%an = fpn,m—l _fpn,m+1: m> 2
(13)

0 = 0 = 0 =
ﬁpoo(t) =0, %Pw(t) = —/3uy, %Pn(t) =3t

2 _
8.6.5 Non-singular recursive algorithm for :?an

9% = n(n+1) = nn-1)n+1)(n+2) =
Sg2Fno === Pno + /fpnz
(14)

9% = 2n(n+1)+(n-1)(n+2) = Jm=-2)(n-1)(n+2)(n+3) 5
= - Py + 2 Pys

907 1 = 4
_ \/(n—m+1)(n—m+2)(n+m—1)(n+m) _ (m+m)(n-m+1)+(n-m)(n+m+1)

an

? =
ﬁp‘nm - 4 Pn,m—z 4
(m+m)(n-m+1)+(n-m)(n+m+1) I_—)
- 4 nm
+\/(n—m—1)(n—m)(n+m+1)(n+m+2) Fn,m+2: m> 2 (15)

4
82 — 92 — 92 —
wpoo(t) = 0, ﬁplo(t) = _\/§t, ﬁpll(t) = _\/§u (16)
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Names table of the sample directories and executable files

Sample directory name /
No Program name
Executable program name

1 Compqtatlon of solid Fldal effects on various geodetic Tideffectsolidearth
quantities outside solid Earth
Spherical harmonic synthesis on ocean tidal load .

2 effects outside solid Earth OTideloadharmsynth
Spherical harmonic synthesis on air pressure tidal )

3 load effects outside solid Earth ATideloadharmsynth
Computation of Earth pole shift and ocean pole tide .

4 effects outside solid Earth Poleshifteffectscalc
Computation of permanent tidal effects and

5 . , Permanentdgeocenter
correction of Earth's mass center

6 Computation of _solld Earth tide and loading tide Controlnetworktidef
effects on geodetic networks

7 The re‘glonal approaching of tidal load effects by load Tdloadgreenintegral
Green's Integral

8 Global forecas.t of various tidal effects on various SolidLoadtidecalct
surface geodetic quantities

9 Separaﬁon .ar)d processing of gross errors in TmsrsErrorseppreproc
geodetic variations time series

10 !_ow-pass. fllterlqg and signal reconstructing for Tmsrslowpfitrconstr
irregular time series

11 Welghtedl oper_at|on, _dlfference, integral and TmsrsAddifferinterp
interpolation on time series
Normalized extraction from batch time series of .

12 . o Tmsrsbatchnormalize
geodetic monitoring network
Processing and analysis on batch time series of

13 ; o Tmsrsnetwkanalyspro
geodetic monitoring network
Construction and analysis on records time series

14 h Tmrecordanalysproc
from geodetic network

15 I?rocess]ng and analysis on variation (vector) grids Tmgridanalysisproc
time series

16 Mult|—form spatiotemporal interpolation from grids Tmgrdinterpolation
time series

17 Spherlcgl harmonic analysis on global surface load Loadspharmonanalys
time series
Spherical analysis on tide parameters and .

18 construction of tidal load model Loadtidespharmsynth

19 Comput.atlon of 'the model value by spherical Loadspharmsynthesis
harmonic synthesis

20 Comput.atlon of Iqad-deformatlon field by spherical Loadeformharmsynth
harmonic synthesis

21 Reglor)al approaching of load-deformation field by Loadfmmtgreenintg
Green's Integral
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Estimation of land water variations based on multi-

22 o Loadewhgeodeticestm
monitoring networks
Estimation of high-resolution land water variations

23 from CORS/INSAR LoadewhtmInSARestm

o4 Gepdynamlc calculation on geodetic field grids time Loadfmgridtmdyncalc
series

o5 Pseudq-stable adjust_m.ent of records time series for Tmrecordnetwkadjust
geodetic network variations
Gross error detection and spatial deformation

26 analysis on INSAR variations DyninSARsptmanalyse

27 Cooperative monitoring and processing of CORS DynCORScntrtminSAR
network and INSAR

8 Deep fu3|o_n gnd time series analysis on multi-source DynInSARfusiontmsqu
INSAR variations
Calculation of ground stability variation based on -

29 vertical deformation Dyngrndhgtstablility

30 Calcylatlon c_Jf ground stability variation based on Dyngrngravstablility
gravity variations

31 Callcullatlon of ground stability variation based on Dyndeflectstablility
variation vectors

32 Sta.tlsltlcal synthesis and prediction of ground stability Dynstabgrdintgrestm
variations

33 Conversion of general ASCIl data into ETideLoad EdPntrecordstandard
format

34 Data interpolation, extracting and separation of land Edatafsimpleprocess
and sea

35 | Simple and direct calculation on geodetic data files | EdFlgeodatacalculate

36 Oper.a_tlon.s on geodetic time series with same Edtimeseriesfilescalc
specifications

37 | Generating and constructing of regional geodetic grid | Edareageodeticdata

38 |Constructing and transforming of vector grid file EdVectorgridtransf

39 | Statistical analysis on various geodetic data file Tlstatisticanalysis

40 Grps§ error detection and weighted basis function AppGerrweighgridate
gridding
Visualization for multi-attributes in groud variation _—

41 |, : Veiwtimesqu
time series
Visualization for variation records time series on|,,.

42 : Viewtmrecords
geodetic network

43 Vlsuallza.tlon for specified attribute in discrete point Viewpntdata
records file

44 \(lsuallzgtlon_ for geodetic grid and variation grids Viewgridata
time series file

45 |Visualization for the geodetic vector grid file Viewvectgrd
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