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The basic principles, main formulas and important methods
of geodesy on the deforming Earth have been included In
ETideLoad4.5 to improve higher education environment.

/

/.‘ S

= \
Earth Tide, Load Effect and Deform -
ation Monitoring Computation
- ETideLoad4.5
%&'Q} ;"A.'I é g T‘?ém s -
Chinese Academy of Surveying & mapping //
October 2024, Beijing, China ”

Program examples for Earth Tide, Load
Effect and Monitoring Computation

@ Analytically compatible geodetic and geodynamic algorithm package
using the numerical standards unified and geophysical models coordinated
@ Compatible with and improved the IERS conventions, some geodetic
concepts clarified, all the algorithms derivated and verificated completely

@ Uniform computation of solid tidal, load tidal, polar shift and mass centric
variation effects on all-element geodetic variations in whole Earth space

@ Analytical computation of surface load effects on all-element geodetic
variations and collaborative monitoring of time-varying Earth gravity field

@ Geodetic monitoring of the surface hydrological environment and ground
stability variations and prediction of their spatio-temporal evolution
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Computation of solid tidal effects on various
geodetic variations outside solid Earth

Spherical harmonic synthesis on ocean tidal
load effects outside solid Earth

Spherical harmonic synthesis on atmosphere tidal
load effects outside solid Earth

Computation of Earth’s rotation polar shift effects
on geodetic variations and tidal effects on EPR
Computation of the permanent tidal and Earth’s mass
centric variation effects on geodetic variations
Computation of solid Earth and load tidal
effects on geodetic networks

The regional approach of load tidal effects by
load Green's Integral

Forecast of various tidal effects on surface all-
element geodetic variations

Spherical harmonic analysis on global
surface load time series

Spherical analysis on tidal harmonic cons+tants
and construction of tidal load model

Computation of the load model value using
spherical harmonic synthesis

Computation of load deformation field using
spherical harmonic synthesis

Regional refinement of load deformation
field by Green's Integral

Regional approach of load deformation field
using SRBFs

Load deformation field monitoring from
heterogeneous variations with Green’s
integral constraints

Load deformation field monitoring from
heterogeneous variations using spherical
radial basis functions

Geodynamic calculation on geodetic field
grid time series

Surface load and load deformation field
monitoring computation processes
ETideLoad4.5 Goals, Features and strengths
Dominant concepts and ideas in ETideLoad4.5
Geophysical models and numerical standards

Visualization for multi-attributes in ground
variation time series

Visualization for variation record time series
on geodetic network

Visualization for specified attribute in discrete
point file

Visualization for geodetic grid and variation
grid time series file

Visualization for geodetic vector grid file

Load deformation field

approach and monitoring
from heterogeneou
variations *

ETideLoad4.5
Summary, Setting
and visualization

Computation of various tidal
and polar shift effects on all-
element geodetic variations

Earth Tide, Load Effect and Deform -
ation Monitoring Computation
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Separation and processing of gross
errors in geodetic variation time series

Low-pass filtering and signal
reconstructing for irregular time series

Weighted operation, difference, integral
and interpolation on time series

Normalized extraction from batch time

Processing and analysis series of geodetic monitoring network

on non-tidal geodetic
variation time series

Processing and analysis on batch time
series of geodetic monitoring network
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Construction and analysis on record time
series from geodetic network

Processing and analysis on variation
(vector) grid time series

Multi-form spatiotemporal
from grid time series

Pseudo-stable adjustment of record time
series for geodetic network variations

Gross error detection and spatial de-
formation analysis on INSAR variations

interpolation

e 3

Collaborative monitoring and process-ing
of INSAR with CORS network

CORS/INSAR collab- Deep fusion and time series analysis

ETideload4.5 orative  monitoring [~ ©N multi-source INSAR variations
N N S and ground stability \\\ Computation of ground stability vari-
EEEEEe A estimation ation based on vertical deformation
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A\‘

Computation of ground stability vari-
ation based on gravity variations

Computation of ground stability vari-
ation based on variation vectors

Statistical synthesis and prediction of
ground stability variations

Conversion of general ASCIl data into ETideLoad
format

Data interpolation,
separation

extracting and land-sea area

Simple and direct calculation on geodetic data files
Editing and calcul-

ation tools for
geodetic data files

Operations on variation time series with same specifications

Generating and constructing of regional geodetic grid

Constructing and transforming of vector grid file
Statistical analysis on various geodetic data files

Gross error detection and weighted basis function gridding

Chuanyin Zhang, Beijing, China October 2024 www.zcyphygeodesy.com



Computation of solid Earth
tidal effect time series at a
ground site

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

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

Global forecast of solid tidal
effects on various surface
geodetic variations

Computation of solid tidal
effects on various geodetic
variations outside solid Earth

tidal
at a

Computation of ocean
load effect time series
ground site

tidal
sites

Computation of ocean
load effects at ground
with given time

esis on ocean tidal load

effects outside solid Earth Computation of ocean tidal

load effects of Earth satellite
or outside solid Earth

Global forecast of ocean tidal
load effects on various
surface geodetic variations

Computation of rotation
polar shift or ocean pole
tidal effect time series at

Computation of surface atmo-

sphere tidal load effect time

series at a ground site .

Computation of surface

atmosphere tidal load . .

effects at ground sites with \| SPherical harmonic syn-

given time thesis on atmosphere >
_ tidal load effects outside ¥"*g§@v

Computation of surface /| gqjid Earth

atmosphere tidal load effects
of satellite or outside Earth

Global forecast of surface at-
mosphere tidal load effects on
surface geodetic variations

Computation of permanent
tidal effects on various
geodetic variations

Computation of Earth's mass
centric variation effects on all-
element geodetic variations

Computation of the
permanent tidal and
Earth's mass centric
variation effects on
geodetic variations

Forecast of ocean tidal load
effects on Earth's mass
centric variation

Forecast of atmosphere tidal
load effects on Earth's mass
centric variation

Computation of residual
ocean tidal load effects by
Green's Integra

Computation of residual
atmosphere tidal load
effects by Green's Integral

The regional
load tidal effects by load
Green's Integral
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Computatlon “of various tidal” ™ computation of Earthvs
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a ground site

Computation of rotation
polar shift or ocean pole
tidal effects at ground
sites with given time

o k\\f:j/

- \rotation polar shift effects
h/on geodetic variations
® and tidal effects on EPR

Computation of rotation
polar shift or ocean pole
tidal effects of satellite or
outside solid Earth

Calculation of rotation pol-
ar shift effects on various
geodetic variations

Forecast of the tidal
effect time series on
Earth’s rotation

Computation of solid Earth and load tidal
effects on geodetic networks

Numerical forecast of solid
Earth tidal effects on various
geodetic variations

-\ Forecast of various tidal
.9 |effects on surface all-
element geodetic variations

Numerical forecast of ocean
tidal load effects on various
geodetic variations

Numerical forecast of surface
atmosphere tidal load effects
on various geodetic variations

Compatible with and improved all the geodetic algorithms in Chapters 6, 7,
and 8 of the IERS conventions (2010).



.» Computation of various tidal effects on various geodetic variations — L] X

Computation of various tidal and polar shift effects on all-element geodetic variations|
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Computation of solid tidal effects Spherical harmonic synthesis Spherical harmonic synthesis Computation of rotation polar shift
on various geodetic on ocean tidal load effects on atmosphere tidal load effects on geodetic variations
variations outside solid Earth outside solid Earth effects outside solid Earth and tidal effects on EPR
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Computation of the permanent tidal Computation of solid Earth The regional approach of Forecast of various tidal effects
and Earth's mass centric variation and load tidal effects load tidal effects by on surface all-element
effects on geodetic variations on geodetic networks load Green's Integral geodetic variations

@ Analytically compatible geodetic and geodynamic algorithm package using the numerical standards unified and geophysical models coordinated
@ Compatible with and improved the IERS conventions, some geodetic concepts clarified, all the algorithms derivated and verificated completely
@ Uniform computation of solid tidal, load tidal, polar shift and mass centric variation effects on all-element geodetic variations in whole Earth space

Functional architecture of the subsystem ! The files format of 5 kinds of geodetic variation time series

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

@ 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 ETidelLoad, e.g., 2018122412.




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

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

Computation of solid Earth tidal
- effect time series at a ground site

_.._¢ Open the geodetic site variation time series file

Set the file parameters

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

4. Save program process as

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

- -«
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

Global forecast of « Aiellecls an,
" various surface geo: 1)
i Chinese Academ;of Suerveying & mapping
4 October 2024, Beijing, China
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Column ordinal number of ellipsoidal
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height in the header
Column ordinal number of time in the record

e
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A

Column ordinal number of starting
MJDO in the header

5 X

N\

Select the type of effects
geoid or height anomaly (mm)

N

>> [Function] From a geodetic site variation 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), radial gravity gradient (10uE) or horizontal gravity gradient (NW, to the north and to the west, 10uE).
>> Open the geodetic site variation time series file C:/ETideLoad4.5 win64en/examples/Tideffectsolidearth/Tmseries.txt.

** 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 output file name, click the control button [Import setting parameters]...

> Save the computed results as C:/ETideLoad4.5 win64en/examples/Tideffectsolidearth/tmsqurst.txt.

>> Seth
** Click th

ground gravity (uGal) (®

gravity disturbance (pGal)

ground tilt (SW, mas) (»)

vertical deflection (SW, mas)
horizontal displacement (EN, mm) ()

ground radial displacement (mm) ()

ground normal ¢r orthometric height (mm) (=)

radial gravity gradient (10pE)
horizontal gravily gradient (NW, 10uE)

* hind the input file record, add one or several columns of the tidal effects as the output file record.
parameters have been imported into the program!
ontrol button [Start computation], or the tool button [Start computation]....

Columns 2 and 3 of the file header are agreed

N\

\ >> Computatiomsgtart time: 2024-10-18 09:33:30
>> Complete the computation of solid earth tide effects!
\\> Computation end time{ 2024-10-18 09:33:30

as the longitude and latitude of the ground site

" | Save the compute resulf®qs =~ Import setting parameters @ Start computation
Display of the input-outptit file|| %1 Save data in the text box as
Forcas&l 121.240000  29.428100] [17.830] 58456.959028 ~
201812042301 0.000000 -9.1781  -156.8405 -64.8337 -72.7348 6.9147 -9.0453 13.0621 -17
201812042316 0.010417 -9.0405 -126.4444 -52.4062 -58.7014 7.98009 -9.494¢ 15.0158 -18
201812042331 0.020833 -8.9068 -94.9272 -39.5093 -44.143¢ 9.0491 -9.7445 16.9727 -18
201812042346 0.031250 -8.7789 -62.9361 -26.4105 -29.3615 10.1045 -9.7926 16.9054 -18
201812050001 0.041667 -8.6586 -31.1203 -13.3786 -14.656¢6 11.1322 -9.6398 20.7863 -18
201812050016 0.052083 -8.5474 -0.1200 -0.6789 -0.3259 12.1177 -9.2907 22.5888 -17
201812050031 0.062500 -8.4468 29.4450 11.4319 13.342¢ 13.0468 -8.7535 24.2868 -1€
201812050046 0.072917 -8.3580 56.9866 22.7100 26.0757 13.9061 -8.0396 25.8557 -15
201812050101 0.083333 -8.2822 81.9584 32.9291 37.6197 14.6833 -7.1638 27.2729 -13
201812050116 0.093750 -8.2201 103.8654 41.8842 47.7447 15.3671 -6.1436 28.5175 -12
201812050131 0.104167 -§.1724 122.2731 49,3954 56.2491 15.9477 -4.9992 29.5715 -9

Improve the algorithm of solid tidal effect on displacement of reference points in the IERS
Conventions (2010), and then compute the solid tidal effects uniformly on all-element
geodetic variations in the whole Earth space.

@ The program adopts the same numerical standards and analyfical algorithms of the solid Earth tidal effects on geopotential and and geodetic site displacement that are compatible with the IERS
Conventions (2010), and compute uniformly the solid Earth tidal effects on all-element geodetic variations considering the latitude and frequency dependence of the Love numbers, so as to maintain rigorously
the analytical relationships between the solid Earth tidal effects on various geodetic variations.
@ The Earth's tide generating potential (TGP) from the moon is calculated from 2nd to 6th degree, that from the sun from 2nd to 3rd degree, and that from other planets at the 2nd degree.

@ 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.




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

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

Computation of solid Earth tidal
effect time series at a ground site

Set the file parameters

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

Column ordinal number of ellipsoidal
height in the record

4

»

A §

Column ordinal number of time in the record

\ -
1\.,

N

Column ordinal number of starting
MJDO in the header

\
5 X\
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Select the type of effects

4.1 Save program process as

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

- @
Earth Tide, Load Effect and Deform -
ation Monitoring Computation
ETideLoad4.5
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2 Algorithi. S

Global forecast of «
" various surface geo:

>> [Function] According to the location and time in the calculation point file, compute the solid Earth tidal effects on the geoid or height anomaly A
(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), radial gravity gradient (10uE) or horizontal gravity gradient (NW, to the north and to the west, 10uE).
>> QOpen the location and time file of the calculation points C:/ETideLoad4.5 win64en/examples/Tideffectsolidearth/Postiontm.txt.

** 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
\{he output file name, click the control button [Import setting parameters]...

>>\Qave the computed results as C:/ETideLoad4.5 win64en/examples/Tideffectsolidearth/Postmrst.txt.

geoid or height anomaly (mm)

ground gravity (uGal) (®

gravity disturbance (pGal)

ground tilt (SW,
vertical deflectipn (SW, mas)
horizontal displ
ground radial d

ground normal

mas) (»)

acement (EN, mm) (&)
splacement (mm) (&)

or orthometric height (mm

radial gravity glladient (10uE)

horizontal gravity gradient (NW, 10pE)

@ The program

)®

>> Complete the comp
\;. Computation end time:

lid earth tide effects!
-18 09:34:52

Columns 2 and 3 of the record
are agreed as the longitude and
latitude of the calculated point

= | Save the computed results a3 * Import setting parameters @ Start computation

Display of the input-output file | %1 Save data in the text box as

101.233&00 29.910000 47218 58484.0008Q0 ~
201901010000 101.230000 29.910000(| 47.218 4.5400 1.5938 1.8815 10.3967 -5.0328 19.44
201901010100 101.230000 29.910000(| 47.218 58.3841 23.5680 26.8064 12.8415 -2.93095 23.8¢
201901010200 101.230000 29.910000(| 47.218 77.7136 31.2014 35.6850 14.1545 0.3355 26.20
201901010300 101.230000 29.910000(| 47.218 53.3053 20.7449 24.2861 14.0836 3.7768 25.99
201901010400 101.230000 29.910000(| 47.218 -10.6764 -5.9421 -5.3630 12.6903 6.3132 23.34
201901010500 101.230000 29.910000(| 47.218 -97.6404 -41.8707 -45.4873 10.3233 7.1142 18.88
201901010600 101.230000 29.910000|| 47.218 || -182.8869 -76.7981 -84.6356 7.5204 5.8108 13.61
201901010700 101.230000 29.910000|| 47.218 || -240.0672 -99.9398 | -110.7040 4.8711 2.5864 8.64
201901010800 101.230000 29.910000|| 47.218 || -248.0760 | -102.7831 | -114.0960 2.8762 -1.8762 4.92
201901010900 101.230000 29.910000|| 47.218 || -196.6498 -81.3022 -90.2338 1.8393 -6.5659 3.04
201901011000 101.230000 29.910000(| 47.218 -89.3439 -37.0804 —-40.8477 1.8121 -10.3839 3.12
201901011100 101.230000 29.910000(| 47.218 56.7775 22.8815 26.2172 2.5980 -12.3987 4.7¢
201901011200 101.230000 29.910000(| 47.218 214.6442 87.5974 98.6094 3.8130 -12.0601 7.23
201901011300 101.230000 29.910000(| 47.218 353.0865 144.4495 162.1326 4,98¢61 -9.3304 9.61
201901011400 101.230000 29.910000(| 47.218 443.8313 181.9624 203.8886 5.6795 -4.7058 11.07
201901011500 101.230000 29.910000(| 47.218 468.0165 192.4016 215.2148 5.6022 0.8800 11.03 v

L4 >

adopts the same numerical standards and analytical algorithms Of thé Solid Earth tidal effects on geopotential and and geodetic site displacement that are compatible with the IERS

Conventions (2010), and compute uniformly the solid Earth tidal effects on all-element geodetic variations considering the latitude and frequency dependence of the Love numbers, so as to maintain rigorously
the analytical relationships between the solid Earth tidal effects on various geodetic variations.
@ The Earth's tide generating potential (TGP) from the moon is calculated from 2nd to 6th degree, that from the sun from 2nd to 3rd degree, and that from other planets at the 2nd degree.

@ 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.
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Solid tidal effects : geoid or height anomaly (mm) ground gravity (uGal) radial displacement (mm)
normal or orthometric height (mm) radial gravity gradient (10pE)

The solid tidal effect on normal height (approximately 300mm) is out of phase with that on
the ellipsoidal height or geoid (approximately 600mm, name ly the sign is opposite).
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... Computation of solid tidal effects on various geodetic variations outside solid Earth

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

Computation of solid Earth tidal
~ effect time series at a ground site

Set the file parameters

Computation of solid Earth tidal effects

at ground sites with given time

%.7 Save program process as

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

" various surface gec i

- -«
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETideLoad4.5
Global forecast of : @kollecls Qn,

Chinese Academy of Surveying & mapping
October 2024, Beijing, China

- Algoritri. S

Column ordinal number of ellipsoidal

4

height in the record AN

Column ordinal number of time in the record

N

LIN g

Column ordinal number of starting

MJDO in the header S

Select the type of effects

X \\\:\

geopotential (0.1m?/s?)

[] gravity vector (XYZ, uGal)

gravity vector (ENU, pGal)

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

\

>> Complete the computation of solid earth tide effects! A
>> Computation end time: 2024-10-18 09:34:52
>> [Function] According to the location and time in the external space point file, compute the solid Earth tidal effects on the geopotential (0.1m?/
s2), gravity (uGal) or gravity gradient (10uE) outside the solid Earth
>> Open the location and time file of the external points C:/ETideLoad4.5 win64en/examples/Tideffectsolidearth/outerptm.txt.
** 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 output file name, click the control button [Import setting parameters]... %
>> Save the computed results as C:/ETidelLoad4.5_win64en/examples/Tideffectsolidearth/outerst.txt. .
ehind the input file record, add one or several columns of the tidal effects as the output file record. \
>> Sadti i ' m!
button [Start computation].... | Columns 2 and 3 of the record
>> Comput are agreed as the longitude
\2 and latitude of the satellite
v
&~ Import setting parameters @ Start computation
Displayof the input-output file | > GRACE satellite altitude 4. Save data in the text box as
NY 15\1.23 29.91 450000.0 5\?4\8.4.000000 ~
2019010100 | [101.23  29.91||450000.0 0.3604 -70.1968 35.9074 -1.4347 -5.6569 -0.4118 -0
2019010101 | |101.23  29.91||450000.0 4.6518 -86.1581 21.8362 -20.3774 -12.8867 0.0283 -11
2019010102 | |101.23  29.91||450000.0 6.1944 -94.6243 -0.3418 -27.1374 -16.1680 0.7045 -15
2019010103 | |101.23  29.91||450000.0 4.2516 -93.8995 -23.8846 -18.4910 -14.5544 1.7299 -10
2019010104 | |101.23  29.91||450000.0 -0.8480 -84.3469 -41.5914 4.0409 -8.4398 2.9803 2
2019010105 | |101.23  29.91||450000.0 -7.7849 -68.2530 -47.7595 34.5670 0.5710 4.1143 20
2019010106 | |101.23  29.91||450000.0 -14.5906 -49.2170 -39.7054 64.3857 10.1118 4.6601 37
2019010107 | |101.23  29.91||450000.0 -19.1615 -31.2465 -18.4¢74 84.2772 17.6806 4,1459 49
2019010108 | |101.23  29.91||450000.0 -19.8092 -17.8013 11.4510 86.9118 21.2684 2.2387 50
2019010109 | |101.23  29.91||450000.0 -15.7095 -11.0186 43,1839 68.7753 19.8363 -1.1440 40
2019010110 | |101.23  29.91||450000.0 -7.1432 -11.2874 69.1547 31.1672 13.5472 -5.777¢6 18
2019010111 | |101.23  29.91||450000.0 4.5274 -17.2502 82.8776 -19.9374 3.7183 -11.1451 -11
2019010112 | |101.23  29.91||450000.0 17.1380 -26.2132 80.5037 -75.1125 -7.4804 -16.5208 -43
2019010113 | |101.23  29.91||450000.0 28.1955 -34.8618 61.7745  -123.5198 -17.5134 -21.1048 -72
2019010114 | |101.23  29.91||450000.0 35.4394 -40.1205 30.1681  -155.3162 -24.0531 -24.1817 -90
2019010115 | |101.23  29.91||450000.0 37.3634 -39.9606 -7.8095 -163.9024 -25.5231 -25.2664 -95 v
L4 >

. The program adopts thé same NUMerical standards and analytcal algorithms of the SOld Eartn tdal effects on geopotential and and geo

detic site displacement that are compatible with the IERS

Conventions (2010), and compute uniformly the solid Earth tidal effects on all-element geodetic variations considering the latitude and frequency dependence of the Love numbers, so as to maintain rigorously

the analytical relationships between the solid Earth tidal effects on various geodetic variations.

@ The Earth's tide generating potential (TGP) from the moon is calculated from 2nd to 6th degree, that from the sun from 2nd to 3rd degree, and that from other planets at the 2nd degree.
@ 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.




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

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

Computation of solid Earth tidal
~ effect time series at a ground site

Set the file parameters

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

Column ordinal number of ellipsoidal

4

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

LIN g

Column ordinal number of starting
MJDO in the header

5 X

Select the type of effects

geopotential (0.1m?/s?)

[] gravity vector (XYZ, uGal)
[] gravity vector (ENU, pGal)
[ ] gravity gradient (XYZ, 10uE)

gravity gradient (ENU, 10uE)

@ The program

Computation of solid Earth tidal effects Computation of solid Earth tidal effects Global forecast of . @kollecls Qn,
at ground sites with given time of Earth satellite or outside solid Earth " various surface gec s,
Chinese Academy of Surveying & mapping
; October 2024, Beijing, China
%7 Save program process as o4 Algoritri. S
>> Complete the computation of solid earth tide effects! A
>> Computation end time: 2024-10-18 09:36:46
>> [Function] According to the location and time in the external space point file, compute the solid Earth tidal effects on the geopotential (0.1m?/
s2), gravity (uGal) or gravity gradient (10uE) outside the solid Earth
>> Open the location and time file of the external points C:/ETideLoad4.5 win64en/examples/Tideffectsolidearth/satptm.txt.
** 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 output file name, click the control button [Import setting parameters]...
Save the computed results as C:/ETideLoad4.5 win64en/examples/Tideffectsolidearth/satprst.txt.
**Rehind the input file record, add one or several columns of the tidal effects as the output file record.
>> Sefh i ' ! ;
** Click the_control button [Start computation], or the tool bujton [Start computati. Columns 2 and 3 of the record
>> Computati starttlme:_ 2024—1[_}-12} 09.38.21 are agreed as the Iongitude
>> Complete the dqmputation of solid earth tide effects! and latitude of the satellite
\\:- Computation end twe: 2024-10-18 09:38:22 9
® | Save the computed resylts as &~ Import setting parameters @ Start computation
Displayof the input-output file | > GOCE satellite altitude 4.0 Save data in the text box as
NYB 150.\g4 32.42  250§000.0 58%&000000 ~
201901010000 | 150.24 32.42|[ 250000.0 0.2777 -14.0775 4,4894 -0.4489
201901010100 | 150.24 32.42|| 250000.0 -5.9123 -5.5368 5.7527 16.6033
201901010200 | 150.24 32.42|| 250000.0 -13.1543 5.2957 6.5691 36.3888
201901010300 | 150.24 32.42|| 250000.0 -19.3259 15.5801 6.4614 53.0735
201901010400 | 150.24 32.42|| 250000.0 -22.3930 22.6134 5.0126 61.1675
201901010500 | 150.24 32.42|| 250000.0 -20.9443 24,4922 1.9985 56.9495
201901010600 | 150.24 32.42|| 250000.0 -14.5749 20.5536 -2.5187 39.4422
201901010700 | 150.24 32.42| | 250000.0 -4.0300 11.5134 -8.1597 10.7348
201901010800 | 150.24 32.42|| 250000.0 8.9232 -0.7050 -14.2705 -24.3961
201901010900 | 150.24 32.42|] 250000.0 21.8654 -13.4028 -20.0322 -59.4712
201901011000 | 150.24 32.42|]| 250000.0 32.2542 -23.7069 -24.6126 -87.6891
201901011100 | 150.24 32.42|| 250000.0 37.9959 -29.2208 -27.3295  -103.4147
201901011200 | 150.24 32.42|| 250000.0 37.9288 -28.5910 -27.7875  -103.4592
201901011300 | 150.24 32.42|| 250000.0 32.1058 -21.8628 -25.9573 -87.8569
201901011400 | 150.24 32.42|| 250000.0 21.7992 -10.5274 -22.1787 -59.9358
201901011500 | 150.24 32.42|| 250000.0 9.2180 2.7787 -17.0844 -25.6164
201901011600 | 150.24 32.42|| 250000.0 -3.0075 14.8794 -11.4618 7.9396 v

adopts the same numerical standards and analytical algorithms of the solid Earth tidal

effects on

geopotential and and geodet‘c site displacement that are compatible with the IERS

Conventions (201

the analytical relationships between the solid Earth tidal effects on various geodetic variations.
@ The Earth's tide generating potential (TGP) from the moon is calculated from 2nd to 6th degree, that from the sun from 2nd to 3rd degree, and that from other planets at the 2nd degree.
@ 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.

), and compute uniformly the solid Earth tidal effects on all-element geodetic variations considering the latitude and frequency dependence of the Love numbers, so as to maintain rigorously
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_» Global forcast of solid tidal effects on various surface geodetic variations

Location of surface point to be forecast

Longitude
Latitude

Ellipsoidal height

121.240000°

29.428100°

1)

17.830m

»

Forecast time series parameters

Start time

End time

Time interval

20160701

»

20160704

1)

10.00 min

»

¥ Calculate and save as

& =
Fd A w m -

N e N e

_--' S ol
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o

Tidal effects to be plot

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

[_] gravity disturbance (uGal)

[] ground tilt (SW, mas) (»)

[ ] vertical deflection (SW, mas)

["] horizontal displacement (EN, mm) (®)
ground radial displacement (mm) (»)
normal (orthometric) height (mm) (»)
radial gravity gradient (10pE)

[[] horizontal gravity gradient (NW, 10uE)

Tidal effect curve on surface geodetic variations

Tidal effect time series on all-element geodetic variations

Global forecast of solid tidal effects on various surface geodetic variations

201607032040
201607032050
2016070321

201607032110
201607032120
201607032130
201607032140
201607032150
2016070322

201607032210
201607032220
201607032230
201607032240
201607032250
2016070323

201607032310
201607032320
201607032330
201607032340
201607032350

2016070400
<

(R}

(SR S I ST A T SO I L T SO T O T PO T T SO T O T A I G T G T S T G T S T G B S

.861111
.868056
.875000
.881944
.888889
.895833
.902778
.909722
.916667
.923¢611
. 930556
. 937500
.944444
.951389
. 958333
. 965278
972222
.979167
.9686111
. 993056
. 000000

-357.
-357.
-356.
-352.
-345.
-335.
-323.
-308.
-291.
-271.
-248.
-224.
-196.
-167.
-136.
-103.
-68.
-32.
I
43.
82.

le04
8992
3099
0355
1367
5930
4025
5825
1692
2180
8027
0159
9676
7855
6134
6110
8523
8249
5714
0259
3184

-147.
-147.
-146.
-145.
-142.
-138.
-133.
-127.
-120.
-112.
-103.
-92.
-81.
-69.
-57.
-43.
-29.
-14.
0.
l6.
32.

1050
5027
8649
1672
3926
5315
5821
5506
4506
3039
1400
9958
9159
9518
le21
6116
3717
5190
8646
6924
8740

-le64.
-165.
-le4d.
-162.
-159.
-154.
-149.
-142.
-134.
-125.
-115.
-103.

-91.

-77.

-63.

-48.

©183
0620
3405
4264
3010
9538
3833
5966
6095
4469
1422
71374
2827
8366
4650
2413
-32.2456
-15.5645
1.70098
19.4799
37.6440

0.732.

0.2210
-0.2467
-0.6691
-1.0443
-1.3709
-1.6478
-1.8745
-2.0504
-2.1757
-2.2507
-2.2762
-2.2534
-2.1836
-2.0687
-1.9108
-1.7122
-1.4758
-1.2045
-0.9014
-0.5700

.‘/’- q
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

&,
Chinese Academy of Surveying & mapping
October 2024, Beijing, China

-2.5490
-3.7961
-5.0493
-6.3000
-7.5390
-8.7574
-9.9465
.0973
L2013
.2502
.2360
.1510
.9881
. 7405
.4021
.9673
.4311
.7895 V¥

Set line thickness

»

4

Extract time series to be plot

Plot|

4.7 Save the current plot as

AN

p - 4

g il gl apoimaly (o}
O gravily (pGal)

Gronmd modinl displecement (mm)

Marmal‘arthometric: height (num)

. --'EMHlﬂﬁﬂFHMHQEg#ﬂ

(Al 16

TN 16

OTAI3( 16

TN 16

@ Firstly, calculate the tidal effect time series on all-element geodetic variations, and then select the variations to be plot.

@ Look at the amplitude of various solid tidal effects, the in-phase or out-of-phase (same or opposite sign) relationship between different types of variations, and the time-varying characteristics of the
tidal effect curves.




_» Global forcast of solid tidal effects on various surface geodetic variations

Location of surface point to be forecast

Longitude
Latitude

Ellipsoidal height

121.240000°

29.428100°

1)

17.830m

»

Forecast time series parameters

Start time

End time

Time interval

20160701

»

20160704

1)

10.00 min

»

¥ Calculate and save as

& 3
I,,.r:\l‘l f' \‘\,
PAINGET NN
Fd L L m -

NN~ g

' : 3
T

Tidal effects to be plot

[_] geoid or height anomaly (mm)

[] ground gravity (uGal) (=)

[_] gravity disturbance (uGal)

ground tilt (SW, mas) (2

[ ] vertical deflection (SW, mas)
horizontal displacement (EN, mm) (®)
[[] ground radial displacement (mm) (»)
[] normal (orthometric) height (mm) (»)
[_] radial gravity gradient (10uE)
horizontal gravity gradient (NW, 10puE)

Tidal effect curve on surface geodetic variations

Tidal effect time series on all-element geodetic variations

Global forecast of solid tidal effects on various surface geodetic variations

201607032040
201607032050
2016070321

201607032110
201607032120
201607032130
201607032140
201607032150
2016070322

201607032210
201607032220
201607032230
201607032240
201607032250
2016070323

201607032310
201607032320
201607032330
201607032340
201607032350

2016070400
<

(R}

(SR S I ST A T SO I L T SO T O T PO T T SO T O T A I G T G T S T G T S T G B S

.861111
.868056
.875000
.881944
.888889
.895833
.902778
.909722
.916667
.923¢611
. 930556
. 937500
.944444
.951389
. 958333
. 965278
972222
.979167
.9686111
. 993056
. 000000

-357.
-357.
-356.
-352.
-345.
-335.
-323.
-308.
-291.
-271.
-248.
-224.
-196.
-167.
-136.
-103.
-68.
-32.
I
43.
82.

le04
8992
3099
0355
1367
5930
4025
5825
1692
2180
8027
0159
9676
7855
6134
6110
8523
8249
5714
0259
3184

-147.
-147.
-146.
-145.
-142.
-138.
-133.
-127.
-120.
-112.
-103.
-92.
-81.
-69.
-57.
-43.
-29.
-14.
0.
l6.
32.

1050
5027
8649
1672
3926
5315
5821
5506
4506
3039
1400
9958
9159
9518
le21
6116
3717
5190
8646
6924
8740

-le64.
-165.
-le4d.
-162.
-159.
-154.
-149.
-142.
-134.
-125.
-115.
-103.
-91.
-77.
-63.
-48.
-32.
-15.
1.
19.
37.

©183
0620
3405
4264
3010
9538
3833
5966
6095
4469
1422
71374
2827
8366
4650
2413
2456
5645
7098
4799
6440

0.732¢

0.2210
-0.2467
-0.6691
-1.0443
-1.3709
-1.6478
-1.8745
-2.0504
-2.1757
-2.2507
-2.2762
-2.2534
-2.1836
-2.0687
-1.9108
-1.7122
-1.4758
-1.2045
-0.9014
-0.5700

-
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Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5
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-2.5490
-3.7961
-5.0493
-6.3000
-7.5390
-8.7574
-9.9465
.0973
-12.2013
-13.2502
-14.2360
.1510
.9881
-16.7405
.4021
.9673
.4311
.7895 V¥

Set line thickness

»

4

~. Extract time series to be plot

Plot|

4.7 Save the current plot as

[
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T
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@ Firstly, calculate the tidal effect time series on all-element geodetic variations, and then select the variations to be plot.

@ Look at the amplitude of various solid tidal effects, the in-phase or out-of-phase (same or opposite sign) relationship between different types of variations, and the time-varying characteristics of the
tidal effect curves.




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

Computation of ocean tidal load effect time series at a ground site -

time series at a ground site

Computation of ocean tidal load effect

_._.g Open the geodetic site variation time

Set the file parameters

series file

- . Computation of ocean tidal load effects
~ at ground sites with given time

>> Program Process ** Operation Prompts

g

- -«
Earth Tide, Load Effect and Deform -
ation Monitoring Computation
ETudeLoad4 5

. Global forecast of el lead eliec

on various surface _

. Computation of ocean tidal load effects of
Earth satellite or outside solid Earth

IS
A@/A

Chinese Academy of Surveying & mapping
October 2024, Beijing, China

%7 Save progic!

—

Column ordinal number of normal or

4

1)

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

1)

NN

Column ordinal number of starting
MJDO in the header

5

X\

Select the type of effects

>> [Function] From a geodetic site variation time series file, compute the time series of the ocean tidal load effects on the geoid or height anomaly A

(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), ground normal or orthometric
height (mm), radial gravity gradient (10uE) or horizontal gravity gradient (NW, to the north and to the west, 10uE).
>> Open the geodetic site variations time series file C:/ETideLoad4.5 win64en/examples/OTideloadharmsynth/Tmseries.txt.

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

>> Save the computed results as C:/ETidelLoad4.5 win64en/examples/OTideloadharmsynth/Tmsqurst txt.

' Behind the input file record, add one or several columns of the tidal effects selected as the output file record.
>> Setting parameters have been imported into the program!

geoid or height anomaly (mm)

ground gravity (uGal) (=)
gravity disturbance (pGal)

ground tilt (SW, mas) (»)

vertical deflection (SW, mas)
horizontal displacement (EN, mm) (=)

ground radial displacement (mm) (&)

radial gravity gradient (10uE)

horizontal gravity gradient (NW, 10uE)

\ \\:
N

** Clic_the control button [Start computation], or the tool|button [Start computation]....

** The coxaputation process needs to wait... During the computation period, you can open the output file C:/ETideLoad4.5_win64en/examples/
OTideloadhanqsynth/Tmsqurst.txt, to look at the computafion progress!
>> Computatiomgtart time: 2024-10-18 10:38:34

> Complete the cdrgputation of the ocean tidal load effec
Computation end thwe: 2024-10-18 10:43:51

Columns 2 and 3 of the file header are agreed as the
longitude and latitude of the ground site

ts!

.

: degreé\

Miamum fruncatec = Import setting parameters
of the coefficient model o Imp gp

ﬂ Save the domputed results as @ Start computation

ground normal or ¢rthometric height (mm) (=)

4.1 Save data in the text box as

Displ éxof the mpufl;output fllei| \

NYBIlof\23oooo 29.910000 ||47.218] 58484.00000 A
201001010000 0.000000 2.764 1.7717 ~0.8065 ~0.5333 =0.3260 0.1351 0.0020 0.20¢
201901010100 0.041667 2.778 1.1277 -0.3570 ~0.2073 ~0.3976 0.0118 ~0.0177 0.172
201901010200 0.083333 2.762 0.1811 0.0404 ~0.0049 ~0.4110 ~0.1253 ~0.0464 0.09¢
201901010300 0.125000 2.724 ~0.8863 0.2795 0.0081 ~0.2791 ~0.2769 -0.0589 ~0.01¢
201901010400 0.166667 2.675 ~1.8226 0.4877 0.0176 ~0.1319 ~0.4500 ~0.0691 ~0.15¢
201901010500 0.208333 2.626 ~2.3880 0.6370 0.0485 ~0.0720 ~0.5929 ~0.0812 ~0.28¢
201901010600 0.250000 2.582 ~2.4797 0.5023 ~0.0996 0.0143 ~0.6538 ~0.0618 ~0.38¢
201901010700 0.291667 2.546 ~2.1169 0.1065 ~0.4004 0.2000 ~0.6556 0.0044 ~0.43¢
201901010800 0.333333 2.517 ~1.3803 ~0.2650 ~0.5803 0.3634 ~0.6313 0.0881 ~0.43¢
201901010900 0.375000 2.489 ~0.4362 ~0.4885 ~0.5524 0.4001 ~0.5473 0.1586 ~0.38:
201901011000 0.416667 2.455 0.4859 ~0.6369 ~0.4446 0.3657 ~0.3595 0.2130 ~0.26"
201901011100 0.458333 2.410 1.1845 -0.6862 ~0.2841 0.3571 ~0.1032 0.2554 ~0.11¢
201901011200 0.500000 2.354 1.5253 -0.4881 0.0397 0.3524 0.1333 0.2678 0.03¢
201901011300 0.541667 2.288 1.4545 ~0.0193 0.5286 0.2566 0.3072 0.2244 0.15¢
207an7T017140n0 N RA23333 7003 T N14aa N 440572 OR7T73 n 1714 n 4347 N 137 n 237

Compute the ocean tidal load effects on all-element geodetlc variations on the ground
or outside solid Earth from the ocean tidal load spherical harmonic coefficient model.

v

@ 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 global ocean tidal load spherical harmonic coefficient model (cm) adopts the FES2004 format, which can be constructed from the global tidal height harmonic constant grid models by the function
[Spherical harmonic analysis on ocean tidal constituent harmonic constants].




-~ Spherical harmonic synthesis on ocean tidal load effects outside solid Earth X

Computation of ocean tidal load effects at ground sites with given time

~ -«
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETideLoad4.5

Computation of ocean tidal load effect - . Computation of ocean tidal load effects .. Computation of ocean tidal load effects of .. Global forecast of wteliead alfects
time series at a ground site ~ ' at ground sites with given time ~ Earth satellite or outside solid Earth ~onvarious surface ¢ @
_.._&H Open the location and time file of the calculation points | >> Program Process ** Operation Prompts 4. Save progia | cess 35
Set the file parameters >> [Function] According to the location and time in the calculation point file, compute the ocean tidal load effects on the geoid or height anomaly A
Col e TEp I __ | (mm), ground gravity (_pGaI), g_ravity disturbance (pGal), ground tilt (SW, to the south and to the Wt_ast, mas), vertical deflection (SW, to the south gnd
oumn ordinE NUMBET o NOIMATOT 14 \ ~ | | to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric

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

— | height (mm), radial gravity gradient (10pE) or horizontal gravity gradient (NW, to the north and to the west, 10uE).
1\ >> Open the location and time file of the calculation points C:/ETideLoad4.5 win64en/examples/OTideloadharmsynth/Postiontm.txt.
% \ \ ** Set the file format parameters according to the text box below, and then select the type of the geodetic variation to be calculated. After giving the
output file name, click the control button [Import setting parameters]...
.>> Save the computed results as C:/ETidelLoad4.5 win64en/examples/OTideloadharmsynth/Postmrst txt.
Select the type of effects X Behind the input file record, add one or several columns of the tidal effects selected as the output file record.

Column ordinal number of starting
MJDO in the header

5

>> ting parameters have been imported into the program!

geoid or height anomaly (mm)

_ - ** Click\{he control button [Start computation], or the tool button [Start computation]....
ground gravity (pGal) (») ** The cotRputation process needs to wait... During the cdmputation period, you can open the output file C:/ETideLoad4.5 win64en/examples/
gravity disturbance (uGal) OTideloadharmgynth/Postmrst.txt, to look at the computatipn progress!
_ _ >> Computation art time: 2024-10-18 10:46:37 Columns 2 and 3 of the record are agreed as the
ground tilt (SW, mas) (») >> Complete the comyutatior| of the ocean tidal load effects! longitude and latitude of the calculated point
vertical deflection ($W, mas) \¢> Computation end tims 2024-10-18 10:49:46 v
- \ N

o [ ] = =

horizontal c.ilspl.ace snt (EN. mm) C / %lmum t.rulncated HEEEE 0 = ﬂ Save the cgmputed results as = Import setting parameters @ Start computation

ground radial displdcement (mm) (® of te coefficient model N

ground normal or ofthometric height (mm) (¢ Disbiy of the input-output file | \ 4.1 Save data in the text box as

e = Ny 1500901 12.5001  47.218 5@%&&000000 a

] horizontal gravity gradient (NW, 10uE) 2019010100 151.0901 12.5001 .52 €.8195 2.6525 3.7841 0.0601 -5.2443 0.0716 -2.21
2019010101 || 151.0901  12.5001 2.52 9.1418 3.0137 4,4889 0.6043 -4.8543 0.3262 -2.07
2019010102 | | 151.0901  12.5001|| 2.52 10.7919 3.3139 5.0467 1.0761 ~3.2011 0.5498 ~1. 3¢
2019010103 || 151.0901  12.5001|] 2.52 11.3862 3.4869 5.3330 1.3877 -0.7025 0.6975 ~0. 3¢
2019010104 | | 151.0901  12.5001|] 2.52 10.6640 3.4233 5.1902 1.5095 2.0883 0.7518 0.91
2019010105 | | 151.0901  12.5001|| 2.52 8.5686 2.9811 4,4517 1.4505 4.5559 0.7190 1.9¢
2019010106 | | 151.0901  12.5001|| 2.52 5.3233 2.1095 3.0875 1.2049 6.0784 0.6034 2.6°
2019010107 || 151.0901  12.5001|] 2.52 1.4544 0.9701 1.3387 0.7815 6.2269 0.4107 2.71
2019010108 | | 151.0901  12.5001|] 2.52 -2.3524 -0.1609 ~0.4067 0.2781 4.9513 0.1760 2.1¢
2019010109 | | 151.0901  12.5001|| 2.52 -5.5336 ~1.1485 -1.9271 -0.1563 2.5616 -0.0412 1.11
2019010110 | | 151.0901  12.5001|| 2.52 ~7.8127 ~2.0656 ~3.2601 ~0.4290 ~0.4074 ~0.1956 ~0.1¢
2019010111 || 151.0901  12.5001|] 2.52 -9.1073 ~2.9640 ~4.4449 ~0.5308 ~3.3007 ~0.2753 ~1.4"
2019010112 || 151.0901  12.5001|] 2.52 ~9.4064 -3.7153 ~5.3348 ~0.4979 ~5.4368 ~0.2915 ~2. 4"
2019010113 || 151.0901  12.5001|] 2.52 -8.8148 -4.1478 ~5.7517 -0.3925 —6.2Q5Q -0.2671 -2.8:
201aN1071714 151 .04G01 12 _5001 2 .52 -7 .617358 -4 _20R4 -H_&T707 -0_.2978 _RT —-N_.2358A -2 _ &l

Expand and improve the ocean tidal load effect algorithm in the IERS conventions
(2010) to adapt to all-element geodetic variations in the whole Earth space.
|

@ 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 global ocean tidal load spherical harmonic coefficient model (cm) adopts the FES2004 format, which can be constructed from the global tidal height harmonic constant grid models by the function
[Spherical harmonic analysis on ocean tidal constituent harmonic constants].




Different from the effect of the solid Earth’s tide, the load effect on normal height is in the
same phase as that on ellipsoidal height, and the magnitude of the tidal load effect on
80 normal height is about 1.75 times that on ellipsoidal height.

( /daylyear

5701716 07/02/16 | 0703716 07/04/16
The ocean tidal load effects (360-degree) : height anomaly (mm) ground gravity (pnGal) radial displacement (mm) orthometric height (mm)

L E121.240°, N29.428°, h17.83m
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The ocean tidal load effects (360-degree) : ground tilt (S, mas) tilt (W, mas) horizontal displacement (E, mm) horizontal displacement (N, mm)



.+ Spherical harmonic synthesis on ocean tidal load effects outside solid Earth - ] X

Computation of ocean tidal load effects of Earth satellite or outside solid Earth

Computation of ocean tidal load effect - . Computation of ocean tidal load effects .. Computation of ocean tidal load effects of .. Global forecast of ocean tidal load effects
time series at a ground site ~ at ground sites with given time ~ Earth satellite or outside solid Earth ~on various surface geodetic variations
_._-P Open the location and time file of the external points | >> Program Process ** Operation Prompts 4.7 Save program process as
Set the file parameters >> Computation end time: 2024-10-18 10:49:46 A
Column ordinal number of normal or _ | >> [Function] According to the location and time in the external space point file, compute the ocean tidal load effects on the geopotential (0.1m?s?),

4

. . 4 gravity (uGal), or gravity gradient (10uE) outside the solid Earth.
orthometnc. height in the re.cord. \\ >> Open the location and time file of the external points C./ETideLoad4.5 win64en/examples/OTideloadharmsynth/outerptm. txt.
Column ordinal number of time in the record | 1 \ “* Set the file format parameters according to the text box below, and then select the type of the geodetic variation to be calculated. After giving the
v \ N output file name, click the control button [Import setting parameters]...
“N|>> Save the computed results as C:/ETideLoad4.5 win64en/examples/OTideloadharmsynth/outerptmrst.txt.
Y Behind the input file record, add one or several columns of the tidal effects selected as the output file record.
Select the type of effects >> Setting parameters have been imported into the program!

1)

Column ordinal number of starting
MJDO in the header

5

** Cliek the control button [Start computation], or the tool button [Start computation]....

geopotential (0.1m?%s?)

** The cOoxuputation process needs to wait... During the computation period, you can open the output file C:IETideLoad4.5_Wnlexamples/

[ gravity vector (XYZ, pGal) OTideloadhaxqusynth/outerptmrst.txt, to look at the computation progress!
gravity vector (ENU, “Gal) >> Computatio tart time: 2024-10-18 10:51:29 Y
[ gravity gradient (XYZ, 10uE) >> Complete the cOmgputation of the ocean tidal load effects! Columns 2 and 3 of the record are agreed as
’ \\> Computation end tikg: 2024-10-18 10:56:33 the longitude and latitude of the satellite
[_] gravity gradient (ENU, 10uE) -
\ - \
mi\&mggftﬁrgir;ﬁt;%g;gree 1\2Q\ - t,,' Save the computed results as == Import setting parameters ¥ Start computation
Displ&of the input-output file | \ > GRACE satellite altitude 5.7 Save data in the text box as
NYB 150\24 _32.42 _ 450000.0 58118%J000000 )
201901010000 || 150.24 32.42| | 450000.0 0.7062 1.8994 3.6395 -4.5368
201901010100 || 150.24 32.42| | 450000.0 0.7226 1.2392 2.2724 -4.9812
201901010200 || 150.24 32.42| | 450000.0 0.6455 0.1608 0.1145 -4.7514
201901010300 || 150.24 32.42| | 450000.0 0.4814 -1.1760 -2.3711 —-3.8555
201901010400 || 150.24 32.42| | 450000.0 0.2474 -2.5020 -4.6259 -2.3812
201901010500 || 150.24 32.42| | 450000.0 -0.0279 -3.5198 -6.1243 -0.4961
201901010600 || 150.24 32.42| | 450000.0 -0.3059 -4.0274 -6.5031 1.5358
201901010700 || 150.24 32.42| | 450000.0 -0.5459 -3.9739 -5.6522 3.3925
201901010800 || 150.24 32.42| | 450000.0 -0.7143 -3.4097 -3.7274 4.7711
201901010900 || 150.24 32.42| | 450000.0 -0.7902 -2.4276 -1.1052 5.4721
201901011000 || 150.24 32.42| | 450000.0 -0.7698 -1.1688 1.6849 5.4405
201901011100 || 150.24 32.42| | 450000.0 -0.6668 0.1603 4.0655 4,7565
201901011200 || 150.24 32.42| | 450000.0 -0.5092 1.3309 5.5536 3.6224
201901011300 || 150.24 32.42| | 450000.0 -0.3310 2.1604 5.8885 2.3125
201901011400 || 150.24 32.42| | 450000.0 -0.1594 2.5516 5.0887 1.0591
201901011500 || 150.24 32.42| | 450000.0 -0.0108 2.5163 3.4329 -0.0001
201901011600 || 150.24 32.42| | 450000.0 0.1052 2.1898 1.3849 -0.7773
201901011700 || 150.24 32.42| | 450000.0 0.1857 1.7899 -0.5166 -1.2273
201901011800 || 150.24 32.42| | 450000.0 0.2399 1.5064 -1.7959 -1.4002 v

@ The height ofjthe calculated point is normal or orthometric height relative to the sea surface since the ocean tidal loads are generally considered to bg on the sea surface.
@ The global ocean tidal load spherical harmonic coefficient model (cm) adopts the FES2004 format, which can be constructed from the global tidal height harmonic constant grid models by the function
[Spherical harmonic analysis on ocean tidal constituent harmonic constants].




.+ Spherical harmonic synthesis on ocean tidal load effects outside solid Earth - ] X

Computation of ocean tidal load effects of Earth satellite or outside solid Earth

Computation of ocean tidal load effect - . Computation of ocean tidal load effects .. Computation of ocean tidal load effects of .. Global forecast of ocean tidal load effects
time series at a ground site ~ at ground sites with given time ~ Earth satellite or outside solid Earth ~on various surface geodetic variations
_._-P Open the location and time file of the external points | >> Program Process ** Operation Prompts 4.7 Save program process as
Set the file parameters >> Computation end time: 2024-10-18 10:56:33 A
Column ordinal number of normal or _ | >> [Function] According to the location and time in the external space point file, compute the ocean tidal load effects on the geopotential (0.1m?s?),

4

. . 4 gravity (uGal), or gravity gradient (10uE) outside the solid Earth.
orthometnc. height in the re.cord. \\ >> Open the location and time file of the external points C./ETideLoad4.5 win64en/examples/OTideloadharmsynth/satptm.txt.
Column ordinal number of time in the record | 1 \ “* Set the file format parameters according to the text box below, and then select the type of the geodetic variation to be calculated. After giving the
v \ N output file name, click the control button [Import setting parameters]...
“N|>> Save the computed results as C:/ETideLoad4.5 win64en/examples/OTideloadharmsynth/satprst.txt.
Y Behind the input file record, add one or several columns of the tidal effects selected as the output file record.
Select the type of effects >> Setting parameters have been imported into the program!

1)

Column ordinal number of starting
MJDO in the header

5

** ClicK the control button [Start computation], or the tool button [Start computation]....

geopotential (0.1m?%s?)

** The coxuputation process needs to wait... During the computation period, you can open the output file C:/ETideLoad4.5 SR

[ gravity vector (XYZ, pGal) OTideloadhaxqsynth/satprst.txt, to look at the computation progress!
|:| gravity vector (ENU, “Gal) >> Computatio tart time: 2024-10-18 10:57:57
[ gravity gradient (XYZ, 10uE) >> Complete the cOmgputation of the ocean tidal load effects! Columns 2 and 3 of the record are agreed as
: \\> Computation end timg: 2024-10-18 11:03:22 the longitude and latitude of the satellite
gravity gradient (ENU, 10pE) .
\ - \
mi\&mggftﬁrgir;ﬁt;%g;gree 1\2Q\ - t,,' Save the computed results as == Import setting parameters ¥ Start computation
Displ&of the input-output file | \ GOCE satellite altitude 5.7 Save data in the text box as
NYB 15@\24 32.42  25(000.0  5811%J000000 ~
201901010000 || 150.24 32.42| | 250000.0 0.8053 -3.1881 -0.5733 4.7552
201901010100 || 150.24 32.42| | 250000.0 0.8319 -3.6135 -0.2601 5.4440
201901010200 || 150.24 32.42| | 250000.0 0.7499 -3.439¢6 0.0527 5.2184
201901010300 || 150.24 32.42| | 250000.0 0.5661 -2.7244 0.3243 4.1564
201901010400 || 150.24 32.42| | 250000.0 0.2997 -1.5932 0.4757 2.3948
201901010500 || 150.24 32.42| | 250000.0 -0.0173 -0.1972 0.4659 0.1546
201901010600 || 150.24 32.42| | 250000.0 -0.3400 1.2391 0.3024 -2.2075
201901010700 || 150.24 32.42| | 250000.0 -0.6210 2.4250 0.0029 -4.26€82
201901010800 || 150.24 32.42| | 250000.0 -0.8196 3.1060 -0.3676 -5.6278
201901010900 || 150.24 32.42| | 250000.0 -0.9105 3.2028 -0.6885 -6.0611
201901011000 || 150.24 32.42| | 250000.0 -0.8888 2.8216 -0.8345 -5.5836
201901011100 || 150.24 32.42| | 250000.0 -0.7700 2.1150 -0.7272 -4.3450
201901011200 || 150.24 32.42| | 250000.0 -0.5869 1.2442 -0.3975 -2.6412
201901011300 || 150.24 32.42| | 250000.0 -0.3794 0.4417 0.0376 -0.9329
201901011400 || 150.24 32.42| | 250000.0 -0.1803 -0.0826 0.5006 0.4233
201901011500 || 150.24 32.42| | 250000.0 -0.0087 -0.2765 0.9518 1.3248
201901011600 || 150.24 32.42| | 250000.0 0.1237 -0.1893 1.2933 1.7398
201901011700 || 150.24 32.42| | 250000.0 0.2132 0.1102 1.4158 1.6557
201901011800 || 150.24 32.42| | 250000.0 0.2701 0.4983 1.2777 1.2036 v

@ The height ofjthe calculated point is normal or orthometric height relative to the sea surface since the ocean tidal loads are generally considered to bg on the sea surface.
@ The global ocean tidal load spherical harmonic coefficient model (cm) adopts the FES2004 format, which can be constructed from the global tidal height harmonic constant grid models by the function
[Spherical harmonic analysis on ocean tidal constituent harmonic constants].
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.~ Global forcast of ocean tidal load effects on various surface geodetic variations

Location of surface point to be forecast

Tidal effect time series on all-element geodetic variations

Global forecast of ocean tidal load effects on various surface geodetic variations

Ve A

-

> -

Earth Tide, Load Effect and Deform -

ation Monitoring Computation

ETidelLoad4.5

: - : . : . 8.9097 94.9732 o
Longitude |121.240000° = 201607031230 2.520833 19.1056 92.9935 g &
9 ] - @ 2016070313 2.541667 19.3684 87.3082 93.3513 73.8155 ~5.Q . Stlepincadamy ofsurveitng & mapping
" re { y { f y ol , Beijing, ina
Latitude |29.428100° = R TR IR 201607031330 2.562500 18.5889 75.2272 81.0302 46.9827 -34 .9
Normal or ortho- 2016070314 2.583333 16.9764 59.0082 64.2757 17.0406 -17.3244 4
metric heiaht 17.830m = ES 201607031430 2.604167 14.7415 41.0176 45.5290 -12.924¢6 0.4867 -3.
g 2016070315 2.625000 12.0734 23.1412 26.7421 -40.1203 17.0683 -9.
Forecast time series parameters R’ @ —— 201607031530 2.645833 9.1478 €.5005 9.0940 -62.7336 31.2263 -15.
- - - o’ 2016070316 2.666667 6.1441 -8.4724 -6.9279 -80.1315 42.2972 -109.
Start time | 20160701 - 201607031630 2.687500 3.2513 ~21.7064 -21.1969 ~92.4837 50.0269 —22.
End time |20160704 = Tidal effects to be plot 2016070317 2.708333 0.6515 -33.1140 -33.5702  -100.0660 54.3038 -24.
d or height | 201607031730 2.729167 -1.5063 -42.3641 -43.6670 -102.6922 54.9758 -25.
Time interval |30.00 min = geoid or height anomaly (mm) 2016070318 2.750000 ~3.1233 ~48.9039 ~50.8939 ~99.6325 51.8924 —24.
ground gravity (uGal) (® 201607031830 2.770833 -4.1468 -52.1827 -54.6682 -90.0559 45.1189 -21.
Maximum truncated degree - L 2016070319 2.791667 -4.5510 -51.8099 -54.6744 -73.7051 35.1271 -17.
of the coefficients model 360 (= | L] gravity disturbance (uGal) 201607031930 2.812500 ~4.3177  -48.1701  -50.9760  -51.3816 22.7912  -12.
] ground tilt (SW, mas) (® 2016070320 2.833333 -3.4335 -41.3139 -43.9078 -24.9622 9.1827 -5.
4 Calculate and save as _ _ 201607032030 2.854167 -1.9043 -31.7056 -33.8271 3.0449 -4.6859 1.
[ ] vertical deflection (SW, mas) 2016070321 2.875000 0.2195 ~19.5226 -20.9191 30.1430 -17.9995 8.
lculate the ti : ; tidal - ) 2016070322 2.916667 5.6968 12.3137 12.9811 74.4909 -40.4162 19.
caicuiate the time series of ocean tida ground radial displacement (mm) (=) 201607032230 2.937500 8.5742 31.0290 32.8906 89.8553 ~48.3088 23.
load effects. Please wait until the button normal (orthometric) height (mm) ® 2016070323 2.958333 11.1175 49.7423 52.7596 100.0555 -53.1880 25.
[Extract time series to be plot] becomes ] . ] 201607032330 2.979167 12.93800 66.0822 T70.0838 104,045 -54_.5511 26.
available [] radial gravity gradient (10pE) 2016070400 3.000000 13.8632 77.4314 82.1208 102.8130 -52.0484 26.V
’ ; . . < >
(] horizontal gravity gradient (NW, 10uE)
Sea surface tidal height (cm) Set line thickness |3 = <. Extract time series to be plot Plot|
Tidal effect curve of surface geodetic variations 4.7 Save the current plot as
200 1
lm-............................. ..i
100 — Goidlwipht avomaly (uun) .
— Circsandd graviry (al) '
e (e middind Jisplanesnent (man)
————— Marmal'urthumetric height {mm)
_zm I ! L &5
0701146 TG 078316 0716
@ Firstly, calculate the tidal effect time series on all-element geodetic variations, and then select the variations to be plot.
@ Look at the amplitude of various ocean tidal load effects, the in-phase or out-of-phase (same or opposite sign) relationship between different types of variations, and the time-varying characteristics of the tidal
effect curves.




- Global forcast of ocean tidal load effects on various surface geodetic variations

-

- -
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Global forecast of ocean tidal load effects on various surface geodetic variations

. . . . . . L. ETidelLoad4.5
Location of surface point to be forecast . Tidal effect time series on all-element geodetic variations - ot
: - . . : . 8.9097 94.9732 : o
Longitude |121.240000° = 201607031230 2.520833 19.1056 92.9935 9 &5
9 ] ” @ 2016070313 2.541667 19.3684 87.3082 93.3513 73.8155 ~ 5. . Chinese Acadomy o Surveying & maping
. re { y { f y ol , Beijing, ina
Latitude |29.428100° - N TR RIS 201607031330 2.562500 18.5889 75.2272 81.0302 46.9827 ~34 .
Normal or ortho- 2016070314 2.583333 16.9764 59.0082 64.2757 17.0406 ~17.3244 4
metric height 17.830m = ES 201607031430 2.604167 14.7415 41.0176 45.5290 ~-12.9246 0.4867 -3.
g 2016070315 2.625000 12.0734 23.1412 26.7421 ~-40.1203 17.0683 -9.
Forecast time series parameters = : e 201607031530 2.645833 9.1478 6.5005 9.0940 -62.7336 31.2263 -15.
P i
- e’ 2016070316 2.666667 6.1441 -8.4724 ~6.9279 ~-80.1315 42,2972 -19.
e e -
Start time | 20160701 = 201607031630 2.687500 3.2513 —21.7064 ~21.1969 ~92.4837 50.0269 —22.
End time | 20160704 = Tidal effects to be plot 2016070317 2.708333 0.6515 -33.1140 -33.5702 -100.0660 54.3038 -24.
0 d or height | 201607031730 2.729167 ~-1.5063 ~42.3641 43,6670 -102.6922 54.9758 -25.
Time interval |30.00 min = geoid or height anomaly (mm) 2016070318 2.750000 ~3.1233 ~48.9039 ~50.8939 ~99.6325 51.8924 24,
[] ground gravity (uGal) (=) 201607031830 2.770833 ~4.1468 ~52.1827 ~54,6682 ~90.0559 45.1189 -21.
Maximum truncated degree - L 2016070319 2.791667 -4.5510 -51.8099 -54.6744 -73.7051 35.1271 -17.
of the coefficients model 360 (= | L] gravity disturbance (uGal) 201607031930 2.812500 ~4.3177  -48.1701  -50.9760  -51.3816 22.7912  -12.
v i . 2016070320 2.833333 ~3.4335 ~41.3139 -43,9078 ~24,9622 9.1827 -5.
ground tilt (SW, mas)
¥ Calculate and save as _ _ 201607032030 2.854167 ~-1.9043 ~-31.7056 -33.8271 3.0449 ~4.6859 1.
vertical deflection (SW, mas) 2016070321 2.875000 0.2195 ~19.5226 -20.9191 30.1430 -17.9995 g.
culate the ti : ; fidal o ) 2016070322 2.916667 5.6968 12.3137 12.9811 74.4909 ~40.4162 19.
calculate the time series of ocean tdal [ ] ground radial displacement (mm) (=) 201607032230 2.937500 8.5742 31.0290 32.8906 89.8553 ~48.3088 23,
load effects. Please wait until the button ] normal (orthometric) height (mm) ( 2016070323 2.958333 11.1175 49.7423 52.7596 100.0555 -53.1880 25.
[Extract t|me Series to be plot] becomes ] . ] 201607032330 2.9708167 12.9800 66.0822 T0.0838 104.6045 -54_,5511 26.
available [ | radial gravity gradient (10uE) 2016070400 3.000000 13.8632 77.4314 82.1208 102.8130 ~-52.0484 26.V
’ . . . < >
(] horizontal gravity gradient (NW, 10uE)
[ ] Sea surface tidal height (cm) Set line thickness |3 - <. Extract time series to be plot Plot|
Tidal effect curve of surface geodetic variations 4.7 Save the current plot as

(

ENAVNAV-NAVNAV:VAVN/
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Grrmnd tilt {FI. s}

Ground M (W, mas) __,,

e Vpriiczal dellction (5 i) .

Venical defleetion (W, mas) ;

Horizantnl displacemest (B.mm) .

10 F = Horiziminl displicemest M mm) | .. _
r71Na 002116 170316 0T 16

=50
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@ Firstly, calculate the tidal effect time series on all-element geodetic variations, and then select the variations to be plot.
@ Look at the amplitude of various ocean tidal load effects, the in-phase or out-of-phase (same or opposite sign) relationship between different types of variations, and the time-varying characteristics of the tidal
effect curves.




.~ Global forcast of ocean tidal load effects on various surface geodetic variations

Location of surface point to be forecast

Longitude |121.240000° <

Latitude [29.428100° -

o poner [17830m
Forecast time series parameters

Start time |20160701 =

End time |20160704 -

Time interval |30.00 min -

4

Maximum truncated degree

360 =

of the coefficients model

.i Calculate and save as

[\ The program needs some time to
calculate the time series of ocean tidal
load effects. Please wait until the button
[Extract time series to be plot] becomes

available.

&
Lol

9]
Ky@ o

Tidal effects to be plot

[_| geoid or height anomaly (mm)

[] ground gravity (uGal) (=)

[ ] gravity disturbance (pGal)

[] ground tilt (SW, mas) (®)

[] vertical deflection (SW, mas)

] horizontal displacement (EN, mm)(®)
] ground radial displacement (mm) (»)
] normal (orthometric) height (mm) (=)
radial gravity gradient (10pE)

horizontal gravity gradient (NW, 10pE)

] Sea surface tidal height (cm)

Tidal effect curve of surface geodetic variations

Tidal effect time series on all-element geodetic variations

Global forecast of ocean tidal load effects on various surface geodetic variations

e p
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

201607031230 2.520833 19.1056 92.8935 88.9097 84,9732 )
2016070313 2.541667 19.3684 87.3082 893.3513 73.8155 -5 %mxxzzxﬁgmﬁgmwm
201607031330 2.562500 18.5889 175.2272 81.0302 46.9827 —34
2016070314 2.583333 16.9764 59.0082 6d. 2757 17.0406 -17.3244 L
201607031430 2.604167 14.7415 41.0176 45.5290 -12.9246 0.4867 -3.
2016070315 2.625000 12.0734 23.1412 26.7421 -40.1203 17.0683 -0,
201607031530 2.645833 9.1478 6.5005 6.0940 -62.7336 31.2263 -15.
2016070316 2.666667 c¢.1441 -8.4724 -6.9279 -80.1315 42,2972 -19.
201607031630 2.687500 3.2513 -21.70¢4 -21.1969 -92.4837 50.0269 -22.
2016070317 2.708333 0.6515 -33.1140 -33.5702 -100.0660 54.3038 -24.
201607031730 2.729167 -1.5063 -42,.3641 -43.6670 -102.6822 54,9758 -25.
2016070318 2.750000 -3.1233 -48.,9039 -50.8939 -898.6325 51.84624 24,
201607031830 2.770833 -4.14¢8 -52.1827 -54.,6682 -90.0559 45,1189 -21.
2016070318 2.791667 -4.5510 -51.8099 -54.6744 -73.7051 35.1271 -17.
201607031930 2.812500 -4.,3177 -48.1701 -50.9760 -51.3816 22.7912 -12.
2016070320 2.833333 -3.4335 -41.,3139 -43.,9078 -24.9622 8.1827 -5.
201607032030 2.854167 -1.8043 -31.705¢6 -33.8271 3.0449 -4.6859 1.
2016070321 2.875000 0.2195 -19.522¢6 -20.9191 30.1430 -17.946495 8.
20107032730 2 80R833 727145 A _Jeas 5 2378 A REQGS —320 1088 14
The ocean tidal loading effect on gravity gradient can reach more than tens of
mE. The high-accuracy and high-resolution ocean tide model should be
employed for high precision gravity gradient measurement in coastal areas. .
\( >
Set line thickness |3 - <. | Extract time series to be plot Plot|

%7 Save the current plot as

2000 _
-1000 |
e Paifial peavily pradicin 1pE)
= Harizondnl gradlent (K, 10pH)
<200 s Plirrizemiin] grodient (W 100 |
070114

0T 16

@ Firstly, calculate the tidal effect time series on all-element geodetic variations, and then select the variations to be plot.

@ Look at the amplitude of various ocean tidal load effects, the in-phase or out-of-phase (same or opposite sign) relationship between different types of variations, and the time-varying characteristics of the tidal

effect curves.




& Spherical harmonic synthesis on surface atmosphere tidal load effects outside solid Earth ] X

Computation of surface atmosphere tidal load effect time series at a ground site

-~ Computation of surface atmosphere tidal
** load effect time series at a ground site

_.._d; Open the geodetic site variation time series file

Set the file parameters

Tl

Column ordinal number of height relative 4
to the surface in the header AN

,//

Column ordinal number of time in the record | 1

L~
/

Column ordinal number of starting 5 X \

MJDO in the header

Select the type of effects

-

- -«
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Computation of surface atmosphere tidal load . Computation of surface atmosphere tidal .- Global forecast of surfa ETideLoad4.5
effects at ground sites with given time “* load effects of satellite or outside Earth " effects on various surfac 0T vetANoRe
£,
c = Chinese Academy of Surveying & mapping
>> Program Process ** Operation Prompts S Save [/ ostober2024, Beijing, China

>> Select the computation function from the 4 control buttons on the top of the interface... A
>> [Function] From a geodetic site variation time series file, compute the time series of the surface atmosphere 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), radial gravity gradient
(10uE) or horizontal gravity gradient (NW, to the north and to the west, 10uE).
>> Open the geodetic site variation time series file C:/ETideLoad4.5_win64en/examples/ATideloadharmsynth/Tmseries.txt.
** 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 output file name,
Nglick the control button [Import setting parameters]...
>:&ave the computed results as C:/ETideLoad4.5 win64en/examples/ATideloadharmsynth/Tmsqurst.txt.
** Bekind the input file record, add one or several columns of the tidal effects as the output file record.

geoid or height anomaly (mm)

ground gravity (uGal) (®
gravity disturbance (uGal)

ground tilt (SW, mas) (*)

vertical deflection {SW, mas)

horizontal displacdgment (EN, mm) (&)
ground radial displacement (mm) (¢

ground normal or ¢rthometric height (mm) (=)
radial gravity gradient (10uE)

horizontal gravity gradient (NW, 10uE)

>> Settimy\parameters have been imported into the programn!
** Click thehgontrol button [Start computation], or the tool Hutton [Start computation]....
jon process needs to wait... During the computation period, you can open the output file C:/ETideLoad4.5 win64en/examples/ATideloadharmsynth/
Tmsqurst.txt, to loOK at the computation progress!
> Computation start tpe: 2024-10-18 11:31:01

>% Complete the computtion of the atmosphere tidal load effects! Columns 2 and 3 of the file header are agreed as the
>>\Computation end time: 2084-10-18 11:33:10 longitude and latitude of the ground site
v
Maxirgum truncated degree 120 \ = Save the computed results as & Import setting parameters @ Start computation
of the dpefficient model i P y- 1mp gp - P
Displayk{the input-output file || %7 Save data in the text box as
Forcast] \121.240000 _ 29.428100 J|_0.000] 58819.000000 a
2018010100 0.000000 -8.6691 -7.9206 6.3697 4.9036 0.8431 -0.5672 0.3648 -0.2596 0.4770
2018010103 0.125000 -8.2147 -7.1096 5.8940 4.5588 0.8537 -0.2702 0.3702 -0.1412 0.3252
2018010106 0.250000 -9.1342 -7.3395 6.5245 5.1688 0.7244 -0.1673 0.3216 -0.0971 0.2465
2018010109 0.375000 -9.1453 -7.1337 6.5116 5.1977 0.6881 -0.2389 0.3091 -0.1186 0.2162
2018010112 0.500000 -8.2336 -6.5034 5.7666 4.5417 0.7813 -0.2378 0.3494 -0.1009 0.1314
2018010115 0.625000 -8.6656 -7.1527 6.0979 4.7569 0.7905 -0.2430 0.3563 -0.0885 0.1115
2018010118 0.750000 -10.184¢ -8.8031 7.3996 5.7968 0.6932 -0.4551 0.3159 -0.1800 0.2875
2018010121 0.875000 -10.1570 -9.1459 7.5287 5.8738 0.7033 -0.6698 0.3135 -0.2871 0.4855
2018010200 1.000000 -8.5912 -7.8709 6.3132 4.8559 0.8303 -0.5563 0.3596 -0.2550 0.4689
2018010203 1.125000 -8.1364 -7.0595 5.8372 4.5108 0.8409 -0.2593 0.3649 -0.1365 0.3170
2018010206 1.250000 -9.0554 -7.2889 6.4674 5.1205 0.7116 -0.1564 0.3163 -0.0925 0.2383
2018010209 1.375000 -9.0660 -7.0827 6.4542 5.1491 0.6752 -0.2280 0.3039 -0.1139 0.2080
2018010212 1.500000 -8.1539 -6.4520 5.7088 4.4930 0.7683 -0.2269 0.3441 -0.0963 0.1233
2018010215 1.625000 -8.5854 -7.1009 6.0398 4.7078 0.7775 -0.2320 0.3510 -0.0839 0.1034
2018010218 1.750000 -10.1040 -8.75009 7.3411 5.7475 0.6801 -0.4441 0.3106 -0.1753 0.2793
2018010221 1.875000 -10.07&0 -6.00633 746099 H_.R2473 Nn.sAON7 -0 .H~RARAR N.30R2 -N_.2R24 0.4773

Compute the atmosphere tidal load effects on all-element geodetic variations on the ground or
outside solid Earth from the atmosphere tidal load spherical harmonic coefficient model. ”

@ When calculating the indirect influences of surface atmosphere tidal load, the program assumes that the atmosphere loads are concentrated on the Earth's surface, and the height h of the calculation point is the height of the
point relative to the surface. When calculating the direct influences of surface atmosphere fidal load to the gravity or gravity gradient, it is assumed that there is a proportional relationship between atmosphere P, at height h and

surface atmosphere Po, namely P,=P. (1-h/44330)"%%°.

@ The annual periodic amplitude of the surface atmosphere tide is more than 10 times the diurnal periodic amplitude. In the land area, the surface atmosphere 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.




Expand and improve surface atmosphere tidal load effect algorithm ﬂhmwmm:efom
in the IERS conventions (2010) to adapt to all-element geodetic ey
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15F = .y .
! | . Tl Month/day/year

L I | !
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The Surface atmosphere tidal load effects (360-degree) : surface atmosphere(hPa/mbar)
height anomaly (mm) ground gravity (uGal) orthometric height (mm) radial gravity gradient
(10pE) horizontal displacement (N, 10pE)

The annual periodic amplitude of the surface atmosphere tide is more than 10 times the diurnal periodic
amplitude. In the land area, the surface atmosphere 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.




& Spherical harmonic synthesis on surface atmosphere tidal load effects outside solid Farth

Computation of surface atmosphere tidal load effects at ground sites with given time

- Computation of surface atmosphere tidal
""" load effect time series at a ground site

Computation of surface atmosphere tidal load
effects at ground sites with given time

. Computation of surface atmosphere tidal
" load effects of satellite or outside Earth

Set the file parameters

Column ordinal number of height relative

to the surface in the record 4 \\

Column ordinal number of time in the record | 1 N \ -

Column ordinal number of starting

MJDO in the header

Select the type of effects

.- Global forecast of surfa

* effects on various surfac

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Lo Save |

geoid or height anomaly (mm)

ground gravity (uGal) (®
gravity disturbance (pGal)

ground tilt (SW, mas) (®

vertical deflection {SW, mas)

horizontal displacgment (EN, mm) (=)
ground radial displacement (mm) (®

ground normal or grthometric height (mm) (»)
radial gravity gradient (10pE)

horizontal gravity gradient (NW, 10pE)

@ When calculating thefmdirect Mftuences of Surface

L&
Chinese Academy of Surveying & mapping
October 2024, Beijing, China

ETideLoad4.5

Nigeiah- Yo glelon

-

A

>> Computation end time: 2024-10-18 11:33:10 A
>> [Function] According to the location and time in the calculation point file, compute the surface atmosphere 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), radial gravity gradient
(10uE) or horizontal gravity gradient (NW, to the north and to the west, 10uE)
\ \\ >> Open the location and time file of the calculation points C:/ETideLoad4.5_win64en/examples/ATideloadharmsynth/Postiontm.txt.
S X \ * N ™ 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 output file name,
ciksk the control button [Import setting parameters]...
>> S“A(e the computed results as C:/ETideLoad4.5 win64en/examples/ATideloadharmsynth/Postmrst.txt.
“*Behmd the input file record, add one or several columns of the tidal effects as the output file record.
>> Setting pqrameters have been imported into the program!
** Click the cortrol button [Start computation], or the tool button [Start computation]....
** The computatidg process needs to wait... During the computation period, you can open the output file C:/ETideLoad4.5 win64en/examples/ATideloadharmsynth/
Postmrst.txt, to look akthe computation progress!
>> Computation start time; 2024-10-18 11:34:59
> Complete the computatidnof the atmosphere tidal load effects!| Columns 2 and 3 of the record are agreed as the
>% Computation end time: 20225\{0-18 11:35:17 longitude and latitude of the calculation point
v
Mai'g\num CTREE 5 L 120 \? |‘:_JI Save the computed results as 3 Import setting parameters @ Start computation
of the, coefficient model :
Displa\of the input-output file || 4.7 Save data in the text box as
101.230\100 29.910000 0.V 58484.0000}8\ ~
201901010000 | | 101.230000 29.910000(] 0.0 -6.1907 2.5717 1.5546 0.3532 -0.2690 0.1689 -0.0595 .
201901010100 | | 101.230000 29.910000(] 0.0 -5.4420 1.6589 0.7758 0.3615 -0.1645 0.1737 -0.0268 I
201901010200 | | 101.230000 29.910000(] 0.0 -4.7521 0.8807 0.1210 0.3615 -0.0105 0.1772 0.0250 I
201901010300 | | 101.230000 29.910000(] 0.0 -4.2262 0.3464 -0.3177 0.3492 0.1680 0.1768 0.0865 I
201901010400 | | 101.230000 29.910000(] 0.0 -3.9154 0.0949 -0.5095 0.3224 0.3442 0.1704 0.1475 —
201901010500 | | 101.230000 29.910000(] 0.0 -3.8085 0.0912 -0.4870 0.2813 0.4953 0.1574 0.1991 I
201901010600 | | 101.230000 29.910000(] 0.0 -3.8423 0.2432 -0.3317 0.2288 0.6068 0.1388 0.2357 I
201901010700 | | 101.230000 29.910000(] 0.0 -3.9239 0.4320 -0.1474 0.1710 0.6745 0.1170 0.2562 I
201901010800 | | 101.230000 29.910000(] 0.0 -3.9617 0.5498 -0.0279 0.1153 0.7041 0.0959 0.2631 —
201901010900 | | 101.230000 29.910000(] 0.0 -3.8947 0.5321 -0.0287 0.0693 0.7078 0.0792 0.2619 I
201901011000 | | 101.230000 29.910000(] 0.0 -3.7117 0.3775 -0.1510 0.0394 0.7000 0.0702 0.2586 I
201901011100 | | 101.230000 29.910000(] 0.0 -3.4571 0.1485 -0.3407 0.0293 0.6920 0.0707 0.2582 I
201901011200 | | 101.230000 29.910000(] 0.0 -3.2184 -0.0471 -0.5050 0.0393 0.6884 0.0804 0.2627 —
201901011300 | | 101.230000 29.910000(] 0.0 -3.1018 -0.0875 -0.539¢ 0.0665 0.6861 0.0974 0.2705 I
201901011400 | | 101.230000 29.910000(] 0.0 -3.2011 0.1248 -0.3610 0.1056 0.6747 0.1184 0.2770 I
201901011500 | | 101.230000 29.910000(] 0.0 -3.5674 0.6318 0.0660 0.1499 0.6408 0.1395 0.2759 —
201901011600 | | 101.230000 29.910000(] 0.0 -4.1910 1.4011 0.7134 0.1932 0.5720 0.1570 0.2612 —
201901011700 | | 101.230000 29.910000(] 0.0 -4.9973 2.3286 1.4913 0.2311 0.4621 0.1688 0.2292 I
201901011800 | | 101.230000 29.910000(] 0.0 -5.8605 3.2583 2.2667 0.2611 0.3145 0.1742 0.1801 —Iv
< >
gtmosphere g toad the progranT assurTe Ot the atmosphere {oads are Concentrated o 4 arface, and the height h of the calculation point is the height of the

point relative to the surface. When calculating the direct influences of surface atmosphere tidal load to the gravity or gravity gradient, it is assumed that there is a proportional relationship between atmosphere P, at height h and

surface atmosphere Po, namely P,=P. (1-h/44330)%2°.

@ The annual periodic amplitude of the surface atmosphere tide is more than 10 times the diurnal periodic amplitude. In the land area, the surface atmosphere 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.




&+ Spherical harmonic synthesis on surface atmosphere tidal load effects outside solid Earth — U

Computation of surface atmosphere tidal load effects of satellite or outside Earth

- Computation of surface atmosphere tidal
“* load effect time series at a ground site

Set the file parameters

T

Column ordinal number of height relative

to the surface in the record 4 \\ b
Column ordinal number of time in the record | 1 . \ =
Column ordinal number of starting 5 % ‘\ NG
MJDO in the header

Select the type of effects

Computation of surface atmosphere tidal load -~ Computation of surface atmosphere tidal -+ Global forecast of surface atmosphere tidal load
effects at ground sites with given time ** load effects of satellite or outside Earth " effects on various surface geodetic variations
>> Program Process ** Operation Prompts 4.7 Save program process as

>> Computation start time: 2024-10-18 11:34:59

>> Complete the computation of the atmosphere tidal load effects!
>> Computation end time: 2024-10-18 11:35:17
>> [Function] According to the location and time in the external space point file, compute the surface atmosphere tidal load effects on the geopotential (0.1m?2/s?),
gravity(uGal), or gravity gradient (10uE) outside the solid Earth.
>> Open the location and time file of the external points C:/ETideLoad4.5_win64en/examples/ATideloadharmsynth/outerptm.txt.
** 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 output file name,

click the control button [Import setting parameters]...
>2Gave the computed results as C:/ETidelLoad4.5 win64en/examples/ATideloadharmsynth/outerprst.txt.

geopotential (0.1m?%s?)
[] gravity vector (XYZ, pGal)

gravity vector (ENU, uGal)

[] gravity gradient (XjYZ, 10pE)
[ gravity gradient (ENU, 10pE)

@ When calculating|the indirect influences of surface atmosphere tidal load, the program assumes that the atmosphere loads are concentrated on

** Brhind the inp e record _add one or several columns of the tidal effects as the output file record.
g parameters have been imported into the program! ‘

** The compwiation process needs to wait... During the computation period, you can open the output file C:/ETideLoad4.5_win64en/examples/A jadharmsynth/

>> Complete the compytation of the atmosphere tidalload effects! Columns 2 and 3 of the record are agreed as

\>> Computation end timen2024-10-18 11:38:11 the longitude and latitude of the satellite
aximum truncated degree B N s = : = :
c&}\[he coefficient model 1)& = f:,,' Save the computed results as - Import setting parameters  Start computation

Display of the input-output file | satellite altitude 4.1 Save data in the text box as
| GRACE satellite altitud

For&ast 121.2400 29.4281 4505@@.0 58119.0¢

2018010100} 121.2400 29.4281)) 450000.0 -0.6276 -1.1288 0.9385 2.6999
2018010104]] 121.2400 29.4281)) 450000.0 -0.5577 -1.1084 0.4650 2.5272
2018010108 121.2400 29.4281)) 450000.0 -0.5675 -0.9437 0.5120 2.6709
2018010112} 121.2400 29.4281)) 450000.0 -0.5035 -1.1052 0.4518 2.3798
2018010116|| 121.2400 29.4281)) 450000.0 -0.6052 -1.1231 0.3106 2.6774
2018010120() 121.2400 29.4281)) 450000.0 -0.7372 -0.9749 0.8376 3.1311
2018010124} 121.2400 29.4281)) 450000.0 -0.6238 -1.1147 0.9249 2.6797
2018010204} 121.2400 29.4281)) 450000.0 -0.5539 -1.0942 0.4514 2.5067
2018010208]] 121.2400 29.4281)) 450000.0 -0.5636 -0.9294 0.4984 2.6503
2018010212)| 121.2400 29.4281)) 450000.0 -0.4996 -1.0908 0.4382 2.3591
2018010216(|| 121.2400 29.4281)) 450000.0 -0.6012 -1.1086 0.2970 2.6564
2018010220]) 121.2400 29.4281)) 450000.0 -0.7332 -0.9604 0.8239 3.1099
2018010224|| 121.2400 29.4281)) 450000.0 -0.6196 -1.1000 0.9112 2.6583
2018010304)| 121.2400 29.4281)) 450000.0 -0.5498 -1.0795 0.4376 2.4852
2018010308]| 121.2400 29.4281)) 450000.0 -0.5595 -0.914¢ 0.484¢6 2.6286
2018010312|| 121.2400 29.4281)) 450000.0 -0.4954 -1.0759 0.4244 2.3372
2018010316|| 121.2400 29.4281)) 450000.0 -0.5970 -1.0937 0.2832 2.6343
2018010320]| 121.2400 29.4281)) 450000.0 -0.7289 -0.9453 0.8100 3.0877
2018010324 121.2400 29.4281)) 450000.0 -0.6154 -1.0849 0.8973 2.6359
2018010404)] 121.2400 29.4281)) 450000.0 —-0.5455 -1.0643 0.4237 2.4626

W

he Earth’s surface, and the height h of the calculation point is the height of the

point relative to the surface. When calculating the direct influences of surface atmosphere tidal load to the gravity or gravity gradient, it is assumed that there is a proportional relationship between atmosphere P, at height h and

surface atmosphere Po, namely P,=P. (1-h/44330)%2°.

@ The annual periodic amplitude of the surface atmosphere tide is more than 10 times the diurnal periodic amplitude. In the land area, the surface atmosphere 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.




& Spherical harmonic synthesis on surface atmosphere tidal load effects outside solid Earth

Computation of surface atmosphere tidal load effects of satellite or outside Earth

- Computation of surface atmosphere tidal - Computation of surface atmosphere tidal load -~ Computation of surface atmosphere tidal
“* load effect time series at a ground site “* effects at ground sites with given time ** load effects of satellite or outside Earth

_._;,J Open the location and time file of the external points | >> Program Process ** Operation Prompts

-+ Global forecast of surface atmosphere tidal load
' effects on various surface geodetic variations

4.7 Save program process as

Set the file parameters >> Computation start time: 2024-10-18 11:36:34
Column ordinal number of height relative _ | >> Complete_the computation of the atmosphere tidal load effects!
: 4 L ~ | | »> Computation end time: 2024-10-18 11:38:11
to the surface in the record \C ) . . S e . .
_ o — | >> [Function] According to the location and time in the external space point file, compute the surface atmosphere tidal load effects on the geopotential (0.1m?/s?),
Column ordinal number of ime in the record | 1 \ \\ ¥ | | gravity(uGal), or gravity gradient (10uE) outside the solid Earth.
Column ordinal number of starting 5 % \ - | | >> Open the location and time file of the external points C:/ETideLoad4.5 win64en/examples/ATideloadharmsynth/satptm.txt.
MJDO in the header ** 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 output file name,

lick the control button [Import setting parameters]...
Select the type of effects >N\Save the computed results as C:/ETideLoad4.5 win64en/examples/ATideloadharmsynth/satptmrst.txt.

geopotential (0.1m?/s2) il ;:)f the tidal effects as the output file record.

[] gravity vector (XYZ, pGal) ** Click the_control button [Start computation], or the tool blitton [Start computation]....

[] gravity gradient (Xl¥Z, 10uE)

] gravity vector (ENU, uGal) ** The compwation process needs to wait... During the computation period, you can open the output file C:/ETideLoad4.5_win64en/exa ~ - “ pamarmsynth/

gravity gradient (ENU, 10pE) >> Complete the comPytation of the atmosphere tidal load effects! Columns 2 and 3 of the record are agreed as

\"> Computation end timezg024-10-18 11:41:33 the longitude and latitude of the satellite .
imum truncated d b -

m};gn;{;gﬁir;gﬁsm d:-lgree 1)&‘\ = f::,' Save the computed results as +~ Import setting parameters @ Start computation
Dis\lay of the input-output file | \ GOCE satellite altitude 4. Save data in the text box as
Forlast 121.2400  29.4281 2505bg.0 58119.09 A
2018010100|| 121.2400  25.Z2BI[| 250000.0 -0.6861 0.8041 -0.9135 -2.7813

2018010104|| 121.2400  29.4281|| 250000.0 -0.6128 0.9141 -0.9044 -2.8233

2018010108|| 121.2400  29.4281|| 250000.0 -0.6257 1.0474 -0.8697 -2.9583

2018010112|| 121.2400  29.4281|| 250000.0 -0.5555 0.9582 -0.8391 -2.7579

2018010116} 121.2400 29.4281)) 250000.0 -0.6634 0.9732 -0.9110 -2.9476

2018010120|| 121.2400  29.4281|| 250000.0 -0.8048 0.9478 -0.9501 -3.0964

2018010124|| 121.2400  29.4281|| 250000.0 -0.6819 0.7949 -0.9121 -2.7619

2018010204|| 121.2400  29.4281|| 250000.0 -0.6086 0.9049 -0.9029 -2.8037

2018010208]| 121.2400 29.4281)) 250000.0 -0.6214 1.0381 -0.8681 -2.9385

2018010212|| 121.2400  29.4281|| 250000.0 -0.5511 0.9488 -0.8374 -2.7379

2018010216|| 121.2400  29.4281|| 250000.0 -0.6590 0.9637 -0.9093 -2.9274

2018010220|| 121.2400  29.4281|| 250000.0 -0.8004 0.9383 -0.9484 -3.0760

2018010224|| 121.2400  29.4281|| 250000.0 -0.6774 0.7853 -0.9103 -2.7414

2018010304|| 121.2400  29.4281|| 250000.0 -0.6040 0.8952 -0.9010 -2.7829

2018010308|| 121.2400  29.4281|| 250000.0 -0.6168 1.0284 -0.8662 -2.9176

2018010312|| 121.2400  29.4281|| 250000.0 -0.5465 0.9390 -0.8354 -2.7167

2018010316|| 121.2400  29.4281|| 250000.0 -0.6543 0.9539 -0.9073 -2.9061

2018010320|| 121.2400  29.4281|| 250000.0 -0.7956 0.9284 -0.9463 -3.0545

2018010324|| 121.2400  29.4281|| 250000.0 -0.6726 0.7754 -0.9081 -2.7196

2018010404|| 121.2400  29.4281|| 250000.0 -0.5992 0.8852 -0.8988 -2.7610 v

@ When calculating|the indirect influences of surface atmosphere tidal load, the program assumes that the atmosphere loads are concentrated on {he Earth’s surface, and the height h of the calculation point is the height of the
point relative to the surface. When calculating the direct influences of surface atmosphere tidal load to the gravity or gravity gradient, it is assumed that there is a proportional relationship between atmosphere P, at height h and

surface atmosphere Po, namely P,=P. (1-h/44330)°2%°.

@ The annual periodic amplitude of the surface atmosphere tide is more than 10 times the diurnal periodic amplitude. In the land area, the surface atmosphere 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.
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Surface atmosphere tidal effects at 250km altitude: geopotential (0.1m?/s?), gravity gradient (E, N: along the GOCE orbit, U, 10u4E)



. Global forcast of surface atmosphere tidal load effects on various surface geodetic variations

Global forecast of surface atmosphere tidal load effects on various surface geodetic variations

Location of surface point to be forecast Tidal effect time series on all-element geodetic variations

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

&

-

b 4

. — = Forcast 121.240000 29.428100 0.000 58119.000000 J-\
Longitude 121.240000° - 2018010100 0.000000 ~7.9164 6.2615 4.7978 0.8678 —0. 553Q_ CrieseAcsiensofrmieg & st
Latitude |29.428100° : 2018010104 0.166667 -7.1282 5.9730 4.6406 0.8388 -0.1825
2018010108 0.333333 ~7.3085 6.5907 5.2492 0.6910 -0.1895 G304
_ _ 2018010112 0.500000 ~6.5013 5.7109 4.4873 0.7890 -0.2121 0.3509
Forecast time series parameters 2018010116 0.666667 ~7.6980 6.4571 5.0588 0.7636 ~0.2654 0.3451
. - 2018010120 0.833333 ~9.2688 7.6269 5.0538 0.6882 ~0.6085 0.3081
Start time | 20180101 = 2018010124 1.000000 ~7.8667 6.2045 4.7495 0.8549 ~0.5429 0.3652
, _ S =T S 2018010204 1.166667 ~7.0779 5.9156 4.5921 0.8258 ~0.1716 0.3560
End time 20200101 - Lzl szt Loy 2018010208 1.333333 ~7.2577 6.5328 5.2003 0.6780 ~0.1786 0.3022
e : = [] geoid or height anomaly (mm) 2018010212 1.500000 ~6.4498 5.6527 4.4381 0.7759 ~0.2012 0.3456
Time interval |240.00 min - _ _ 2018010216 1.666667 ~7.6460 6.4284 5.0092 0.7504 ~0.2545 0.3397
ground gravity (uGal) (») 2018010220 1.833333 ~9.2163 7.5678 5.9038 0.6749 ~0.5976 0.3028
Maximum truncated dearee - ravity disturbance (LGal 2018010224 2.000000 ~7.8136 6.1450 4.6993 0.8416 ~0.5319 0.35098
of the coefficients modegl 180 = L) gravity (HGal) 2018010304 2.166667 ~7.0242 5.8556 4.5415 0.8124 ~0.1607 0.3505
[] ground tilt (SW, mas) (*) 2018010308 2.333333 ~7.2035 6.4724 5.1494 0.6645 ~0.1676 0.2967
§ Calculate and _ , 2018010312 2.500000 -6.3951 5.5918 4.3869 0.7624 -0.1902 0.3401
sllidlziz el i e [ ] vertical deflection (SW, mas) 2018010316 2.666667 ~7.5907 6.3671 4.9576 0.7368 ~0.2434 0.3342
_ [ horizontal displacement (EN, mm)@) 2018010320 2.833333 ~9.1604 7.5060 5.8520 0.6613 ~0.5865 0.2972
[\ The program needs some time to P ( )_ 2018010324 3.000000 -7.7571 6.0828 4.6471 0.8279 -0.5208 0.3542
calculate the time series of surface [vl ground radial displacement (mm) (» 2018010404 3.166667 ~6.9672 5.7931 4.4890 0.7986 -0.1496 0.3449
atmosphere tidal load effects. Please [ . . : 2018010408 3.333333 ~7.1459 6.4094 5.0966 0.6507 ~0.1565 0.2911
1osph _ , normal (orthometric) height (mm) (=) 2018010412 3.500000 ~6.3360 5.5284 4.3337 0.7485 ~0.1791 0.3345
wait until the button [E)_(tract time series [ qial gravity gradient (10pE) 2018010416 3.666667 ~7.53109 6.3032 4.9041 0.7229 ~0.2323 0.3285
to be plot] becomes available. _ . _ g e S B~ Siiahhh it i - e
[_] horizontal gravity gradient (NW, 10uE)
surface atmosphere (hPa/mbar) Set line thickness |1 = .| Extract time series to be plot Plot|

Tidal effect curve of surface geodetic variations

4.1 Save the current plot as
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@ Firstly, calculate the tidal effect time series on all-element geodetic variations, and then select the variations to be plot.

@ Look at the amplitude of various surface atmosphere tidal load effects, the in-phase or out-of-phase (same or opposite sign) relationship between different types of variations, and the time-varying characteristics of the

tidal effect curves.
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. Global forcast of surface atmosphere tidal load effects on various surface geodetic variations ‘h/
7 S
- - - - - - -
Global forecast of surface atmosphere tidal load effects on various surface geodetic variations i T L e Fiws -

ation Monitoring Computation

ETidelLoad4.5

Location of surface point to be forecast Tidal effect time series on all-element geodetic variations

B =78 -

- = Forcast 121.240000 29.428100 0.000 58119.000000 S
Longitude ° = _ A,
g 121.240000 2018010100 0.000000 ~7.9164 6.2615 4.7978 0.8678 —0. 553Q_ CrieseAcsiensofrmieg & st
Latitude |29.428100° = 2018010104 0.166667 ~7.1282 5.9730 4.6406 0.8388 ~0.1825
: M 2018010108 0.333333 ~7.3085 6.5907 5.2492 0.6910 ~0.1895 Or3074
_ _ 2018010112 0.500000 ~6.5013 5.7109 4.4873 0.7890 ~0.2121 0.3509
Forecast time series parameters 2018010116 0.666667 ~7.6980 6.4871 5.0588 0.7636 ~0.2654 0.3451
. - 2018010120 0.833333 ~9.2688 7.6269 5.9538 0.6882 ~0.6085 0.3081
Start time |20180101 - 2018010124 1.000000 ~7.8667 6.2045 4.7495 0.8549 ~0.5429 0.3652
, _ S =T S 2018010204 1.166667 ~7.0779 5.9156 4.5921 0.8258 ~0.1716 0.3560
End time 20200101 - JLellidi= gt oo & 2018010208 1.333333 ~7.2577 6.5328 5.2003 0.6780 ~0.1786 0.3022
. : = [] geoid or height anomaly (mm) 2018010212 1.500000 ~6.4498 5.6527 4.4381 0.7759 ~0.2012 0.3456
Time interval |240.00 min - _ _ 2018010216 1.666667 ~7.6460 6.4284 5.0092 0.7504 ~0.2545 0.3397
[] ground gravity (uGal) (® 2018010220 1.833333 ~9.2163 7.5678 5.9038 0.6749 ~0.5976 0.3028
Maximum truncated dearee - ravity disturbance (LGal 2018010224 2.000000 ~7.8136 6.1450 4.6993 0.8416 ~0.5319 0.3598
of the coefficients modc—?l 180 - L gravity {neEl) 2018010304 2.166667 ~7.0242 5.8556 4.5415 0.8124 ~0.1607 0.3505
ground tilt (SW, mas) () 2018010308 2.333333 ~7.2035 6.4724 5.1494 0.6645 ~0.1676 0.2967
¥ Calculate and _ , 2018010312 2.500000 ~6.3951 5.5018 4.3869 0.7624 ~0.1902 0.3401
aiculate and save as [ ] vertical deflection (SW, mas) 2018010316 2.666667 ~7.5907 6.3671 4.9576 0.7368 ~0.2434 0.3342
_ horizontal displacement (EN, mm)® 2018010320 2.833333 ~9.1604 7.5060 5.8520 0.6613 ~0.5865 0.2972
[\ The program needs some time to P ( )_ 2018010324 3.000000 -7.7571 6.0828 4.6471 0.8279 -0.5208 0.3542
calculate the time series of surface [ ground radial displacement (mm) (») 2018010404 3.166667 -6.9672 5.7931 4.,4890 0.7986 -0.1496 0.3449
atmosphere tidal load effects. Please . . : 2018010408 3.333333 ~7.1459 6.4094 5.0966 0.6507 ~0.1565 0.2911
1OSPh _ , [] normal (orthometric) height (mm) (=) 2018010412 3.500000 ~6.3369 5.5284 4.3337 0.7485 ~0.1791 0.3345
wait until the button [Extract time series | aqiq) gravity gradient (10uE) 2018010416 3.666667 ~7.5319 6.3032 4.9041 0.7229 ~0.2323 0.3285
to be plot] becomes available. ) _ ; < i DR oo i ~ T ST T T STy
[_] horizontal gravity gradient (NW, 10uE)
[ ] surface atmosphere (hPa/mbar) Set line thickness |1 = .| Extract time series to be plot Plot|
Tidal effect curve of surface geodetic variations 4.1 Save the current plot as
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@ Firstly, calculate the tidal effect time series on all-element geodetic variations, and then select the variations to be plot.
@ Look at the amplitude of various surface atmosphere tidal load effects, the in-phase or out-of-phase (same or opposite sign) relationship between different types of variations, and the time-varying characteristics of the
tidal effect curves.




. Global forcast of surface atmosphere tidal load effects on various surface geodetic variations

Global forecast of surface atmosphere tidal load effects on various surface geodetic variations

Location of surface point to be forecast

Fs

Longitude |121.240000° -

Latitude |29.428100° =

Forecast time series parameters

3

Start time | 20180101

L]

4

End time 20200101

4

Time interval

240.00 min =

Maximum truncated degree N

of the coefficients model 180 —

¥ Calculate and save as

[\ The program needs some time to
calculate the time series of surface
atmosphere tidal load effects. Please
wait until the button [Extract time series
to be plot] becomes available.

Tidal effects to be plot

[| geoid or height anomaly (mm)

[] ground gravity (uGal) (®)

[| gravity disturbance (uGal)

[] ground tilt (SW, mas) (=)

[] vertical deflection (SW, mas)

["] horizontal displacement (EN, mm)(®)
ground radial displacement (mm) (®)
[] normal (orthometric) height (mm) (s)
radial gravity gradient (10pE)
horizontal gravity gradient (NW, 10uE)

[ ] surface atmosphere (hPa/mbar)

Tidal effect curve of surface geodetic variations

Tidal effect time series on all-element geodetic variations

>

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5
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b 4

Forcast 121.240000 29.428100 0.000 58119.000000 &9,
2018010100 0.000000 -7.9164 6.2615 4.7978 0.8678 —0 . 553 Ctiesncpiory of Byamin & S
2018010104 0.166667 -7.1282 5.9730 4.6406 0.8388 -0.1825
2018010108 0.333333 -7.3085 6.5907 5.2492 0.6910 -0.1895 O304
2018010112 0.500000 -6.5013 5.7109 4.4873 0.7890 -0.2121 0.3509
2018010116 0.666667 -7.6980 6.4871 5.0588 0.7636 -0.2654 0.3451
2018010120 0.833333 -9.2688 7.6269 5.9538 0.6882 -0.6085 0.3081
2018010124 1.000000 -7.8667 6.2045 4.7495 0.8549 -0.5429 0.3652
2018010204 1.166667 -7.0779 5.9156 4.5921 0.8258 -0.1716 0.3560
2018010208 1.333333 -7.2577 6.5328 5.2003 0.6780 -0.1786 0.3022
2018010212 1.500000 -6.4498 5.6527 4.4381 0.7759 -0.2012 0.3456
2018010216 1.666667 -7.6460 6.4284 5.0092 0.7504 -0.2545 0.3397
2018010220 1.833333 -9.2163 7.5678 5.9038 0.6749 -0.5976 0.3028
2018010224 2.000000 -7.8136 6.1450 4.6993 0.8416 -0.5319 0.3598
2018010304 2.166667 -7.0242 5.8556 4.5415 0.8124 -0.1607 0.3505
2018010308 2.333333 -7.2035 6.4724 5.1494 0.6645 -0.1676 0.2967
2018010312 2.500000 -6.3951 5.5918 4.3869 0.7624 -0.1902 0.3401
2018010316 2.666667 -7.5907 6.3671 4.9576 0.7368 -0.2434 0.3342
2018010320 2.833333 -9.1604 7.5060 5.8520 0.6613 -0.5865 0.2972
2018010324 3.000000 -7.7571 6.0828 4.6471 0.8279 -0.5208 0.3542
2018010404 3.166667 -6.9672 5.7931 4.4890 0.7986 -0.1496 0.3449
2018010408 3.333333 -7.1459 6.4094 5.0966 0.6507 -0.1565 0.2911
2018010412 3.500000 -6.3369 5.5284 4.3337 0.7485 -0.1791 0.3345
2018010416 3.666667 -7.5319 6.3032 4.9041 0.7229 -0.2323 0.3285 v
R I A oo I ST Sl LT

Set line thickness |1 = <. | Extract time series to be plot Plot|

%1 Save the current plot as
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@ Firstly, calculate the tidal effect time series on all-element geodetic variations, and then select the variations to be plot.

@ Look at the amplitude of various surface atmosphere tidal load effects, the in-phase or out-of-phase (same or opposite sign) relationship between different types of variations, and the time-varying characteristics of the

tidal effect curves.




» Computation of Earth's rotation polar shift effects on geodetic variations and tidal effects on EPR %/ ‘
Computation of the rotation polar shift or ocean pole tidal effect time series at a ground site A .
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& Open the geodetic site variation time series file -, Computation of figure polar shift effects from the measured AC.: and AS:; 4.t Save program process as s Algoi . 35

Set the file parameters

_ o >> [Purpose] Using IERS Earth orientation parameters (EOP) product file IERSeopc04.dat, compute the Earth's rotation polar shift and ocean pole tidal effects on various geodetic
Column ordinal number of ellipsoidal 1, N = | | variations on the ground or outside the solid Earth, or compute the tidal effects on Earth rotation parameters (EPR).

height in the header \\ >> Select the computation function from the 6 control buttons on the top of the interface...

Column ordinal number of time in the record \ > | | »> [Function] From the geodetic site variation time series file, compute the time series of the Earth's rotation polar shift or ocean pole tidal effects on the geoid or height anomaly

4

Column ordinal number of starting (mm), ground gravity (MGal), 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
MJDO in the header 9 X \ \ displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric height (mm), radial gravity gradient (10uE) or horizontal
qravitv gradient (NW, to the north and to the west, 10UE)
Select the type of effects \> Open the geodetic site variation time series file C:/ETideLoad4.5_win64en/examples/Poleshifteffectscalc/Tmseries.txt.

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 output file name, click the

geoid or height anomaly (mm) cont\Ql button [Impor‘[ setting parameters]

ground gravity (uGal) (® == Savg the computed reculte as Ci/ETidel cad e : oleshifteffectscalc/Tmsqurst.txt. |
o ** Behing the |nput flle record, add one or several columns of the t|dal ects as the output file record.

gravity disturbance (uGal) >> Setting

ground tilt (SW, mas) (» >> Prepare toxompute Earth's rotation polar shift effects ...

vertical deflection (SW, mas) ** Click the conxol b;li:]c;n [E‘»Zt{;:lzr‘f4 c%n;)gt‘?g%rgﬁcg the tool button [Start computation]....

horizontal displacement (EN, mm) (=) tation of Earth's rotation bolar shift effects! Columns 2 and 3 of the file header are agreed as the

ground radial displacement (mm) (® > Computation end|timg; 2024-10-18 12:02:49 longitude and latitude of the ground site
ground normal or drthometric height (mm) (»)
V] radial gravity gradignt (10uE . =
_ 8 yg. ( HE) Selééit IS GIEEE Rotaion pol‘e}wft effects ~ ﬂ Save the computed results as & Import setting parameters & Start computation
horizontal gravity dradient (NW, 10uE) to be\computed
Disple& of the input-putput file | \ 4.1 Save data in the text box as
asB|__N07.230000 29.910000][72.4 ] 56658.000000 Y A
ZOLZ01010000 0.000000 6.713 -2.1021 -1.1883 0.9926 0.4196 0.4576 -0.0171 0.0908 ~0.0329 0.
201401011200 0.500000 6.375 -2.1060 -1.1772 0.9694 0.4102 0.4469 -0.0167 0.0908 ~0.0321 0.:
201401020000 1.000000 6.751 -2.1099 -1.1660 0.9462 0.4007 0.4362 -0.0163 0.0908 ~0.0313 0.
201401021200 1.500000 6.412 -2.1188 -1.1547 0.9199 0.3899 0.4241 -0.0158 0.0910 ~0.0305 0.:
201401030000 2.000000 6.786 ~2.1277 -1.1434 0.8935 0.3792 0.4119 -0.0153 0.0912 ~0.0296 0.:
201401031200 2.500000 6.445 -2.1378 -1.1363 0.8743 0.3714 0.4031 -0.0150 0.0915 ~0.0290 0.:
201401040000 3.000000 6.818 ~2.1480 -1.1293 0.8551 0.3636 0.3942 -0.0147 0.0918 ~0.0283 0.:
201401041200 3.500000 6.476 ~2.1553 -1.1226 0.8382 0.3567 0.3864 -0.0144 0.0920 ~0.0278 0.:
201401050000 4.000000 6.847 -2.1626 -1.1158 0.8214 0.3499 0.3786 -0.0141 0.0922 ~0.0272 0.
201401051200 4.500000 6.504 -2.1712 -1.1055 0.7970 0.3400 0.3674 -0.0137 0.0924 ~0.0264 0.:
201401060000 5.000000 6.874 -2.1799 -1.0953 0.7727 0.3300 0.3562 -0.0132 0.0926 ~0.0256 0.:
201401061200 5.500000 6.529 ~2.1932 -1.0809 0.7381 0.3160 0.3403 -0.0126 0.0929 ~0.0244 0.:
201401070000 6.000000 6.897 ~2.2065 -1.0666 0.7035 0.3019 0.3243 -0.0120 0.0932 0.0233 0.:
Improve the rotation polar shift effect algorithm in the IERS conventions (2010) for all-element
geodetic variations in whole Earth space. Here the rotation polar shift effect on potential is
the sum of the centrifugal force potential and associated geopotential. -

@ The Earth's rotaticln polar shift and figure polar shift respectively characterize the behavior of the kinematic state and mechanical figure of the Earth system varying over time. Both exist objectively alnd induce various geodetic elements in
the Earth's space to vary over time.

@ 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]. Love numbers in the program are k. = 0.3077 + 0.0036i, h: = 0.6207 and |. = 0.0836.
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& Open the geodetic site variation time series file -, Computation of figure polar shift effects from the measured AC.: and AS:; %.f Save program process as s Algoi 35

Set the file parameters

** Click the control button [Start computation], or the tool button [Start computation].... ~
Column ordinal humber of ellipsoidal 4 - || | >> Computation start time: 2024-10-18 12:02:48
height in the header \\ = | >> Complete the computation of Earth's rotation polar shift effects!
Column ordinal number of time in the record 1 \ | | >> Computation end time: 2024-10-18 12:02:49
Column ordinal number of starting \ A — [Function] From the geodetic site variation time series file, compute the time series of the Earth's rotation polar shift or ocean pole tidal effects on the geoid or height anomaly
MJDO in the header 5 X \ \ (mm), ground gravity (MGal), 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), radial gravity gradient (10uE) or
Select the type of effects Naorizontal gravity gradient (NW, to the north and to the west, 10uE)
_ _ >\Open the geodetic site variation time series file C:/ETideLoad4.5_win64en/examples/Poleshifteffectscalc/Tmseries.txt.
geoid or height anomaly (mm) ** 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 output file name, click the
ground gravity (uGal) (® cantroNbutton [Imnort setting narameters]
— >> Save Xe computed results as C:/ETideLoad4.5_win64en/examples/Holeshifteffectscalc/Tmsquotdrst.txt. |
gravity disturbance (pGal) ** Behind e input file record, add one or several columns of the tidal effects as the output file record.
ground tilt (SW, mas) (») >> Setting palgmeters have been imported into the program!
. . >> Prepare to coqupute ocean pole tidal effects ...
vertical deflection (SW, mas) - ** Click the control button [Start computation], or the tool button [Start computationj— :
horizontal displacefnent (EN, mm) (®) >> Computation statNjme: 2024-10-18 12:03:33 Columns 2 and 3 of the file header are agreed as the
ground radial displacement (mm) (® > Complete the Comph‘{“{‘i’f ocean pole tidal effects! longitude and latitude of the ground site
) _ ) >% Computation end|time:XR024-10-18 12:04:05
ground normal or drthometric height (mm) (&) v
v 2 -
rad?al gravity gradl nt -(10uE) Selééit IS GIEEE Qcean pole}dileffects = |‘:_JI Save the computed results as & Import setting parameters @ Start computation
horizontal gravity dradient (NW, 10uE) to be\computed
Disple& of the input-putput file | \ 4.1 Save data in the text box as
asB|__N07.230000 29.910000/] 72.4 ]| 56658.000000 Y A
Z0TZ01010000 0.000000 6.713 0.0297 0.0427 0.0535 0.0026 0.0417 0.0004 0.0173 -0.0134 0.
201401011200 0.500000 6€.375 0.0295 0.0427 0.0535 0.0026 0.0417 0.0003 0.0173 -0.0135 0.
201401020000 1.000000 6.751 0.0294 0.0428 0.0536 0.0026 0.0418 0.0003 0.0173 -0.0135 0.
201401021200 1.500000 6.412 0.0290 0.0428 0.0536 0.0026 0.0419 0.0003 0.0174 -0.0135 0.
201401030000 2.000000 6.786 0.0287 0.0428 0.0536 0.0026 0.0419 0.0003 0.0174 -0.0136 0.
201401031200 2.500000 6.445 0.0284 0.0429 0.0536 0.0026 0.0420 0.0003 0.0174 -0.0136 0.
201401040000 3.000000 6.818 0.0280 0.0429 0.0536 0.0026 0.0420 0.0003 0.0174 -0.0137 0.
201401041200 3.500000 6.476 0.0277 0.0429 0.0535 0.0026 0.0421 0.0003 0.0174 -0.0137 0.
201401050000 4.000000 6.847 0.0275 0.0429 0.0535 0.0026 0.0421 0.0003 0.0175 -0.0138 0.
201401051200 4.500000 6.504 0.0272 0.0430 0.0535 0.0026 0.0422 0.0003 0.0175 -0.0138 0.
201401060000 5.000000 6.874 0.0269 0.0430 0.0535 0.0026 0.0422 0.0003 0.0175 -0.0138 0.
201401061200 5.500000 6.529 0.0264 0.0430 0.0535 0.0026 0.0423 0.0003 0.0176 -0.0139 0.
201401070000 6.000000 6.897 0.0259 0.0431 0.0535 0.0026 0.0424 0.0003 0.0176 -0.0140 0.
201401071200 6.500000 6.551 0.0254 0.0431 0.0536 0.0026 0.0425 0.0003 0.0176 -0.0141 0.
201401080000 7.000000 6.917 0.0250 0.0432 0.0536 0.0026 0.0426 0.0003 0.0177 -0.0141 0.
201401081200 7.500000 6.570 0.0247 0.0432 0.0536 0.0026 0.0427 0.0003 0.0177 -0.0142 0.
201401090000 8.000000 6.935 0.0244 0.0433 0.0536 0.0026 0.0428 0.0003 0.0178 -0.0142 0.
201401091200 8.500000 6.586 0.0242 0.0434 0.0537 0.0026 0.0429 0.0003 0.0178 -0.0143 0.
201401100000 9.000000 6.950 0.0240 0.0435 0.0538 0.0026 0.0430 0.0003 0.0179 -0.0144 0.(w
< >

@ The Earth's rotatign polar shift and figure polar shift respectively characterize the behavior of the kinematic state and mechanical figure of the Earth system varying over time. Both exist objectively gnd induce various geodetic elements in
the Earth's space to vary over time.

@ 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]. Love numbers in the program are k. = 0.3077 + 0.0036i, h: = 0.6207 and |. = 0.0836.
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Earth’s rotation polar shift effect time series on various geodetic variation

Although the Earth's rotation polar shift itself can reach the meter level, the resulting effect on geoid
or ground normal height is only in mm level, that on ground gravity is pGal level, that on radial gravity
gradient is 10dE level, that on horizontal geodetic elements are small and can be generally ignored.
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Ocean polar tide effect time series on geodetic variations at the point P in the coastal zone area

The ocean polar tide effects on geodetic variations are small, which can be ignored in
general geodetic cases.




"¢ Computation of Earth's rotation polar shift effects on geodetic variations and tidal effects on EPR - U

- Computation of the rotation polar shift or ocean pole tidal effects at ground sites with given time

Computation of rotation polar shiftor | . Computation of rotation polar shift or ocean pole Computation of rotation polar shift or ocean Calculation of rotation polar shift effects on Forecast of the tidal effect time
* ocean pole tidal effect time series "? tidal effects at ground sites with given time “® pole tidal effects outside solid Earth " various geodetic variations anywhere # series on Earth’s rotation

|| & Open the location and time file of the calculation points | . computation of figure polar shift effects from the measured AC:: and AS:: 4.t Save program process as % Algorithm formulas

| Setthe file parameters ** Click the control button [Start computation], or the tool button [Start computation]....

Column ordinal number of ellipsoidal 4 >> Computation start time: 2024-10-18 21:31:23
height in the record x >> Complete the computation of ocean pole tidal effects!
Column ordinal number of time in the record 1 2 >> Computation end time: 2024-10-18 21:31:47
>> [Function] According to the location and time in the calculation point file, compute the Earth’s rotation polar shift or ocean pole 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),
\tlgrizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric height (mm), radial gravity gradient (10uE) or
rizontal gravity gradient (NW, to the north and to the west, 10uE).
>>\&pen the location and time file of the calculation points C./ETideLoad4.5_win64en/examples/Poleshifteffectscalc/Postiontm.txt.

@ geoid or height anomaly (mm) **SeNhe file format parameters according to the text box below, and then select the type of the geodetic variation to be computed. After giving the output file name, click the
@ ground gravity (uGal) (® '

— >> Save theNcomputed results as C:/ETideLoad4.5_win64en/examples/Poleshiftefiectscalc/Postmrst. txt. |
@ gravity disturbance (pGal) ** Behind the \put file record, add one or several columns of the tidal effects as the output file record.

@ ground tilt (SW, mas) (» rs have been imported into the program!

. - Earth's rotation polar shift effects ...
e - [Start computation], or the tool button [Start computation]....
B horizontal displacefnent (EN, mm) (®

024-10-18 21:33:05 Columns 2 and 3 of the record are
@ ground radial displacement (mm) (& Earth's rotation polar shift effects! agreed as the longitude and latitude

i

Column ordinal humber of starting 5 %
MJDO in the header

Select the type of effects

> Computation start time:
> Complete the computation

) _ ) >X Computation end time: 2024-N-18 21:33:06
@ ground normal or drthometric height (mm) (® \
=
— rad?al gravity gradl i -(10uE) Seléﬁéthe BIEEE Rotaion polar sift ek% S |‘:,,' Save the computed resuylts as & Import setting parameters @ Start computation
@ horizontal gravity gradient (NW, 10uE) to be'\computed
Display of the input-output file | 4.1 Save data in the text box as

107.2%0000 29.910000 H2.4 56658.0008Q0 -
201401010000|| 107.230000 29.910000(| 72.4 -17.7068 -7.2595 -8.1628 0.3078 -0.1574 0.5865 -0.2979 0.5848 I '
201401011200|| 107.230000 29.910000(| 72.4 -17.7300 -7.2690 -8.1734 0.3082 -0.1574 0.5873 -0.2979 0.5848 |
201401020000|| 107.230000 29.910000(| 72.4 -17.7532 -7.2785 -8.1841 0.3086 -0.1573 0.5880 -0.2979 0.5847
201401021200|| 107.230000 29.910000(| 72.4 -17.7795 -7.2892 -8.1963 0.3090 -0.1571 0.5889 -0.2975 0.5840
201401030000|| 107.230000 29.910000(| 72.4 -17.8059 -7.3000 -8.2084 0.3095 -0.1570 0.5898 -0.2971 0.5832
201401031200|| 107.230000 29.910000(| 72.4 -17.8251 -7.3078 -8.2173 0.3098 -0.1567 0.5904 -0.2966 0.5821
201401040000|| 107.230000 29.910000(| 72.4 -17.8443 -7.3156 -8.2261 0.3102 -0.1564 0.5910 -0.2960 0.5810
201401041200|| 107.230000 29.910000(| 72.4 -17.8612 -7.3224 -8.2339 0.3105 -0.1562 0.5916 -0.2956 0.5803
201401050000|| 107.230000 29.910000(| 72.4 -17.8781 -7.3293 -8.2417 0.3108 -0.1560 0.5922 -0.2953 0.5796
201401051200|| 107.230000 29.910000(| 72.4 -17.9024 -7.3392 -8.2529 0.3112 -0.1558 0.5930 -0.2949 0.5788
201401060000|| 107.230000 29.910000(| 72.4 -17.9267 -7.3491 -8.2641 0.3116 -0.1556 0.5938 -0.2945 0.5781
201401061200|| 107.230000 29.910000(| 72.4 -17.9613 -7.3632 -8.2801 0.3122 -0.1553 0.5949 -0.2939 0.5769
201401070000|| 107.230000 29.910000(| 72.4 -17.9959 -7.3773 -8.2960 0.3128 -0.1550 0.5961 -0.2933 0.5757
201401071200|| 107.230000 29.910000(| 72.4 -18.0349 -7.3932 -8.3140 0.3135 -0.1547 0.5974 -0.2927 0.5745
201401080000|| 107.230000 29.910000(| 72.4 -18.0739 -7.4091 -8.3320 0.3142 -0.1543 0.5986 -0.2921 0.5733
201401081200|| 107.230000 29.910000(| 72.4 -18.1095 -7.4236 -8.3484 0.3148 -0.1543 0.5998 -0.2920 0.5731
201401090000|| 107.230000 29.910000(| 72.4 -18.1450 -7.4381 -8.3647 0.3154 -0.1542 0.6010 -0.2919 0.5729
201401091200|| 107.230000 29.910000(| 72.4 -18.1892 -7.4562 -8.3851 0.3162 -0.1543 0.6025 -0.2920 0.5730
201401100000]| 107.230000 29.910000]|.72.4 -18.2334 -7.4742 -8.4055 0.3169 -0.1543 0.6039 -0.2920 0.5731

® The Earth's rotatipn polar shift and figure polar shift respectively characterize the behavior of the Kinematic state and mechanical figure of the Earth system varying over time. Both exist objectively and indufe various geodetic elements |
in the Earth's space to vary over time. '
@ 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]. Love numbers in the program are k. = 0.3077 + 0.0036i, h: = 0.6207 and |. = 0.0836. |




» Computation of Earth's rotation polar shift effects on geodetic variations and tidal effects on EPR — d X

Computation of the rotation polar shift or ocean pole tidal effects of satellite or outside solid Earth

Computation of rotation polar shift or Computation of rotation polar shift or ocean pole Computation of rotation polar shift or ocean Calculation of rotation polar shift effects on Forecast of the tidal effect time
* ocean pole tidal effect time series ¥ tidal effects at ground sites with given time “® pole tidal effects outside solid Earth " various geodetic variations anywhere ¥ series on Earth’s rotation
{4 Open the location and time file of the external points | . computation of figure polar shift effects from the measured ACz: and AS:: 4.1 Save program process as - Algorithm formulas
Set the file parameters ** Behind the input file record, add one or several columns of the tidal effects as the output file record. A
Column ordinal humber of ellipsoidal 4 - || | >> Setting parameters have been imported into the program!
height in the record N ~ | >> Prepare to compute Earth's rotation polar shift effects ...
Column ordinal number of time in the record = ** Click the <_:ontr0| bu_tton [Start computation], or the tool button [Start computation]....
ST aellE] fm e C TeE T T ENC >> Computation start time: 2024-10-18 12:05:42
: . ' . . |
MJDO in the header 5 X \ \ >> Complete the computation of Earth's rotation polar shift effects!

Select the type of effects \ \

>> Computation end time: 2024-10-18 12:05:43
>> [Function] According to the location and time in the external sapce point file, compute the Earth’s rotation polar shift or ocean pole tidal effects on t otential (0.1m?%/s?),
Nravity(uGal). or gravity gradient(10uE) outside the solid Earth

geopotential (0.1m?/s?)

[] gravity vector (XYZ, pGal)

oad4.5 win64en/examples/Poleshifteffectscalc/outerptm.txt. :
** S8 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 output file narf§
control Patton [Import setting parameters]...

gravity vector (ENU, uGal)

>> Save th‘e\computed results as C:/ETideLoad4.5_win64en/examples/Poleshifteffectscalc/outsatrst.txt. |

[] gravity gradient (XIZ, 10QE)

[] gravity gradient (EINU, 10uE)

>> Setting parameters have been imported into the program!
>> Prepare to colpute Earth's rotation polar shift effects ...
** Click the controMNutton [Start computation], or the tool button|[Start computation]....

>> Computation start thqe: 2024-10-18 12:08:30 Columns 2 and 3 of the record are
>> Complete the computatign of Earth's rotation polar shift effectf! agreed as the Iongitude and latitude
k:» Computation end time: 2(’%0—18 12:08:31
v
S\il,ect the effects ' Rotaion golar sNectS v [=| Save the computed results as # Import setting parameters ¥ Start computation
to pe computed
Dis}\lay of the input-output file | \ GRACE satellite altitude 5.t Save data in the text box as
Fordast 121.240000 ¥29.428100 450[%(1,.000 58119000000 A
2018010100|| 121.240000 29.428100|[450000.0 -0.8623 -1.3486 1.4417 3.7916
2018010104 121.240000  29.428100|]| 450000.0 -0.8637 -1.3508 1.4403 3.7978
2018010108|| 121.240000  29.428100|]| 450000.0 -0.8651 -1.3530 1.4389 3.8039
2018010112|| 121.240000  29.428100|]| 450000.0 -0.8665 -1.3552 1.4374 3.8101
2018010116|| 121.240000  29.428100|]| 450000.0 -0.8680 -1.3574 1.4360 3.8163
2018010120|| 121.240000  29.428100|]| 450000.0 -0.8694 -1.3596 1.4346 3.8225
2018010124 121.240000  29.428100|]| 450000.0 -0.8708 -1.3617 1.4331 3.8286
2018010204 121.240000  29.428100|]| 450000.0 -0.8721 -1.3638 1.4319 3.8345
2018010208|| 121.240000  29.428100|]| 450000.0 -0.8734 -1.3659 1.4307 3.8404
2018010212 121.240000  29.428100|]| 450000.0 -0.8748 -1.3680 1.4294 3.8462
2018010216|| 121.240000  29.428100|]| 450000.0 -0.8761 -1.3701 1.4282 3.8521
2018010220|| 121.240000  29.428100|]| 450000.0 -0.8774 -1.3722 1.4269 3.8579
2018010224 121.240000  29.428100|]| 450000.0 -0.8788 -1.3743 1.4257 3.8638
2018010304 121.240000  29.428100|]| 450000.0 -0.8799 -1.3761 1.4249 3.8690
2018010308|| 121.240000  29.428100|]| 450000.0 -0.8811 -1.3779 1.4241 3.8742
2018010312 121.240000  29.428100|]| 450000.0 -0.8823 -1.3798 1.4233 3.8793
2018010316|| 121.240000  29.428100|]| 450000.0 -0.8835 -1.3816 1.4225 3.8845
2018010320|| 121.240000  29.428100|]| 450000.0 -0.8846 -1.3835 1.4217 3.8897
2018010324 121.240000  29.428100|| 450000.0 -0.8858 -1.3853 1.4209 3.8949
2018010404]| 121.240000  29.428100|] 450000.0 -0.8870 -1.3871 1.4206 3.8999 v

@ The Earth's rotatign polar shift and figure polar shift resp

ectively characterize the behavior of the kinematic state and mechanical figure of the Earth systgm varying over time. Both exist objectively and induce various geodetic elements in

the Earth's space to vary over time.

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




» Computation of Earth's rotation polar shift effects on geodetic variations and tidal effects on EPR

Computation of the rotation polar shift or ocean pole tidal effects of satellite or outside solid Earth

Computation of rotation polar shift or
* ocean pole tidal effect time series

_& Open the location and time file of the external points

Computation of rotation polar shift or ocean pole
¥ tidal effects at ground sites with given time

Computation of rotation polar shift or ocean
# pole tidal effects outside solid Earth

+ & Computation of figure polar shift effects from the measured AC:: and AS:;

4.7 Save program process as

Calculation of rotation polar shift effects on
various geodetic variations anywhere

Forecast of the tidal effect time

“ series on Earth’s rotation

o Algorithm formulas

Set the file parameters

Column ordinal humber of ellipsoidal 4 -
height in the record x e
Column ordinal number of time in the record '\ -
Column ordinal number of starting 5 % ‘\\\ <
MJDO in the header he

Select the type of effects

>> Save the computed results as C:/ETideLoad4.5_win64en/examples/Poleshifteffectscalc/outsatrst.txt.

>> Setting parameters have been imported into the program!
>> Prepare to compute Earth's rotation polar shift effects ...

** Click the control button [Start computation], or the tool button [Start computation]....

>> Computation start time: 2024-10-18 12:08:30

>> Complete the computation of Earth's rotation polar shift effects!

>> Computation end time: 2024-10-18 12:08:31

>> [Function] According to the location and time in the external sapce point file, compute the Earth’s rotation polar shift or ocean pole tidal effects on the geopotential (0.1m?/s2),

\arawtv(uGaI) or gravity aradient(10uE) outside the solid Earth

geopotential (0.1m?/s?)

[] gravity vector (XYZ, pGal)

control Patton [Import setting parameters]...

oad4.5 win64en/examples/Poleshifteffectscalc/satptm.ixt.
** S8 the file format parameters according to the text box below, and then select the type of the geodetic variation to be computed. After giving thg

[] gravity vector (ENU, uGal)

>> Save th‘e\computed results as C:/ETideLoad4.5_win64en/exa

mples/Poleshifteffectscalc/satorbrst.txt. |

[ ] gravity gradient (XYZ, 10uE)

gravity gradient (ENU, 10pE)

>> Setting parameters have been imported into the program!
>> Prepare to colpute Earth's rotation polar shift effects ...

** Click the controNutton [Start computation], or the tool button
>> Computation start thge: 2024-10-18 12:09:09

[Start computation]....

>> Complete the computaN

k:» Computation end time: 2(’%0—18 12:09:10

h of Earth's rotation polar shift effects

5!

Columns 2 and 3 of the record are agreed
as the longitude and latitude

| Save t

S\il,ect the effects ' o i ion polar sNectS v

ne computed results as

=

3 Import setting parameters

to be computed

Dis}\lay of the input-output file |

GOCE satellite altitude

¢ Start computation

4.1 Save data in the text box as

5811% 000000

For&ast 121.240000 v29.428100 2505@@.000
2018010100() 121.240000 29.428100 || 250000.0 -0
2018010104|| 121.240000 29.428100|) 250000.0 -0
2015010108} 121.240000 29.428100|] 250000.0 -0
2018010112} 121.240000 29.428100 (] 250000.0 -0
2018010116} 121.240000 29.428100 || 250000.0 -0
2018010120} 121.240000 29.428100|] 250000.0 -0
2018010124} 121.240000 29.428100 || 250000.0 -0
2018010204 121.240000 29.428100|) 250000.0 -0
20158010208 () 121.240000 29.428100|] 250000.0 -0
2018010212} 121.240000 29.428100 (] 250000.0 -0
2018010216|) 121.240000 29.428100 || 250000.0 -0
2018010220() 121.240000 29.428100|] 250000.0 -0
2018010224 ) 121.240000 29.428100 || 250000.0 -0
2018010304 121.240000 29.428100|) 250000.0 -0
2018010308 () 121.240000 29.428100|] 250000.0 -0
2018010312} 121.240000 29.428100 (] 250000.0 -0
2018010316|) 121.240000 29.428100 || 250000.0 -0
2018010320} 121.240000 29.428100|] 250000.0 -0
2018010324 ) 121.240000 29.428100 || 250000.0 -0
20180104041]121.240000 29.428100 |1 250000.0 -0

.9427
.0443
. 9458
.9474
.9489
.9504
.9520
.9534
.9549
.9563
.9578
.95092
. 9607
. 9620
.9633
.9646
.9659
.9671
.9684
. 9697

e I e T e T e I e s N e e s s Y s T s s s Y s Y s Y s e Y )

.2824 0.8597 -2.5791
. 2829 0.8611 -2.5833
.2834 0.8625 -2.5875
.2838 0.8639 -2.5917
.2843 0.88653 -2.5959
.2847 0.8667 -2.6001
. 2852 0.8681 -2.6043
. 2856 0.86094 -2.6083
.2861 0.8708 -2.6123
.2865 0.8721 -2.6162
.2869 0.8734 -2.6202
.2874 0.8747 -2.6242
.2878 0.8761 -2.6282
.2882 0.8772 -2.6317
.2886 0.8784 -2.6353
.2890 0.8796 -2.6388
.2894 0.8808 -2.6423
. 2897 0.8819 -2.6458
.2901 0.8831 -2.6493
. 2905 0.8842 -2.6527

v

@ The Earth's rotatign polar shift and figure polar shift respectively characterize the behavior of the kinematic state and mechanical figure of the Earth syst

the Earth's space to vary over time.

em varying over time. Both exist objectively and induce various geodetic elements in

@ 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]. Love numbers in the program are k. = 0.3077 + 0.0036i, h: = 0.6207 and |. = 0.0836.
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i Calculation of Earth’s rotation polar shift effects on geodetic variations anywhere

Location of surface point to be forecast

Calculation of Earth’s rotation polar shift effects on various surface geodetic variations anywhere

Longitude
Latitude

Ellipsoidal height

121.240000°

Fs
hd

29.428100°

17.830m

4

Time series parameters

Start time

20180101

End time

20200101

Time interval

240.00 min

¥ Calculate and save as

[\ Reference epoch time of the non-tidal
pole shift effects: Start time entered.

Effects to be plot

geoid or height anomaly (mm)
ground gravity (uGal) (®

[_] gravity disturbance (uGal)

[] ground tilt (SW, mas) (*)

[_| vertical deflection (SW, mas)

] horizontal displacement (EN, mm)(®)
ground radial displacement (mm) (=)
normal (orthometric) height (mm) ()
[_] radial gravity gradient (10uE)

[_] horizontal gravity gradient (NW, 10uE)

Pole shift effect curve of surface geodetic variations

Pole shift effect time series on all-element geodetic variations

-

- -«
Earth Tide, Load Effect and Deform -
ation Monitoring Computation
ETidelLoad4.5

Forcast 121.240000 29.428100 17.830 58119.000000 &9,
2018010100 0.000000 0.0000 0.0000 0.0000 0.0000 0 . NQOU ™ e 2oat nam Y
2018010104 0.166667 -0.0176 -0.0072 -0.0081 0.0003 0.000%

2018010108 0.333333 -0.0352 -0.0143 -0.0162 0.0006 0.0004 G-0012
2018010112 0.500000 -0.0528 -0.0215 -0.0243 0.0010 0.0006 0.0018
2018010116 0.666667 -0.0704 -0.0286 -0.0324 0.0013 0.0008 0.0024
2018010120 0.833333 -0.0880 -0.0358 -0.0405 0.0016 0.0010 0.0030
2018010124 1.000000 -0.1055 -0.0429 -0.0487 0.0019 0.0012 0.0036
2018010204 1.166667 -0.1222 -0.0497 -0.0564 0.0022 0.0014 0.0042
2018010208 1.333333 -0.1389 -0.0565 -0.0640 0.0025 0.0016 0.0048
2018010212 1.500000 -0.1556 -0.0633 -0.0717 0.0028 0.0018 0.0054
2018010216 1.666667 ~-0.1723 -0.0701 ~-0.0794 0.0031 0.0020 0.0060
2018010220 1.833333 ~-0.1890 ~-0.0769 -0.0871 0.0034 0.0021 0.0065
2018010224 2.000000 -0.2057 -0.0837 -0.0948 0.0037 0.0023 0.0071
2018010304 2.166667 -0.2205 -0.0897 -0.1016 0.0040 0.0024 0.0076
2018010308 2.333333 -0.2353 -0.0957 -0.1084 0.0043 0.0026 0.0081
2018010312 2.500000 -0.2500 -0.1017 -0.1152 0.0045 0.0027 0.0086
2018010316 2.666667 -0.2648 -0.1077 -0.1220 0.0048 0.0028 0.0092
2018010320 2.833333 -0.2795 -0.1138 -0.1288 0.0051 0.0029 0.0097
2018010324 3.000000 -0.2943 -0.1198 -0.1357 0.0054 0.0030 0.0102
2018010404 3.166667 -0.3085 -0.1256 -0.1422 0.0056 0.0031 0.0107,,
P L ST ST ST I STl S
Set line thickness | 3 - <. | Extract time series to be plot Plot|

4.7 Save the current plot as

B — eridheight anomaly (mm) |
— Cromnd gravity (piGal)
RF e (Gromied rndial displacement (mm)
- . . . m— Noemal/orthometric height (mm) |
010118 0728 010119 070319

@ Firstly, calculate the Earth’s rotation polar shift effect time series on all-element geodetic variations, and then select the variations to be plot.
@ Look at the amplitude of various rotation polar shift effects, the in-phase or out-of-phase (same or opposite sign) relationship between different types of variations, and the time-varying characteristics of the rotation

polar shift effect curves.




i Calculation of Earth’s rotation polar shift effects on geodetic variations anywhere

Calculation of Earth’s rotation polar shift effects on various surface geodetic variations anywhere

-

- -«
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

Location of surface point to be forecast Pole shift effect time series on all-element geodetic variations
. = Forcast 121.240000 29.428100 17.830 58119.000000 &
Longitude ° I3 _ &9
9 121.240000 2018010100 0.000000 0.0000 0.0000 0.0000 0.0000 0 . NQOU ™ e 2oat nam Y
Latitude |29 4281000 = 2018010104 0.166667 ~0.0176 -0.0072 ~0.0081 0.0003 0.000%
' M 2018010108 0.333333 ~0.0352 -0.0143 ~0.0162 0.0006 0.0004 60012
Ellipsoidal height [17.830m - 2018010112 0.500000 ~0.0528 -0.0215 ~0.0243 0.0010 0.0006 0.0018
' 2018010116 0.666667 ~0.0704 -0.0286 ~0.0324 0.0013 0.0008 0.0024
N 2018010120 0.833333 ~0.0880 -0.0358 ~0.0405 0.0016 0.0010 0.0030
P 2018010124 1.000000 ~0.1055 -0.0429 ~0.0487 0.0019 0.0012 0.0036
) = 2018010204 1.166667 ~0.1222 ~0.0497 ~0.0564 0.0022 0.0014 0.0042
Start time | 20180101 Z Effects o be plot 2018010208 1.333333 ~0.1389 0.0565 0.0640 0.0025 0.0016 0.0048
End time (20200101 = _ _ 2018010212 1.500000 ~0.1556 -0.0633 ~0.0717 0.0028 0.0018 0.0054
- [] geoid or height anomaly (mm) 2018010216 1.666667 ~0.1723 -0.0701 ~0.0794 0.0031 0.0020 0.0060
Time interval |240.00 min = 7 ground gravity (uGal) ® 2018010220 1.833333 ~0.1890 ~0.0769 ~0.0871 0.0034 0.0021 0.0065
: ” o 2018010224 2.000000 ~0.2057 ~0.0837 ~0.0948 0.0037 0.0023 0.0071
[] gravity disturbance (uGal) 2018010304 2.166667 ~0.2205 ~0.0897 ~0.1016 0.0040 0.0024 0.0076
¥ Calculate and save as ground tilt (SW, mas) () 2018010308 2.333333 ~0.2353 ~0.0957 ~0.1084 0.0043 0.0026 0.0081
, , 2018010312 2.500000 ~0.2500 ~0.1017 ~0.1152 0.0045 0.0027 0.0086
£\ Reference epoch time of the non-tidal [ ] vertical deflection (SW, mas) _ 2018010316 2.666667 ~0.2648 ~0.1077 0.1220 0.0048 0.0028 0.0092
. _ . horizontal displacement (EN, mm)(®) 2018010320 2.833333 ~0.2795 -0.1138 ~0.1288 0.0051 0.0029 0.0097
pole shift effects: Start time entered. - AretTia] ] t ® 2018010324 3.000000 ~0.2943 -0.1198 ~0.1357 0.0054 0.0030 0.0102
ground radial displacement (mm) (s 2018010404 3.166667 ~0.3085 ~0.1256 ~0.1422 0.0056 0.0031 0.0107 ,,
"] normal (orthometric) height (mm) (&) < i R s imminili T . S Ty
[_] radial gravity gradient (10uE)
(] horizontal gravity gradient (NW, 10LE) Set line thickness | 3 - <. | Extract time series to be plot Plot|
Pole shift effect curve of surface geodetic variations 4.7 Save the current plot as
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@ Firstly, calculate the Earth’s rotation polar shift effect time series on all-element geodetic variations, and then select the variations to be plot.

@ Look at the amplitude of various rotation polar shift effects, the in-phase or out-of-phase (same or opposite sign) relationship between different types of variations, and the time-varying characteristics of the rotation

polar shift effect curves.




i Calculation of Earth’s rotation polar shift effects on geodetic variations anywhere

> ey
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Calculation of Earth’s rotation polar shift effects on various surface geodetic variations anywhere

: : : . . : e ETideLoad4.5
Location of surface point to be forecast M\j Pole shift effect time series on all-element geodetic variations : e oa
: = 121.240000  29.428100 17.830 58119.000000 &
Longitude o £ 18.6yr f : Forcast _ &
9 121.240000 & \?l 2018010100 0.000000 0.0000 0.0000 0.0000 0.0000 0 . NQOU ™ e 2oat nam Y
Latitude |29 428100° - : 2018010104 0.166667 -0.0176 -0.0072 -0.0081 0.0003 0.000%
: e , v 2018010108 0.333333 -0.0352 -0.0143 -0.0162 0.0006 0.0004 U.U012
Ellipsoidal height | 17.830m - R 2018010112 0.500000 -0.0528 -0.0215 -0.0243 0.0010 0.0006 0.0018
: p 2018010116 0.666667 -0.0704 -0.0286 -0.0324 0.0013 0.0008 0.0024
Time series parameters I 2018010120 0.833333 -0.0880 -0.0358 -0.0405 0.0016 0.0010 0.0030
P 2018010124 1.000000 -0.1055 -0.0429 -0.0487 0.0019 0.0012 0.0036
. = 2018010204 1.166667 -0.1222 -0.0497 -0.0564 0.0022 0.0014 0.0042
Start time 20180101 Effects o be plot 2018010208 1.333333 .1389 .0565 L0640 0.0025 0.0016 0.0048
End time |20200101 _ _ 2018010212 1.500000 .155¢6 .0633 .0717 0.0028 0.0018 0.0054
[ ] geoid or height anomaly (mm) 2018010216 1.666667 .1723 .0701 .0794 0.0031 0.0020 0.0060
Time interval | 240.00 min [ ground gravity (uGal) (® 2018010220 1.833333 .1890 .0769 .0871 0.0034 0.0021 0.0065
- - 2018010224 2.000000 -0.2057 -0.0837 -0.0948 0.0037 0.0023 0.0071
[] gravity disturbance (uGal) 2018010304 2.166667 ~0.2205 ~0.0897 ~0.1016 0.0040 0.0024 0.0076
¥ Calculate and save as ] ground tilt (SW, mas) (* 2018010308 2.333333 -0.2353 -0.0957 -0.1084 0.0043 0.0026 0.0081
, , 2018010312 2.500000 -0.2500 -0.1017 -0.1152 0.0045 0.0027 0.0086
£\ Reference epoch time of the non-tidal [ ] vertical deflection (SW, mas) 2018010316 2.666667 ~0.2648 ~0.1077 0.1220 0.0048 0.0028 0.0092
: _ . [ horizontal displacement (EN, mm)(®) 2018010320 2.833333 -0.2795 -0.1138 -0.1288 0.0051 0.0029 0.0097
ol sl EiiEsEe SRl U Erisrzdl ] d radial disol ¢ ® 2018010324 3.000000 -0.2943 -0.1198 -0.1357 0.0054 0.0030 0.0102
ground radial displacement (mm) (s 2018010404 3.166667 ~0.3085 ~0.1256 ~0.1422 0.0056 0.0031 0.0107 ,,
] normal (orthometric) height (mm) () < D TooooT N T TooTTT oo STy
radial gravity gradient (10pE)
horizontal gravity gradient (NW, 10LE) Set line thickness | 3 - <. | Extract time series to be plot Plot|
Pole shift effect curve of surface geodetic variations 4.7 Save the current plot as
: s il gruvity pradient;10pE)
AR R I N T N T R T T T NN T = Horizowntal pradicot (4.10pE)
2 ' . e Hrizonlal gradient (W, 10uE
01/01/18 e b 0101119 070319
@ Firstly, calculate the Earth’s rotation polar shift effect time series on all-element geodetic variations, and then select the variations to be plot.
@ Look at the amplitude of various rotation polar shift effects, the in-phase or out-of-phase (same or opposite sign) relationship between different types of variations, and the time-varying characteristics of the rotation
polar shift effect curves.




'The 1mas polar shift corresponds to the surface displacement of 3cm. . 4

|
> -

Forecast of the tidal effect time series on Earth’s rotation (EPR)| Earth Tidle, Load Effect and Deform.-
ation Monitoring Computation
: . ] . ] ETideLoad4.5
- The tidal effect time series on Earth’s rotation (EPR) G50 5 i

date day ml m2 (uas) dLOD(us/day) dUT1 (ms) dX1 (mas) dX2 (mas) dw(e-1l4rad/s) ChirleseAcaderny‘ﬁ\fj;J:erveying&mapping /

| 2018010100 0.000000 176.3364 ~80.0140 -16.4154  -109.4040 ~-0.8817 ~-0.5187 1.38% “”“””‘“W*“”‘a “
2018010104 0.166667 178.0185 -77.2652 -28.0124  -109.4003 -1.0389 -0.7073 2.3639
2018010108 0.333333 180.1408 ~-74.1469 -37.8732  -109.3948 -1.1843 -0.8874 3.1961

| 2018010112 0.500000 182.6795 -70.6880 -45.8797 -109.3878 -1.3166 -1.0572 3.8719 ;

| 2018010116 0.666667 185.6071 ~66.9207 -51.9376  -109.3796 -1.4347 -1.2152 4.3832 '
, 2018010120 0.833333 188.8922 -62.8798 -55.9783  -109.3706 -1.5373 -1.3598 4.7242
' 2018010124 1.000000 192.5001 -58.6028 -57.9595  -109.3611 -1.6237 -1.4898 4.8915
2018010204 1.166667 196.3932 -54.1291 -57.8657 -109.3514 -1.6930 -1.6038 4.8836
Forecast time series parameters 2018010208 1.333333 200.5310 -49.5001 -55.7085  -109.3419 ~-1.7446¢ -1.7007 4.7015
2018010212 1.500000 204.8709 -44.7585 -51.5258 -109.3330 -1.7781 -1.7798 4.3485
Start time 20180101 = 2018010216 1.666667 209.3681 ~-39.9480 -45.3814  -109.3249 -1.7931 -1.8402 3.8300
2018010220 1.833333 213.9766 -35.1127 -37.3636 -109.3179 -1.7897 -1.8813 3.1533
End time 20200101 = 2018010224 2.000000 218.6491 -30.2972 -27.5838  -109.3125 -1.7677 -1.9027 2.3279
2018010304 2.166667 223.3377 -25.5457 -16.1743  -109.3088 -1.7275 -1.9043 1.3650
‘ Time interval 240.00 min s 2018010308 2.333333 227.9944 -20.9017 ~-3.2863  -109.3072 ~-1.6695 -1.8860 0.2773
2018010312 2.500000 232.5713 -16.4077 10.9126  -109.3078 -1.5942 -1.8479 -0.9211
select the type — 2018010316 2 .666667 237.0211 -12.1049 26.2411  -109.3109 -1.5022 -1.7903 -2.2148
of tidal effect Long period tidal effect - | 2018010320 2.833333 241.2979 ~8.0327 42.5072 -109.3166 ~1.3945 ~1.7137 ~3.5876
2018010324 3.000000 245 .3568 ~4.2284 56.5107 -109.3251 -1.2720 -1.6188 ~5.0227

¥ Calculate and save as

Set line thickness 2 +. Extract time series to be plot Plot|

L]

i The tidal effect time series curves on Earth’s rotation (EPR) %1 Save the current plot as
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@ Firstly, set the time series parameters and select the type of tidal effects, then calculate and plot the tidal effect time series on Earth’s rotation.
@ The calculation function for the zonal tidal effects calls the routine RG_ZONT2.F, while that for the short period tidal effects calls the routine ORTHO_EOP.F. The two routines are available from the
IERS Conventions (2010) website.
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select the type

- Forecast of the tidal effect time series on Earth's

Forecast time series parameters

rotation

Start time 20180301

End time 20180501

Time interval 15.00 min

Short peroid tidal effect

of tidal effect

A

¥ Calculate and save as

Forecast of the tidal effect time series on Earth’s rotation (EPR)|

The tidal effect time series on Earth’s rotation (EPR)

date day ml m2 (uas

2018030100

201803010015
201803010030
201803010045
2018030101

201803010115
201803010130
201803010145
2018030102

201803010215
201803010230
201803010245
2018030103

201803010315
201803010330
201803010345
2018030104

201803010415
201803010430

Set line thickness 2

The tidal effect time series curves on Earth’s rotation (EPR)

)
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13.
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H4.
39.
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Chinese Academy of Surveying & mapping

ETidelLoad4.5
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October 2024, Beijing, China
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Earth Tide, Load Effect and Deform -
ation Monitoring Computation

g

a

-The excitation effect of short-period ocean tides on
the rotation polar shift will be greatly attenuated, and
the effect is less than'1 % of the rotation polar shift.

) dLOD (us/day) dUTI1 (us
0.000000 -23.1557
0.010417 -99.7346
0.020833 -174.2225
0.031250 -245.5903
0.041667 -312.8575
0.052083 -375.1085
0.0&e2500 -431.5059
0.072917 -481.3044
0.083333 -523.8619
0.093750 -558.6499
0.104167 -585.2612
0.114583 -603.41¢6
0.125000

0.135417

0.145833 -
0.156250 -
0.166667 -
0.177083 -
0.187500 -

L]

+. Extract time series to be plot

Plot|

4.1 Save the current plot as
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@ Firstly, set the time series parameters and select the type of tidal effects, then calculate and plot the tidal effect time series on Earth’s rotation.
@ The calculation function for the zonal tidal effects calls the routine RG_ZONT2.F, while that for the short period tidal effects calls the routine ORTHO_EOP.F. The two routines are available from the

IERS Conventions (2010) website.
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I Computation of Earth’s rotation polar shift effects on geodetic variations and tidal effects on EPR — d X

Computation of Earth's figure polar shift effects on geodetic variations from the measured AC,; and AS,,

Computation of rotation polar shiftor . Computation of rotation polar shift or ocean pole Computation of rotation polar shift or ocean Calculation of rotation polar shift effects on Forecast of the tidal effect time
* ocean pole tidal effect time series ¥ tidal effects at ground sites with given time “® pole tidal effects outside solid Earth " various geodetic variations anywhere ¥ series on Earth’s rotation

« 4 Computation of figure polar shift effects from the measured AC.: and AS: 4.1 Save program process as s Algorithm formulas

(MGal), 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), radial gravity gradient (10uE) or horizontal gravity gradient (NW, to the north and to the west, 10uE).

>> Complete calculation of Earth's rotation polar shift effects on various surface geodetic variations !

>> [Function] Set the time series parameters, calculate and display the long period or short peroid tidal effects on Earth’s rotation. Here, the long period tidal effects include the zonal tidal effects and long period ocean tidal effects on
Earth’s rotation. The calculation function for the zonal tidal effects calls the routine RG_ZONT2.F, while that for the short period tidal effects calls the routine ORTHO_EOP.F. The two routines are available from the IERS Conventions
(2010) website.

>> Complete calculation!

>> [Function] Input the site time series file and the UT/CSR RL-06 AC:: and AS:: monthly time series file C21_521_RL06.txt in the directory C:/ETideLoad4.5_win64en/iers (the first 15 rows in the file ignored by the program) to
compute the Earth's figure polar shift 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), radial gravity gradient (10uE) or horizontal gravity gradient (NW, to the north
and to the west, 10uE).

[>> Save the computed results as C:/ETideLoad4.5 win64en/examples/Poleshifteffectscalc/fgrpolareffect.txt. |

>> Open the UT/CSR RL-06 AC.: and AS:: monthly time series file C:/ETideLoad4.5 win64en/iers/C21_S21 RLO06.txt.

>> Setting parameters have been imported into the program!
>> Prepare to compute Earth's figure polar shift effects...

** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-18 14:21:24

>> Complete the computation of Earth's figure polar shift effects!
>> Computation end time: 2024-10-18 14:21:25

EJ Save the computed results as &~ Import setting parameters @ Start computation

Display of the input-output file | %7 Save data in the text box as

Forcast 12

2018010100 121.240000  29.428100 250000.0 0.4899 0.9034 0.5570 -1.0272 0.2636 0.0724 0.1082 0.0392 -0.0213 0.0161 -0.0088 -0.0098
2018010104 121.240000  29.428100 250000.0 0.4909 0.8947 0.5581 -1.0173 0.2596 0.0713 0.1066 0.0390 -0.0210 0.0160 -0.0086 -0.0096
2018010108 121.240000  29.428100 250000.0 0.4919 0.8860 0.5593 -1.0074 0.2555 0.0701 0.1049 0.0389 -0.0207 0.0160 -0.0085 -0.0095
2018010112 121.240000  29.428100 250000.0 0.4928 0.8773 0.5604 -0.9975 0.2515 0.0690 0.1033 0.0387 -0.0203 0.0159 -0.0084 -0.0093
2018010116 121.240000  29.428100 250000.0 0.4938 0.8686 0.5614 -0.9876 0.2475 0.0679 0.1016 0.0385 -0.0200 0.0158 -0.0082 -0.0092
2018010120 121.240000  29.428100 250000.0 0.4946 0.8599 0.5624 -0.9777 0.2434 0.0668 0.1000 0.0384 -0.0197 0.0158 -0.0081 -0.0090
2018010124 121.240000  29.428100 250000.0 0.4955 0.8512 0.5634 -0.9678 0.2394 0.0657 0.0983 0.0382 -0.0194 0.0157 -0.0080 -0.0089
2018010204 121.240000  29.428100 250000.0 0.4963 0.8425 0.5643 -0.9579 0.2354 0.0646 0.0967 0.0380 -0.0190 0.0156 -0.0078 -0.0087
2018010208 121.240000  29.428100 250000.0 0.4971 0.8338 0.5652 -0.9480 0.2315 0.0635 0.0950 0.0379 -0.0187 0.0156 -0.0077 -0.0086
2018010212 121.240000  29.428100 250000.0 0.4978 0.8251 0.5660 -0.9382 0.2275 0.0624 0.0934 0.0377 -0.0184 0.0155 -0.0076 -0.0084
2018010216 121.240000  29.428100 250000.0 0.4985 0.8165 0.5668 -0.9283 0.2235 0.0614 0.0918 0.0375 -0.0181 0.0154 -0.0074 -0.0083
2018010220 121.240000  29.428100 250000.0 0.4992 0.8078 0.5676 -0.9185 0.2196 0.0603 0.0902 0.0374 -0.0178 0.0154 -0.0073 -0.0081
2018010224 121.240000  29.428100 250000.0 0.4998 0.7992 0.5683 -0.9087 0.2157 0.0592 0.0886 0.0372 -0.0174 0.0153 -0.0072 -0.0080
2018010304 121.240000  29.428100 250000.0 0.5004 0.7905 0.5689 -0.8989 0.2118 0.0581 0.0870 0.0370 -0.0171 0.0152 -0.0070 -0.0078
2018010308 121.240000  29.428100 250000.0 0.5009 0.7819 0.5695 -0.8891 0.2079 0.0571 0.0854 0.0368 -0.01€8 0.0151 -0.0069 -0.0077
2018010312 121.240000  29.428100 250000.0 0.5014 0.7733 0.5701 -0.8793 0.2040 0.0560 0.0838 0.0367 -0.01€5 0.0151 -0.0068 -0.0076
2018010316 121.240000  29.428100 250000.0 0.5019 0.7648 0.5706 -0.8696 0.2002 0.0549 0.0822 0.0365 -0.01e2 0.0150 -0.0067 -0.0074
2018010320 121.240000  29.428100 250000.0 0.5023 0.7562 0.5711 -0.8598 0.1964 0.0539 0.0806 0.0363 -0.0159 0.0149 -0.0065 -0.0073
2018010324 121.240000  29.428100 250000.0 0.5026 0.7477 0.5715 -0.8501 0.1926 0.0529 0.0791 0.0361 -0.0156 0.0148 -0.0064 -0.0071
< >

@ The Earth's rotation polar shift and figure polar shift respectively characterize the behavior of the kinematic state and mechanical figure of the Earth system varying over time. Both exist objectively and induce various geodetic elements in
the Earth's space to vary over time.
@ 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]. Love numbers in the program are k. = 0.3077 + 0.0036i, h: = 0.6207 and |. = 0.0836.
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Earth Tide, Load Effect and Deform -
ation Monitoring Computation

In the Earth-fixed coordinate system with arbitrary positioning and orientation, the A
mechanical figure polar coordinates of the deforming Earth can be uniquely determined by Cm
the degree-2 tesseral harmonic geopotential coefficients (C,4,5,1). Therefore, the various

tidal and non-tidal effects on figure pole can be accurately obtained in geodesy.

—

- AC21(0.5%107%) AS,1(0.5%107"°) Axgp, (M) Aygp,(m)in ITRS Month/day/year
3k ! ! . LY s ! L i . ! 1 I I ! : =

01/01/18 01/01/19 01/01720 01/01/21 01401722

Degree-2 tesseral sector harmonic geopotential coefficient and Earth’s figure polar shift
time series measured by SLR from UT/CSR

Although the Earth's figure polar shift itself can reach the meter level, the resulting effect on geoid is not greater
than 2mm. The Earth's figure polar shift effects on horizontal geodetic elements such as ground horizontal
displacement, vertical deviation or horizontal gravity gradient are small and can be generally ignored.
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- Vertical deflection (S, W, mas) horizontal displacement (E, N, mm) horizontal gravity gradient (N, W, 10pE) Month/day/year

Earth's figure polar shift effect time series on geodetic variations

The Earth's rotation polar shift and Earth's figure polar shift respectively represent the kinematic
state of the whole Earth system and the characteristics of Earth's mechanical shape changing with

time, which are both natural objective behaviors. Both of them will cause various geodetic
elements in Earth's space to change with time.
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@ Computation of permanent tidal and Earth's mass centric variation effects on geodetic variations W

- @

Computation of permanent tidal effects on various geodetic variations ton Womitoriog Compuation
! ) I ! ETi_deLoad4.5
Computation of permanent tidal effects .. Computation of Earth's mass centric variation .. Forecast of ocean tidal load effects . Forecast of atmosphe cmmm,‘é%;mmm
on various geodetic variations effects on all-element geodetic variations on Earth's mass centric variation on Earth's mass centric . - 72 Beine eine
‘. Open the geodetic point record file %I Save program process as = Effects of the Earth's mass centric variations and figure polar shifts
Set the file parameters >> [Function] According to the location in the point record file, compute the permanent tidal effects on the geoid or height anomaly (mm), ~»
Th o f the file head - ground gravity (uGal), gravity disturbance (pGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south
& nam er. O Tows ot the H_a ej'a er 9 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 ellipsoidal ', - | | orthometric height (mm), radial gravity gradient (10uE) or horizontal gravity gradient (NW, to the north and to the west, 10uE).
height in the record = >> Open the geodetic point record file C:/ETideLoad4.5 win64en/examples/Permanentdgeocenter/GNSSIksirent.txt.

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

Select the type of variations setting parameters]...

geoid or height anomaly (mm) ~c>—savethes =+ ' Permanentdgeocenter/permrst.txt. |
ground gravity (uGal) ® X Behind the input file record, add several columns of the computed results as the output file record.
T ting parameters have been imported into the program!
gravity disturbance (uGal) icR\tkhe control button [Start computation], or the tool button [Start|computatian]
ground tilt (SW, mas) () >> Computatiqn start time: 2024-10-18 14:37:47 Columns 2 and 3 of the record are agreed as the
) L >> i i ! i i i
vertical deflecfion (SW, mas) >> E?TE!%E%;EhHe,._ ng?tlﬂfﬁf It]‘eﬁe:rlwirfp_t’ tidal effects! longitude and latitude of the calculated point. 9
horizontal displacement (EN, mm) (=) .
s ( )_E Type of permanent Tdtw ™ Save the computed resultd as + Import setting parameters @ Start computation
ground radial dglisplacement (mm) (=) tidal effects
2 = =
EUELIIE et S DS e gl T Display of the input-output file|| \ %1 Save the data in the text box as
disturbing grayity gradient (radial, 10uE)
horizontal gravity gradient (NE, 104E) 2 [102.546777 258007 |[1659. 0410 -0.1046 63.30095 26.1954 12.5279 4.9793 0.000( ~
= 4 1102.725921 24.460578 2111.3872 | -0.0612 63.2920 26.1863 12.5236 4.9790 0.000(
6 |102.528697 24.562786(]1936.4260 | -0.0491 62.7782 25.9745 12.4223 4.9949 0.000(
9 |102.832641 24.575505(]11977.4949| -0.1223 62.7136 25.9476 12.4094 4.9968 0.000(
10 | 102.345532 24.668953(|1919.7825| -0.0782 62.2412 25.7525 12.3161 5.0111 0.000(
11 |102.423972 24.652933(]1959.3369| -0.0548 62.3220 25.7857 12.3320 5.0086 0.000(
13 |102.631063 24.657055||1906.3415| -0.1185 62.3016 25.7775 12.3281 5.0093 0.000(
14 |102.742718 24.652871(|1935.7882 | -0.0767 62.3226 25.7860 12.3322 5.0086 0.000(
15 |102.843573 24.642787||1880.7707 | -0.1319 62.3742 25.8076 12.3425 5.0072 0.000(
16 |103.137778 24.658224||1838.4387| -0.0730 62.2964 25.7756 12.3272 5.0096 0.000(
17 |102.426305 24.743284([1929.0475| -0.0771 61.8640 25.5964 12.2415 5.0223 0.000(
20 |102.729945 24.734909(|1856.2213 | -0.1356 61.9073 25.6146 12.2502 5.0212 0.000(
21 |102.840819 24.752018||2117.8582 | -0.0459 €1.8178 25.5765 12.2320 5.0233 0.000( o
< >

@ The permanent tide does not change with time. Tt is the zero-frequency tide ACx in the ong-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 k==0.29525, hz0=0.6078 and 1.,=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.

@ The variation of the Earth's center of mass is equal to the first-degree term of Earth's loading deformation, which excites the variations of all the geometric and physical geodetic elements in the
Earth's space with time, rather than can be simply expressed as the ground site displacement of pure geometric quantity.




@ Computation of permanent tidal and Earth's mass centric variation effects on geodetic variations — L] X

Computation of Earth's mass centric variation effects on all-element geodetic variations

Computation of permanent tidal effects . Computation of Earth's mass centric variation . Forecast of ocean tidal load effects . Forecast of atmosphere tidal load effects
@ on various geodetic variations effects on all-element geodetic variations on Earth's mass centric variation on Earth's mass centric variation
‘. Open the location and time file of calculation points 4. Save program process as 3 Effects of the Earth's mass centric variations and figure polar shifts
Set the file parameters >> [Function] Input the calculation point coordinate file with the epoch time on the ground or outside the earth, using the Earth's mass A
Column ordinal number of time — | centric variation time series from the measured SLR, and compute the Earth's mass centric variation effects on the geoid or height
i 1 N\ ~ | | anomaly (mm), ground gravity (pGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection
in the record
N\ (SW, to the south and to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement

b

Column ordinal number of ellipsoidal 4 \
height in the record N

(mm), ground normal or orthometric height (mm), radial gravity gradient (10uE) or horizontal gravity gradient (NW, to the north and to the
. : west, 10uE).

Column_ Slre Il LSl @ S AN 5 X \\ - | >> Open the location and time file of calculation points C:/ETideLoad4.5 win64en/examples/Permanentdgeocenter/Postiontm.txt.
LD e e ** Enter the file format parameters according to the text box below. After giving the output file name, click the control button [Import

4

4

Select the type of variations “sefting parameters]... _ _
_ _ >> S“a\@ the computed results as C:/ETideLoad4.5 win64en/examples/Permanentdgeocenter/geocenterst.txt. |
geoid or height anomaly (mm) ' e input file record, add 3 columns of Earth's mass centric variations interpolated and one or several columns of Earth's mass

ground gravity (uGal) ic variatiomgffects selected as the output file record.. Columns 2 and 3 of the record are agreed as the

araully disiurbance (15l ml niitatinnl mﬂL +ngn. nttan e lONgitude and latitude of the calculation point v
ground tilt (SW, mas) (=)

vertical deflection (SW, mas)
horizontal displacement (EN, mm) () Display of the input-output file || 4.1 Save the data in the text box as

= | Save the computed result 3 Import setting parameters @ Start computation

e el _ 107.230000  29.910000 7%.4 56658.00D8Q0 A
ground normal or orthometric height (mm) (9 201401010000| [107.230000  29.910000][72.4 0.9547 0.1535 1.5946 2.1684 0.2837
S . . . 201401011200| [107.230000  29.910000]] 72.4 0.9543 0.1384 1.6096 2.1634 0.2831
disturbing gravity gradient (radial, 104E) 201401020000| [107.230000  29.910000]] 72.4 0.9539 0.1232 4.6244 2.1582 0.2824
horizontal gravity gradient (NE, 10uE) 201401021200 107.230000 29.910000|(] 72.4 0.9534 0.1080 4.6389 2.1529 0.2817
201401030000| [107.230000  29.910000]] 72.4 0.9528 0.0927 4.6533 2.1475 0.2810
201401031200| [107.230000  29.910000]] 72.4 0.9522 0.0773 1.6675 2.1419 0.2803
201401040000| [107.230000  29.910000]| 72.4 0.9515 0.0618 1.6814 2.1362 0.2795
201401041200| [107.230000  29.910000]] 72.4 0.9507 0.0463 4.6952 2.1303 0.2788
201401050000| [107.230000  29.910000]] 72.4 0.9499 0.0307 4.7088 2.1243 0.2780
2074071051200 107230000 29.970000 724 0.94490 0.015H1 4 _ 77222 2.1182 n.2772

Improve the algorithm of Earth's mass centric variation effects in_the IERS Conventions (2010) and then
compute the tidal and non-tidal load effects on all-element geodetic variations in the whole Earth space.

@ The permanent tide does not change with time. It is the zero-frequency tide ACz 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 kz=0.29525, h:=0.6078 and |.,=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.
@ The variation of the Earth's center of mass is equal to the first-degree term of Earth's loading deformation, which excites the variations of all the geometric and physical geodetic elements in the
Earth's space with time, rather than can be simply expressed as the ground site displacement of pure geometric quantity.




o

Earth's mass centricvariation Axg,mm Ayc,,mm Az.,,mm height anomaly (mm) orthometric height (mm) _

- Month/day/year |

01/01/18 | | | | [ll.u’[IiI.FIEI' | | | | [ll.u’[lil.nflﬂ | | | | [Il.n'[lll.ufil | | | | [ll.n'[!il.n'ﬂ
Earth's mass centric variation and their effects on the height anomaly geoid and orthometric height

e,

LSf Gravity disturbance (uGal) horizontal displacement (E, N, mm)-radial gravity gradient (L0ME).~

l-
05
of

[H.F[I:.FIE | | | | [llfﬂil.-’IEI' | | | | [llf[!ilﬂﬂ | | | | [il.-’ﬂllﬂl | | | | [ll.u’[!ll.-'ﬂ
Earth's mass centric variation effect time series on various geodetic variations

The variations of the Earth's center of mass measured by the SLR generally represent the deformation of
whole Earth system excited by the non-tidal load variations, thus affecting various geometric and
physical geodetic elements in the Earth space, rather than simply showing the ground site displacement
of pure geometric elements.




@ Computation of permanent tidal and Earth's mass centric variation effects on geodetic variations — L] X

Forecast of ocean tidal load effects on Earth's mass centric variation

@ on various geodetic variations

Forecast time series parameters

Start time 20160701

End time 20160715

Time interval 60.00 min

>> [Function] Input time series parameters, and forecast the ocean tidal load effect time series on Earth's mass centric variation (Xcm, Ycm, Zcm, in unit of
mm) from the first-degree ocean tidal load spherical harmonic coefficient file OtideOne.dat output by the function [Spherical harmonic analysis on ocean
tidal constituent harmonic constants].

>> Save the computed results as C:/ETideLoad4.5 win64en/examples/Permanentdgeocenter/otdgeocntrst.txt. |

** The output file record includes the sampling epoch time, 3 columns of the ocean tidal load effects on Earth's mass centric variation (Xcm, Ycm, Zcm, in
unit mm).
>> Setting parameters have been imported into the program!

** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-18 14:41:56

>> Complete the computation of ocean tidal load effects on Earth's mass centric variation!
>> Computation end time: 2024-10-18 14:41:56

Computation of permanent tidal effects .. Computation of Earth's mass centric variation . Forecast of ocean tidal load effects . Forecast of atmosphere tidal load effects
effects on all-element geodetic variations on Earth's mass centric variation on Earth's mass centric variation
%1 Save program process as 3 Effects of the Earth's mass centric variations and figure polar shifts
>> Computation end time: 2024-10-18 14:40:01 A

E Save the computed results as =~ Import setting parameters @ Start computation
Display of the input-output file|| %1 Save the data in the text box as
Otidegeocenter 0.00 0.00 0.00 57570.000000 ~
2016070100 0.000000 1.8250 4.1299 -1.8888
2016070101 0.041667 0.5041 4.1937 -3.5160
2016070102 0.083333 -0.8168 3.62€3 -5.0214
2016070103 0.125000 -1.9306 2.4942 -6.0838
2016070104 0.l66667 -2.6848 0.99¢6 -6.4140
2016070105 0.208333 -3.0220 -0.5533 -5.977¢6
2016070106 0.250000 -2.9774 -1.8460 -4.9099
2016070107 0.291¢667 -2.6381 -2.7016 -3.3494
2016070108 0.333333 -2.1152 -3.0653 -1.4945
2016070109 0.375000 -1.5704 -2.9291 0.3139

Improve the algorithm of Earth's mass cent-ric varia_tion effécts in the IERS Conventions (2010) and then
compute the tidal and non-tidal load effects on all-element geodetic variations in the whole Earth space.

@ The permanent tide does not change with time. It is the zero-frequency tide ACz 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 kz=0.29525, h:=0.6078 and |.,=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.
@ The variation of the Earth's center of mass is equal to the first-degree term of Earth's loading deformation, which excites the variations of all the geometric and physical geodetic elements in the
Earth's space with time, rather than can be simply expressed as the ground site displacement of pure geometric quantity.




@ Computation of permanent tidal and Earth's mass centric variation effects on geodetic variations — L] X

Forecast of atmosphere tidal load effects on Earth's mass centric variation

on various geodetic variations

Forecast time series parameters

Start time
End time

Time interval

20160701

20160715

60.00 min

>> [Function] Input time series parameters, and forecast the atmosphere tidal load effect time series on Earth's mass centric variation (Xcm, Ycm, Zcm, in
unit of mm) from the first-degree atmosphere tidal load spherical harmonic coefficient file AtideOne.dat output by the function [Spherical harmonic analysis
on atmosphere tidal constituent harmonic constants]

>> Save the computed results as C:/ETideLoad4.5 win64en/examples/Permanentdgeocenter/atdgeocntrst.txt. |

** The output file record includes the sampling epoch time, 3 columns of the atmosphere tidal load effects on Earth's mass centric variation (Xcm, Ycm,
Zcm, in unit mm).
>> Setting parameters have been imported into the program!

** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-18 14:42:36

>> Complete the computation of atmosphere tidal load effects on Earth's mass centric variation!
>> Computation end time: 2024-10-18 14:42:36

Computation of permanent tidal effects ... Computation of Earth's mass centric variation . Forecast of ocean tidal load effects . Forecast of atmosphere tidal load effects
effects on all-element geodetic variations on Earth's mass centric variation on Earth's mass centric variation
%1 Save program process as 3 Effects of the Earth's mass centric variations and figure polar shifts
>> Computation end time: 2024-10-18 14:41:56 A

E Save the computed results as =~ Import setting parameters @ Start computation
Display of the input-output file|| %1 Save the data in the text box as
Atidegeocenter 0.00 0.00 0.00 57570.000000 ~
2016070100 0.000000 1.5728 2.0072 3.0910
2016070101 0.041667 1.5070 1.7158 3.0921
2016070102 0.083333 1.3772 1.4450 3.0968
2016070103 0.125000 1.1846 1.2199 3.1016
2016070104 0.l66667 0.9395 1.0633 3.1041
2016070105 0.208333 0.661¢ 0.9921 3.1033
2016070106 0.250000 0.3779 1.0148 3.1005
2016070107 0.291¢667 0.1185 1.1292 3.0981
2016070108 0.333333 -0.0884 1.3234 3.0993
2016070109 0.375000 -0.2208 1.5775 3.1070

Improve the algorithm of Earth's mass centric variation effects in the IERS Conventions (2010) and then
compute the tidal and non-tidal load effects on all-element geodetic variations in the whole Earth space.

@ The permanent tide does not change with time. It is the zero-frequency tide ACz 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 kz=0.29525, h:=0.6078 and |.,=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.
@ The variation of the Earth's center of mass is equal to the first-degree term of Earth's loading deformation, which excites the variations of all the geometric and physical geodetic elements in the
Earth's space with time, rather than can be simply expressed as the ground site displacement of pure geometric quantity.
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Ocean tidal load effect time series on Earth's mass centiic variation

0707716 07/14/16

1T

,fm Atmosphere tidal load effect time series on Earth's mass centric variation

[ | | I

Month/day/year
_4_ 1 1 1 1 1 1 1 1 1 | 1 1 |
01/01/18 O7/02/18 01/01/19 07/03/19

The Earth's tidal force from the celestial body at the Earth's center of mass is always equal to zero, so
geodesy does not specifically study the solid tidal effect on the Earth's center of mass. Ocean tides and

surface atmosphere tides lead to the redistribution of surface mass, causing periodic variations of Earth's
center of mass.




The ocean tidal load effect on the Earth’s figure polar shift is
more than 100 times that on the rotation polar shift. !

A |
| ‘* *1' ” \

10

i i l |
Eﬂ'“ L _‘____-__..i...l.-.l___'.__..4.?%1’1?.(,'?‘._)_.__A.st_fg('?‘f_‘_)._i_.__l ________________ o ___________________________

| ﬂl.l’ll]flﬁ | II 01/24/19
The ocean tidal load effect time series (m) on Earth's figure polar shifts in ITRS
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The surface atmosphere tidal load effect time series (m) on Earth's figure polar shifts in ITRS




-+ Computation of solid Earth and load tidal effects on geodetic networks

Computation of solid Earth tidal effects on geodetic networks

- -

ETidelLoad4.5

« Computation of solid Earth tidal effects

‘‘‘‘‘‘

-+ Computation of ocean tidal load effects = Computation of atmosphere tidal i

Select the type of
control network

GNSS baseline network  ~

October 2024, Beijing, China

>> Program Process ** Operation Prompts %I Save program process as

>> [Function] Compute the solid Earth, ocean tidal load or surface atmosphere tidal load effects on the GNSS baseline or level height ~
— Open the GNSS baseline network file difference according to the location and observation time in the input geodetic control network record file.
' including time attribute ** The input file adopts ETideLoad's own format. The file header occupies a row. Record format: the GNSS baseline or leveling route name,
starting point longitude, latitude, height, ending point longitude, latitude, height, ..., observation time, .... The GNSS baseline network file and
Set the file parameters the level route network file are the same in ETideLoad format.
Column ordinal number of starting 3 % — | > Select the type of the control network firstly, and select the computation function from the 3 control buttons on the top of the interface...
MJDO in the header ~ | | »>> Compute the solid Earth tidal effects (mm)...
Column ordinal number of time — | >> Compute the tidal effects on 3-D GNSS baseline vectors...
in the record 10 ~ | | >> Open the GNSS baseline network file including time attribute C:/ETideLoad4.5_win64en/examples/Controlnetworktidef/
GNSSbaseline levelingroutine. txt.
\ ** Enter the file format parameters according to the text box below. After giving the output file name, click the control button [Import setting
parameters]...
>> Saverthe computed results as C:/ETideLoad4.5 win64en/examples/Controlnetworktidef/GNSSbaselsolidtide.txt. |
** Behind thé~put file record, add the tidal effects as the output file record.
>> Setting paramet ave been imported into the program!
** Click the control buttormfStart computation], or the tool button [Start computation]....
>> Computation start time: 20 -18 15:28:48 o

Display of the input-output file|

g Start computation

E:,' Save the computed rem\:z. Import setting parameters

| o 4 57022 T~ A
CANN DONT [ 120.424700 27.522580 21.8 121.150270 27.834630 28.6  79493.9 | 1.5 [ 2016072412 1.2202 0.9021 0.1274 2.7422
CANN FDIQ | 120.424700 27.522580 21.8 120.207320 27.335310 32.5 29876.4 | 1.5 | 2016072412 | 1.2721 ~0.2673 ~0.0267 1.0012
CANN JHYW | 120.424700 27.522580 21.8 120.078380 29.272690 32.5 196899.1 | 1.5 | 2016072412 1.3927 ~0.4186 -0.2735 ~1.9788
CANN_JINH | 120.424700 27.5225@0 21.8 119.642580 29.217830 32.5 202930.8 [ 1.5 |2016072412| 1.6668 ~0.0430 ~0.3836 —0.5250
CANN_JINX | 120.424700 27.522580 21.8 119.379220 29.070950 32.5 199897.1 | 1.5 | 2016072412 1.3931 Thessolid tidaFeffects- gn—
CANN JNJZ | 120.424700 ' .5 92473.9 | 1.5 | 2016072412 | 1.2143 0.9635 y 1aed (2428 1 1.681°
CANN JSAN | 120.424700 PﬂgltUdér Iat[tude and elhpsoldatlg 222881.6 | 2.5 | 2016072512 | 1.2766 —:.z:-::GNSS_.b@-&e“ne 2 .8778
CANN LHAI | 120.424700 ‘héighf Of Start1ng endmg statrons—-E 170695.1 | 2.5 | 2016072512 | 1.3588 722¢ displacement —<.237¢
CANN_LISH | 120.424700 225490 23461260 2.5 114864.2 | 2.5 | 2016072512 1.6040 0.1ess T EN 1.100
CANN_LONQ | 120.424700 27.522580 2108 119.133000 28.080720 32.5 141500.7 | 2.5 | 2016072512 | 1.3241 7005 (ENUsemm) oo
CANN LUOY | 120.424700 27.522580 21.8 119.705090 27.552460 32.5 71164.3 | 2.5 |2016072512| 1.1005 ~0.4621 ~0.3085 2.5352
CANN PANA | 120.424700 27.522580 21.8 120.436660 29.054190 32.5 169743.8 | 2.5 |2016072512| 1.8985 0.2692 ~0.2575 ~4.7458
CANN PCHQ | 120.424700 27.522580 21.8 118.542210 27.923210 32.5 190867.4 | 2.5 | 2016072512 1.4645 ~1.1110 -0.8864 5.6815
CANN PCJM | 120.424700 27.522580 21.8 118.445440 28.167970 32.5 207660.5 | 2.5 | 2016072512 | 1.7441 ~1.1253 ~0.9801 5.2647 v

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

@ 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, and the height
relative to the surface (set as zero in the program) when calculating the atmosphere tidal load effects.

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Chinese Acadenty of Surveying & mapping




-« Computation of solid Farth and load tidal effects on geodetic networks ;h/ .
| . . ] - <
Computation of solid Earth tidal effects on geodetic networks tlon Monitorkng Gmpiration
- - - - ETideLoad4.5
« Computation of solid Earth tidal effects -+ Computation of ocean tidal load effects = Computation of atmosphere tidal ic cmﬁm:,?‘:iwmc&mm
Select the type of Levelling control network - >> Program Process ** Operation Prompts 4.1 Save program process as
control network
>> Computation start time: 2024-10-18 15:28:48 A
Open the levelling network routes file >> Complete the computation of the tidal effects!
_&' including time attribute >> Computation end time: 2024-10-18 15:28:49
>> Compute the solid Earth tidal effects (mm)...
Set the file parameters >> Compute the tidal effects on levelling height differences...
Column ordinal number of starting — | >> Open the levelling network routes file including time attribute C:/ETideLoad4.5_win64en/examples/Controlnetworktidef/
MJDO in the header 3 X ¥ | | GNSSbaseline levelingroutine.txt.
i Rl e s _ ** Enter the file format parameters according to the text box below. After giving the output file name, click the control button [Import setting
in the record 10 . =l| | parameters]. .
>> Save the computed results as C:/ETideLoad4.5 win64en/examples/Controlnetworktidef/levelroutinesolidtide. txt. |
\ ** Behind the input file record, add the tidal effects as the output file record.

etting parameters have been imported into the program!
o CI| e control button [Start computation], or the tool button [Start computation]...

- o = o AT (aTaTal A M AM A MM Mm

The solid tidal-effect-on-orthometric helght difference is always
numerical opposite sign to that on ellipsoidal height difference.

Display of the input-output file| ﬂ Save the computed resm\'&- Import setting parameters & Start computation

| 9 4 57022 T~ 2
CANN DONT [ 120.424700 27.522580 21.8 121.150270 27.834630 28.6 79493.9 | 1.5 [ 2016072412 1.2202 3.2574
CANN FDIQ | 120.424700 27.522580 21.8 120.207320 27.335310 32.5 29876.4 | 1.5 | 2016072412 | 1.2721 ~1.1628
CANN JHYW | 120.424700 27.522580 21.8 120.078380 29.272690 32.5 196899.1 | 1.5 | 2016072412 1.3927 1.8728
CANN JINH | 120.424700 27.5225@0 21.8 119.642580 29.217830 32.5 202930.8 [ 1.5 | 2016072412 1.6668 0.1125
CANN JINX | 120.424700 27.522580 21.8 119.379220 29.070950 32.5 199897.1 | 1.5 | 2016072412 1.3931 ~1.1770 .
CANN JNJZ | 120.424700 H Efl:ld ] Itﬂat[tudé_é“dell Old -5 92473.9| 1.5 | 2016072412 1.2143 -2.1936 The_ SO“d_ tidal effects on
CANN JSAN | 120.424700 3—0 gl e, in ]pS a b.5 222881.6 2.5 | 2016072512 1.2766 ~3.8987 height difference of the
CANN LHAI | 120.424700 2 : .5 170695.1 | 2.5 | 2016072512 | 1.3588 7.8461 - -
CANN LISH | 120.424700 hEighf OE_Sfarﬂﬂgéendmg.st?ﬁon_,L.E. 114864.2 | 2.5 | 2016072512 | 1.6040 0.9773 levelling routine
CANN LONQ | 120.424700 27.522580 21.8 119.133090 28.080720 32.5 141509.7 | 2.5 | 2016072512 1.3241 ~3.7956
CANN LUOY | 120.424700 27.522580 21.8 119.705090 27.552460 32.5 71164.3 | 2.5 | 2016072512 | 1.1005 ~3.0525
CANN PANA | 120.424700 27.522580 21.8 120.436660 29.054190 32.5 169743.8 | 2.5 |2016072512| 1.8985 5.1476
CANN PCHQ | 120.424700 27.522580 21.8 118.542210 27.923210 32.5 190867.4 | 2.5 | 2016072512 | 1.4645 -6.9589
CANN PCJM | 120.424700 27.522580 21.8 118.445440 28.167970 32.5 207660.5 | 2.5 | 2016072512 | 1.7441 ~6.5510 v

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

@ 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, and the height
relative to the surface (set as zero in the program) when calculating the atmosphere tidal load effects.




-+ Computation of solid Earth and load tidal effects on geodetic networks

Computation of ocean tidal load effects on geodetic networks

-+ Computation of ocean tidal load effects

«- Computation of solid Earth tidal effects

Select the type of GNSS baseline network  ~ | >> Program Process ** Operation Prompts

= Computation of atmosphere tidal i

%:f Save program process as

- -«
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

(caswm)

Chinese Acadenty of Surveying & mapping
October 2024, Beijing, China

control network
>> Computation start time: 2024-10-18 15:30:03

- Open the GNSS baseline network file >> Complete the computation of the tidal effects!
o including time attribute >> Computation end time: 2024-10-18 15:30:04
>> Compute the ocean tidal load effects (mm)....
Set the file parameters >> Compute the tidal effects on 3-D GNSS baseline vectors...
Column ordinal number of starting — | >> Open the GNSS baseline network file including time attribute C:/ETideLoad4.5_win64en/examples/Controinetworktidef/
MJDO in the header 3 X > | | GNSSbaseline levelingroutine.txt.
S ER S| e e s e _ ** Enter the file format parameters according to the text box below. After giving the output file name, click the control button [Import setting
in the record 10 . =l| | parameters]. .
\ >> Save the computed results as C:/ETideLoad4.5 win64en/examples/Controlnetworktidef/ GNSShaselotideload.txt. |
Maximum truncated degree ** Behind the input file record, add the tidal effects as the output file record.
. g 120 - | >>Setting parameters have been imported into the program!
Bl ** Cli e control button [Start computation], or the tool button [Start computation]....

>> Computa start time: 2024-10-18 15:31:11

>> Complete the co tation of the tidal effects!
>> Computation end time:

Display of the input-output file|

ﬂ Save the computed rem\i. Import setting parameters

g Start computation

9 4 57022 T~

CANN DONT [ 120.424700 27.522580 21.8 121.150270 27.834630 28.6  79493.9 | 1.5 [ 2016072412 1.2202 2.9653 ~1.5855 ~5.9971
CANN FDIQ | 120.424700 27.522580 21.8 120.207320 27.335310 32.5 29876.4 | 1.5 | 2016072412 | 1.2721 -0.8555 0.2769 1.8802
CANN JHYW | 120.424700 27.522580 21.8 120.078380 29.272690 32.5 196899.1 | 1.5 | 2016072412 1.3927 ~4.4438 ~0.6162  -16.3385
CANN JINH | 120.424700 27.522580 21.8 119.642580 29.217830 32.5 202930.8 | 1.5 | 2016072412 1.6668 ~5.4186 ~0.4014  -21.1547
CANN_JINX | 120.424700 27.522580 21.8 119.379220 29.070950 32.5 199897.1 | 1.5 | 2016072412 1.3931 -5. Thie ocearr tidal load®15¢
CANN JNJZ | 120.424700 5 92473.9 | 1.5 | 2016072412 1.2143 ~4.8333 C 1695
CANN JSAN | 120.424700 Lo.ngitUde 1at'tUde and ortthEtr[cE 222881.6 | 2.5 | 2016072512 | 1.2766 . effects on,GNSS. .
CANN LHAI | 120.424700 ‘héighf Of Start1ng endmg statrons—f 170695.1 | 2.5 | 2016072512 | 1.3588 bage“ne dlsptacemen’ta
CANN LISH | 120.424700 27. 225450 2B 461260 2.5 114864.2 | 2.5 | 2016072512 | 1.6040 ~3.5675 NU. ~16.062:
CANN LONQ | 120.424700 27.522580 2108 119.133000 28.080720 32.5 141500.7 | 2.5 | 2016072512 | 1.3241 00 (ENUmm) o500
CANN LUOY | 120.424700 27.522580 21.8 119.705090 27.552460 32.5 71164.3 | 2.5 |2016072512| 1.1005 ~3.7635 1.1878 7.1760
CANN PANA | 120.424700 27.522580 21.8 120.436660 29.054190 32.5 169743.8 | 2.5 |2016072512| 1.8985 -2.2732 1.8436  -17.6809
CANN PCHQ | 120.424700 27.522580 21.8 118.542210 27.923210 32.5 190867.4 | 2.5 | 2016072512 1.4645 ~5.1840 1.1543  -30.9806
CANN PCJM | 120.424700 27.522580 21.8 118.445440 28.167970 32.5 207660.5 | 2.5 | 2016072512 | 1.7441 ~4.6945 0.9737  -34.2959

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

@ 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, and the height

relative to the surface (set as zero in the program) when calculating the atmosphere tidal load effects.




-+ Computation of solid Earth and load tidal effects on geodetic networks

Computation of ocean tidal load effects on geodetic networks

«- Computation of solid Earth tidal effects

Select the type of
control network

Levelling control network

s

b 4

ETidelLoad4.5

A
-

-+ Computation of ocean tidal load effects = Computation of atmosphere tidal ic

October 2024, Beijing, China

>> Program Process ** Operation Prompts %I Save program process as

>> Computation start time: 2024-10-18 15:31:11 A
— Open the levelling network routes file >> Complete_the computation of the tidal effects!
_"_':f' including time attribute >> Computation end tlm_e: 2024-10-18 15:32:13
>> Compute the ocean tidal load effects (mm)....
Set the file parameters >> Compute the tidal effects on levelling height differences...
Column ordinal number of starting 3 X% — | >>Open thg Ievelllng netwqu routes file including time attribute C:/ETideLoad4.5_ win64en/examples/Controlnetworktidef/
MJDO in the header = G*PjSSbasellng levelingroutine.txt. _ _ _ _ _
i Rl e s _ Enter the file format parameters according to the text box below. After giving the output file name, click the control button [Import setting
in the record 10 o ~ | | parameters]...
\ >> Save the computed results as C:/ETideLoad4.5 win64en/examples/Controlnetworktidef/levelroutineotideload txt. |
Maximum truncated dearee ** Behind the input file record, add the tidal effects as the output file record.
£ 1h fficient dgl 120 - | >>Setting parameters have been imported into the program!
of the coeticients mode > CIi e control button [Start computation], or the tool button [Start computation]....
e e e ks o ombsd Faes ANDA AN A0 AE-D2D.40
o] o] o] =
Thedoad-effect -on-orthometric height difference is about
- o] o] = o]
1.75 times of that on ellipsoidal height difference. 9
Display of the input-output file| ﬂ Save the computed resn,m\'&- Import setting parameters & Start computation
9 4 57022 T~ A
CANN DONT | 120.424700 27.522580 21.8 121.150270 27.834630 28.6  79493.9| 1.5 |2016072412| 1.2202 -8.5306
CANN FDIQ | 120.424700 27.522580 21.8 120.207320 27.335310 32.5 29876.4 | 1.5 |2016072412| 1.2721 2.6530
CANN JHYW | 120.424700 27.522580 21.8 120.078380 29.272690 32.5 196899.1| 1.5 |2016072412| 1.3927 -22.2233
CANN JINH | 120.424700 27.522580 21.8 119.642580 29.217830 32.5 202930.8| 1.5 2016072412 1.6668 -28.6171
CANN JINX | 120.424700 27.522580 21.8 119.379220 29.070950 32.5 199897.1| 1.5 |2016072412| 1.3931 -32.2487 The ocean tidal load
CANN JNJZ | 120.424700 27,529050y 270y Seerl 10 637540y 27, 870350 220 5  92473.9 | 1.5 | 2016072412 | 1.2143 -14.7665 :
CANN JSAN | 120.424700 Longitude, latitude, and orthometric. ;5007 ¢ | 205 | 2016072512 | 1.2765 | -40.4704 effects on height
CANN_LHAI | 120.424700 Z2height of;sfarﬁh.g:éﬁ-dingS’féﬁéngz.E 170695.1 | 2.5 | 2016072512 | 1.3588 -16.2967 difference of the
CANN LISH | 120.424700 27 5255-5::: 21.8 119329490 22.461260 32.5 114864.2 | 2.5 ]2016072512| 1.6040 -21.7500 | i :
CANN LONQ | 120.424700 27.522580 21.8 119.133090 28.080720 32.5 141509.7 | 2.5 |[2016072512| 1.3241 | -31.6039 evelling routine
CANN LUOY | 120.424700 27.522580 21.8 119.705090 27.552460 32.5 71164.3 | 2.5 [2016072512| 1.1005 -9.5573
CANN PANA | 120.424700 27.522580 21.8 120.436660 29.054190 32.5 169743.8 | 2.5 2016072512 | 1.8985 -24.1759
CANN PCHQ | 120.424700 27.522580 21.8 118.542210 27.923210 32.5 190867.4| 2.5 |201e072512| 1.4e45 -41.8315
CANN PCJM | 120.424700 27.522580 21.8 118.445440 28.167970 32.5 207660.5] 2.5 |2016072512| 1.7441 -46.4215 v

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

@ The tidal effect on geodetic observation should be at the actual observation time. The duration of the leveling height difference observation

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

should not exceed 2 hours to compute validly the

calculating the ocean load effects, and the height

relative to the surface (set as zero in the program) when calculating the atmosphere tidal load effects.

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Chinese Acadenty of Surveying & mapping




-+ Computation of solid Earth and load tidal effects on geodetic networks — L] X

Computation of atmosphere tidal load effects on geodetic networks

«- Computation of solid Earth tidal effects -+ Computation of ocean tidal load effects # Computation of atmosphere tidal load effects
Select the type of GNSS baseline network ~ | >> Program Process ** Operation Prompts 4.1 Save program process as
control network : :
>> Computation start time: 2024-10-18 15:33:19 A
— Open the GNSS baseline network file >> Complete the computation of the tidal effects!
- including time attribute >> Computation end time: 2024-10-18 15:34:19
>> Compute the atmosphere tidal load effects (mm)....
Set the file parameters >> Compute the tidal effects on 3-D GNSS baseline vectors...
Column ordinal number of starting — | >>Open thg GNSS t?aselim_e network file including time attribute C:/ETideLoad4.5_ win64en/examples/Controlnetworktidef/
MJDO in the header 3 X ¥ | | GNSSbaseline levelingroutine.txt.
i Rl e s _ ** Enter the file format parameters according to the text box below. After giving the output file name, click the control button [Import setting
in the record 10 o ~ | | parameters]...
\ >> Save the computed results as C:/ETideLoad4.5 win64en/examples/Controlnetworktidef/GNSSbaselatideload.txt. |
Maxi i ted d ** Behind the input file record, add the tidal effects as the output file record.
fziﬁlmumﬁ_ru_ncetle ;glree 120 - | >>Setting parameters have been imported into the program!
of the coeticients mode > CIi e control button [Start computation], or the tool button [Start computation]....
>> Computa start time: 2024-10-18 15:36:16
>> Complete the co tation of the tidal effects!
>> Computation end time: 4-10-18 15:36:19
v
Display of the input-output file| ﬂ Save the computed rem\:;- Import setting parameters g Start computation
| 9 4 57022 T~ A
CANN DONT | 120.424700 27.522580 21.8 121.150270 27.834630 28.6  79493.9| 1.5 |2016072412| 1.2202 -0.0310 -0.0199 0.0046
CANN FDIQ | 120.424700 27.522580 21.8 120.207320 27.335310 32.5 29876.4 | 1.5 |2016072412| 1.2721 0.0101 0.0082 0.0158
CANN JHYW | 120.424700 27.522580 21.8 120.078380 29.272690 32.5 196899.1| 1.5 |2016072412| 1.3927 -0.0253 -0.0468 —0 3490
CANN JINH | 120.424700 27.522580 21.8 119.642580 29.217830 32.5 202930.8| 1.5 2016072412 1.6668 —0.0099 -0.038¢6 .3743
CANN JINX | 120.424700 27.522580 21.8 119. 379220 29.070950 32.5 199897.1 | 1.5 | 2016072412 | 1.3931 Th@ atmﬁspheretldaF
CANN JNJZ | 120.424700 2.5 92473.9 | 1.5 2016072412 1.2143 | 0.p120
CANN JSAN | 120.424700 ﬂ_mhgnuﬁe Iat]tUde:b ndsgrface 2.5 222881.6 2.5 | 2016072512 1.2766 IQald effects on GNSQ,
CANN LHAT | 120.424700 4he1ghtof—$tartmg endmgstatrons—-5 170695.1 | 2.5 | 2016072512 | 1.3588 -0paseline dlsplfacemenlt--
CANN LISH | 120.424700 220490 Z22.46126C 32.5 114864.2 | 2.5 | 2016072512 1.6040 -0.0044 -0.1988
CANN LONQ | 120.424700 27.522580 21.8 119.133090 28.080720 32.5 141509.7 | 2.5 |2016072512| 1.3241 0.0209 (ENU mm) -0.1898
CANN LUOY | 120.424700 27.522580 21.8 119.705090 27.552460 32.5 71164.3 | 2.5 [2016072512| 1.1005 0.0186 0.0104 -0.0494
CANN PANA | 120.424700 27.522580 21.8 120.436660 29.054190 32.5 169743.8 | 2.5 2016072512 | 1.8985 -0.0333 -0.0434 -0.2715
CANN PCHQ | 120.424700 27.522580 21.8 118.542210 27.923210 32.5 190867.4| 2.5 |201e072512| 1.4e45 0.0348 0.0161 -0.2217
CANN PCJM | 120.424700 27.522580 21.8 118.445440 28.167970 32.5 207660.5| 2.5 |2016072512| 1.7441 0.0339 0.0087 -0.2787 v

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

@ 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, and the height
relative to the surface (set as zero in the program) when calculating the atmosphere tidal load effects.




-+ Computation of solid Earth and load tidal effects on geodetic networks

Computation of atmosphere tidal load effects on geodetic networks

«- Computation of solid Earth tidal effects

-+ Computation of ocean tidal load effects

s Computation of atmosphere tidal load effects

Select the type of

control network Levelling control network

s

_-_l;'e. Open the levelling network routes file
including time attribute

Set the file parameters

Column ordinal number of starting

MJDO in the header 3 X z
Column ordinal number of time 10 x
in the record ~ -

>> Program Process ** Operation Prompts %I Save program process as

>> Computation start time: 2024-10-18 15:36:16 A

>> Complete the computation of the tidal effects!
>> Computation end time: 2024-10-18 15:36:19
>> Compute the atmosphere tidal load effects (mm)....
>> Compute the tidal effects on levelling height differences...
>> Open the levelling network routes file including time attribute C:/ETideLoad4.5_win64en/examples/Controlnetworktidef/
GNSSbaseline levelingroutine. txt.
** Enter the file format parameters according to the text box below. After giving the output file name, click the control button [Import setting
parameters]...

~__

Maximum truncated degree 120

of the coefficients model

Display of the input-output file|

>> Save the computed results as C:/ETideLoad4.5 win64en/examples/Controlnetworktidef/levelroutineatideload.txt. |

** Behind the input file record, add the tidal effects as the output file record.

>>Getting parameters have been imported into the program!
> CIi e control button [Start computation], or the tool button [Start computation]....

mombard e s

Thedoad-effect -on-orthometric height difference is about
1.75 times of that on ellipsoidal height difference. .

ﬂ Save the computed resn,m\'&. Import setting parameters

& Start computation

\ A

9 4 57022
CANN DONT | 120.424700 27.522580 21.8 121.150270 27.834630 28.6 79493.9 | 1.5 2016072412 1.2202 0.0128

CANN FDIQ | 120.424700 27.522580 21.8 120.207320 27.335310 32.5 29876.4 | 1.5 | 2016072412 1.2721 0.0263

CANN JHYW | 120.424700 27.522580 21.8 120.078380 29.272690 32.5 196899.1 | 1.5 |2016072412| 1.3927 -0.5863

CANN JINH | 120.424700 27.522580 21.8 119.642580 29.217830 32.5 202930.8 | 1.5 |2016072412| 1.6668 ~0.6324

o |y ey a1e e e sn et e sz Lony | 0| The atmosphere tidal

CANN JSAN | 120.424700 27 ng\:g[tugez Iagtudg,ﬁangsgrtgceg” 222881.6 | 2.5 | 2016072512 1.2766 —0.614¢ | load effects on height

CANN_LFAT | 120.424700 2hajsht of Startihgiénding stations2-5 170695.1|2.5 (2016072512 1.3588 -0.2838 difference of the

CANN LISH | 120.424700 27.529580 278 1198220490 R 261260 32.5 114864.2 | 2.5 2016072512 1.6040 ~0.3408 ) :

CANN LONQ | 120.424700 27.522580 21.8 119.133090 28.080720 32.5 141509.7 | 2.5 |2016072512| 1.3241 ~0.3294 levelling routine

CANN LUOY | 120.424700 27.522580 21.8 119.705090 27.552460 32.5 71164.3 | 2.5 |2016072512| 1.1005 ~0.0908

CANN PANA | 120.424700 27.522580 21.8 120.436660 29.054190 32.5 169743.8 | 2.5 |2016072512| 1.8985 ~0.4549

CANN PCHQ | 120.424700 27.522580 21.8 118.542210 27.923210 32.5 190867.4 | 2.5 |2016072512| 1.4645 -0.3771

CANN PCJM | 120.424700 27.522580 21.8 118.445440 28.167970 32.5 207660.5| 2.5 | 2016072512 1.7441 ~0.4717 v

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

@ The tidal effect on geodetic observation should be at the actual observation time. The duration of the leveling height difference observation

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

should not exceed 2 hours to compute validly the

calculating the ocean load effects, and the height

relative to the surface (set as zero in the program) when calculating the atmosphere tidal load effects.




.~ The regional approach of load tidal effects by load Green's Integral N
- 5 - o <
Computation of residual ocean tidal load effects by Green's Integral Earth Tde LoadEfect and Deform.
: : : : ETideLoad4.5
=1 Open any residual ocean tidal ., Computation of residual ocean tidal .- Computation of residual atmosphc idal :;,/ N
harmonic constant grid file load effects by Green's Integral "~ load effects by Green's Integral " October 2024, Bljing, China |
_gp Open the location and time file of near-Earth points | >> Program Process ** Operation Prompts %:I Save program process as
Set the format of input fil >> Select the computation function from the two control buttons on the upper right of the interface... A
Column ordinal number of starting __ | >> [Function] From the regional residual ocean tide harmonic constant grids, compute the residual ocean tidal load effects on the geoid or height
MJDO in the header 4 ~ | | anomaly (mm), ground gravity (uGal), gravity disturbance (pGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to
Col dinal ber of fi the south and to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground
. OtLr‘]mn or |g|a number op time 4 - | normal or orthometric height (mm), indirect effect of disturbing gravity gradient (mE) or horizontal gravity gradient (NE, to the north and to the
inthe recor. east, mE), radial gravity gradient (mE) or horizontal gravity gradient (NE, to the north and to the east, mE) by Green's function integral.
Column ordinal number of the normal [, - ** The valid files of the residual ocean tidal harmonic constants:
or orthometric height in record C:/ETideLoad4.5 win64en/residOTide/K1got4.8_FES2004.dat
Select the tvpe of effects C:/ETideLoad4.5_win64en/residOTide/K2got4.8 FES2004.dat
P 1 C:/ETideLoad4.5_win64en/residOTide/M2got4.8 FES2004.dat
geoid or height anomaly (mm) C:/ETideLoad4.5 win64en/residOTide/N2got4.8 FES2004.dat : . .
qround gravity (uGal) ® ”| C/ETideLoad4.5_win64en/residOTide/O1got4.8_FES2004.dat 8 residual ocean tidal constituent
Y e C:/ETideLoad4.5 win64en/residOTide/P1got4.8 FES2004.dat harmonic constants from difference
L] gravity disturbance (uGal) C:/ETideLoad4.5_win64en/residOTide/Q1got4.8_FES2004.dat between GOT4.8 and FES2004
[] ground tilt (SW, mas) ® C:/ETideLoad4.5_win64en/residOTide/S2got4.8 _FES2004.dat
’ i - — '
[] vertical deflection (SW, mas) - :
Wil e ses e (B T O |‘:u' Save the computed results as =~ Import setting parameters @ Start computation
ground radial displacement (mm) (=) Display of the input-output file | | 4.1 Save data in the text box as
() ground normal or orthometric height (mm) (=) . 100.000000 140.000000  0.000000  50.000000 0.50000000 0.50000000 | 165555 A
radial gravity gradient (mE) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 14.520 8.360 7.k
_ _ _ -4.420 0.100 9.510 0.000 0.000 0.000 0.000 0.000 0.000 0. i
LI horizontal gravity gradient (NW, mE) 0.000 0.000 0.000 0.000 0.000 ~12.330 _7.470 ~3.630 ~1.710 1. i
-6.130 -6.230 -6.310 =5 200 =4 £00 =3 260 -2.210 -1.950 -2.380 -3. i
Green's integral radius {400 km - i 0.950 1.000 -0.6e10 | The'seventh attribute of the-file -0.800 -0.020 0.440 0. :
= -0.220 -0.410 -0.490 - :
0.000 0.000 0.000 header is the Doodson constant 18.180 0.000 0.000 0. i
-3.190 0.410 6.660 0.000 0.000 0.000 0.000 0.000 0.000 0. i
0.000 0.000 0.000 0.000 0.000 0.000 -9.290 -4.210 -1.530 -1. i
0.000 0.000 0.000 0.000 -3.860 -2.070 -1.050 -1.130 -2.230 -3. i
-0.290 -1.750 -2.980 -3.580 -3.450 -2.570 -1.360 -0.330 0.250 0. :
-0.370 -0.270 -0.220 -0.160 -0.090 :
0.000 0.000 0.000 0.000 0.000 11.150 12.820 0.000 10.160 2. i
-3.120 -0.560 2.900 0.000 0.000 0.000 0.000 0.000 0.000 0. i
: 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -2.760 -1.520 -1.
L R (H b TR R e R o R RTINS bt G s S e g

@ The residual harmonic constants are equal to the regional harmonic constants minus the model value of harmonic constannts calculated by global tidal load spherical harmonic coefficients model.

@ The program requires that residual harmonic constant grid 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.

@ The height of the ground site is orthometric (normal) height when calculating the ocean tidal load effects, and the height relative to the surface when calculating the surface atmosphere tidal load effects.




. The regional approach of load tidal effects by load Green's Integral N ]
Computation of residual ocean tidal load effects by Green's Integral Eorth Tid, Lood Efectand Dotor:

ation Monitoring Computation

| ETideLoad4.5
=1 Open any residual ocean tidal . . Computation of rgsidual ocean tidal ...» Computation of residual atmosphc ] £ _

“=! harmonic constant grid file " load effects by Green's Integral " load effects by Green's Integral O october 2024, Belling, China
‘.l Open the location and time file of near-Earth points | >> Program Process ** OperationtPrompts 8 residual ocean tidal constituentqgram process as
Set the format of input file C:/ETideLoad4.5_win64en/residOTide/P1got4.8_FES2004.dat harmonic constants from difference A
Column ordinal number of starting _ | c/ETideLoad4.5_win64eniresidOTide/Q1got4 8_FES2004.dat between GOT4.8 and FES2004
MJDO in the header 4 X v C:/ETideLoad4.5 win64en/residOTide/S2got4.8 FES2004.dat
Column ordinal number of time >> Open the location and time file of near-Earth points C:/ETideLoad4.5 win64en/examples/Tdloadgreenintegral/Postiontm.txt.
. 1 - ** Enter the file format parameters according to the text box below, and then enter the Green's integral radius. After giving the output file name,
L e recor.d N click the control button [Import setting parameters]...
COIUITh” Ordtmalhmi'r';ﬁ?r of thednorrr\ 4 » | | >> Save the computed results as C:/ETideLoad4.5 win64en/examples/Tdloadgreenintegral/otdloadchdais.txt.
or orthometric height in recor

Select the type of effects

= ** Behind the input file record, add several columns of the load tidal effects as the output file record.
>> Setting parameters have been imported into the program!
>> Prepare to compute the residual ocean tidal load effects...

N F* 1Al dla
AT

geoid or height anomaly (mm)

>>

>> Compl
** There are idual tidal constituent harmonic constants grid models involved in the computali€olumns 2 and 3 of the record are

ground gravity (uGal) (®
gravity disturbance (pGal)

ground tilt (SW, mas) (&) >> Computation end'tkqe: 2024-10118 15:48:41 agreed as the longitude and latitude

vertical deflectjon (SW, mas) B
{s as = Import setting parameters @ Start computation

horizontal dis ﬂ Save the computed re

acement (EN, mm) (s

ground radial displacement (mm) (*) Display of the input-output file | 4. Save data in the text box as
ground normallor orthometric height (mm) (=) 121.23\0{200 29.910000 471218 53484.008200 ~
radial gravity gradient (mE) 201901010000] [121.230000 29.910000||2.218 1.0864 0.8426 0.2789 -0.9590 0.9069 0.93
_ _ _ 201901010100 [121.230000 29.910000 || 2.218 -1.2644 -1.0431 -0.3716 -1.9073 -0.5875 1.72
horizontal gravity gradient (NW, mE) 201901010200 | 121.230000  29.910000||2.218 ~3.0046 ~2.4359 ~0.8496 ~2.3699 ~1.7401 2.00
201901010300 [121.230000 29.910000 || 2.218 -3.7807 -3.0520 -1.0574 -2.2214 -2.3151 1.92
Green's integral radius |400 km . 201901010400 [121.230000 29.910000 || 2.218 -3.4908 -2.8097 -0.9679 -1.4900 -2.22717 1.24
201901010500 [121.230000 29.910000 || 2.218 -2.3067 -1.8476 -0.6301 -0.3505 -1.5640 0.22
201901010600 [ 121.230000 29.910000 || 2.218 -0.6276 ~0.4875 -0.1563 0.9193 -0.5567 -0.90
201901010700 [121.230000 29.910000 || 2.218 1.0228 0.8491 0.3073 2.0076 0.4746 -1.8¢
201901010800 [121.230000 29.910000 || 2.218 2.1328 1.7497 0.6179 2.6458 1.2069 -2.42
201901010900 [121.230000 29.910000 || 2.218 2.3361 1.9195 0.6740 2.6751 1.3981 -2.44
201901011000 [121.230000 29.910000 || 2.218 1.5110 1.2600 0.4424 2.0860 0.9530 -1.92
201901011100 [121.230000 29.910000 || 2.218 -0.1807 -0.0992 -0.0311 1.0200 -0.0480 -0.9¢
201901011200 [121.230000 29.910000 || 2.218 -2.3281 -1.8278 -0.6316 -0.2658 -1.3641 0.13
201901011300 [121.230000 29.910000 || 2.218 ~4.3682 ~3.4733 -1.2019 ~1.4624 ~2.6509 1.18
201901011400] [121.230000 29.910000|] 2.218 -5.7260 -4.5735 -1.5823 -2.2855 -3.5458 1.91Vv
£ >
@ The residual harmonic constants are equal to the regional harmonic constants minus the model value of harmonic constannts calculated by global tidal load spherical harmonic ¢oefficients model.

@ The program requires that residual harmonic constant grid 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.
@ The height of the ground site is orthometric (normal) height when calculating the ocean tidal load effects, and the height relative to the surface when calculating the surface atmosphere tidal load effects.
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' Solid Earth tide Ocean tidal load Atmosphere tidal load Import parameters  Forcast  Follow example

/;\
A,
Chinese Academy of Surveying & mapping
October 2024, Beijing, China

Global forecast of tidal effects on surface all-element geodetic variations

Numerical forecast of solid . . Numerical forecast of ocean . Numerical forecast of surface
Earth tidal effects ~ ' tidal load effects ' atmosphere tidal load effects

Location of surface point to be forecast @ Date or time is agreed as the long integer format

agreed by ETidelLoad. E.g, 20181224122642 represents
12:26:42 on December 24, 2018.

© The spherical harmonic coefficient model of the ocean
tidal load or surface atmosphere tidal load can be
updated with the program [System Configs for the
geophysical models and numerical standards].

4

Longitude 121.240000°

4

Latitude 29.428100°

4

Height 17.830m

4

' Input the forecast time 201607010930 . & Import setting parameters @ Start to forcast...
|
|
. Forecast with the given location and time |
; geoid or height anomaly (mm)| -237.159 ground gravity (uGal) -95.705 gravity disturbance (uGal) -108.813
horizontal displacement (E, mm) 20.079 ground tilt (S, mas) 4.222 vertical deflection (S, mas) 8.493
; horizontal displacement (N, mm) -16.345 ground tilt (W, mas) -5.333 vertical deflection (W, mas) -10.091
ground radial displacement (mm) -119.083 radial gravity gradient (10uE) 67.971
normal or orthometric height (mm) 117.948 horizontal gravity gradient (N, 10uE) 4.203 horizontal gravity gradient (W, 10uE) -25.594

© The height of the site is the ellipsoidal height when forecasting the solid tidal effect, the normal or orthometric height when forecasting the ocean tidal
load effects, and the height relative to the surface (set as zero in the program) when forecasting the atmosphere tidal load effects.
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Solid Earth tide Ocean tidal load Atmosphere tidal load Import parameters

Global forecast of tidal effects on surface all-element geodetic variations

Numerical forecast of solid
Earth tidal effects

Location of surface point to be forecast

Longitude 121.240000° @~

Latitude 29.428100° v

Height 17.830m -

Maximum truncated
degree of model

4

360

4

Input the forecast time 201607010130

/
u

- <
ey =
- Earth Tide, Load Effect and Deform -
ﬂ_-ll ation Monitoring Computation
ETideLoad4.5
Forcast  Follow example -

/ ;\
A,
Chinese Academy of Surveying & mapping
October 2024, Beijing, China

tidal load effects

- . Numerical forecast of ocean . Numerical forecast of surface

' atmosphere tidal load effects

3
7\ 7
— ff - Iﬁ‘. - / -\ Pt
K \\%é FNSN

Forecast with the given location and time

geoid or height anomaly (mm)| -12.547

ground gravity (uGal) -38.621

© Date or time is agreed as the long integer format agreed by
ETideLoad. E.g, 20181224122642 represents 12:26:42 on December 24, |
2018.

@ The spherical harmonic coefficient model of the ocean tidal load or |
surface atmosphere tidal load can be updated with the program [System
Configs for the geophysical models and numerical standards]. |

Sea surface tidal height (cm) -77.433

& Import setting parameters @ Start to forcast...

gravity disturbance (uGal) -40.790

horizontal displacement (E, mm) -10.338

ground tilt (S, mas) -83.500

vertical deflection (S, mas) -20.769

horizontal displacement (N, mm) 7.780

ground tilt (W, mas) 58.130

vertical deflection (W, mas) 16.004

ground radial displacement (mm) 17.526

radial gravity gradient (10uE) -1622.769

normal or orthometric height (mm) 30.073

horizontal gravity gradient (N, 10uE) -1084.238 horizontal gravity gradient (W, 10pE) -533.235

© The height of the site is the ellipsoidal height when forecasting the solid tidal effect, the normal or orthometric height when forecasting the ocean tidal
load effects, and the height relative to the surface (set as zero in the program) when forecasting the atmosphere tidal load effects.
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Solid Earth tide  Ocean tidal load Atmosphere tidal load  |mport parameters  Forcast  Follow example

/ ;\
A,
Chinese Academy of Surveying & mapping
October 2024, Beijing, China

| Global forecast of tidal effects on surface all-element geodetic variations

Numerical forecast of solid - . Numerical forecast of ocean - - Numerical forecast of surface
Earth tidal effects ~ ' tidal load effects “* atmosphere tidal load effects
Location of surface point to be forecast & ~ 3 @ Date or time is agreed as the long integer format agreed by
7\ ’ﬁ‘x, . OG-
Longitude 121.240000° | = »/“’\j/\/“\«f//\ ~ ETideLoad. E.g, 20181224122642 represents 12:26:42 on December 24,
7\ ARV T X 2018.
Latitude 29.428100° |~ @ The spherical harmonic coefficient model of the ocean tidal load or |

0. T #\f""* " ~@ surface atmosphere tidal load can be updated with the program [System |

| Height 17.830m -
Configs for the geophysical models and numerical standards].

Maximum truncated

4

degree of model 360 - Hlj Surface atmosphere (hPa/mbar) 10.055

Input the forecast time 20160701115 = & Import setting parameters @ Start to forcast...
Forecast with the given location and time
geoid or height anomaly (mm)| 4.406 ground gravity (uGal) -5.437 gravity disturbance (uGal) -4.602
horizontal displacement (E, mm) -0.434 ground tilt (S, mas) -0.673 vertical deflection (S, mas) -0.284
horizontal displacement (N, mm) 0.518 ground tilt (W, mas) 0.665 vertical deflection (W, mas) 0.268

| ground radial displacement (mm) -5.949 radial gravity gradient (10uE) -3.601
normal or orthometric height (mm) -10.356 horizontal gravity gradient (N, 10pE) 0.655 horizontal gravity gradient (W, 10pE) 0.594

|
© The height of the site is the ellipsoidal height when forecasting the solid tidal effect, the normal or orthometric height when forecasting the ocean tidal

| load effects, and the height relative to the surface (set as zero in the program) when forecasting the atmosphere tidal load effects.
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Degree-2 Earth’s tidal potential (force) time series from Moon and Sun (7 days)
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Degree-2 Earth’s tidal potential (force) time series from Venus, Jupiter and Mars (12 years)
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Degree 3 Earth’s tidal potential (force) time series from Moon and Sun (2 years)
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Solid tidal effect time series from the planets outside Earth
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E airptideSl cs. dat ._*]’ E proS1 . ini ._*]’ E Airtdloadcs. dat &4 E Otideloadcs. dat EJ

Earth Tide, Load Effect and Deform -

1 pcean tidal height load normalized spherical harmonic coefficient model in cm. ation Monitoring Computation
2 Created by ETideLoad, ZHANG Chuanyin, Chinese Academy of Surveying and Mapping. PG gy~ g o
3 Doodson name n m Csin+ Ccos+ Csin- Ccos- C+ eps+ @
4 2477 .455 2N2 1 0 0.00458562 0.00231038 0.00458562 0.00231038 0.005135 63.2596 0.005013Q el e
5 2477 .455 2NZ2 1 1 -0.00773380 0.00473565 0.0106394¢6 -0.00152991 0.009069 301.4805 0.010749 ; 3
6 2477.455 2NZ2 2 0 0.01415077 -0.00470716 0.01415077 -0.00470716 0.014913 108.3994 0.014913 108.3994
7 2477.455 2NZ2 2 1 —-0.01749377 0.01964053 -0.02057617 0.01244109 0.026302 318.308¢6 0.024045 301.1587
8 2477.455 2NZ2 2 2 -0.05076973 0.15409810 0.03408330 -0.00708020 0.le2246 341.7648 0.034811 101.7353
9 2477.455 2N2 3 0 -0.00345932 -0.05402235 -0.00345932 -0.05402235 0.054133 183.6639 0.054133 183.6639
10 2477 .455 2N2 3 1 0.00459468 0.02860553 0.08674509 0.04125120 0.028972 9.1250 0.096054 64.5668
11 2477.455 2NZ2 3 2 -0.01359111 -0.04803085 0.00043095 0.01917460 0.049917 195.7997 0.019179 1.2875
12 2477.455 2NZ2 3 3 0.11576000 0.04745531 0.10043379 -0.03897379 0.125109 67.7090 0.107731 111.2090
13 2477.455 2NZ2 4 0 -0.04607076 0.02579335 -0.04607076 0.02579335 0.052800 299.2429 0.052800 299.2429
14 2477 .455 2NZ2 4 1 0.03322584 0.01467790 0.01394749 0.02945707 0.036324 66.1660 0.032592 25.3369
15 2477.455 2N2 4 2 0.066l1l6682 -0.16308472 0.08023800 0.03608357 0.175996 157.9166 0.087978 65.7862
16 2477 .455 2N2 4 3 -0.04323293 -0.08712246 -0.08031745 0.08908738 0.097259 206.3921 0.119948 317.9635
17 2477.455 2NZ2 4 4 -0.07108370 0.11911427 -0.03283587 0.04029420 0.138712 329.172¢ 0.051979 320.8233
18 2477.455 2NZ2 5 0 0.00423674 0.05025371 0.00423674 0.05025371 0.050432 4.8190 0.050432 4.8190
Ocean tidal load spherical harmonic coefficient model FES2014b720cs.dat
=] ECMWF2006. dat E3

I  Atmospheric tide normalized spherical harmonic coefficients model in hPa.

2 Created by ETidelLoad4.0, ZHANG Chuanyin, Chinese academy of surveying and mapping.

3 Doodson name n m Csin+ Ccos+ Csin- Ccos- C+ eps+ C- eps-

4 164.556 S1 1 0 -0.01044031 0.00562801 -0.01044031 0.00562801 0.011861 298.3276 0.011861 298.3276

5 164.556 S1 1 1 -0.02015273 -0.30983977 -0.02700767 0.03081953 0.310494 183.7214 0.040979 318.7714

6 164.556 S1 2 0 -0.00879779 0.02710081 -0.00879779 0.02710081 0.028493 342.0149 0.028493 342.0149

7 164.556 S1 2 1 -0.002665684 -0.06100327 -0.02133604 0.03900132 0.061062 182.5219 0.044456 331.3187

8 164.556 S1 2 2 0.04746907 -0.07026009 -0.05105739 -0.01871012 0.084793 145.9563 0.054378 249.8745

9 164.556 S1 3 0 0.02425656 0.01222288 0.02425656 0.01222288 0.027162 63.2565 0.027162 63.2565
10 164.556 S1 3 1 -0.00066157 0.08663528 0.01518488 0.03226590 0.086638 359.5625 0.035660 25.2025
11 164.556 S1 3 2 0.05673625 -0.01538495 0.00624773 -0.04261815 0.058785 105.1718 0.043074 171.6600
12 164.556 S1 3 3 0.01548229 0.035438483 -0.06617883 0.00859431 0.038715 23.5720 0.066735 277.3993
13 164.556 S1 4 0 0.01955708 -0.01828613 0.01955708 -0.01828613 0.026774 133.0765 0.026774 133.0765
14 164.556 S1 4 1 -0.01459852 0.00147989 0.03554601 -0.00397062 0.014673 275.7885 0.035769 96.3734
15 164.556 S1 4 2 0.01936298 0.02790702 0.01483771 -0.01816466 0.033967 34.7544 0.023454 140.7565
16 164.556 S1 4 3 0.05871492 0.05584845 0.02091051 -0.06383148 0.081034 46.4333 0.067169 161.8618
17 164.556 S1 4 4 0.05072226 -0.00992714 -0.02941680 0.00989714 0.051685 101.0737 0.031037 288.5953
18 164.556 S1 5 0 0.00534727 -0.01557997 0.00534727 -0.01557997 0.01e472 161.0570 0.01e472 161.0570

Atmosphere tidal load spherical harmonic coefficient model ECMF2006cs360.dat




The ocean tidal load effects should be taken into account for

the centimeter-level premsmn geodesy in inland areas.
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The ocean tidal load effect time series on geodetic variations at P4 point in the inland area 400km away from the coastlin
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The ocean tidal load effect time series on geodetic variations at P; point on offshore island 200km away from the coastline
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The residual time series of ocean tidal load effects (FES2014b720cs) on geodetic variations at the P, in the coastal zone

The ocean tidal load effects on gravity gradient are dominant in the ultrashort wave parts, and the high-degree ocean
tidal load spherical harmonic coefficient model FES2014b720cs cannot contain these ultrashort wave signals in coastal

areas. The calculation results of the residual load effects on gravity gradient are divergent and not available using load
Green's function integral.
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The residual time series of ocean tidal load effects (FES2014b720cs) on geodetic variations at the Pz on
the seaisland 200km away from the coastline
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.~ Low-pass filtering and signal reconstructing for irregular time series
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- Estimation of the low-pass parameters and linear term of irregular time series
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A §
Earth Tide, Load Effect and Deform -
ation Monitoring Computation
ETideLoad4.5

A
Chinese Academy of Surveying & mapping
October 2024, Beijing, China

__Estimation of low-pass parameters and
linear term of irregular time series

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

Reconstruction of low-pass time sei
to given sampling specification

'3. Open the geodetic variation time series file

>> Program Process ** Operation Prompts %7 Save program process as

Set the file parameters

. Column ordinal number of starting 5
' MJDO in the header

Column ordinal number of tim

** Set the file format parameters according to the text box below. After giving the output file name, click the control button [Import
% - setting parameters]...
T | >> Save the estimated parameters as C:/ETideLoad4.5 win64en/examples/Tmsrslowpfltrconstr/filterpara.txt. |
- ** Behind the input time series file header, add the 5 attributes including the constant term, linear term (annual rate of variation, /a),

in the record 1 he number of the parameters, starting MJDO, and ending MJD as the parameters file header. f
Column ordinal numbe of/he = >> Setting parameters have been imported into the program!
target time séries G = ** Click the control button [Start computation], or the tool button [Start computation]....

>> Computation start time: 2024-10-19 09:11:47

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

>> Computation end time: 2024-10-19 09:11:48

>> The program automatically outputs the time series file C./ETideLoad4.5 win64en/examples/Tmsrslowpfltrconstr/JHYW _U.rst.
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.

EJ Save the estimated parameters as

# Import setting parameters Display of the input- @ The program can separate the constant term, linear term and noise, and realize the short-time interpolation

. output file| and bidirectional prediction of various irregular variation time series.
& Start computation

JHYW U 120.0442179 29.16216832 109.8773  57023.50 30.4558 ~1.1876 120 57023.500000 58118.5000

‘ 3.04557772E+01 -1.70958259E-01 -4.94692544E-02 1.7§297867E+00 -1.21371769E+00 2.50853235E+00 -1.01150643E+
7.76860846E-01 3.64051475E+0(¢ -8.32800408E-02 -3.33665232E+00 -1.15436587E+00 -9.40542865E-01 8.72661146E-

1.36994016E-01 -2.72653701E+0¢ 1.06662756E+00 -3.22023082E-01 1.43349917E+00 -1.46104599E+00 -1.30719292E+

; 2.24165354E+00 -5.19007759E-0] 3.33037757E-01 -3.47551984E-02 -3.36752337E-01 -6.13439192E-01 3.47826153E-
E ~1.45816096E+00 -2.94435766E-0] 6.86943644E-01 5.08459231E-01 -1.12382748E+00 -8.08905142E-01 1.07234979E+

+.| Extract time series to be plot Plot|
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Low-pass filtering and signal reconstructing for irregular time series

- -

Reconstruction of the low-pass signal at all sampling epochs of given time series Earth Tdo, Load Effect and Deform -
ETideLoad4.5
 Estimation of low-pass parameters and Reconstruction of the low-pass signal at Reconstruction of low-pass time sei accorc %{;’ |
linear term of irregular time series all sampling epochs of given time series to given sampling specification " October 2024, Boljing, China
&4 Open the variation time series file to be reconstructed | 55 program Process ** Operation Prompts 4. Save program process as
Set the file parameters >> [Function] According to the entered number of the low-pass parameters (here, the entered number should be no greater than the
Column ordinal number of starting 5 % A maximum number of the estimated low-pass parameters), reconstruct the low-pass variation time series with the sampling epochs
_ MJDO in the header e corresponding to the given time series.
f Column ordinal number of ti = ** 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.

) 1 \
in the recoérd \

>> Open the geodetic variation time series file C:/ETideLoad4.5 win64en/examples/Tmsrslowpfltrconstr/JHYW U.ixt.
. |Number of parameters fOF}/CC'"StTUC“O” 90 \ - ** 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 result time series as C:/ETideLoad4.5_win64en/examples/Tmsrslowpfltrconstr/JHYWreconstr.txt. '
5 When the sampling epoch time is ** Behind the input time series file header, add two attributes including(the constant term and linear term (annual rate of variation, /a) |
f in ETideLoad format, the starting as the output file header. Behind the input time series file record, add 4 attributes including the low-pas$ filtering value, low-pass filtering
MJDO is not necessary. value after removing the constant, low-pass filtering value after removing the constant and linear term, @and linear variation as the output
file record.
>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....

5 ™! Save the result time series as

B |mp0rt Set’[ing parameters % CAamniitatinn etart tima. 2024_1N_1Q NQ-1A4-24
. Display of the input- © The program can separate the constant term, linear term and noise, and|realize the short-time interpolation
H = - - - - - - - - - - -
o SEE e 2 outputfile| and bidirectional prediction of various irregular variation time series.
JHYW 120.0442179 29.16216832 109.8773  57023.500 | 30,4558 -1.1876 |— ‘
2015010112 0.03 0.0 14.49758 -15.9582 -15.9582 0.0000 I
2015010212 2.2 1.0 14.61587 -15.8399 -15.8367 -0.0033
2015010312 €.51 2.0 14.97413 -15.4816 -15.4751 -0.0065
2015010412 9.96 3.0 15.56313 -14.8926 -14.8829 -0.00098
_ _ 2015010512 | 12.85 4.0 16.36779 -14.0880 -14.0750 -0.0130
. Extract time series to be plot Plot| 2015010612 | 12.55 5.0 17.36768 -13.0881 ~13.0718 ~0.0163
]
] 4"] -
l -
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Column ordinal number of starting

Difference operation on irregular variation time series

Weighted operation between
two attributes time series

Set the file parameters

-5 Weighted operation, difference, integral and interpolation on time series

.. Difference operation on irregular

- variation time series

=

- variation time series

Integral operation on irregular

>> Program Process ** Operation Prompts

>> Computation start time: 2024-10-19 09:53:33
>> Complete the computation!

.‘/’- q
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

~Construction of time seriec A\
from another time series -

Chinese Academy of Surveying & mapping
October 2024, Beijing, China

S:f Save program procecs as

MJDO in the header 5 X v >> Computation end time: 2024-10-19 09:53:33
Column ordinal number of time / . >>[Function] Perform difference operation on a given irregular variation time series by calculating the weekly variation rate (namely per
| in the record 1 >~ dt=1/7). The result of the difference calculation is the weekly rate of the variation difference between before and after in variation time
' Column ordinal number of thefime _ . _series, and the epoch time of the difference result is the middle time of the variations before and after.
e [y e o ~ | | >> Open the geodetic variation time series file C:/ETideLoad4.5 win64en/examples/TmsrsAddifferinterp/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]...
I Errsepl. txt 3 >> Save the result time series as C:/ETideLoad4.5_win64en/examples/TmsrsAddifferinterp/diffrst.txt.
1 pEYW 3”120.0442179 29.16216832 109.8773  5023.500 ** The header of the output file comes from the input time series file. The output file record consists of four attributes including the
2 | 2050101121 0.03 0.0 [ -3l.17l6 1 =18.1077 0.0000 sampling epoch time in ETideLoad format, the number of days relative to the first sampling epoch, period of the difference (days), and I
5 | 2015010212 2.2 1.0 -28.9982 -17.9572 -0.0035 L |
4 | 2015010312  6.51 2.0 | -24.6847 | -17.5105 ~0.0070 the variation rate (per week, /wk).
BE2015010412(  9.96 3.0 [ -2l.2312 | -16.7818 -0.0104 >> Setting parameters have been imported into the program!
igiigigiii 1222 32 :iiéif{; :ﬁi;?ii i ** Click the control button [Start computation]. or the tool button [Start computation]....
¢ | 2015010712  25.9 6.0 -5.2808 | -13.1703 ~0.0209 >> Computation start time: 2024-10-19 09:55:19
9 12015010812 34.52 7.0 3.3427 -11.6143 -0.0244 . I
10 |2015010912| 41.16 8. 9.9862 ~9.9554 ~0.0278 >> Complete the computation!
11 |2015011012| 36.64 9. 5.4697 ~8.2409 -0.0313 >> Computation end time: 2024-10-19 09:55:19
12 12015011112 40.85 10. 9.6832 -6.5180 -0.0348
/ t,,' Save the result time series as 3 Import setting parameters @ Start computation
When the sampling epoch time is
in ETideLoad format. the startin JHYW U 120.0442179 29.16216832 109.8773  57023.500 .
el ’ 9 2015010200 0.50000 1.00000 1.0535 [ . — ;
MJDO is not necessary. 2015010300 1.50000 1.00000 3.1269 | )
2015010400 2.50000 1.00000 5.1009 | of 44 I'I ) A i i ,
2015010500 3.50000 1.00000 6.9153 N |\ AU ,' Vool AN
2015010600 4.50000 1.00000 B.5141 | I ||||I AT oV v AN L i
2015010700 5.50000 1.00000 9.8511 | /4y i/l | N R ATV NRTATEN Vol
Extract time series to be plot Plot| 2015010800 6.50000 1.00000 10.8920 | 4 l '| I Col || . VY ) |
P 2015010900 7.50000 1.00000 11.6123 [ ' \n | || ay
20F | I| f v
I||II :
mrcﬁns Lln]mllflﬁ n‘M‘.;Z-’Iﬁ nImI].fI'J‘ ﬂTJ’I'TI?.I'l'T
u — tim seics differencs
116 OTH216 0017
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-5 Weighted operation, difference, integral and interpolation on time series

/%/ A
. . . . . . > -
Integ ral o peratl on on irregu lar variation time series Earth Tide, Load Effect and Deform -
ation Monitoring Computation
ETidelLoad4.5
Weighted operation between . Difference operation on irregular i Integral operation on irregular . Construction of time seriec A\ |
two attributes time series ~ variation time series ~ variation time series from another time series Chlatas Acailmar st ming e

Set the file parameters

Column ordinal number of starting

MJDO in the header 45

October 2024, Beijing, China

' Open the geodetic variations time series file >> Program Process ** Operation Prompts 4.1 Save program process as

** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-19 09:55:19

>> Complete the computation!

3

X

4

_ Column ordinal number of time
in the record

>> Computation end time: 2024-10-19 09:55:19
>> [Function] Perform integral operation on a given irregular variation time series by accumulating the weekly variation (namely dt =7

40

' Column ordinal number of the fime 4\
N

series to be integrated

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

4

MJDO is not necessary.

When the sampling epoch time is
in ETideLoad format, the starting

the weekly rate at the middle epoch time multiplied by the sampling time interval (seven days).
>> QOpen the geodetic variation time series file C:/ETideLoad4.5 win64en/examples/TmsrsAddifferinterp/diffrst.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 result time series as C:/ETideLoad4.5_win64en/examples/TmsrsAddifferinterp/intgrst.txt.
* hind the input time series file record, add a column of the integral sampling values as the output file record.
>> Seft arameters have been imported into the program! !
** Click the cor{rol button [Start computation], or the tool button [Start computation]....
>> Computation starN{me: 2024-10-19 09:56:24

>> Complete the computal
> Computation end time: 2024>

E,, ave the result time series as port setting parameters @ Start computation

JHYW U 0.0442179 29.16216832 109.8773 023.500

2015010200 0.50000 1.00000 1.0535 0.0000 I
2015010300 1.50000 1.00000 3.12¢9 0.6064
2015010400 2.50000 1.00000 5.1009 1.3467
2015010500 3.50000 1.00000 6.9153 2.2454
2015010600 4.50000 1.00000 8.5141 3.3168
2015010700 5.50000 1.00000 9.8511 4.558¢
e R e Plot 2015010800 6.50000 1.00000 10.8920 5.98508
P l 2015010900 7.50000 1.00000 11.6123 7.4602
40 r ; .
].ﬂ L 4 i Ifl / o
: ' :
f ——— cwigin time saries
10 F : ] — ime secies integral
07M0315 01/01/16 070216 01/01/17 027



R — -
'« Normalized extraction f

om batch time s

Q

of geodetic monitoring netw

Normalized extraction from batch time series of geodetic network sites

; _._.p Open any text file to be extracted in the folder

_ Set the wildcard of the batch file names

Ordinal number of first wildcard in file name / 1

>> Program Process ** Operation Prompts

Number of consecutive wildcards in file nam

Set parameters of the site location

4)

Latitude 102

Column ordinal number of the longtitude€) 101

>> QOpe
= DONT_UUT.txt.
b ** Please carefully loo
Height 103 +|| then click the button [Import se

Set the extracting parameters

| Number of rows of the input file header 1

Column ordinal number of the
. sampling time in file record

- Column ordinal number of the mastér\ 5
extracting time series in record

\

R Normalized extraction from batch time
series of geodetic network sites

>> Create or sglect the result file folder T
** The site time series files searched by wildca

Normalized extraction froi
" series of CORS network bas:

e

Earth Tide, Load Effect and Deform -

ation Monitoring Computation

ETidelLoad4.5

....

Chinese Academy of Surveying & mapping

October 2024, Beijing, China

5.1 Save program process as

~ | >> [Function] From the text files of batch geodetic network sites that contain the specified variationtime series data with the same

file format, extract data and generate the corresponding variation time series files in the ETideLoad format, which will be saved '
he specified folder.
text file to be extracted in the folder C:/ETideLoad4.5 win64en/examples/Tmsrsbatchnormalize/stationsqu/

e source file information in the text box below, enter the parameters, select the output files folder, and
arameters] to import these parameters into the program..
|deLoad4 9 W|n64en;’examples,mesrsbatchnormaI|ze!5tat|onrst

= C:/ETideLoad4.5 win64en/examples/Tmsrsbatchnor /stationsquiDONT | UUT.txt
z C:/ETideLoad4.5 win64en/examples/Tmsrsbatchnormalize/statieqsquiFIDQ_JUT.txt
- C:/ETideLoad4.5_wint64en/examples/Tmsrsbatchnormalize/stationsqUiJHYW | UUT.txt
- C:/ETideLoad4.5_win64en/examples/Tmsrsbatchnormalize/stationeond HINH _WILIT txt

= C:/ETideLoad4.5 win64en/examples/Tmsrsbatch
>> Setting parameters have been imported into the

Ratio to be multipied with
''| the master time series

100000&\ \ .

»

Copy parameters for other time series@ E‘Q‘I

. Time format in the input file Long integer in

® O 101 represents the first row and first column, and 202 represents the second row and second column. € 302 indicate
' the 3rd column will be saved into the target file. The program automatically ignores the colymn ordinal number that exceeds the attribute range of the source file record.

ideLoad~~ >~

>> Prepare for normalized extraction of batch time s
** Click the control button [Start extracting], or the | 4
>> Computatign start time: 2024-10-19 10:15:54

Complete tp extract for the 5 site variation time <
utatign end time: 2024-10-19 10:15:54 ?

(=3

B o
7 Set the W save results

60+

l 1

u Hw

”M \

a\w I

'n, J"' ’\ \’L

_—__E__

,‘f M'W \‘ ” Wn f'] MM‘ ‘j 4} [MW' | MI,

"-‘

_; Imp or l
‘ 07!0‘3115 01/(;1/16 07/(;2!16 Ol/Ullll’I ‘ ‘ 071(;2117 .
121.0901 27.5805 85. B& | 57022 57023.50000000
20150101120000.61[-32.369 0.00000000 -37.134 I
20150102120000.0||-3530.479 1.00000000 -28.017 oD
7Q _ = . txt
20150103120000.0( f-23.873 2.00000000 22.391 I DONT 121.0901  27.5005 86.00 [57023.500000 -32.3690]
20150104120000.0]|-20.939 3.00000000 -19.13¢6 2 20150101120000 0.000000 0.0000 ~-37.1340
20150105120000.0(]|-23.1069 400000000 -17.452 3 20150102120000 1.000000 1.8900 -28.0170|
. 4 20150103120000 2.000000 8.4900 -22.3910
20150106120000.0||-24.429 5.00000000 -16.777 © 0150104120000 3000000 11. 4300 19.1360
20150107120000.0)|-16.689 c.00000000 -16.720 &  20150105120000 4.000000 9.2600 -17.4520
20150108120000.0(|-10.189 7.00000000 -17.019 B 201-0106120000 " 5.000000 7-2400) | ~16.7770
20150107120000 6.000000 15.6800 ~16.7200
20150109120000.0)|-11.829 8.00000000 -17.503 5 20150108120000 7.000000 22.1800 I
20150110120000.0|]-10.579 9.00000000 -18.061 10  20150109120000 8.000000 20.5400 -17.5030
2015011 i : —18'626 _: 20:_]_50:_]_:_]__0'1’)(’1000 ' atatalalalal 27 7000 18 n&1N
2015011 The input text file to be extracted _19.150 20l The output site time series file
20150113120000.0|]|-23.759 12.00000000 -19.638 14 20150113120000  12.000000 8.6100 -19.6380
15  20150114120000  13.000000 12.5800 ~20.0510
~120150114120000.0]]1-19.789 13.00000000 —20.051 16  20150115120000 14.000000 6.6600 -20.3920

s that the attributes time series of 2 consechive columns

starting from



: Set the wildcard of the batch file names

' Ordinal number of first wildcard in file name /1 .

v+ Normalized extraction from batch time series of geodetic monitoring netw

Normalized extraction from batch time series of CORS network baselines

_._.p Open any text file to be extracted in the folder

rF s

R Normalized extraction from batch time
series of geodetic network sites

>> Program Process ** Operation Prompts

" series of CORS network baselines

Normalized extraction from batch time

5.1 Save program process as

>> [Function] From batch baseline solution files of the CORS network that contain the specifiedtime series data with the same file

Number of consecutive wildcards in file nam 9 /\ format, extract data and generate the corresponding baseline solution time series files in the ETideLoad format, which will be !

Location parameters of starting point of CORS basline

ved into the specified folder.

: : = ext file to be extracted in the folder C:/ETideLoad4.5 win64en/examples/Tmsrsbatchnormalize/baselinesqu/ 3

Column ordinal number of the longtitude€) 101 - CANN DONT 7> l

' Latitude 102 = Height 103 X [- ** Please carefully loo he source file information in the text box below, enter the parameters, select the output files folder, and
then click tme button [Import setting parameters] to import these parameters into the program...

Set the extracting parameters >> Create ¢r select the result file fol ./ETideLoad4.5_win64en/examples/Tmsrsbatchnormalize/baselinerst.

5 Number of f the inout file head = ** The CQRS baseline time series files se ed by wildcard instantiation;
umber of rows of the input file header 2 B C:/ETidelLoad4.5_win64en/examples/Tmsrsbatchrgrmalize/baselinesqu/CANN_DONT_Z txt

Column ordinal number of the - C:/ETidel.oad4.5_win64en/examples/Tmsrsbatchnormatize/baselinesqu CANN FDIQ Z.txt l :
| sampling time in file record X C:/ETideLoad4.5_winb4en/examples/Tmsrsbatchnormalize/ j : :
' Column ordinal number of the mask\ 12 = C./ETidelLoad4.5 win64en/examples/Tmsrsbatchnormalize/bas| *}

extracting time series in record ~— C:/ETidelLoad4.5 win64en/examples/Tmsrsbatchnormalize/bas| ,,} ‘ i |\ ( : * |
|[Ratio to be muftipied with 000, ODO\ \‘ C:/ETideload4.5_win64en/examples/Tmsrsbatchnormalize/bas / ‘ r | "“ n,”‘ M J W "hf""j!‘lf'f l‘]t”“". M\” I‘ ”‘ | (’ ’,
'| the master time series =z C:/ETidel oad4.5_win64en/examples/Tmsrsbatchnormalize/bas| °f \'t h“ V \' J’ .\ ' l|'w L )“ (" , )
_ o B ———— 1%\1 - C:/ETideLoad4.5 win64en/examples/Tmsrsbatchnormalize/bas| .} ‘

PY P \ - >>~8gtting parameters have been imported into the program!
Time format in the input file  MJD (GPS time) v~ Prepargor nomalized extraction of batch time e,
. The locaiicp | Column ordinal number - : A . =
| Set time parameters about the MJD : ) . 201 = Latitude 202 - Height 204 =
ending poir of the longtitude @
'| @ There is no starting MJDO in the input file
= | g i ol '
Enter the starting epoch time 2015010112 < \ t,, Set Import setting parameters g Start extracting

| [E canvpont. txt B3]

M _DONT

| CANN_DONT | 120.4247 27.5226  -1.00|[121.1503 27.8346 0.00 | 57024.500000
2 UJLoULlust UL, Jugouy UL UuuUy U.Uuey
2015010412 1.000000 1.5000 0.0099
4 2015010512 2.000000 0.0000 0.0103
5 2015010612 3.000000 ~2.6000 0.0102
6 2015010712 4.000000 2.9000 0.0105
2015010812 5.000000 ~0.4000 0.0108
2015010912 6.000000 6.1000 0.0102
2015011012 7.000000 ~0.1000 0.0101
2015011112 8.000000 0.8000 0 .
11 2015011212 9.000000 1.5000 o..Ihe OUtpUt baseline
12 2015011312 | 10.000000 6.5000 0 ) ) )
13 2015011412 | 11.000000 1.0000 0 time series file
2015011512 | 12.000000 ~5.3000 0.0123
01501161 13.000000 1,3000 0.0104 |

ONT

[001] v 34789.2465
002| N 34789.2459
003|N 34789.2457
004|N 34789.2457
005|N 34789.2468
006|N 34789.2456
007|N 34789.2464
008| N 34789.2450
009| N 34789.2463

GPS

[ I e Y e T e T e Y i T e T R

.0024
.0024
.0025
.0024
.0025

== EE
|
'_\
o=
-]
n

. C
N Thelnputtextfneto 0027

N beextracted 0027
.0026 E 71475.7305 4+- 0.0028

-454,3478
-454.,3463
=454 .,3478
-454, 3504
-454,3449
-454,3482
-454,3417
-454,3479
-454.3470

Lo B e

+-| 0.0097| L 79493.8870 +- 0.0024 C
+-| 0.0099| L 79493.8873 +- 0.0025 ¢
+-| 0.0103| L 79493.8863 +- 0.0026 C
+-| 0.0102| L 79493.8852 +- 0.0025 C
+={ 0.0105| L 79493.8882 +- 0.002¢6 C
+-| 0.0108| L 79493.8871 +— 0.0027 C
+-| 0.0102| L 79493.8869 +- 0.0025 C
+-| 0.0101| L 79493.8873 +- 0.0025 C
+-| 0.0107| L 79493.8875 +- 0.0026 C

. © 101 represents the first fow 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 atiribute range of the source file record.



ity Processing and analysis on variation (vector) grid time series

 Statistical analysis on variation (vector) grid time series

Reference epoch transformation
" for grid time series

_5' Open any variation grid time series file

Set the wildcard of the grid file names

' Oridnal Number of the first wildcard in the fi

... Low-pass filtering operation
" on grid time series

.+ Statistical analysis on variation
""" (vector) grid time series

>> Program Process ** Operation Prompts

C:/ETideLoad4.5_ win64en/examples/Tmgridanalysisproc/tmgrid/zwdx
C:/ETideLoad4.5 win64en/examples/Tmgridanalysisproc/tmgrid/zwdx
C./ETideload4.5 win64en/examples/Tmgridanalysisproc/tmgrid/zwdx

Number of consecutive wildcards in file na

(| Process the vector grids time series

Display of the input-output file|

C:/ETideLoad4.5_wint4en rid/zwdx
C:/ETideLoad4.5 win64en/examples/Tmgridanalysisproc/tmgrid/zwdx
C:/ETideLoad4.5 win64en/examples/Tmgridanalysisproc/tmgrid/zwdx
C:/ETideLoad4.5_ win64en/examples/Tmgridanalysisproc/tmgrid/zwdx
C:/ETideLoad4.5 win64en/examples/Tmgridanalysisproc/tmgrid/zwdx

>> 12 grid time series files are found by wildcard instantiation.
>> Setting parameters have been imported into the program!

>> Computation start time: 2024-10-19 11:40:36

>> Complete the statistical analysis for 12 (vector) grid time series!
>> |n the current folder, the program outputs spatial mean, standard deviation, minimum and maximum time series file
gridstatmsqu.txt of the variation (vector) grid time series.

016050
2016053
2016070
2016080
2016083
2016100
2016103
2016120

. + Coordinate form transformation for
""" variation vector grid time series

.dat
.dat
.dat
.dat
.dat
.dat
.dat
.dat

** Click the control button [Start computation], or the tool button [Start computation]....

- -t
Earth Tide, Load Effect and Deform -
ation Monitoring Computation
ETidelLoad4.5

Removal and res _ kmar _
I . Chinese Academy of Surveying & mapping
variations for grid

QOctober 2024, Beijing, China

%7 Save program process as

** The file header: tmgridstatitics, the grid center longitude, latitude, zero value. The record: the sampling epoch time of the

variation (vector) grid time series, the spatial mean, standard deviation, minimum and maximum of the grid at sampling epoch time.
>> The program also outputs the time mean, standard deviation, minimum and maximum (vector) grid files gridtmavr.dat,|

[gridtmstd.dat] gridtminv.dat.|and[gridtmaxv.dat|

>> The overall space-time mean, standard deviation, minimum and maximum values of the variation (vector) grid time series are:

| 0.0247. 0.4276, -1.2081, and 2.8191. |

>> Computation end time: 2024-10-19 11:40:36

E Set the folder to save results

& Import setting parameters

118.500000 121.500000 27.000000 29.000000 1.66666667E-02 1.66666667E-02 2016010100
-1.1056 -0.8686 -0.6926 -0.297¢6 -0.1846 -0.1296 -0.0735 -0.0335 0.0085
-0.6595 -0.6895 -0.74¢66 -0.7675 -0.7965 -0.7716 -0.7076 -0.6686 -0.6346

(M

@ Start computation

0.1504
-0.6236

-0.0236
-0.7196

@ The variation (vector) grid 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.



[ & | oad deformation field approach and monitoring from heterogeneous variations

Spherical harmonic analysis on
global surface load time series

Computation of the load model value
by spherical harmonic synthesis

Load deformation field monitoring
from heterogeneous variations with
Green'’s integral constraints

Load deformation field approach and
monitoring from heterogeneous variations

@® The non-tidal load variations of atmosphere, sea level, soil water,
groundwater, lakes and glaciers in the Earth's surface layer lead to
geopotential variation, while can excite solid Earth deformation and then
cause all-element geodetic variations with time, while these variations can
also be captured by various geodetic technologies.

~- Functional architecture of the subsystem

m} gl

« xte O
‘"I.-._-'
.-'\-.-.- o

hwm:utr}ds
Computation of load deformation field Regional refinement of load
by spherical harmonic synthesis deformation field by Green's Integral

Load deformation field monitoring
from heterogeneous variations using
spherical radial basis functions

Geodynamic calculation on geodetic
field grid time series

Spherical analysis on tide constants
and construction of tidal load model

Regional approach of load
deformation field using SRBFs

Complete computation processes

-ﬁ’_ of high-resolution regional load
deformation field time series

~— Collaborative monitoring process
of groundwater variations
and load deformation field

Surface load and load deformation field
monitoring computation processes




Construction of global surface Construction tidal harmonic

data grid in spherical coordinates contant grid in spherical
coordinates

Spherical harmonic analysis on

global  surface  atmosphere Spherical harmonic analy- / A Spherical analysis on tidal /| Spherical harmonic analysis
variations sis on global surface load| harmonic constants and con- [— on surface atmosphere tidal
Spherical harmonic analysis on time series struction of tidal load model harmonic constants
global land water variations : : 2
Spherical harmonic analysis
Spherical harmonic analysis on on ocean tidal constituent
global sea level variations harmonic constants
Computation of model Computation of various
value of surface load equi- load effects using spherical
valent water height harmonic synthesis

Computation of the
load model value
using spherical har-
monic synthesis

Computation of load ] _
deformation  field / Computation of ~various

load effects of Earth satellite

using spherical har-\ 0 i ide solid Earth
monic synthesis

Computation of model
values of tidal constituent
harmonic constants

Computation of model
value time series of load
equivalent water height

Computation of load effect
time series using spherical
hamonic synthesis

Computation of regional
residual surface load
effects by Green's Integral

Load deformation field
estimation from hete-
rogeneous variations
Load deformation field / with Green’s integral
monitoring from hete- / constraints
rogeneous variations
with Green’s integral \ Time-varying gravity
constraints field monitoring from
heterogeneous vari-
ations by Green’s
integral constraints

Computation of lakes, Regional refinement of
glaciers and snow load — load deformation field
effects by Green's Integral by Green's Integral

Computation of regional
load effect time series by
Green's Integral

Approach of residual load

and synthesis of residual

load effects using SRBFs Regional approach
of load deformation

Computation of residual field using SRBFs

surface load and load effect

time series using SRBFs

Time difference operation on
variation (vector) grid time series

2.5\ Geodynamic calculation
a3y |on geodetic field grid
: time series

Horizontal gradient calculation on
batch variation grids

Load deformation field Inner product operation on two
approach from heterogeneous groups of vector grid time series
variations using spherical radial\, Load  deformation field

basis functions monitoring from heterogene- Complete computation processes of high-resolution

ous variations using spherical regional load deformation field time series

Time-varying  gravity  field /' radial basis functions
monitoring from heterogeneous

variation time series using SRBFs

Heterogeneous collaborative monitoring process of
groundwater variations and load deformation field




2 Spherical harmonic analysis on global surface load time series 2

=

<

Construction of global surface data grid in spherical coordinates o Msattiring Compatytion
I ! I I ETideLoad4.5

Lt

£

4 Construction of global surface data a Spherical harmonic analysis on global — Spherical harmonic analysis on Spherical harmONIC 21 s scotenyor surveying & mapping
e e e 5 e - = c - = o D October 2024, Beijing, China
# grid in spherical coordinates surface atmosphere variations global land water variations global sea level variauc o

& Open any global surface discrete point data file %1 Save program process as = Surface load spherical harmonic analysis and load effect synthesis

Set the wildcards of the file names >> [Purpose] From the global grid model of the surface loads such as land/sea surface atmosphere, land water and
Ordinal number of first wildcard in the file nam(\ sea level variation, construct a normalized surface load spherical harmonic coefficient model by spherical harmonic
: : i analysis. Using the model, the non-tidal load effects on various geodetic variations outside the solid Earth can be
| Number of consecutive wildcards in file name \9/}\ com?:i)uted by t%e spherical harmonic synthesis. 9
The discrete point file format =2 Select the computation function from the 4 control buttons on the top of the interface...
>> [ stion] From the global land/sea surface discrete point value data, according to the simple average method
and given spatialresolution, construct the spherical coordinate grid model. When there is no valid discrete point
data in the cell-grid area,_the value at the cell-grid is set to zero.
_ ) >> Open any global surfacethsgrete point data file C:/ETideLoad4.5_win64en/examples/Loadspharmonanalys/
Target grid resolb\tlon 300 ~ | | gridate/landwater.txt. I
** The window below only shows no more~tkan 3000 rows of data in the file!
>> Create or select the result file folder C:/ETideL0ad4.5 win64en/examples/Loadspharmonanalys/gridate.
** The discrete point value files searched by wildcard inStanfiation:
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/gridate/jlandwater. txt
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/gridate/sealvichg|txt
>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-19 22:44:37

>> Computation end time: 2024-10-19 22:45:01

4 »

4

1

Number of rows of the file header 1 ;

4

Column ordinal number of target ath\ibute in record 4

b

f'::,' Set the results folder g Import setting parameters @ Start computation

||_0.00000000 360.00000000 -90.00000000 _90.00000000 0.250000 0.250000 2018011512 |

1 0.1250000 -89.8750000 0.000 I
2 0.3750000 -89.8750000 0.000

3 0.6250000 -85.8750000 0.000 Local Disk (C:) » ETideLoad4.5 winb4en » examples » Loadspharmonanalys » gridrst

4 0.8750000 -89.,.8750000 0.000 -

5 1.1250000 -89,.8750000 0.000 ] A _ -

6 1.3750000 -89.8750000 0.000 = {ZRHEA ost A

7 1.6250000 -89.,8750000 0.000

g 1.8750000 -89.8750000 0.000 sphlandwater.dat 2022/12/26 12:54 DAT 34 2,557 KB
2 2.1250000 -89.8750000 0.000 sphsealvichg.dat 2022/12/26 12:55 DAT 344 2,557 KB
10 2.3750000 -89.8750000 0.000

11 2.6250000 -89.8750000 0.000

12 2.8750000 -89.8750000 0.000

© The degree number n of spherical harmonic coefficient model is equal to the number of global surface load cell-grids in the latitude direction. For example, the 0.25° x 0.25° global
surface load grid corresponds to n=720.



_.fS}.h~ ical harmonic analysis on global surface load time series

Spherical harmonic analysis on global surface atmosphere variations

= Construction of global surface data
# grid in spherical coordinates

Spherical harmonic analysis on global .
surface atmosphere variations

&

_j Open any surface atmosphere spherical coordinate grid file 5.} Save program process as

- Spherical harmonic analysis on
" global land water variations

Spherical harmonic
global sea level variauc

&

-

o -«
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

s \
L
Chinese Academy.of Surveying & mapping
October 2024, Beijing, China

= Surface load spherical harmonic analysis and load effect synthesis

Set the wildcards of the file names C:/ETideLoad4.5_win6é4en/examples/Loadspharmonanalys/atmos60m/grdchg020112512| dat

Ordinal number of first wildcard in the file namé 7 = C: fETldeLoad4 S wm64enfexampIes.’LoadspharmonanaIysfatmosGOmfgrdchg2020120212.dat

_ _ _ = G+ tmos60m/grdchg020120912.dat

Number of consecutive wildcards in file name \ 10 - C:/ETideLoad4.5_ _win64en/examples/Loadspharmonanalys/atmos60m/grdchg020121612.dat

e T e ey e P e T e — C:/ETideLoad4.5_win64en/examples/Loadspharmonanalys/atmos60m/grdchgl0201223124.dat

C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/atmos60m/grdchg020123012.dat

. . = >> Setting parameters have been imported into 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 decrease (b) 1.0 % : >> Computation start time: 2024-10-19 22:47:06

>> Complete the spherical harmonic analysis for 157 surface atmosphere variation grig
** The program outputs the surface atmosphere load spherical harmonic coefficient np
iteration process statistics files| pro***.ini gnd residual atmosphere grid files mt***.dat. }

wildcards.
The surface harmonic functions in the spherical ** The file header of thejairpress™cs.dat
harmonic coefficient model are defined on the a(m

spherical surface whose radius is equal to the
equatorial radius a of the Earth.

>> Computation end time: 2024-10-19 23:05:53

the geocentric gravitational constant GM
) of the Earth, zero-degree term aAC. (hPa) and relative error @ (%). Where O is the

deviation of the last step iteration as a percentage of the standard deviation of the original
are also known as the scale parameter of the spherical harmonic coefficient model in which the surta eharmonlc
functions are defined on the spherical surface whose radius is equal to the equatorial radius of the Earth. I

| Set the results folder

& Import setting parameters

@ Start computation

i 2018010312cs. dat
0.000000 360.000000 -90.000000 90.000000 [1.00000000 2018010312 . 00| 2irPress slxl] S
7.0242 7.0360 7.0490 7.0621 7.0751 7.1017 L1 3.0080004418 ©378137.00 O |
BSOS AE ] I £x02018010312. ini Y 21 7.2770 7.3093 S GM(x 10Mm 3/sz) a(m§ 37_ero degreg terrm (hPa/mbar) relatlve erro(%\;
1 0 0.7495 6.4294 —26.2276 24.8602 166 7.6052 7.6643 j
5 1 0.0001 1.0126 ~4.5367 1.0258 : . -6 4 2 0 |7.8613630135597577E-10
3 2 0.0000 0.2271 ~3.2268 2.2565 281 bbb _ &-10446 5 2 1 |1.7411917335316819E-09
3 0.0000 0.1235 -2.1964 1.7883 60 180-degree spherical harmonic 6 2 2 +9.7232154858684680E-10
5 4 0.0000 0.0982 -1.5286 1.3247 L .. N 5 708626FE-09
¢ 5 0.0000 0.0869 _1.3249 11328 25 coefficient model D ! the scale parameter _ _
e omee ol Ghes  adm e EIUEE7mEEogmee | £ 7 1 sremomeasleins
b 0.0000 0.0765 -1.2514 1.1263 = L. -
- 8 8. - ) g )
8 0.0000 0.0738 -1.2512 1.1252 06 -3015 6.3025 D 3034 10 3 3 1.0241012445219900E-09
B 0- 0000 0.0720  -1.2512 L1248 31 8.3024 §.3030 8.3041 11 4 0 1.7710699105592897E-09
- : . - . 113 8.3489 8.3565 8.3635 12 1 - 17 15F—"
12 11 0.0000 0.06%96 —1.25.].7 1.1234 o _f 4 1 7'4645748Oll_6286l5E 10
number of iterations, mean ’SD, mim?num, mameUn e —] 4 3 1.4524769188989309E-09
| | 15 4 4 5.7974053889694342E-10

1.061

-|_-||

0.0000000000000000E+OO
6.3115303687721207E-10
71.9180695456711246E-10
0.0000000000000000E+00
7.9652739354309352E-10
-1.3123244146487042E-09
-1.3600733390246473E-10
0.0000000000000000E+00
-3.5148375300150040E-10
9.4854855513647826E-10
7.6354360426909201E-10
8.4635300136399749E-11

© The degree number n of spherical harmonic coefficient model is equal to the number of global surface load cell-grids in the latitude direction. For example, the 0.25° x 0.25° global

surface load grid corresponds to n=720.



2 Spherical harmonic analysis on global surface load time series

Spherical harmonic analysis on global land water variations

4 Construction of global surface data

a Spherical harmonic analysis on global -
# grid in spherical coordinates

surface atmosphere variations

- Spherical harmonic analysis on
" global land water variations

‘U Open any land water spherical coordinate grid file % Save program process as

Set the wildcards of the file names

b

Ordinal number of first wildcard in the file namg 7

4

,‘/’- q
Earth Tide, Load Effect and Deform -
ation Monitoring Computation
ETideLoad4.5

A

L

Spherical harmONIC 21 s scotenyor surveying & mapping
D October 2024, Beijing, China
global sea level variauc

= Surface load spherical harmonic analysis and load effect synthesis

C:/ETideLoad4.5_ win64en/examples/Loadspharmonanalys/landw60m/grdchg
C:/ETideLoad4.5_ win64en/examples/Loadspharmonanalys/landw60m/grdchg
C+ETideloadd. 5 win6den/examples/| oadspharmonanalys/landw60m/grdchg

3

Number of consecutive wildcards in file name \ 10

4

C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/landw60m/grdchg

2020081912 dat
2020082612 dat
2020090212 dat
2020090912 dat
2020091612 dat
2020092312 dat

Set termination condition of the iteration — C:/ETideLoad4.5_win64en/examples/Loadspharmonanalys/landw60m/grdchg
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/landw60m/grdchg
. . = >> Setting parameters have been imported into the program!
NESRE S Ele e GBI U UTEEL (E), 1.0 %o - ** Click the control button [Start computation], or the tool button [Start computation]....
Termination condition of residual decrease (b) 1.0 % = >> Computation start time: 2024-10-19 23:12:37

>> Complete the spherical harmonic analysis for 143 land water variation grids!

ﬂ, Open the land-sea terrain spherical coordinate grid file
wildcards.

**The file header of the|lIndwater***cs.dat

The surface harmonic functions in the spherical
harmonic coefficient model are defined on the
spherical surface whose radius is equal to the
equatorial radius a of the Earth.

** The program outputs the land water load spherical harmonic coefficient mode!
process statistics files|pro***.iniland residual land water variation grid files rnt**"

the geocentric gravitational cons
a(m) of the Earth, zero-degree term aACo (cm) and relative error © (%). Whe
deviation of the last step iteration as a percentage of the standard deviation of th
are also known as the scale parameter of the spherical harmonic coefficient model

functions are defined on the spherical surface whose radius is equal to the equatorlal radlus of the Earth
>> Computation end time: 2024-10-19 23:34:25

aration
i liven

| Set the results folder

= 1ndwater2018010312cs. dat E3 2 . 500000000E-01

1 |_3.986004418 6378137.00| 0.3233 6.980 D000 2774 .0000 2774.0000

j GM(11014 O%%;f%”ﬁi;ﬁ;@iﬁy O( 2)010?0300222?2/3”0 D000  2774.0000 2774.0000
% s 'm)-zer m e elative -11

4 5.%64671051750606376-10 0.00000000000000008+00 PO0O0  2774.0000  2774.0000

5 2 1 4.5844404050751017E-11 2.0240200564244726E-11 D000 2774.0000 2774.0000

2 2 18.1098570416071924E-11 1.5085062944512367E-10 DOOO 2764 .0000 2764 .0000

3 2  2.5093285450561679E-11 2.58586372365626125-10 PO00 2794.0000 2794.0000

10 3 3 1.5662015629820256E-12 3.1453510330532493E-10 P00O 2794.0000 2794.0000

11 4 0 -2.1426804285782660E-11 0.0000000000000000E4+00 DOOO 2794.0000 2794.0000

12 4 1 3.9997109881976516E-10 3.8079722829269770E-10 D000 2794 .0000 2764 _.0000

13 4 2 7.2734785934906625E-11 3.7420446091482942E-10

14 4 3 3.0098589960811890E-11 7.6495297040055588E-11 P00 2794.0000 2794.0000

15 4 4 -1.7097207839997709E-10 2.1562251557914367E-10

2.500000000E-01
2774.
2774.
2774,
2774,
2794,
2794,
2794,
2794,
2794,
2794,
2794,

FIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

g Import setting parameters

@ Start computation

B 1ndwater2018010312cs. dat

2774
2774
2774
2774
2794
2794
2794
2794
2794
2794
2794

= - U B

I
1 s L [

(==

1.3801
.1031
.0417
.0260
.0209
.0188
.0176
.0169
.0164
.0161l
.0158
.0157
.0156
1.0156

[ e M &0 BT~ PV S I e
(e es B ee i on [} oo I« B e B o B e [ o (Y e Y o T oS

_.O
=

umber of ‘teraflons, méah SD mmrmufm

| = pro2018010312. ini E34

3.9806 -18.6738 16.7511
0.9422 -5.7645 7.8790
0.4895 -4.7948 6.8285
0.3601 -4.3988 6.3837
0.3156 -4.4585 6.2287
0.2980 -4.5210 5.9999
0.2900 -4.5657 5.7698
0.2857 -4.5930 5.5886
0.2832 -4.6083 5.5846
0.2816 -4.6163 5.5847
0.2805 -4.6202 5.5857
0.2797 -4.6221 5.5866
0.2791 -4.6229 5.5872
N.2786 -4_68233 5.E5875
maximun '

4,623 u 5.5877

© The degree number n of spherical harmonic coefficient model is equal to the number of global surface load cell-grids in the latitude direction. For example, the 0.25° x 0.25° global

surface load grid corresponds to n=720.



2 Spherical harmonic analysis on global surface load time series

Spherical harmonic analysis on global sea level variations

4 Construction of global surface data
“# grid in spherical coordinates

&

_ﬂ Open any sea level variation spherical coordinate grid file

Set the wildcards of the file names

Ordinal number of first wildcard in the file namg 7

Spherical harmonic analysis on global .
surface atmosphere variations

4 »

%1 Save program process as

C:/ETideLoad4.5_ win64en/examples/Loadspharmonanalys/seal60m/grdchgl020112512
C:/ETideLoad4.5_ win64en/examples/Loadspharmonanalys/seal60m/grdchg020120212

3

Number of consecutive wildcards in file name \ 10 =
Set termination condition of the iteration v
Residual standard deviation threshold (a) 1.0 %o =
Termination condition of residual decrease (b) 1.0 % =

ﬂ, Open the land-sea terrain spherical coordinate grid file

- Spherical harmonic analysis on
" global land water variations

Spherical harmonic analysis on
global sea level variations

dat
dat

G+EHdeloadd. 5 win6den/examples/| ogdspharmonanalys/seal60m/grdchgp020120912|dat

C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/seal60m/grdchgl020121612|dat
C:/ETideLoad4.5_win64en/examples/Loadspharmonanalys/seal60m/grdchgp020122312|dat
C:/ETideLoad4.5_ win64en/examples/Loadspharmonanalys/seal60m/grdchgp020122912|dat

>> Setting parameters have been imported into the program!

** Click the control button [Start computation], or the tool button [Start computation]....

>> Computation start time: 2024-10-19 23:36:37

>> Complete the spherical harmonic analysis for 157 sea level variation grids!

** The program outputs the sea Ievel variation load spherical harmonic coefficient model files seachgr***cs.dat,
iteration process statistics files [pro***.ini land residual sea level variation grid files rt***.dat. *** is the instance of the

given wildcards.

** The file header of the [seachg***cs.dat{ the geocentric gravitational constant GM (x10'“m3/s?), equatoriaradius

= Surface load spherical harmonic analysis and load effect synthesis

: : : : a(m) of the Earth, zero-degree term aACo (cm) and relative error © (%). Where O is the residual standard
The surface har_m_onlc functions in the spherical deviation of the last step iteration as a percentage of the stg <= === _ ==, ":“;‘t
. g — S LY oo Nemrey ,...,{&: &W
haerr"C coefficient model e _deflned on the are also known as the scale parameter of the spherical harr « ,m,cgq?} 2 P> ;*’};g_ Y W ag;
spherical surface whose radius is equal to the functions are defined on the spherical surface whose radiusmw T - éﬁf/l \( ) vrﬁji 2
equatorial radius a of the Earth. >> Computation end time: 2024-10-20 00:11:21 ™ ;{’\ > jicaas \\ (\’ .
: L A e > D Gt .4 -
‘ \\L;/./ \ { . 'g;\’} 2 "\lcr %.\\— 2_.\
ik = : > 3 W o d >
|‘:uI Set the results folder * Import setting parame xl\ ¢ { "‘\‘IW“-'-..;?' { ”‘;.
{4 ‘//’ o g \\'I‘ b/
= . 2.500000000E-01 2.500000000E-01 s LW € | &
= sealevel2018010312cs. dat E4 . . R e S T i s el Lff&:»- 5
1 |3.986004418 63?813?.00' 0.1482 12.259 OOD 27?4.0000 2?740000 2??40000 2'_3" L g & f.?’- S Cwaxg = " -
2 1 0 47.1099714241030070E-10 O. 0000000000000000E+00 POOO  2774.0000  2774.0000  2774.0000 27 et Z=
3 GM(x 101m3 /s%)" agm)Zero degreeterm (cm_)_ rélative effo@y)y~ 10 D000  2774.0000  2774.0000  2774.0000 27 TFe=rwoo R S———
| 0 6751789679450448E-10 .0uo000000000000LE+DOO 0000 2774.0000 2774.0000 2774.0000 27718 sealevel2018010312¢cs. dat k4 = pro2018010312. ini 4
5 2 1 |1.0298691240132240E-10 -4.8354027549818012E-10 1 0 0.2248 6.0022 —72 G315 62.0915
2 2 L.4627313483801362E—10 ~1.03766611247005428-09 PY00  2724.0000  2794.0000  2794.0000 2784 1 0.0437 3.0110  -41.6793 39,1393
7 tHe scale Baramater “JL09673E-10  0.0000000000000000E+00 0000 2794.0000  2794.0000  2794.0000 2794 5 2 0.0098 2.0946  -29.0016 34.5860
3 P B058446E-09 -3.6443245955988522E-10 DOO0OO 2794.0000 2794.0000 2794.0000 2794 4 3 0.0047 1.6552 —21.2292 31.1485
3 2 4.0530961810871272E-10 9.1666926888445966E-11 Nhooo  2794.0000  2794.0000 2794.0000 2794 ° 4 0.0040 1.3967  -15.6018 28.7731
> 3 -1.11971907422859478-10 -4.88119067022595298-10 540 5794 0000  2794.0000 2794.0000 2794 7 : 0.0028 111125 16.6267  25.8610
11 4 0 -8.4235286957811616E-11 0.0000000000000000E+00 : me on ] - . 0 0092 Lozee 17 1see S4 seor
12 4 1 -5.1282309415176720E-11 2.53071775299373408-10 000 ~ 2794.0000  2794.0000  2794.0000 279 6 5 0017 5 oete 17 4713 o4 0e3a
13 4 2 -3.4627064648576430E-10 7.1811239570472555E-10 P00O 2794.0000 2794.0000 2794.0000 2794 1, 9 0.0013 0.9180 _17.5730 23.4037
14 4 3 -1.5836119076575140E-10 -1.4013498597540113E-10
_ VR _ _ e — |
15 4 4 2.0672494020177201E-10 2.3876308632158088E-10 | | 1 number of ltgta{tjons rheqn Sb mlmmum rp;a)_(glﬁun

© The degree number n of spherical harmonic coefficient model is equal to the number of global surface load cell-grids in the latitude direction. For example, the 0.25° x 0.25° global

surface load grid corresponds to n=720.
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The surface atmosphere load effect time series (mm) on Earth's mass centric variations

The atmospheric load effect on the figure polar shift is the largest, and the
difference between the maximum and minimum values is more than 15m.

/|

CAxgpm) Aygpm LN Monthidaywyear

e L TLL S
The surface atmosphere variation load effect time series (m) on Earth’s figure polar shift in ITRS




AXcm(mm) AY e (Mm) AZ e, (Mim)

Mont;h/d aylyear

0702/ 18 01401119 073/ 19

0140120

07/02/20

The global land water variation load effect time series (mm) on Earth's mass centric variations

The land water load effect on the figure polar shift can reach 1.2m.

0.4

{}‘1 SN I

04}

0.6

0.8

Axsfp(m) Aysfp(m)

Montléqlday/y af

1 ] I 1 ] 1 ]
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The global land water variation load effect time series (m) on Earth’s figure polar shift in ITRS
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Axem(mm) Ay ep(mm) Az, (Mmm) Month/day/year

07/02/18 01/01/19 070319 01701720 070220
The global sea level variation load effect time series (mm) on Earth's mass centric variations

The difference between the maximum and minimum values of the sea
level variation load effects on the figure polar shift is more than 4m.

. | | | | i | Axsfp(lm) IAYSpr(n?) | | . . | | i |
OTA2A18 01/01/19 07/03/19 01071720 0702720
The global sea level variation load effect time series (m) on Earth’s figure polar shift in ITRS

Month/day/year




. ¢ Spherical analysis on tidal parameters and construction of tidal load mode

/%/ ~L
Construction tidal harmonic constant grid in spherical coordinates ot Bt el s

ation Monitoring Computation

ETidelLoad4.5

- Construction tidal harmonic constant - Spherical harmonic analysis on surface = Spherical harmonic analysis on ocean -~ : £,
L : ) : : Lol : . vesd  AlQOrithm fOri) | @hinese academy of Surveying & mapping
grid in spherical coordinates atmosphere tidal harmonic constants tidal constituent harmonic constants October 2024, Beijing, China
_5 Open any discrete tidal constituent harmonic constant file >> Program Process ** Operation Prompts %:I Save program process as
Set the wildcard of the file names hPa or mbar, and the unit of the ocean tidal harmonic constants and the load spherical harmonic coefficients are cm.

~ >> Select the computation function from the 3 control buttons on the top of the interface...
>> [Function] From the surface atmosphere tidal constituent harmonic constant (in unit of hPa or mbar) spherical coordinate
- Number of consecutive wildcards in file name\ 3 /\C grid, construct the surface atmosphere tidal load spherical harmonic coefficient model (in unit of hPa or mbar) in FES2004

. Ordinal number of the first wildcard in the filefame 1

: e rmat by the normalized spherical harmonic analysis.
Number of rows of the file header 1 wequires at least one row of file header in the tidal constituent harmonic constant file, and there are the name
" Column ordinal number of the component 1 of 4 . and Doodso stant of the tidal constituent in the file header.
IS harmonic parameters inthe recond T |>>0Open any dischent harmonic constant file C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/
' Column ordinal number of the component 2 of | - Lsphgridate/S1_airp.ixt. _
harmonic parameters in the record ) L = ** The window below only shows ngqre than 3000 rows of data in the file!
: : : , \ . >> Create or select the result file folder C:/ETidel_.oad4.5_win64en/examples/Loadtidespharmsynth/sphgridate.

e 30.0 = ** The discrete tidal constituent harmonic constant Tites searched by wildcard instantiation:
' | The form of harmonic parameters amplitude, & rguk\ent v C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynt irp.txt
' Column ordinal number of the tide constituent \ ‘ C:/ETideLoad4.5 winb64en/examples/Loadtidespharmsynth/sphgritsa irp.txt

. : 1 - C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/sphgridatejSa_pirp.txt
' name in the file header

- Column ordinal number of the Doodson \
. constant in the file header

1)

>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-20 07:52:19

>> Complete the spherical coordinate griding for 4 discrete tidal constituent harmonic constant files!

** The program outputs the spherical coordinate grid files sph***.dat of the tidal constituent harmonic constants into the
output folder. *** is the tidal constituent's name.
>> Computation end time: 2024-10-20 07:53:13

E} Set the results folder & Import setting pajameters @ Start computation
s1][164556| Hcosg Hsing in hpa examples » Loadtidespharmsynth > gridrst v B X

1 0.000000 -90.000000 0.05396 0.16694 N
2 0.250000 -90.000000 0.05396 0.16694 1 &% M O ER
3 0.500000 -90.000000 0.05396 0.16694
4 0.750000 -90.000000 0.05396 0.16694 :
5 1.000000 -90.000000 0.05396 0.16694 .| sph5T_dat 2022/1/11 10:30
6 1.250000 -90.000000 0.05396 0.16694 | sphS2 .dat 2022/1/11 10:31
7 1.500000 -90.000000 0.05396 0.16694 -
8 1.750000 -90.000000 0.05396 0.16694 .| sphSa_.dat 2022/1/11 10:31
9 2.000000 -90.000000 0.05396 0.16694 " sphSsa.dat 2022/1/11 10:31
10 2.250000 -90.000000 0.05396 0.16694
11 2.500000 -90.000000 0.05396 0.16694

_ @ The unit of the tidal constituent harmonic constants is the same as the unit of the tidal load spherical harmonic coefficients. The unit of the surface atmosphere tidal harmonic constants and the
- atmosphere tidal load spherical harmonic coefficients are hPa or mbar, and the unit of the ocean tidal harmonic constants and the load spherical harmonic coefficients are cm.
@ The Doodson constant (integer, e.g. M: tidal Doodson constant is employed to identify the tidal type and frequency, thus which should be correct.
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.8 Spherical analysis on tidal parameters and construction of tidal load mode /

o -
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

Spherical harmonic analysis on surface atmosphere tidal harmonic constants

~ \
&),
Chinese Academy of Surveying & mapping
October 2024, Beijing, China

Construction tidal harmonic constant
grid in spherical coordinates

@ Spherical harmonic analysis on surface
atmosphere tidal harmonic constants

Spherical harmonic analysis on ocean

% Algorithm for
tidal constituent harmonic constants e AQ i

_.._i; Open any tidal constituent harmonic constant grid file >> Program Process ** Operation Prompts 4.1 Save program process as

Set the wildcard of the file names ** The program outputs the spherical coordinate grid files sph***.dat of the tidal constituent harmonic constants into the output

Ordinal number of the first wildcard in the filefhame 4 = ];Didggmpl_:tsa?fntfﬁé zﬁstltz%zrlti S_azrg%?_ 5313
>> [Function] From the surface atmosphere tidal constituent harmonic constant (in unit of O & ~
ruct the surface atmosphere tidal load spherical harmonic coefficient model (in unit ¢
the normatized spherical harmonic analysis.
>> Open any tiWarmonic constant grid file C:/ETideLoad4.5_win64en/exan
sphS1_.dat.

** The window below only shows
>> Create or select the result file folder

oharmsynth > airptidecs v

Number of consecutive wildcards in file name\ 3 O

Column ordinal number of the tide constituent — =
name in the file header X

Column ordinal humber of the Doodson 7
constant in the file header

Set termination condition of the iteration \ \
Residual standard deviation threshold (a) 1_0\9@0 \

|| airptideS1 cs.dat
|| airptideS2_cs.dat
| | airptideSa cs.dat
| | airptideSsacs.dat
| | Airtdloadcs.dat

2022/1/11 10:40
2022/1/1110:44
2022/1/11 10:47
2022/1/1110:49
2022/1/11 10:49

P

ore than 3000 rows of data in the file!
TEH eLoad4 5 W|n64en!examplestoadtldespr

»
*
*

-
-
| @
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e
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Q
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D
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-y
o
=
3
o
3
o
Q
o}
-
7
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0
-
=
Q
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o
—

4

o N _ - C:/ETideLoad4.5_win64en/examples/Loadtidespharms dat | proS1 _ini 2022/1/11 10:40

Termination condition of residual decrease (b) 1\(] o \ - C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/gri S2_|dat 5] pros2_ini 2022/1/11 10:44

C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/gridrst/sphSa_|dat ] proSa ini 2022/1/11 10:47
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/gridrst/sphSsajdat o '

2022/1/11 10:49
/1/11 10:40
022/1/11 10:44

Spherical harmonic analysis on surface atmosphere tidal harmonic, constants and
construction of global atmosphere tidal load spherical harmonic coefficient model.

** The program outputs the surface atmosphere tidal load spherical harmonic coefficient model file Airtdloadcs.dat, all the tidal

constituent|spherical harmonic coefficient model files airptide***cs.dat]—i(em-t-iea—pfeeeee-s%atstics files pro***.ini and residual
armonic constant grid files rnt***.dat into the output folder, *** is the tidal constituent's namg.

>% Computation end time: 2024-10-20 08:11:22

Degree 360 spherical harmonic
coefficient model

= B orosi . ini B [ airptideSl_cs. datrli|
| Set the results folder - Impc 1 | in—phase amplitude spherical harmonic coefficients model
2 [ 3. 986004418 6378137.00 | 0.1756  2.893

0.0 360.0 —90.0——&&—6——10 50000000 0.50000000 |164556(|s1 2 0 13.2737818185410342E-09 0.0000000000000000%+00
0.06 0.0 0.06 0.06 0.06 0.06 0.06 0.06 0.06 L GM(l(ll4 3/32)7613(@119)2%0?@8@4960@{‘@9 (W&/mbfaT)ll@JatlﬁlﬂlemFO@%)

0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 5 2 0 H42.75873456011526482E-09 0.0000000000000000E+00C

0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 6 2 1 13.7664414786858797E 09 -1.5679278417046221FE-08

0. 06 0. 06 0.06 0.06 0.06 0.06 0.06 0. 06 0. 06 7 2 2 45.6259795454790081E-10 -8.0822938426465110E-09

8 007028E-09 0.0000000000000000E+00

pm o g em o poneoe 00 | [ scale parameier Bisscichoy 5. sessssiricrecsinin

0 oe 0 o6 0 0e 0 oe 0 oe 0 o6 0 oe 0 oe 0 oe 10 3 2 9.8749805288913024E-09 4.2697746192343320E-09

11 3 3 -7.9484869809999550E-09 4.2160451922288746E-09

0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 12 4 0 6.1325368377539217E-09 0.0000000000000000E+00

0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.0 13 4 1 3.2845793001559087E-09 8.5456114914643217E-10

0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 14 4 2 5.3621764434892774E-09 7.2233754311287918E-09

15 4 3 1.2484120370871218E-08 1.8764089211095401E-08

16 4 4 3.3403899087229966E-09 -3.1081614168687751E-09

@ The unit of the tidal constituent harmonic constants is the same as the unit of the tidal load spherical harmoni 17 5 0 1.6767502798578674E-09 0.0000000000000000E+00

atmosphere tidal load spherical harmonic coefficients are hPa or mbar, and the unit of the ocean tidal harmonic cons] 18 5 1 -2.3752174015164590E-09  ©.3407664854698723E-09

_ _ _ _ _ _ 19 5 2 -5.0350543830721095E-09 -5.7620363858752100E-12

@ The Doodson constant (integer, e.g. M: tidal Doodson constant is employed to identify the tidal type and frequend| - 5 3 5.1976501472008727E-09 1.1153184597367160E-08




B airptideSl es. dat £4| B proSi . ini £ = Airtdloades. dat E3

x

1 Surface atmospheric tidal load normalized spherical harmonic coefficient model in hPa or mbar. Earth Tites Lona Pt s fiodorin -

2 Created by ETideLoad, ZHANG Chuanyin, Chinese Academy of Surveying and Mapping. ETideLoad4.5

3  Doodson name n m Csin+ Ccos+ Csin- Ccos- C+ eps+ C s

- 164.556 S1 1 0 -0.01044593 0.00562824 -0.01044593 0.00562824 0.011866 298.3157 0.01186¢ mwmxmﬁ&ﬁmmmm

5 164.556 sl 1 1 -0.02016686 -0.30983778  -0.02700702 0.03082551  0.310493 183.7240  0.040983 ol =T

© 164.556 S1 2 0 -0.00880807 0.02708492 -0.00880807 0.02708492 0.028481 341.9854 0.028481 341.9854

7 164.556 S1 2 1 -0.00267857 -0.06099820 -0.02133360 0.03899757 0.061057 182.5144 0.044451 331.3192

8 164.556 S1 2 2 0.04746516 -0.07024418 -0.05104501 -0.01871795 0.084777 145.9525 0.054369 249.8623

9 164.556 Sl 3 0 0.0242442¢6 0.01222005 0.0242442¢6 0.01222005 0.027150 63.2501 0.027150 63.2501
10 164.556 Sl 3 1 -0.00065416 0.08663644 0.01517276 0.03225602 0.086639 359.5674 0.035646 25.1916
11 164.556 S1 3 2 0.05672425 -0.01538354 0.00625213 -0.04261689 0.058773 105.1736 0.043073 171.6539
12 164.556 S1 3 3 0.01546691 0.03548381 -0.06617256 0.00859525 0.038708 23.5517 0.066728 277.4008
13 164.556 S1 4 0 0.01956420 -0.01827060 0.01956420 -0.01827060 0.026769 133.0418 0.026769 133.0418
14 164.556 S1 4 1 -0.01459744 0.00148107 0.03555613 -0.00398511 0.014672 275.7935 0.035779 96.3950
15 164.556 S1 4 2 0.01934232 0.02790035 0.01483035 -0.01817240 0.033949 34.7322 0.023456 140.7824
16 164.556 Sl 4 3 0.05868605 0.05584202 0.02090025 -0.06381922 0.081009 46.4225 0.067154 161.8668
17 164.556 S1 4 4 0.05071872 -0.00993816 -0.02940598 0.00988633 0.051683 101.0865 0.031023 288.5827
18 164.556 Sl 5 0 0.00535373 -0.01557249 0.00535373 -0.01557249 0.01ede7 161.0273 0.01ed4e7 161.0273
19 164.556 Sl 5 1 [ ) . . 0, 0968 0.033920 186.7247
o0 164.556¢ s1 5 2 Atmosphere tidal:load spherical harmonic . coefficient model ss79  0.016359 286.6570
21 164.556 S1 3 3 - 0830 0.025039 134.9275
O i s 51 5 4 ECMWF2006cs360.dat constructed by ETideload4.5 5496  0.028100  42.28383
23 164.556 S1 5 5 0.06196212 -0.000416e78 -0.00316231 0.00014887 0.061964 90.3854 0.003166 272.6952
24 164.556 S1 6 0 -0.01902007 -0.00031063 -0.01902007 -0.00031063 0.019023 269.0643 0.019023 269.0643
29 164.556 Sl 6 1 0.01292417 0.05007315 -0.01614491 -0.03693554 0.051714 14.4725 0.040310 203.6106
26 164.556 Sl 6 2 -0.02124270 0.00967981 -0.0056302Z6 0.00828166 0.023344 294.4977 0.010014 325.7903

E airptideS]l cs.dat k3§ E proS1 . ini kY E Airtdloadcs. dat k4 E Otideloadcs. dat k4 B AirtdOne. dat EJ

1 ‘ 3.986004418 6378137.00

2z name Doodson Cl0+ Cl0- Clil+ Cll- S11+ S11-

3 S1 164.556 -0.32755435E-08 0.17648553E-08 -0.73961840E-08 -0.43745105E-07 -0.53411096E-07 -0.10724379E-08

- S2 273.555 -0.63049967E-09 0.13744707E-08 0.80115817E-10 0.52363295E-08 0.33900139E-08 -0.10865938E-08

5 Sa 56.565 0.82105514E-07 -0.16159915E-06 -0.35243498E-07 -0.82919083E-08 0.35037721E-07 -0.12165101E-06

6 Ssa 57.555 0.65256321E-08 0.64837464E-07 -0.35845502E-07 -0.25039833E-07 0.12771654E-07 0.24911463E-07

First-degree atmosphere tidal load spherical harmonic coefficient file from ECMWF2006cs360.dat. Which
could be employed to forecast of atmosphere tidal load effects on Earth's mass centric variations or all-
element geodetic variation effects due to Earth's mass centric variation of atmosphere tide.




' "':-;.o Spherical analysis on tidal parameters and construction of tidal load model

Spherical harmonic analysis on ocean tidal constituent harmonic constants

‘ « Construction tidal harmonic constant
' grid in spherical coordinates

- Spherical harmonic analysis on surface = Spherical harmonic analysis on ocean

-~ :
“ atmosphere tidal harmonic constants " tidal constituent harmonic constants bR,

3 Open any tidal constituent harmonic constant grid file >> Program Process ** Operation Prompts

C:/ETideLoad4.5 win64en/examples/Loadtidespharmsynth/FES2014 _60m/sphjA
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphjA
C:/ETideLoad4.5_ win64en/examples/Loadtidespharmsynth/FES2014_60m/sphjA

JLETidelLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphi?

dat
AsZ|dat
As4|dat
Asa|dat

Set the wildcard of the file names

5 Ordinal number of the first wildcard in the filefame 4

. Number of consecutive wildcards in file name\ 4

Column ordinal number of the tide constituent ~— ‘ C:/ETideLoad#d5—win64en/examples/Loadtidespharmsynth/FES2014_60m/sphjAAt2.dat

' name in the file header 8 = C:/ETideLoad4.5_win64en/exampies Amn4.dat
: C:/ETideLoad4.5_win64en/examples/Loadtidespita 14_60m/sph)Ams4.dat

| (ECITIT DI T U227 O3 (BT =Tn *  C:/ETideLoad45_win64en/examples/Loadtidespharmsynth/F msfkiat
| SIIEEILIL L i L2 C/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphjAmtr dat
| Set termination condition of the iteration C:/ETideLoad4.5 win64en/examples/Loadtidespharmsynth/FES2014_60m/sphiAmud.dat
; Residual standard deviation threshold (a) 1.0 % - C:fET?deLoad4.5_w?n64en;’exampIeleoadt?despharmsyntthES2014_60mlsph nu2)dat
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphAssa.dat

| Termination condition of residual decrease (b) 1.0 s C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/spheps2.fat

C:/ETideLoad4.5_ win64en/examples/Loadtidespharmsynth/FES2014_60m/sphjam2.dat
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphjmks2|dat

Spherical harmonic analysis on ocean tidal harmonic constants and construction
of global ocean tidal load spherical harmonic coefficient model

>> Complete the spherical harmonic analysis for 34 ocean tidal constituent harmonic constant grids!

| [jﬂ Open the land-sea terrain spherical coordinate grid file

&

PG IR N

L. Save program process as

** The program outputs the ocean tidal load spherical harmonic coefficient model file Otideloadcs.dat, all the tidal constituent

[ spherical harmonic coefficient model files Otidetide***cs.dat| iteration process statistics file pro***.ini and residual harmonic
. constant grid file rnt***.dat into the output folder, *** is the tidal constituent’s name.

||l oceantideAn2cs. dat E3 [ proddnd. iai i >> Computation end time: 2024-10-20 08:37:44 v
1 | in—-phase amplitude spherical harmonic coefficients model — = -_ =R {EX HER F
2 | 3.986004418  6378137.00 | 0.1742 16.593 N o s Bl
3 1 0 #.4085955207264692E-08 0.0000000000000000E+00 s = Otideloadcs.dat 2022/1/24 20:08 67,264 KB
4 GM(10*m3 /s?) - a(m)'zéro‘degree term (cm); refative erro(%) oceantidemsqmcs.dat 2022/1/24 20:08 1,995 KB
5 2 0 ©.5725321907033189%E-08 0.0000000000000000E+0O 00 _ o _
6 2 1 -1.8692151140697192E-07 —-1.5099193342176944E-07 ‘ .| promsgm.ini 2022/1/24 20:08 3 KB
7 2 2 -$.2883633592280017E-07 5.5470270050811761E-07 [ 4 - O (LA -0C mtmsqm.dat 2022/1/24 20:08 1,536 KB
8 = STt aiad 00 T20E-07 0.0000000000000000E4+00 [4.0C .00 = ) _ _ _
9 the scale parameter | {49883E-07 -2.60898312320898528-07 fa (¢ 00 oceantidemks2cs.dat 2022/1/24 20:08 1,995 KB
10 S T e IZSUTISSTEU68856E-08 ~2.4846879781068044E-07 |, . 00 | promks2.ini 2022/1/24 20:08 5 KB
11 3 3 8.0449640224242131E-07 3.9758095836942275E-07 . . = _ , _
12 4 0 -2.2682335734447000E-07 0.0000000000000000E+00 P4 .0C .00 rtmks2.dat 2022/1/24 20:08 1,536 KB
13 4 1 1.3715974585179605E-07 6.5462420096423725E-08 P4 . O( .00 oceantidelam2cs.dat 2022/1/24 20:07 1,995 KB
14 4 2 5.6729562392776139E-07 ~7.9749298897800718E-07 |, .00 57 prolam2iini 2022/1/24 20:07 4 KB
15 4 3 -5.7287720643753832E-07 -7.4217107021983083E-07 _ _
16 4 4 -7.6789761138093624E-07 5.6224223764210645E-07 p2.0C -0C rntlam2.dat 2022/1/24 20:07 1,536 KB
17 5 0 -1.5887618918450042E-07 0.0000000000000000E4+00  p4. 0C .0Q oceantideeps2cs.dat 2022/1/24 20:06 1,995 KB
18 5 1 -5.5606626280901892E-07 2.5928786409610682E-07 b cod ¢ - _ _
19 5 2 —6.7325675390925060E-07 4.6715642647917952E-07 — | proeps2.ini 2022/1/24 20:06 4 KB
20 5 3 -2.6396483930740691E-07 2.7714000718129907E-07 _, | — rnteps2.dat 2022/1/24 20:06 1,536 KB
. . . . . . . . ) .. ) E oceantideAssacs.dat 2022/1/24 20:05 1,995 KB
@ The unit of the tidal constituent harmonic constants is the same as the unit of the tidal load spherical harmonic coefficients. The unit of the tAseadat 09571 /54 5005 1536 KB
i atmosphere tidal load spherical harmonic coefficients are hPa or mbar, and the unit of the ocean tidal harmonic constants and the load spherical ha proAssa.ini Output files 5 3 KB
! @ The Doodson constant (integer, e.g. M: tidal Doodson constant is employed to identify the tidal type and frequency, thus which should be correct oceantideAnu2cs.dat 2022/1/24 20:05 1,995 KB
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E Loadfmcmsfptm. txt kd B Otideloadcs. dat £
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Ocean tidal height load normalized spherical harmonic coefficient model in cm.
Chinese Academy of Surveying and Mapping.

Created by ETideLoad,

Doodson
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ZN2
2N2Z2
2N2
2N2
ZN2Z
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2N2
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ZN2
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2N2Z
2N2Z
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ZN2Z
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2N2
2N2Z
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L B L I s T s s T T A T A A O T O o Yo O Y Y Y Y Y Sy P Y W T O T A T L T N O B S S

ZHANG Chuanyin,

o D e I e e o s e s N s e [ s o Y s s e Y s

Csin+

.00458562
.00773380
.01415077
.01749377
.05076973
.00345932
.00459468
01359111
.11576000
.04607076
.03322584
.066le682
.04323293
.07108370
.00423674

06599377

Ccos+
0.00231038
0.00473565

—-0.00470716
0.01964053
0.15409E10

—-0.05402235
0.02860553

—-0.04803085
0.04745531
0.02579335
0.01467790

—-0.16308472

-0.0871224¢6
0.115911427
0.05025371
0.02863740

L T e T I e R T e s [ Y s O e O Y - R

-

Csin-—

.00458562
.0106394¢6
.01415077
.02057617
.03408330
.00345932
.08674509
.00043095
.10043379
.04607076
.013947489
.08023800
.08031745
.03283587
.00423674
-0.

06611923

Ocean tidal load spherical harmon

e e I e T s Y e T s Y e Y e

Ccos—

.00231038
.00152991
.00470716
.01244109
.00708020
. 05402235
.04125120
.01917460
.03897379
.02579335
.02945707
.03608357
.08908738
.04029420
. 05025371
08775797

ICc coefficient model

Lo T e I e Y e N e T e Y s O e Y i e [ e Y e O s T s e

=

C+

.005135
.009069
.014913
026302
162246
.054133
.028972
.049917
.125109
.052800
.036324
.175996
.097259
.138712
.050432
.071939

FES2014b360cs.dat constructed by ETideload4.5

.03947937
.03340601
.01502432
00272363
.05940714
.06310363
.06505389
.03231974
.01740544
.05289712
.04450640
.02847534
.03444464
.03370577
.03170557
.00128965
.02942979

-0.0279423%9
-0.04901155
0.05093430
0.04846491
-0.01371178
-0.02281638
0.01875362
0.00130979
-0.02827998
0.01334177
0.03300070
-0.01480133
-0.04692621
-0.00688833
-0.04712240
0.01929829
-0.03337153

.03947937
.00654233
.00472606
.00102382
.069571189
.02184442
.0508247¢6
.03231974
.01240391
.03482823
.01170604
.0429843¢6
.05161881
.04456603
.03534061
.00128965
.00149069

o T e I e T e eI s Y e O e N i Y e (e Y s

.02794239
.02479353
.04361353
.02626808
.00812134
02667029
.11432385
.00130979
.00333515
.08565262
.00335994
.0062440¢6
.01841567
. 02386590
.04767806
.01929829
.01387328

o T e I e Y e N e I e Y e e Y i Y e [ e Y e O s T s e O s Y i

.048367
.059314
.053104
.048541
.060%969
067102
067703
.032346
.033207
.054554
.055728
.032092
.058211
.034402
.056796
.019341
.044495

63

301.
108.
318.
341.
183.
.1250
195.
67.
.2429
66.
157.
206.
329.
.8190
293.
.2099
.6324
.5042
. 6528
.2898
.2781
le.
.2165
102.
250.
13.
87.
148.
284.
306.
117.
143.
101.
146.
.8232
138.

299

125
214

eps+

.2596

4805
3994
3086
71648
0639

1997
7090

1660
9166
3921
1726

4580

4347

9969
1215
9189
6793
3890
1559
3113
4652
1207
5503
0660

5915

o T e I e [ e A e Y s A o e (S s e (s s e I s e Y s (o e s o O s o e S s o (N e s o s o Y o (e e e R o s

=

.005135
.010749
.014913
.024045
.034811
.054133
.096054
.019179
.107731
.052800
.032592
.087978
.119948
.051879
.050432
.109878
157262
.039828
.082186
.095534
.0483067
.025642
.043869
.026288
.070044
.034474
.125112
.032346
.012844
.092463
.012179
.043436
.054805
.050554
.059348
.019341
.013953

- -
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

A
AZ).
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108.3994
301.1587
101.7353
183.0639
64.5668
1.2875
111.2090
299.2429
25.33659
65.7862
317.9635
320.8233
4.8190
216.9954
308.5896
234.1757
282.7617
152.5364
125.2898
165.2182
186.1846
357.7680
83.3418
39.3193
23.9684
87.6793
74.9503
157.8723
286.0149
201.7348
289.6345
241.8302
36.5471
3.8232
173.8671




E proAZnZ. ini k3 B OtideOne. dat E1 ‘- -

ceantideA?n?cs. dat
E oceantldeAsn-.cs. dat § Earth Tide, Load Effect and Deform -

ation Monitoring Computation

1 | 3.986004418 6378137.00 ETideLoad4.5
Z  name Doodson Cl0+ Cl0- Cll+ Cll- S11+ S
3 2N2 247.455 0.14379190E-08 0.72446933E-09 0.45556662E-09 0.50261431E-09 0.98234968E-09 0.28( dmesmisarmmmsnomes
4 JL 175.455 0.22805765E-08 -0.14599680E-07 0.11146859E-07 0.31354016E-08 0.49073923E-08 0.502352 ’
5 K1 165.555 0.65903198E-07 -0.23618735E-06 0.15240517E-06 0.54510351E-07 0.57951321E-07 0.91115166E-07
6 K2 275.555 0.58820344E-08 0.78223673E-09 0.82634785E-08 0.17098158E-07 0.28274727E-08 0.95641986E-09
7 L2 265.455 0.99527541E-09 0.43369491E-10 0.27208849E-08 0.18838893E-08 -0.93316186E-09 -0.31242492E-09
8 M2 255.555 0.64086749E-07 0.33741274E-07 0.82092113E-07 0.76976307E-08 -0.39331272E-07 0.74234937E-07
2, M3 355.555 0.51159035E-10 0.26216133E-10 0.20622631E-10 -0.16737336E-10 -0.74054752E-10 -0.32502465E-10
10 M4 455.555 -0.12877739E-09 -0.82078020E-09 0.21241775E-09 0.89312487E-09 -0.112368411E-09 -0.11882183E-08
11 Mée 655.555 0.18174228E-08 0.30921490E-09 0.36600543E-09 0.36841599E-09 -0.72147727E-09 -0.13743491E-09
12 M8 855.555 -0.59854172E-10 -0.29503418E-11 0.41858427E-10 0.58809710E-10 -0.34465624E-10 0.81925459E-11
13 MEf 75.555 0.23994538E-07 0.23160661E-08 0.14961765E-07 -0.19050356E-07 0.57231952E-08 -0.38155669E-08
14 Mm 65.455 0.12211587E-07 -0.10619733E-08 -0.13680094E-08 -0.93454574E-08 0.34149364E-08 -0.61740212E-09
5 N2 245.655 0.16604395E-07 0.24692742E-08 0.10060051E-07 0.75631673E-09 -0.49125733E-09 0.20845840E-07
16 N4 435.755 -0.11170849E-09 -0.41029169E-10 0.37178942E-10 -0.10703469E-09 -0.53442667E-10 -0.19926918E-10
17 01 145.555 0.23239277E-07 -0.16830188E-06 0.86481239E-07 0.11802879E-07 0.58555768E-07 0.34726677TE-07
i First-degree ocean tidal load spherical harmonic coefficient file from FES2014b360cs.dat. Which E_DB
20 could: be employed to forecast of ocean tidal load effects on Earth's mass centric variations or g-09
ji all-element geodetic variation effects due to Earth’'s mass centric variation of ocean tide. E_gg
23 5S4 491.555 0.32089047E-09 0.14407638E-09 0.12925319E-11 0.14038268E-09 0.10308541E-09 0.11742749E-09
24 Sa 56.554 0.21793187E-09 0.12972260E-09 0.71714382E-10 0.49927099E-10 -0.42733149E-10 -0.53422994E-10
25 T2 272.556 0.13719484E-08 0.73425584E-09 0.20944307E-08 0.29614380E-08 0.13767437E-09 0.10318216E-08
26 MN4 445.655 -0.70793273E-09 -0.76823301E-10 0.24279253E-09 -0.66374018E-09 -0.14062685E-09 0.16716883E-09
27 MS4 473.555 0.32582237E-09 -0.10684852E-08 0.10873236E-08 0.38092589E-09 -0.40703836E-09 -0.28009461E-09
28 Msf 73.555 0.52032006E-09 0.12958178E-08 0.20898774E-09 0.69234415E-09 0.16108594E-08 0.36734674E-09
29 Mtm 85.455 0.38057222E-08 0.89028662E-09 0.47545363E-08 -0.16109463E-08 0.13034435E-08 0.461978368E-10
30 muz 237.555 0.27230195E-08 -0.54548861E-09 0.80856645E-09 0.28475772E-08 0.30945151E-08 0.39961507E-08
31 nuz 245.655 0.31512988E-08 0.13274377E-08 0.16643629E-08 0.77176190E-09 -0.34369557E-09 0.49489633E-08
32 Ssa  57.555 0.85592993E-08 -0.21041028E-09 -0.85777470E-08 -0.10849053E-08 0.38854237E-09 -0.73333943E-09
33 eps2 227.6535 0.15232320E-08 -0.54284574E-09 0.18709319E-08 -0.17678032E-09 0.14037532E-08 -0.64291979E-09
34 lamZ 263.655 0.77975910E-09 -0.46145888E-09 0.29230225E-08 -0.81098933E-09 -0.68691816E-09 -0.10714953E-08
35 MKS2 257.555 -0.76338045E-11 -0.81694611E-10 0.81955321E-10 0.53313693E-09 0.52931064E-09 0.23733568E-09
36 Msgm 93.555 0.17382639E-09 -0.21085098E-11 0.98864729E-10 0.18391545E-09 -0.15315104E-09 -0.66456652E-11
37




| |
| Ui e I
| |‘ i
| ]
: Axcm(mm AlL mm) Azcm(mm) Month/day/year
Dﬁﬂlflﬂ 072 18 'Dl.u"l]lflg |

07/03/19
The atmosphere tidal load effect time series on Earth's mass centric variation

The annual amplitude is large, and the difference between
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The surface atmosphere tidal load effect time series (m) on Earth's figure polar shifts in ITRS
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"% Computation of the load model value using spherical

Computation of model value of surface load equivalent water height

harmonic synthesi

SIS

.‘/’- 7!
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

. Computation of model value of surface

- load equivalent water height

L&
Chinese Academy of Surveying & mapping
October 2024, Beijing, China

Computation of model values of tidal n
constituent harmonic constants

Computation of model value tin:

o of load equivalent water height

Select the calculation point file format
The discrete calculation point file

_5 Open the surface calculation point file

Number of rows of the file header 1

4

4

j, Open surface load harmonic coefficient model file

Type of surface load Surface atmosphere (hPa/mbar) -

Maximum truncated degree of

FY

>> Program Process ** Operation Prompts &' Save program process as

>> [Purpose] From the tidal load spherical harmonic coefficient model or the surface non-tidal load spherical harmonic
coefficient model, compute the model values of the tidal harmonic constants or the non-tidal surface loads using spherical
harmonic synthesis.
>> Select the computation function from the 3 control buttons on the top of the interface...
>> [Function] From the surface atmosphere, land water, or sea level variation load normalized spherical harmonic coefficient
model (m), compute the model value of the surface atmosphere (hPa/mbar), land equivalent water height (cm) or sea level
variation (cm) at the given location.
>> Open the surface calculation point file C:/ETideLoad4.5 _win64en/examples/Loadspharmsynthesis/calcpnt.ixt.

** Look at the file information in the window below and set the row number of the file header...

>> Open surface load harmonic coefficient model file C:/ETideLoad4.5_ win64en/examples/Loadspharmsynthesis/
airpress2016020312cs.dat.

** The window below only shows no more than 3000 rows of data in the file!

[ >> Save the results as C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/airpmdIrst.txt. |

>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-20 08:53:36

>> Complete the computation!
>> Computation end time: 2024-10-20 08:53:42

& Import setting parameters

| Save the results as @ Start computation

the coefficients model 180 —

polnt records
1 104.041667 25.041667 0.000 5.1460
2 104.125000 25.041667 0.000 5.3654
3 104.208333 25.041667 0.000 5.6511
4 104.291667 25.041667 0.000 5.9115
5 104.375000 25.041667 0.000 6.1746
& 104.458333 25.041667 0.000 6.4384
7 104.541667 25.041667 0.000 6.7009
8 104.625000 25.041667 0.000 6.9603
9 104.708333 25.041667 0.000 7.2146
10 104.791667 25.041667 0.000 7.4619
11 104.875000 25.041667 0.000 7.7006
12 104.958333 25.041667 0.000 7.9290
13 105.041667 25.041667 0.000 5.1458

\ /
[ airpress2016020312cs. dat 1 ‘

1]|3.986004418 6378137.00 | -0.0970  0.940

2 I 4. 30 JL.8412756758963265E-10 0.0000000000000000E+00
- GM(10m3/s%)  a(m)zero-degree term (hRa/mbar), relative erro(%)
4 2 0 48.3041237127846868E-10 0.0000000000000000E+00
5 2 1 |3.0042214596809370E-10 1.4178812767271399E-09
6 2 2 41.0298699208011155E-09 3.9778819980241900E-11
7 1273103E-09 0.0000000000000000E+00
8 the scale parameter |,3s1500z-10 2.5989454828063558E-10
9 3 2 -3.5135784095054722E-10 -9.8307496726666295E-10
10 3 3 6.7975067084791942E-10 -1.5506806360999531E-10
11 4 0 -1.3500990624598282E-09 0.0000000000000000E+00
12 4 1 -2.6751068548153390E-09 -1.8704081553144181E-09
13 4 2 -2.1920121450288522E-09 -5.9632881355913724E-10
14 4 3 9.2399791292550230E-10 -1.3797018418177622E-10
15 4 4 -4.6878373744373565E-10 6.9608812443930559E-11
16 5 0 2.9811603734448944E-09 0.0000000000000000E+00
17 5 1 -6.5942693396055756E-10 5.0634794014008111E-10

@ In the remove-restore process, the program can be employed for regional tidal load effect refinement based on the tidal load spherical harmonic coefficient model, and for regional load
deformation field refinement based on surface load spherical harmonic model.
@ Due to the mixing effects between the high-degree spherical harmonic coefficients, the model values of the sea level variation and ocean tidal harmonic constants are not zero in the

coastal land area, and the model values of the land equivalent water height are not also zero in the coastal sea area.



"% Computation of the load model value using spherical harmonic synthesis

Computation of model values of tidal constituent harmonic constants

- |

_ﬂu Open the surface calculation point file

Number of rows of the file header 1

. Computation of model value of surface
load equivalent water height

i

Computation of model values of tidal
constituent harmonic constants

>> Program Process ** Operation Prompts

4 »

g, Open tidal load harmonic coefficient model file

Maximum truncated degree of
the coefficients model

polnt records
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
105.

1

O~ &y = WM

Lo

10
11
12
13

- -«
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

Computation of model value tim £,

of load equivalent water height

** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-20 08:53:36
>> Complete the computation!
>> Computation end time: 2024-10-20 08:53:42
>> [Function] From the surface atmosphere or ocean tidal load normalized spherical harmonic coefficient model (hPa/cm),
calculate the harmonic constant model values (hPa/cm) of all tidal constituents in the harmonic coefficient model at the given

Chinese Academy of Surveying & mapping
October 2024, Beijing, China

4. Save program process as

>> QOpen the surface calculation point file C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/calcpnt.txt.

** Look at the file information in the window below and set the row number of the file header...

>> Open tidal load harmonic coefficient model file C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/

** The window below only shows no more than 3000 rows of data in the file!

| >> Save the results as C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/airptiderst.txt.

F___

>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-20 08:55:45

| >> Complete the computation of the harmonic constant model values for 4 tidal constituents!

>> Computation end time: 2024-10-20 08:56:19

& Import setting parameters

180 =
location.
Airtdloadcs.dat.
| Save the results as
[s1 164556 S2 273555 Sa__56565 Ssa__57555

041667 25.041667 0.000 ~1.776 1.309 0.240
125000 25.041667 0.000 ~1.755 1.300 0.240
208333 25.041667 0.000 ~1.737 1.289 0.239
291667 25.041667 0.000 ~1.720 1.274 0.238
375000 25.041667 0.000 ~1.706 1.257 0.235
458333 25.041667 0.000 ~1.694 1.238 0.232
541667 25.041667 0.000 ~1.685 1.217 0.2
625000 25.041667 0.000 ~1.679 1.194 0.222
708333 25.041667 0.000 ~1.675 1.170 0.216
791667 25.041667 0.000 ~1.674 1.146 0.210
875000 25.041667 0.000 ~1.675 1.121 0.203
958333 25.041667 0.000 ~1.679 1.096 0.196
041667 25.041667 0.000 ~1.684 1.071 0.188

S = B S S R

.303
.304
.304
.305
.306

3IN7T

—nN

.514
.459
.401
.338
272

204

airptiderst.txt

-

1.
.312
.313
.315
.316

e

P R

311

LW

.013
.087
.16l
.235
.308

[ O T e O

L S

.819
. 935
.054
.176
.300
.425
.549
.673
. 794
.913
.027
137
.241

[ R e S e R e e O A Y [ N A N A O B

317
.298
.278
.257
.235
.214
.193
171
.151
.131
112
.094
L0777

e i e e e e

.364
. 347
.330
.312
.295
.27178
.262
.246
.230
.216
.202
.1980
.178

o Start computation

@ In the remove-restore process, the program can be employed for regional tidal load effect refinement based on the tidal load spherical harmonic coefficient model, and for regional load
deformation field refinement based on surface load spherical harmonic model.
@ Due to the mixing effects between the high-degree spherical harmonic coefficients, the model values of the sea level variation and ocean tidal harmonic constants are not zero in the

coastal land area, and the model values of the land equivalent water height are not also zero in the coastal sea area.



"% Computation of the load model value using spherical harmonic synthesis

- |

. Computation of model value of surface
load equivalent water height

| Select the calculation point file format

T The discrete calculation point file

I Number of rows of the file header 1

4

4

:, Open any load harmonic coefficient model file

| Set the wildcard of the file names

' Ordinal number of the first

! wildcard in the file name

| Number of consecutive wil
| in file name

5

ards

10

Type of surface load Land water EWH (cm)

point records [ 2018010312

1

O~ &y = WM

Lo

10
11
12
13

104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
105.

Maximum truncated degree of
 Lthe coefficients model

3

Computation of model value time series of load equivalent water height

Computation of model values of tidal « Computation of model value time series

o constituent harmonic constants of load equivalent water height

>> Program Process ** Operation Prompts &' Save program process as

>> [Function] From the surface atmosphere, land water, or sea level variation load normalized spherical harmonic coefficient
model (m) time series, compute the model value record time series of the atmosphere (hPa/mbar), land equivalent water
height (cm), or sea level variation (cm) on the given points in the input file.
>> Open the surface calculation point file C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/calcpnt.txt.
** Look at the file information in the window below and set the row number of the file header... |

>> Open any load harmonic coefficient model file C:/ETideLoad4.5_win64en/examples/Loadspharmsynthesis/landwcstm/ -
swsc2018010312.coe. '

** The window below only shows no more than 3000 rows of data in the file! |
>> Save the results as C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/Indwmdirst.txt.
** Behind the header (the last row) of the input computed point file, adds the wildcards of the instantiated spherical
armonic coefficient model files to identify the sampling epoch time of the record time series as the output file header.
ic coefficient model files searched by wildcard instantiation:
C:/ETideLoad4.5_wint4e /Loadspharmsynthesis/landwcstm/swscP018010312 coe
C:/ETideLoad4.5 win64en/examples/Loads esis/landwcstm/swscP018011012|coe
C:/ETideLoad4.5_win64en/examples/Loadspharmsynthesis/lan 2018011712|coe

180 b C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/landwcstm/swscR018012412| coe
C:/ETideLoad4.5_win64en/examples/Loadspharmsynthesis/landwcstm/swsc018013112|coe
C:/ETideLoad4.5_win64en/examples/Loadspharmsynthesis/landwcstm/swscp018020712| coe

>> Setting parameters have been imported into the program!
| Save the results as & Import setting parameters @ Start computation

2018011012 2018011712 2018012412 2018013112 2018020712 |« ;
041667 25.041667 0.000 -0.344¢ -0.2313 -1.0282 -2.1012 -3.1517 -3.5899 I
125000 25.041€67 0.000 -0.4105 -0.2578 -1.0650 -2.1316 -3.178¢6 -3.6312
208333 25.041667 0.000 -0.4723 -0.2826 -1.1008 -2.1612 -3.2043 -3.6732 |
291667 25.041667 0.000 -0.5303 -0.3064 -1.1360 -2.1905 -3.2293 -3.7161
375000 25.041e67 0.000 -0.5849 -0.3304 -1.1717 -2.2202 -3.2540 -3.7600
458333 25.0416€67 0.000 -0.6371 -0.3562 -1.2089 -2.2513 -3.2793 -3.8055
541667 25.041667 0.000 -0.6883 -0.3854 -1.2490 -2.2850 -3.3065 -3.8532
625000 25.041667 0.000 -0.7400 -0.4199 -1.2938 -2.3227 -3.3366 -3.9039
708333 25.041667 0.000 -0.7939 -0.4616 -1.344¢ -2.3657 -3.3710 -3.9586
781667 25.041€67 0.000 -0.8518 -0.5122 -1.4031 -2.4153 -3.4110 -4.0179
875000 25.041667 0.000 -0.9154 -0.5731 -1.4706 -2.4727 -3.457¢6 -4.0827
958333 25.041€67 0.000 -0.9861 -0.6457 -1.5481 -2.5388 -3.5118 -4.1536
041667 25.041667 0.000 -1.0653 -0.7306 -1.6363 -2.6142 -3.5741 -4.2307

[

| @ In the remove-restore process, the program can be employed for regional tidal load effect refinement based on the tidal load spherical harmonic coefficient model, and for regional load

. deformation field refinement based on surface load spherical harmonic model.

- @ Due to the mixing effects between the high-degree spherical harmonic coefficients, the model values of the sea level variation and ocean tidal harmonic constants are not zero in the
coastal land area, and the model values of the land equivalent water height are not also zero in the coastal sea area.

A




2@ Computation of load deformation field by spherical harmonic synthesis

&

/ g

Computation of various load effects using spherical harmonic synthesis <

Computation of various load effects
using spherical harmonic synthesis

Select the calculation point file format

The discrete calculation point file

® Computation of various load effects of

E Open the space calculation point file

| Number of rows of the file header 1

Column ordinal number of the height in record 4

A b 4>

uﬂ Open surface load harmonic coefficient moda‘!ﬂ{

Select the type of effects

| @ geoid or height anomaly (mm)
: @ ground gravity (uGal) (®»

(] gravity disturbance (uGal)
(] ground tilt (SW, mas) (=)
(] vertical deflection (SW, mas)

(") horizontal displacement (EN, mm) (=)
| @ ground radial displacement (mm) (»)
' [J ground normal or orthometric height (mm) (&)

(] radial gravity gradient (10uE)

(] horizontal gravity gradient (NW, 10uE)

Extract deformation field to be plot

LIy

1067 108
(.8 -6 -0.4
I

0.2

s Plot]

114r¢

112

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

. ETideLoad4.5

B e TH

Computation of load effect time series
" using spherical harmonic synthesis

= Global surface load spheric

Earth satellite or outside solid Earth analysis and load effect syn

A\
L&,
Chinese Academy-of Surveying & mapping
October 2024, Beijing, China

The type of surface load Land water EWH v 4.1 Save prog

**When computing the load effects of sea level variations, the height of the calculation point is the normal or orthometric height. When computing the load effects ¢!
atmosphere or land water variations, the height of the calculation point is the height relative to the Earth’s surface.
>> Select the computation function from the 3 control buttons on the top of the interface...
>> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m), compute the non-tidal load effects on the geoid or
height 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), ground normal or orthometric height (mm), radial gravity
gradient (10uE) or horizontal gravity gradient (NW, to the north and to the west, 10uE) using spherical harmonic synthesis.
>> Open the space calculation point file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/calcpnt.txt.
** Look at the file information in the window below and set the row number of the file header...
pen surface load harmonic coefficient model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/landwcs/swsc2018011012.coe. |

*The window below only shows no more than 3000 rows of data in the file!
|>> Save\{e results as C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/loaddfmrst.txt. |
>> Setting patameters have been imported into the program!

** Click the condrol button [Start computation], or the tool button [Start computation]....
time: 2024-10-20 09:13:48

>> Complete the computation of the model values of load effects!
>> Computation end time2024-10-20 09:15:18

1 \(I\io‘lammum truncated 360 s
— T Ndegree

0 0. 08333333\&. 08333333

Minimum starting degree

of the coefficient model # Import setting parameters

r:J Save the results as & Start computation

104.0 114.0 25.0 35.

1 104.04166e7 25.04166e7 | 0.000 -0.7492 0.3235 1.4184 I
2 104.125000 25.0416e7 | 0.000 -0.7479 0.2727 1.4232

3 104.208333 25.04166e7 | 0.000 -0.7470 0.2064 1.4295

4 104.291667 25.04166e7 | 0.000 -0.7464 0.1325 1.4368

5 104.375000 25.0416¢7 | 0.000 -0.7458 0.0603 1.4441

6 104.458333 25.041667 | 0.000 -0.7451 -0.0016 1.4507

7 104.541667 ezl - - -

« a0 Umified analytical computation of various load effects on

[ ] ] [ ] [ ]

o vt all-element geodetic variations in whole Earth space.
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&

i ‘ “= Computation of load deformation field by spherical harmonic synthesis /

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Computation of various load effects using spherical harmonic synthesis -

. ETideLoad4.5

| .. Computation of various load effects -~ Computation of various load effects of Computation of load effect time series = Global surface load spherical har; 21 ,'I- eb_ oa .

i using spherical harmonic synthesis Earth satellite or outside solid Earth " using spherical harmonic synthesis - analysis and load effect synthesis A

[ ‘ ; &, _
Select the calculation point file format The type of surface load Surface atmosphere - & Save prodw cmxmtgcm:wm
‘ The calculation surface height grid file > ‘ :

= >> Computation end time: 2024-08-15 09:35:49
44 Open the calculation surface height grid file >> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m), compute the non-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), radial gravity

Select the type of effects gradient (10uE) or horizontal gravity gradient (NW, to the north and to the west, 10uE) using spherical harmonic synthesis.
geoid or height anomaly (mm) >> Open the calculation surface height grid file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/airwhCS20170315.txt.

. - >> The open file is not a grid file!
ground gravity (uGal) (=) >> Open the calculation surface height grid file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/zero15m.dat.

uﬂ Open surface load harmonic coefficient model file

[] gravity disturbance (anI) >> Open surface load harmonic coefficient model file C:/ETideLoad4.5 win64en/examples/Loadeformharmsynth/airwhCS20170315 txt.
[] ground tilt (SW, mas) (» ** The window below only shows ho more than 3000 rows of data in the file!
[] vertical deflection (SW, mas) >> Save the results as C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/loadfmdigrd.txt. | i

>> Seffing parameters have been imported into the program!

[J horizontal displacement (EN, mm) () ** Click the control button [Start computation], or the tool button [Start computation]....

| I ground radial displacement (mm) (=) >> Computation start time: 2024-08-15 09:38:14 ;

Il [J ground normal or orthometric height (mm) (») >> Complete the computation of the model values! ’

[] radial gravity gradient (10uE) >> Computation end time: 2024-08-15 09:38:31 _

(] horizontal gravity gradient (NW, 10uE) vl
g‘?&?igg&ig:ﬁ:gﬂge gﬂeagi(r';um truncated 360 = ‘ ﬂ Save the results as :5 Import setting parameters 47 Start computation

C:/ETideload4.5 win6den/examples/Loadeformharmsynth/loadfmdlgrd.ksi
C:/ETideload4.5 win6den/examples/Loadeformharmsynth/loadfmdlgrd.gra
C:/ETideload4.5 win6den/examples/Loadeformharmsynth/loadfmdlgrd.dpr

Unified analytical computation of various load effects on
Extract deformation field to be plot % Plot] all-element geodetic variations in whole Earth space.
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Number of rows of the file header 1
' Column ordinal number of the height in record 4

2@ Computation of load deformation field by spherical harmonic synthesis

&

Computation of various load effects of Earth satellite or outside solid Earth -

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Computation of various load effects
using spherical harmonic synthesis

Select the calculation point file format
The discrete calculation point file v

® Computation of various load effects of . Computation of load effect time series = Global surface load spheric picEFldetoadd. 2
¥ Earth satellite or outside solid Earth " using spherical harmonic synthesis = analysis and load effect syn Sidmadv, b
The type of surface load Sea level variation v 4.1 Save prog » ﬂm;:mr:s;;::mm /

3 Open the space calculated point file

A b 4>

ﬁﬂ Open surface load harmonic coefficients mod%&

Select the type of effects

'| @ geopotential (0.1m?s?)

([J gravity vector (XYZ, uGal)
[J gravity vector (ENU, pGal)

| O gravity gradient (XYZ, 10uE)

@ gravity gradient (ENU, 10uE)

>> Computation start time: 2024-10-20 09:18:15

>> Complete the computation of the model values of load effects!
>> Computation end time: 2024-10-20 09:18:29
>> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m), compute the non-tidal load effects on the
geopotential (0.1m?2/s2), gravity (uGal), or gravity gradient (10uE) outside the solid Earth using spherical harmonic synthesis.

** Here the space point outside the solid Earth generally refers to the point that is not fixed with the solid Earth in ocean space, near-Earth space, or satellite altitude.
>> Open the space calculation point file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/outpnt.txt.

“* Look at the file iInformation in the window below and set the row number of the file header...

%\Open surface load harmonic coefficient model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/sealevel2018010312cs.dat. |

*The window below only shows no more than 3000 rows of data in the filef
|>> Save\bma results as C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/outdfmrst.txt. |
>> Setling patameters have been imported into the program!
| button [Start computation], or the tool button [Start computation]....
>> Computation starttime: 2024-10-20 09:21:16

>> Complete the computation of the model values of load effects!

>> Computation end time: 4-10-20 09:22:29 GOCE satellite altitude

AU s’ga_rtlng slEties 1 > Mgneu\m truhcated 360 = H Save the results as i— Import setting parameters ~ "Rt Start computation
of the coefficient model — —— degr
1 135.041667 5.041667 2;Bbqp.ooo
2 135.125000 5.041667 | 240000.000 0.5445 -12.7285 -28.4375 -41.9023 I
3 135.208333 5.041667 | 240000.000 0.5514 -12.6973 -27.9109 -41.3091
4 135.291667 5.041667 | 240000.000 0.5584 -12.6025 -27.3734 -40.6392
5 135.375000 5.041667 | 240000.000 0.5654 -12.4454 -26.8260 -39.894¢
6 135.458333 5.041667 | 240000.000 0.5727 -12.2278 -26.2698 -39.0785

Can be employed to calibrate various parameters of the satellite’s key geo-

“.| Extract deformation field to be

detic payloads, and effectively improve and check the quality, reliability and

for satellite gravity field. i
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Number of rows of the file header 0
' Column ordinal number of the height in record 4

2@ Computation of load deformation field by spherical harmonic synthesis

&

Computation of various load effects of Earth satellite or outside solid Earth -

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Computation of various load effects
using spherical harmonic synthesis

Computation of load effect time series
" using spherical harmonic synthesis

= Global surface load spheric

‘ Computation of various load effects of
analysis and load effect syn

ETideLoad4.5
Earth satellite or outside solid Earth o Lt

Select the calculation point file format
The discrete calculation point file v

3 Open the space calculated point file

A b 4>

uﬂ Open surface load harmonic coefficients m

'| @ geopotential (0.1m?/s?)

Select the type of effects

(] gravity vector (XYZ, uGal)
@ gravity vector (ENU, pGal)

| O gravity gradient (XYZ, 10uE)

.

(] gravity gradient (ENU, 10uE)

Can be employed to calibrate various parameters
detic payloads, and effectively improve and check the quality, reliability and
accuracy of the tlme-varymg monitoring for satelllte grawty field. i

Extract deformation field to be

138

{cas:

Chinese Academy of Surveying & mapping
October 2024, Beijing, China

The type of surface load Sea level variation -

4.1 Save prog

>> Computation start time: 2024-10-20 09:21:16
>> Complete the computation of the model values of load effects!
>> Computation end time: 2024-10-20 09:22:29
>> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m), compute the non-tidal load effects on the
geopotential (0.1m?2/s2), gravity (uGal), or gravity gradient (10uE) outside the solid Earth using spherical harmonic synthesis.

** Here the space point outside the solid Earth generally refers to the point that is not fixed with the solid Earth in ocean space, near-Earth space, or satellite altitude.
>> Open the space calculation point file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/satpnt.txt.

\ " Look at the file information in the window below and set the row number of the file header...

window below only shows no more than 3000 rows of data in the fileT

results as C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/satdfmrst.txt. |
eters have been imported into the program!
button [Stan computatlon] or the tool button [Start computation]...

>>0pen surface load harmonic coefficient model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/sealevel2018010312cs.dat. |
>> Save

®

>> Computation end time: 2024-10-20 09:26:10

GRACE satellite altitude

AU s’ga_rtlng slEties 1 > MWruncated 360 = Eﬂ Save the results as & Import setting parameters Jart computation
of the coefficient model — —— degree
1 135.041667 5.041667 [ 450000.000 0.5600 4.5071 5.2700 -0.7925
2 135.125000 5.041667 | 450000.000 0.5653 4.5585 5.3123 -0.8456 I
3 135.208333 5.041667 | 450000.000 0.5705 4.6095 5.3547 -0.9002
4 135.291667 5.041667 | 450000.000 0.5759 4.6601 5.3973 -0.9562
5 135.375000 5.041667 | 450000.000 0.5812 4.7103 5.4399 -1.0137
6 135.458333 5.041667 | 450000.000 0.5866 4.7601 5.4825 -1.0726

of the satellite's key geo-

ttt FEREEEETE L

12t (ol

& 6:5 7

gravity vector (E, uGal)

gravity vector (N, pGal) gravity vector (U, pGal)




Number of rows of the file header 0
' Column ordinal number of the height in record 4

2@ Computation of load deformation field by spherical harmonic synthesis

&

Computation of various load effects of Earth satellite or outside solid Earth -

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Computation of various load effects
using spherical harmonic synthesis

Select the calculation point file format
The discrete calculation point file v

3 Open the space calculated point file

A b 4>

@ Open surface load harmonic coefficients m

October 2024, Beijing, China

.. Computation of various load effects of Computation of load effect time series = Global surface load spheric pic=Fldetoadd.
Earth satellite or outside solid Earth " using spherical harmonic synthesis - analysis and load effect syn PSSP e
The type of surface load Surface atmosphere - G:f Save prog oFhineseacadsmyof sueying & mapping

>> Computation start time: 2024-10-20 09:24:58

>> Complete the computation of the model values of load effects!
>> Computation end time: 2024-10-20 09:26:10
>> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m), compute the non-tidal load effects on the
geopotential (0.1m?2/s2), gravity (uGal), or gravity gradient (10uE) outside the solid Earth using spherical harmonic synthesis.

** Here the space point outside the solid Earth generally refers to the point that is not fixed with the solid Earth in ocean space, near-Earth space, or satellite altitude.
>> Open the space calculation point file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/satpnt.txt.

Select the type of effects \ ook at the file information in the window below and set the row number of the file header...

'| @ geopotential (0.1m?/s?)

(] gravity vector (XYZ, uGal)

@ gravity vector (ENU, pGal)

| O gravity gradient (XYZ, 10uE)

(] gravity gradient (ENU, 10uE)

window below only shows no more than 3000 rows of data in the fileT

results as C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/satdfmrst1 txt. |
eters have been imported into the program!
button [Start computation], or the tool button [Start computation]....

>>0pen surface load harmonic coefficient model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/airwhCS20170315.txt. |
>> Save

>> Computation starttime: 2024-10-20 09:28:26 ‘,
>> Complete the computation of the model values of load effects!
>> Computation end time: 2024-10-20 09:29:56 . .
GRACE satellite altitude
Minimum starting degree < Maximum truncated 7~ ; = : = :
arting deg 1 < 360 - Eﬂ Save the results as &~ Import setting parameters Part computation
of the coefficient model — —— degree
1 135.041667 5.041667 [ 450000.000 0.0403 -0.0850 -0.0613 -0.4100
2 135.125000 5.041667 | 450000.000 0.0403 -0.0854 -0.0618 -0.4106 I
3 135.208333 5.041667 | 450000.000 0.0402 -0.0858 -0.0623 -0.4104
4 135.291667 5.041667 | 450000.000 0.0401 -0.0861 -0.0628 -0.4102
5 135.375000 5.041667 | 450000.000 0.0401 -0.0865 -0.0633 -0.4100
6 135.458333 5.041667 | 450000.000 0.0400 -0.0869 -0.0639 -0.4097

Can be employed to calibrate various parameters of the satellite’s key geo-

Extract deformation field to be

detic payloads, and effectively improve and check the quality, reliability and

accuracy of the time-varying monitoring for satellite gravity field. i
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2@ Computation of load deformation field by spherical harmonic synthesis = O X

Computation of load effect time series using spherical harmonic synthesis

Computation of various load effects o Computation of various load effects of Computation of load effect time series = Global surface load spherical harmonic
using spherical harmonic synthesis = Earth satellite or outside solid Earth " using spherical harmonic synthesis > analysis and load effect synthesis
Select the calculation point file format The type of surface load Sea level variation v 4.1 Save program process as

The calculation surface height grid file v
>> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m) time series, compute the time series of the non-

‘& Open the land surface height grid file tidal load effects on various variations on the calculation points in the input file using spherical harmonic synthesis.
>> Open the land surface height grid file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/sea15m.dat.
>> Open any load harmonic coefficients model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/sealvcs/sealevel2019010212cs.dat.
** The window below only shows no more than 3000 rows of data in the file!
|>> Create or select the results folder C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/seaload. |
**The program outputs the surface load effect grid time series files loadimdl~.?272, where 22? = ks, gra, rga, dft, vdf, dph, dpr, nmh, grr or hgd, respectively, representing
id file of load effects on the height anomaly, ground gravity, gravity disturbance, ground {ilt, vertical deflection, horizontal displacement, radial displacement, normal or
ight, radial gravity gradient or horizontal gravity gradient.
Here, *** are th&wildcards of the model time series file name, whose instance can identify the sampling epoch time of the computed load effects. The number of output

uﬂ Open any load harmonic coefficient model file

Set the wildcard of the file names
Ordinal number of first wildcard in file na

' Number of consecutive wildcards in file n
Select the type of effects

| @ geoid or height anomaly (mm)

' @ ground gravity (uGal) (®

| [] gravity disturbance (uGal)

| [J ground tilt (SW, mas) ()

' () vertical deflection (SW, mas)

cs.dat
cs.dat
cs.dat

| (] horizontal displacement (EN, mm) (») g:gz;

. @ ground radial displacement (mm) (*) s dat

d | or orthometric height C ini ' 2 ! g ' 3 ' i

| O gro.un nor.ma Or_o SR E () LU st_a_mng degree 1 = Maximum truncated 180 = ﬂ Set the result folder &~ Import setting parameters ¥ Start computation
' ([ radial gravity gradient (10uE) of the coefficient model — —— degree

:/ETideload4.5 winéden/examples/Loadeformharmsynth/seaload/loadfmdl12019010212.%ksi
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/seaload/loadfmdl12019010212.gra
:/ETidelLoad4.5 winéden/examples/Loadeformharmsynth/seaload/loadfmdl12019010212.dpr
:/ETideload4.5 winéden/examples/Loadeformharmsynth/seaload/loadfmdl12019010912.ksi
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/seaload/loadfmdl12019010912.gra
:/ETidelLoad4.5 winéden/examples/Loadeformharmsynth/seaload/loadfmdl12019010812.dpr
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/seaload/loadfmdl12019011612.ksi
:/ETideload4.5 winé:

eneteass. s wine: Uified analytical computation of various load effects on

:/ETideload4.5 winé:

endeneads- e gll-@lement geodetic variations in whole Earth space.

.5 winé:

;_ (] horizontal gravity gradient (NW, 10pE)

QOO0

Extract deformation field to be plot = Plot|
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2@ Computation of load deformation field by spherical harmonic synthesis

Computation of load effect time series using spherical harmonic synthesis

Computation of various load effects
using spherical harmonic synthesis

Select the calculation point file format
The calculation surface height grid file

'_;j Open the land surface height grid file

uﬂ Open any load harmonic coefficient model file

Set the wildcard of the file names
Ordinal number of first wildcard in file na

® Computation of various load effects of

Number of consecutive wildcards in file n
Select the type of effects

@ geoid or height anomaly (mm)

@ ground gravity (uGal) (»

Earth satellite or outside solid Earth

Computation of load effect time series
" using spherical harmonic synthesis

The type of surface load Land water EWH

A

= Global surface load spherical harmonic
analysis and load effect synthesis

4. Save program process as

>> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m) time series, compute the time series of the non-
tidal load effects on various variations on the calculation points in the input file using spherical harmonic synthesis.
>> Open the land surface height grid file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/zero15m.dat.
>> Open any load harmonic coefficients model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/landwcs/swsc2018010312.coe.
** The window below only shows no more than 3000 rows of data in the file!

|>> Create or select the results folder C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/tmgrdfmdl.

orthome

Here, *** are t
files is equal to the number 0
** The load harmonic coefficient modée

searched by wildcard instantiation:

**The program outputs the surface load effect grid time series files loadimdl~.?272, where 22? = Ksi, gra, rga, dft, vdf, dph, dpr, nmh, grr or hgd, respectively, representing
id file of load effects on the height anomaly, ground gravity, gravity disturbance, ground {ilt, vertical deflection, horizontal displacement, radial displacement, normal or
' ight, radial gravity gradient or horizontal gravity gradient.
ildcards of the model time series file name, whose instance can identify the sampling epoch time of the computed load effects. The number of output
ime series files of the load spherical harmonic coefficient model.

| [] gravity disturbance (uGal)

| () ground tilt (SW, mas) ()

(] vertical deflection (SW, mas)

| () horizontal displacement (EN, mm) ()
| @ ground radial displacement (mm) (»)

C:/ETideLoad4.5_win64en/examples/Loadefor synth/landwcs/swscp018010312|coe
wcs/swscP018011012coe
018011712 coe
C:/ETideLoad4.5_winG4en/examples/Loadeformharmsynth/landwcs/swscp018012412|coe
C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/landwcs/swscR018013112fcoe
C-/FTidel nad4 5 win64en/examnles/l nadeformharmsvnth/landwes/swscP018020712|coe

| () ground normal or orthometric height (mm) (»)
| [] radial gravity gradient (10uE)
(] horizontal gravity gradient (NW, 10pE)

Minimum starting degree - Maximum truncated - ﬂ Set the result folder

of the coefficient model ! 360 _ # Import setting parameters

— = degree & Start computation

-ksi
.gra
.dpr
Lksi
.gra
.dpr
Lksi

:/ETideload4.5 winéden/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl2018010312
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018010312
:/ETidelLoad4.5 winéden/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl2018010312
:/ETideload4.5 winéden/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl2018011012
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018011012
:/ETidelLoad4.5 winéden/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl2018011012
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018011712

:/ETideload4.5 winé: gy} “ = =
-/erideoads. s_wine: U Nifi@d analytical computation of various load effects on
all-element geodetic variations in whole Earth space.

:/ETideload4.5 winé:
:/ETideload4.5 winé:

“#a Plot
= Plot{ . JETideLoad4.5 winé:

QOO0

Extract deformation field to be plot
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| & Computation of load deformation field by spherical harmonic synthesis — O X

Computation of load effect time series using spherical harmonic synthesis

: Computation of various load effects o Computation of various load effects of Computation of load effect time series = Global surface load spherical harmonic
f using spherical harmonic synthesis = Earth satellite or outside solid Earth " using spherical harmonic synthesis > analysis and load effect synthesis
| Select the calculation point file format The type of surface load Surface atmosphere &1 Save program process as

The calculation surface height grid file v
>> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m) time series, compute the time series of the non-

; ‘& Open the land surface height grid file tidal load effects on various variations on the calculation points in the input file using spherical harmonic synthesis.
>> Open the land surface height grid file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/zero15m.dat.
>> Open any load harmonic coefficients model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/atmosphcs/airpress2020070112cs.dat.
** The window below only shows no more than 3000 rows of data in the file!
|>> Create or select the results folder C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/atmload. |
**The program outputs the surface load effect grid time series files loadimdl~.?272, where 22? = Ksi, gra, rga, dft, vdf, dph, dpr, nmh, grr or hgd, respectively, representing
id file of load effects on the height anomaly, ground gravity, gravity disturbance, ground {ilt, vertical deflection, horizontal displacement, radial displacement, normal or

! uﬂ Open any load harmonic coefficient model file

| Set the wildcard of the file names
| Ordinal number of first wildcard in file na

| Number of consecutive wildcards in file n

- Select the type of effects t, radial gravity gradient or horizontal gravity gradient.
| @ geoid or height anomaly (mm) Here, *** are the Wi ds of the model time series file name, whose instance can identify the sampling epoch time of the computed load effects. The humber of output
| @ ground gravity (uGal) (® files is equal to the number of #ae series files of the load spherical harmonic coefficient model.

o **The load harmonic coefficient model i

(O G GELTIEN EE (Mol C:/ETideLoad4.5_win64en/examples/Loadeformn th/atmosphcs/airpresd2020070112ks dat |
() ground tilt (SW, mas) (®) C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/a cs/airpres42020070814cs.dat I '

| [ vertical deflection (SW, mas) C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/atmosphcs 2020071514cs.dat
C:/ETideLoad4.5_winG4en/examples/Loadeformharmsynth/atmosphcs/airpres42020072214cs.dat
o ] C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/atmosphcs/airpres420200729124cs.dat
' @ ground radial displacement (mm) (¢ C-/FTidel oad4 5 winB4en/examnles/| oadeformharmsvnth/atmosnhcs/airnresd2020080514cs dat

" d I rth tric height . ini i = i = . = . :
' [ ground normal or orthometric height (mm) () Minimum starting degree 1 Maximum truncated 180 - ﬂ Set the result folder % Import setting parameters # start computation

: () radial gravity gradient (10pE) of the coefficient model — ~ degree

:/ETideload4.5 winéden/examples/Loadeformharmsynth/atmload/loadfmdl12020070112.%ksi
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/atmload/loadfmdl2020070112.gra I
:/ETidelLoad4.5 winéden/examples/Loadeformharmsynth/atmload/loadfmdl12020070112.dpr
:/ETideload4.5 winéden/examples/Loadeformharmsynth/atmload/loadfmdl12020070812.ksi
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/atmload/loadfmdl12020070812.gra
:/ETidelLoad4.5 winéden/examples/Loadeformharmsynth/atmload/loadfmdl12020070812.dpr
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/atmload/loadfmdl12020071512.ksi
:/ETideload4.5 winé:

encereass. s wine: Uified analytical computation of various load effects on

:/ETideload4.5 winé:

e all-element geodetic variations in whole Earth space.

:/ETideLoad4.5 winé:

rched by wildcard instantiation:

: (] horizontal displacement (EN, mm) (»)

| [J horizontal gravity gradient (NW, 10uE)

Extract deformation field to be plot = Plot|
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Sea level variation load effect should be taken into account for the
1cm/10uGal-level geodesy in the coastal zone.

Month/day/year

07/02/18 — owowmie omsne o010 “oT0220
Sea level variation load effect weekly time series on the geoid (mm) at 12 tide gauges along Chinese coast
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Sea level variation load effect weekly time series on the ground gravity (uGal) at 12 tide gauges along Chinese coast



:Sea level variation load effecf should be takén into account forthe @\ ﬁ """" |
q} 1Tcm/10uGal-level geodesy in the coastal zone. Month/day/year |
R 07/02/18  owoms o9 o010 oz

Sea level variation load effect weekly time series on the ellipsoidal height (mm) at 12 tide gauges along Chinese coast
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Sea level variation load effect weekly time series on the radial gradient (10yE) at 12 tide gauges along Chinese coast




8| Surface atmosphere variation load effect should be taken into
. account for the 1cm/10pGal-level geodesy.

| 'I )
T

O7/02/18 01/01/19 0703/ 01/01/20 072120

Surface atmosphere variation load effect weekly time series on the geoid (mm) at 14 CORS stations in
mainland China
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Surface atmosphere variation load effect weekly time series on the ground gravity (uGal) at 14 CORS
stations in mainland China



Surface atmosphere variation load effect should be taken into

-10 Month/day/year

OF/218 01401419 07319 01/01/20 072120

Surface atmosphere variation load effect weekly time series on the ellipsoidal height (mm) at 14 CORS
stations in mainland China
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Surface atmosphere variation load effect weekly time series on the radial gradient (10pyE) at 14 CORS stations
In mainland China



The land water load effect should also be taken into account for the
1cm/10uGal-level geodesy in the land.

A

Month/day/year |

07/02/18 01/01/19 O7/3/19 (01401720 07/02/20
Global land water variation load effect weekly time series on the geoid (mm) at 14 CORS stations in mainland China

.....................

................................................................................... Month/day/year |

0018 | oo | 070319 | * 0100120 * |  07/02/20
Global land water variation load effect weekly time series on the ground gravity (uGal) at 14 CORS stations in mainland China



The land water load effect should also be taken into account for the
s 1cm/1 OpGaI-Ievel geodesy in the land.

Month/day/year 4
: };F’ :lu"'

T . . . . . . . . .
Global land water variation load effect weekly time series on the ellipsoidal height (mm) at 14 CORS stations in mainland China

Month/day/year |
07/02/20
Global land water variation load effect weekly time series on the radial gradient (10pE) at 14 CORS stations in mainland China
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| s Regional refinement of load defarmation field by Green's Integral

- Computation of regional

.. Computation of regional residual surface
** load effects by Green's Integral

Select the calculation point file format
The discrete calculation point file

&

g

<

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

residual surface load effects by Green's Integral

.. Computation of lakes, glaciers, and snow

.. Computation of regional load effect -~ Alaorithm f
** load effects by Green's Integral w4 Algorithm Tc

s - . . i LA 9
time series by Green's Integral &,
Chinese Academy of Surveying & mapping
October 2024, Beijing, China

The type of surface load Surface atmosphere - 5.1 Save progi

E Open the space calculated point file

Number of rows of the file header 1

sphéricél harmonic coefficient model, calculate the residual load deformation field grid by load Green's function integral to refine the regional load
deformation field and temporal gravity field.
** When computing the load effects of sea level variations, the height of the calculation point is the normal or orthometric height. When computing the load

Column ordinal number of height in record 4

effects of surface atmosphere or land water variations, the height of the calculation point is the height relative to the Earth’s surface.
>> Select the computation function from the 3 control buttons on the top of the interface...

LI

Open the residual equivalent water
height variation grid file

=

>> [Function] From the regional residual equivalent water height (EWH) variation grid (cm), compute the residual surface load effects on the geoid or height
anomaly (mm), ground gravity (MGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south

/

Select the type of effects
@ geoid or height anomaly (mm)
@ ground gravity (uGal) ®
(] gravity disturbance (uGal)
() ground tilt (SW, mas) (®
(] vertical deflection (SW, mas)
() horizontal displacement (EN, mm) (=)
@ ground radial displacement (mm) (»)
(] ground normal or orthometric height (mm) (»)
(] radial gravity gradient (mE)
(] horizontal gravity gradient (NW, mE)

\ggd to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric |
ight (mm), radial gravity gradient (mE) or horizontal gravity gradient (NW, to the north and to the west, mE) by load Green's function integral.
>>\Qpen the space calculation point file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/calcpnt.txt.
** Look at the file information in the window below and set the row number of the file header...
>> Open the residual equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/swscSEP2018041112.dat.
|>> Save Ne results as C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/rntdfmrst.txt. |
>> Setting parameters have been imported into the program!
** Click the cantrol button [Start computation], or the tool button [Start computation]....
>> Computation\start time: 2024-10-20 10:23:44

>> Complete the refinement computation!
>> Computation end\time: 2024-10-20 10:24:04

3 Import setting parameters & Start computation

Green's integral radius §Q\Okm - ta Save the results as

104.0 114.0 25.0 35.0 0.¥8333333 0.08333333

1 104.041667 25. 0.000 -7.2004 -5.1017 14.1136 I
2 104.125000 25. 0.000 -7.0567 -5.0204 13.9065
3 104.208333 25 0.000 -6.4733 -4.5809 12.5347
4 104.291667 25.041¢67Y 0.000 -6.3577 -4,4923 12.2997
5 104.375000 25.041¢67 | 0.000 -6.6807 -4,7545 13.1545
6 104.458333 25.041¢67 | 0.000 -6.5397 -4,6359 12.8022
7 104.541667 25.041¢67 | 0.000 -6.4231 -4,5438 12.5544

geoid / height anomaly (mm)

ground gravity (uGal) radial displacement (mm)




| s Regional refinement of load defarmation field by Green's Integral

Computation of regional residual surface load effects by Green's Integral

.. Computation of regional residual surface
** load effects by Green's Integral

Select the calculation point file format
The calculation surface height grid file

.. Computation of lakes, glaciers, and snow
** load effects by Green's Integral

The type of surface load Surface atmosphere -

3 Open the land surface height grid file

.. Computation of regional load effect
*“* time series by Green's Integral

>> Save the results as C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/rntdfmrst.txt.

>> Setting parameters have been imported into the program!

llﬂ Open the residual equivalent water
height variation grid file

>> Complete the refinement computation!

Select the type of effects
@ geoid or height anomaly (mm)
@ ground gravity (uGal) (»
(] gravity disturbance (uGal)
(] ground tilt (SW, mas) ®
(] vertical deflection (SW, mas)
() horizontal displacement (EN, mm) (=)
@ ground radial displacement (mm) (s
@ ground normal or orthometric height (mm) (=)
@ radial gravity gradient (mE)
(] horizontal gravity gradient (NW, mE)

Extract the effects to be plot = Plot|

>> Computation end time: 2024-10-20 10:24:04

** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-20 10:23:44

&

- -t
Earth Tide, Load Effect and Deform -
ation Monitoring Computation
ETideLoad4.5

= Algorithm fc sl

’’’’’

Chinese Academy of Surveying & mapping
October 2024, Beijing, China

4. Save prog:
1

>> [Function] From the regional residual equivalent water height (EWH) variation grid (cm), compute the residual surface load effects on the geoid or height
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), ground normal or orthometric

height (mm), radial gravity gradient (mE) or horizontal gravity gradient (NW, to the north and to the west, mE) by load Green's function integral. |

>> Open the calculation surface height grid file C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/zero3m.dat.

>> Open the residual equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/swscSEP2018042512.dat. !

|>> Save the results as C./ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/rmtdfmgrd.txt.

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

>> Computation start time: 2024-10-20 10:26:50

>> Complete the refinement computation!

>> Computation end time: 2024-10-20 10:26:55

Green's integral radius  300km =

Eﬂ Save the results as

C:/ETideLoad4.5 winé4en/examples/Loadfmrntgreenintg/rntdfmgrd.ksi
C:/ETideLoad4.5 winéd4en/examples/Loadfmrntgreenintg/rntdfmgrd.gra
C:/ETideLoad4.5 winéd4en/examples/Loadfmrntgreenintg/rntdfmgrd.dpr
C:/ETideLoad4.5 winéd4en/examples/Loadfmrntgreenintg/rntdfmgrd.nmh
C:/ETidelLoad4.5 winé4en/examples/Loadfmrntgreenintg/rntdfmgrd.grr

3 Import setting parameters

4 Start computation

geoid / height anomaly (mm)

ground gravity (uGal)

radial displacement (mm)




H :;*-e

- Computation of lakes, glaciers and snow load effects by Green's Integral Earth Tud, Load Effoct and Beform-

.. Computation of regional residual surface
" load effects by Green's Integral

Select the calculation point file format
The discrete calculation point file

ation Monitoring Computation

ETideLoad4.5
.. Computation of lakes, glaciers, and snow .« Computation of regional load effect ~ Al thm £
" load effects by Green's Integral " time series by Green's Integral 2 Algorrthm 1 5

m >> Computation end time: 2024-10-20 10:26:55

Chinese Academy of Surveying & mapping
October 2024, Beijing, China

5.1 Save progi

_ﬂ Open the space calculation point file

Number of rows of the file header 1

Column ordinal number of height in record 4 N

LI

N

>> [Function] From the load equivalent water height variation grid (cm) of the inland water-bodies such as the rivers, lakes, reservoirs, glaciers or snow-
capped mountains, compute the water-body 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), radial gravity gradient (mE) or horizontal gravity gradient (NW, to

=1 Open water-body equivalent water
= height variation grid file

the north and to the west, mE) by load Green's function integral.
“* The height in the calculation point file refers to the height of the calculation point relative to the wat~raufana— - - -
** The equivalent water height variation grid of multiple water bodies at the same sampling epoch t wef : ' i "

3245 | |

Select the type of effects
@ geoid or height anomaly (mm)
@ ground gravity (uGal) (¢
(] gravity disturbance (uGal)
() ground tilt (SW, mas) (®
(] vertical deflection (SW, mas)
() horizontal displacement (EN, mm) (=)
@ ground radial displacement (mm) (=)
@ ground normal or orthometric height (mm) (»)
@ radial gravity gradient (mE)
(] horizontal gravity gradient (NW, mE)

total load effects by load Green's function integral. :
2> Open the space calculation point file C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/la =

ook at the file information in the window below and set the row number of the file header... :
>> OQpen water-body equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/ >
[>> Save'the results as C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/lakedfmrst.txt. | | ...

a2y

32,78

nr

trol button [Start computation], or the tool button [Start computation].... nes

326

32,55

| Save the results as : e ——

111.00000000 111.80000000 .40000000 33.00000000 0.00416667 0.0041ce67 0.0000

1 111.0020833  32. 0.000 0.0130 0.0102 -0.0308 -0.0438 -0.1105 I
2 111.0062500  32.4020833 0.000 0.0131 0.0102 -0.0311 -0.0442 -0.1133
3 111.0104167  32.4020833 0.000 0.0132 0.0103 -0.0313 -0.0445 -0.1160
4 111.0145833  32.4020833 0.000 0.0133 0.0104 -0.031e¢ -0.0449 -0.1187
5 111.0187500  32.4020833 0.000 0.0134 0.0104 -0.0318 -0.0452 -0.121e6
. 6 111.0229167  32.4020833 0.000 0.0134 0.0105 -0.0321 -0.0456 -0.1245
Extract the effects to be plot = Plot] 7 111.0270833 32.4020833 0.000 0.0135 0.0106 -0.0324 -0.0459 -0.1273
1117 1114 1117 1114 1118 1.z 1114 1118
32, 2w W
T8 2R LK
2, »T nT
6 el we
32. 125 25
1Lz L4 .z 1.4 118 .z 1L# 118
0,02 o 006 042 04 006 008 01 012 614 048 04 03 0.2 -0.1
I - ] | x -] I ] ]
geoid / height anomaly (mm) ground gravity (uGal) radial displacement (mm)
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- Computation of lakes, glaciers and snow load effects by Green's Integral

.. Computation of regional residual surface
" load effects by Green's Integral

Select the calculation point file format
The calculation surface height grid file

ot -t
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETideLoad4.5
.« Computation of regional load effect -:; Algorithm f
" time series by Green's Integral - gorrthm 7§ 5

.. Computation of lakes, glaciers, and snow
" load effects by Green's Integral

Chinese Academy of Surveying & mapping
October 2024, Beijing, China

5.1 Save progi

_ﬁ Open the land surface height grid file

>> Complete the refinement computation!
>> Computation end time: 2024-10-20 10:36:07

71 Open water-body equivalent water
= height variation grid file

>> [Function] From the load equivalent water height variation grid (cm) of the inland water-bodies such as the rivers, lakes, reservoirs, glaciers or snow-
capped mountains, compute the water-body 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

Select the type of effects
@ geoid or height anomaly (mm)
@ ground gravity (uGal) ()
(] gravity disturbance (uGal)
(] ground tilt (SW, mas) ®
(] vertical deflection (SW, mas)
() horizontal displacement (EN, mm) (=)
@ ground radial displacement (mm) (s
@ ground normal or orthometric height (mm) ()
@ radial gravity gradient (mE)
@ horizontal gravity gradient (NW, mE)

Extract the effects to be plot = Plot]

1r 111 111.4

111 1Lz 111.4" 11 1.2 111.4° (VK
1.0 e .06 04 0.3 -2 0.1
I - | — I : | —

north, mm), ground radial displacement (mm), ground normal or orthometric height (mm), radial gravity gradient (mE) or horizontal gravity gradient (NW, to

the north and to the west, mE) by load Green's function integral. __
** The height in the calculation point file refers to the height of the calculation point relative to the water surface. ,
** The equivalent water height variation grid of multiple water bodies at the same sampling epoch time can be merged directly, and then you can get the ‘

total load effects by load Green's function integral.

>> Open the calculation surface height grid file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/lakecalcpnt.dat.

>> Open water-body equivalent water height variation grid file C:/ETidelLoad4.5 win64en/examples/Loadfmrntgreenintg/lakechgcm.dat.

>> Save the results as C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/lakedfmgrd.txt.

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

>> Computation start time: 2024-10-20 10:52:18 asst ' ' ' ' Jnass

>> Complete the refinement computation! . ) -

>> Computation end time: 2024-10-20 10:57:59 = ™

32,75 3275

Green's integral radius  300km < | Save the results as

ny nr

:/ETideLoad4.5 winé4en/examples/Loadfmrntgreenintg/lakedfmgrd.ksi
:/ETideLoad4.5 winé4en/examples/Loadfmrntgreenintg/lakedfmgrd.gra
:/ETideLoad4.5 winé4en/examples/Loadfmrntgreenintg/lakedfmgrd.dpr
:/ETideLoad4.5 winé4en/examples/Loadfmrntgreenintg/lakedfmgrd.nmh
:/ETideLoad4.5 winé4en/examples/Loadfmrntgreenintg/lakedfmgrd.grr
:/ETideLoad4.5 winé4en/examples/Loadfmrntgreenintg/lakedfmgrd.hgd

32.65 - 3265

326"

-132.55"
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e 1z 14 1l - ] ) By 1114 UKy
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geoid / height anomaly (mm)

ground gravity (uGal) radial displacement (mm)



| s Regional refinement of load deformation field by Green's Integral

| Computation of regional load effect time series by Green's Integral

.. Computation of regional residual surface
** load effects by Green's Integral

Select the calculation point file format
The discrete calculation point file

&

- -
Earth Tide, Load Effect and Deform -
ation Monitoring Computation
ETideLoad4.5

.. Computation of lakes, glaciers, and snow

.. Computation of regional load effect -~ Alaorithm f
** load effects by Green's Integral w4 Algorithm Tc

= . . i ’ :. o
time series by Green's Integral &,
Chinese Academy of Surveying & mapping
October 2024, Beijing, China

The type of surface load Land water EWH v 5.1 Save progi

E Open the surface calculation point file

Number of rows of the file header 1

Column ordinal number of height in record 4

LI

>> [Function] From the regional residual equivalent water height (cm) grid time series, compute the time series of the residual value of the load effects on
various geodetic variations at the calculation points in the input file by load Green's function integral. The residual equivalent water height variation (cm) grid
time series files are extracted according to the given wildcards.

** The epoch time of the residual load effects is the sampling epoch time of the surface equivalent water height grid model.

** When calculating of the lakes, glaciers, or snow load effects, please select “Land water EWH” as the type of surface load.

uﬂ Open any residual equivalent water
height variation grid file

>> Open the surface calculation point file C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/calcpnt.txt.
** Look at the file information in the window below and set the row number of the file header... _,
>> Qpen any residual equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/swscSEP2018041112.dat. .

Set the wildcard of the file names
Ordinal number of first wildcard in file name/ 8

Number of consecutive wildcards in file namie 10
Select the type of effects

@ geoid or height anomaly (mm)

@ ground gravity (uGal) (»

(] gravity disturbance (uGal)

(] ground tilt (SW, mas) ®

(] vertical deflection (SW, mas)

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

@ ground radial displacement (mm) (»)

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

@ radial gravity gradient (mE)

@ horizontal gravity gradient (NW, mE)

Extract the effects to be plot

10K

L P|Otl

[>> Create or select the result folder C:fETideLoad4.5_win64enlexamples/Loadfmrntgreenintg/loadtms._]

**The program outputs the residual load effect record time series files rntGreen***.txt. Each output file header is the same as the input file. Behind the
input file record, adds one or several columns of the surface load effects selected as the output file record.
wildcards of the variation grid time series file names, whose instance can identify the sampling epoch time of the load effects.

** The load EWH variati id files searched by wildcard instantiation:
C:/ETideLoad4.5 win64en/example tgreenintg/swscSEH2018041112 dat
C:/ETideLoad4.5 win64en/examples/Loadfmrntgreeni 2018041812|dat
C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/swscSER2018042512|dat
C:/ETideLoad4.5_ win64en/examples/Loadfmrntgreenintg/swscSEH2018050212|dat

>> 4 equivalent water height variation grid time series files are found by wildcard instantiation.
>> Setting parameters have been imported into the program!

rﬂ Set the results folder 3 Import setting parameters & Start computation

Green's integral radius  300km =

:/ETideLoad4.5 winé4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112.txt
:/ETideLoad4.5 winé4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041812.txt
:/ETideLoad4.5 winé4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018042512.txt

C
C
C
C:/ETideLoad4.5 winéd4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018050212.txt

geoid / height anomaly (mm)

ground gravity (uGal) radial displacement (mm)




| s Regional refinement of load defarmation field by Green's Integral

Computation of regional load effect time series by Green's Integral

. Computation of regional residual surface
** load effects by Green's Integral

Select the calculation point file format
The calculation surface height grid file

. Computation of lakes, glaciers, and snow
** load effects by Green's Integral

&

-

o -
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

. Computation of regional load effect -~ Alaorithm f e
** time series by Green's Integral 2 Algoritnm 1§ &

Chinese Academy of Surveying & mapping
October 2024, Beijing, China

The type of surface load Land water EWH v 5.1 Save progi

_.j-. Open the land surface height grid file

Uﬂ Open any residual equivalent water
height variation grid file

Set the wildcard of the file names
Ordinal number of first wildcard in file nam

>> [Function] From the regional residual equivalent water height (cm) grid time series, compute the time series of the residual value of the load effects on
various geodetic variations at the calculation points in the input file by load Green's function integral. The residual equivalent water height variation (cm) grid
time series files are extracted according to the given wildcards.

** The epoch time of the residual load effects is the sampling epoch time of the surface equivalent water height grid model.

** When calculating of the lakes, glaciers, or snow load effects, please select “Land water EWH" as the type of surface load.
>> Open the land surface height grid file C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/zero3m.dat.
>> Open any residual equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/swscSEP2018041112.dat.

Number of consecutive wildcards in file na
Select the type of effects
@ geoid or height anomaly (mm)

>> Create or select the result folder C./ETideLoad4.5_ win64en/examples/Loadfmrntgreenintg/loadtms. |
e program outputs the re5|dual load effect grid time series files iGreen™> 7277, where 777 = kS| gra, rga, dft, vdf, dph dpr nmh, grr or hgd

dlsplacement radia

cement normal or orthometric height, radial gra\nty gradient or honzontal gravity gradlent

*** are the wildcards of the

jon grid time series file names, whose instance can identify the sampling epoch time of the load effects.

@ ground gravity (uGal) (®

(] gravity disturbance (uGal)

() ground tilt (SW, mas) ®

(] vertical deflection (SW, mas)

(] horizontal displacement (EN, mm) (¢

@ ground radial displacement (mm) (o)

@ ground normal or orthometric height (mm) ()
@ radial gravity gradient (mE)

@ horizontal gravity gradient (NW, mE)

Extract the effects to be plot = Plot|

** The load EWH variation grid files sea

C:/ETideLoad4.5_ win64en/examples/Loadfmrntg /swscSEH
C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/s
C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/swscSER

wildcard instantiation:
i 2018041112.

C:/ETideLoad4.5_ win64en/examples/Loadfmrntgreenintg/swscSER

2018041812
2018042512
2018050212

dat
dat
dat

dat

>> 4 equivalent water height variation grid time series files are found by wildcard instantiation.

>> Setting parameters have been imported into the program!

Green's integral

radius 300km -

| Set the results folder

:5- Import setting parameters

N oNoNeNONONONe!

:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.

5 winé4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112
5 winé4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112
5 winé4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112
5 winé4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112
5 winé4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112

5 wintden/examples/Loadfmrntgreenintyg/loadtms/rntGreen2018041812

5 winé4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112.
.gra
.dpr
. nmh
.grr
.hgd
5 winé4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041812.
.gra

ksi

ksi

& Start computation

iy
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geoid / height anomaly (mm)

ground gravity (uGal) radial displacement (mm)




The change of surface gravity with time is generally more than 20uGal, while
,q the change of gravity gradient with time is generally more than 5E. | ' ]

_ monthﬁ/day \
01/01/19 07/03/19 07/02/20

30'x30’ residual soil water load effects in Chinese mainland (Green integral): radial gradient variation (mE)



The change of surface gravity with time is generally more than 20uGal, while
the change of gravity gradient with time is generally more than 5E. 5

N Rl el A

1000 |
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0F
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1000 |

1500 |

montﬁ/day/year _

070218 T ooms T om0319 oo 07/02/20
30'x30’ residual soil water load effects in Chinese mainland (Green integral): horizontal gradient variation (N, mE)
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as o101 T 070319 oo 07/02/20
30'x30’ residual soil water load effects in Chinese mainland (Green integral): horizontal gradient variation (W, mE)



The calculated load effect signal by the direct load Green’'s integral is not

sufficient and thus is difficult to meet the high-precision geodesy.

8 : . . | :
Remove - load Green's function integral — restore scheme

W

Al

2
]
-4
-6

A

\I/ k ., :
T | /S /" oA

month/day/year

O7/02/18 01/01/19 01/01/20

07/02720

Surface atmosphere load effect time series on geoid (mm) at 6 CORS stations in mainland China using two scheme

Remove — load Green's function integral — restore scheme
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month/day/year -

01/01/20

01/01/19

Surface atmosphere load effect time series on ground gravity (mGal) at 6 CORS stations in mainland China using two scheme
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The calculated load effect signal by the direct load Green’'s integral is not
sufficient and thus is difficult to meet the high-precision geodesy.

scheme

Remove - load Greenis function integral — restore
VA

' I ‘{f TG "

5k

=10

UQAK

ot 71 —— HRBN
B\ —— NXHY
A — DAIS
6 , , , , , , . . . . : . . _ month/day/year _ LHAS

0702018 01A01/19 0TG99 0101420 070220 YANG

Surface atmosphere load effect time series on ellipsoidal height (mm) at 6 CORS stations in mainland China using two scheme

02f |'A A . ' : .
Remove —load Green's\function integral — restore scheme
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Surface atmosphere load effect time series on radial gravity gradient (mE) at 6 CORS stations in mainland China using two scheme



& Regional approach of load deformation field using SRBFs / &

Approach of residual load and synthesis of residual load effects using SRBFs -

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

.. Approach of residual load and synthesis ... Computation of residual surface load and —_ T Y
of residual load effects using SRBFs o load effect time series using SRBFs * Load deformation field A ULCHE AR SIETE ikl ; e
a o Chinese Academy of Surveying & mapping
Select the calculation point file format Solution of normal equation LU triangular decompos - Cumulative SRBF approach times 1 = 8= Save progrofrhpiBtEtinanGhina
The discrete calculation point file v ————— :

i >> Open the residual equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/loadfmtewhSRBFs/soilewh20180131.dat.
{44 Open the space calculation point file [>> Save the results as C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/SRBFtdfm.txt. |
>> Setting parameters have been imported Into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-20 15:53:40

»>> Complete the computation for approach of residual load and svnthesis of residual load effects!

Number of rows of the file header 1

A ([ 4>

Column ordinal number of height in record 4

3 Open the residual equivalent water The source EWH observations (cm): Mean -22.9259 standard deviation 22.8930 minimum -146.8799 maximum 87.2602.
height variation grid file The Oth iterated residual EWH (cm): Mean 0.0052 standard deviation 4.4537 minimum -37.6941 maximum 25.5549.
Parameters of the first SRBF appoach The 1th iterated residual EWH (cm): Mean _0.0025 standard deviation 3.5260 minimum_ -28.3254 maximum 22.1524. | ________________________________ I

>> Computation end time: 2024-10-20 15:58:46 :
>> The program also outputs the SRBF spatial curve file *spc.rbf and spectral curve files *dgr.rbf of 11 kinds of

** *spc.rbf file header format: SRBF type (0-radial multipole kernel function, 1-Possion wavelet kernel functior
Legendre expansion, buried depth (km). The record format: spherical distance (km), normalized SRBF values :0_5 i
disturbance, ground tilt, vertical deflection, horizontal displacement, radial displacement, orthometric height, ra

** The file header of * dgr.rbf is the same as * spc.rbf. The record format: degree n of SRBF Legendre expans
height anomaly, ground gravity, gravity disturbance, ground tilt, vertical deflection, horizontal displacement, rad
horizontal gradient variations.

<

Select SRBF radial multipole kernel
order numberm 0

minimum degree 15

maximum degree 900

burial depth of Bjerhammar sphere 5.0km

action distance of SBRF center 150km
Reuter network level K 1800

A P[] A] P[] A] ]| [4] >

I
) save the results as i b
1

Parameters of cumulative SRBF appoach 98.000 102.000 25.0000 28.000 0.01666667 0.01666667 Laso o s 0w

Select SRBF radial multipole kernel - 1 98.008333  25.008333 0.000 —50.5230 —1.5456 ~20.2522 —20.9465 0.0110 —0.0079 0.0015 —0 0012]
order numberm o = 2  98.025000 25.008333 0.000 -45.9740 ~1.3242 ~18.4557 -19.0682 0.0092 ~0.0089 0.0011 -0.0014
= 3 98.041667  25.008333 0.000 -42.7539 ~1.2380 ~17.1549 -17.7312 0.0078 ~0.0095 0.0009 -0.0016
minimum degree 45 = 4  98.058333  25.008333 0.000 -42.9815 ~1.4841 ~17.1478 -17.8004 0.0080 ~0.0104 0.0011 -0.0018
maximum degree 1800 s 5 98.075000 25.008333 0.000 ~37.7942 ~1.2010 ~15.1123 ~15.6618 0.0061 ~0.0108 0.0008 ~0.0019
_ _ - 6 98.091667 25.008333 0.000 -37.0927 ~1.3542 ~14.7584 -15.3525 0.0055 ~0.0113 0.0008 -0.0021
burial depth of Bjerhammar sphere 10.0km = 7 98.108333  25.008333 0.000 -36.7076 ~1.5304 ~14.5265 -15.1730 0.0036 ~0.0116 0.0005 ~0.0022
e ATE R TSR E cxre: 2 8  98.125000 25.008333 0.000 -35.1771 ~1.5832 -13.8705 -14.5278 0.0022 ~0.0112 0.0002 -0.0022
Reuter network level K 1800 =
Extract the effects to be plot = Plot|
.5 g5 og” oo 5 1olr s 1ag” s oE5 o 995 1Ky 106157 1l 1al.5°
= O T r-r—ri||||1|
. : v -
12175 s
% .
= 77
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|
0 5" 10 105" 1m* 4.5 0 0%.5 100 100 " 1015 oy oor 005 1o ([LiEy (i} 1015

40 A A -0 ] 10 0 2 0 2 4 & & i
| B ] ' B ]
geoid / height anomaly (mm) ground gravity (uGal) radial displacement (mm) radial gradient (mE)

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the estimated load

EWHs is obviously reduced and the residual statistical mean tends to zero.




& Regional approach of load deformation field using SRBFs

&

Approach of residual load and synthesis of residual load effects using SRBFs -

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

.. Approach of residual load and synthesis
of residual load effects using SRBFs

... Computation of residual surface load and - B e
load effect time series using SRBFs = Load deformation field approach from heterogeneous SUSIGIBR s

Select the calculation point file format
The calculation surface grid file

3 Open the calculation surface height grid file

llﬂ Open the residual equivalent water
height variation grid file

Parameters of the first SRBF appoach

Select SRBF radial multipole kernel

<

order numberm 0

'''''

Chinese Academy of Surveying & mapping
Octobeyr 2024, Beijingy, China

Solution of normal equation LU triangular decompos - Cumulative SRBF approach times 1 = 4. Save pi

>> [Function] From the regional residual equivalent water height (EWH) variation grid (cm), approach the regional residual surface loads using spherical radial basis functions
(SRBFs) and then calculate the residual EWH estimation and residual load effects on the geoid or height 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), ground normal or orthometric height (mm), radial gravity gradient (mE) or horizontal gravity gradient (NW, to the north and to the west, mE)
using SRBF synthesis.

>> Open the calculation surface height grid file C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/zero1m.dat.

>> Open the residual equivalent water height variation arid file C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/soilewh20180328.dat.

>> Save the results as C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.txt.

minimum degree 15

maximum degree 900

burial depth of Bjerhammar sphere 5.0km

action distance of SBRF center 150km

Reuter network level K 1800

A B[P (AP A 2] A] ]| 4] >

Parameters of cumulative SRBF appoach

>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-20 16:09:06

>> Complete the computation for approach of residual load and synthesis of residual load effects!

The source EWH observations (cm): Mean -40.4567 standard deviation 31.3639 minimum -191.3139 maximum 75.7880.
The Oth iterated residual EWH (cm): Mean 0.0087 standard deviation 5.5002 minimum -43.6331 maximum 39.0007.
The 1th iterated residual EWH (cm): Mean 0.0011 standard deviation 4.5873 minimum -40.7119 maximum 30.1390.
>> Computation end time: 2024-10-20 16:12:36

>> The program also outputs the SRBF spatial curve file *spc.rbf and spectral curve files *dgr.rbf of 11 kinds of geodetic variations into the current directory.

Select SRBF radial multipole kernel

<

order numberm 0

r:J Save the results as

'i— Import setting parameters

& Start Computation

minimum degree 45

maximum degree 1800

burial depth of Bjerhammar sphere 10.0km

action distance of SBRF center 90km

Reuter network level K 1800

A ML AP (AP 2]] ] M][ 4] >

Qo000

:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.

5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winé4en/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.

ewh
ksi
gra
rga
dft
vdf
dph
dpr
nmh
grr

Extract the effects to be plot = Plot|
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geoid / height anomaly (mm)

ground gravity (uGal) radial displacement (mm) radial gradient (mE)

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the estimated load

EWHs is obviously reduced and the residual statistical mean tends to zero.




& Regional approach of load deformation field using SRBFs

Computation of residual surface load and load effect time series using SRBFs

.. Approach of residual load and synthesis
of residual load effects using SRBFs

- Computation of residual surface load and
“" load effect time series using SRBFs

‘= Load deformation field approach from heterogeneous

Select the calculation point file format

Solution of normal equation LU triangular decompos

Cumulative SRBF approach times 1

The discrete calculation point file v

E Open the surface calculated point file

Number of rows of the file header 1

A ([ 4>

Column ordinal number of height in record 4

lﬂ Open any residual equivalent water
height variation grid file *x

Ordinal number of first wildcard in file nam

(3R]

Number of consecutive wildcards in file na +~  the output file.

Parameters of the first SRBF appoach

putatlon process needs to wait...
R BFrntdfmtmpnt 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 tH af

>> Computation start time: 2024-10-20 16:15:52

C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/soilewh20180530, dat
C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/soilewh20180801|dat

C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBEs/sollewh20181003| dat

et button [Start computation], or the tool button [Start computation]...
During the computation period, you can open the output files L.s;

&

B

b 4

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

YSHs Wy i) !"\J '%FQ

CAsy

Chinese Academy of Surveying & mapping
Octobeyr 2024, Beijingy China

——

<

Select SRBF radial multipole kernel
order numberm 0

minimum degree 15

maximum degree 900

burial depth of Bjerhammar sphere 5.0km

action distance of SBRF center 150km

>> SRBF approach statistics of 20180131 load EWHs:
The source EWH observations (cm): Mean -22.9259 standard deviation 22.8930 minimum -146.8799 maximum 87.2602.
The Oth iterated residual EWH (cm): Mean 0.0052 standard deviation 4.4537 minimum -37.6941 maximum 25.5549.
The 1th iterated residual EWH (cm): Mean 0.0025 standard deviation 3.5260 minimum -28.3254 maximum 22.1524.

>> SRBF approach statistics of 20180328 load EWHs:
The source EWH observations (cm): Mean -40.4567 standard deviation 31.3639 minimum -191.3139 maximum 75.7880.
The Oth iterated residual EWH (cm): Mean 0.0087 standard deviation 5.5002 minimum -43.6331 maximum 39.0007.
The 1th iterated residual EWH (cm): Mean 0.0011 standard deviation 4.5873 minimum -40.7119 maximum 30.1390.

A P[] A P[] P[[] 4> 4] P

Reuter network level K 1800

Parameters of cumulative SRBF appoach

r:J Set the results folder

_E'r Import setting parameters

& Start Computation

98.000 102.000 25.0000 28.000 0.01666667 0.01666667
Select SRBF radial multipole kernel - 1 98.008333  25.008333 0.000 10.6549 ~0.4212 4.5657 4.4966 -0.0087 0.0071 ~0.0009 0.0012 I

A - 2 98.025000 25.008333 0.000 9.0048 ~0.4191 3.8803 3.8066 -0.0063 0.0079 ~0.0005 0.0014

3 98.041667  25.008333 0.000 8.7419 ~0.2702 3.7099 3.6809 -0.0046 0.0077 ~0.0002 0.0013

minimum degree 45 = 4  98.058333  25.008333 0.000 10.2489 0.0459 4.2051 4.2776 -0.0046 0.0086 ~0.0005 0.0015

maximum degree 1800 s 5 98.075000 25.008333 0.000 8.1877 0.0163 3.3624 3.4190 -0.0028 0.0088 ~0.0002 0.0016

_ _ - 6 98.091667 25.008333 0.000 6.3786 0.0031 2.6178 2.6642 -0.0008 0.0091 0.0001 0.0017

burial depth of Bjerhammar sphere 10.0km = 7 98.108333  25.008333 0.000 6.7264 0.2004 2.6815 2.7888 0.0012 0.0086 0.0004 0.0016

e ATE R TSR E cxre: 2 8  98.125000 25.008333 0.000 6.1897 0.2883 2.4235 2.5552 0.0030 0.0078 0.0008 0.0015

Reuter network level K 1800 =
Extract the effects to be plot = Plot|
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geoid / height anomaly (mm)

ground gravity (uGal)

radial displacement (mm)

radial gradient (mE)

EWHs is obviously reduced and the residual statistical mean tends to zero.

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the estimated load
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& Regional approach of load deformation field using SRBFs / &
/ B

Computation of residual surface load and load effect time series using SRBFs .

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

- Approach of residual load and synthesis - Computation of residual surface load and % Load deformation field approach from heterogeneous it ERBES
of residual load effects using SRBFs load effect time series using SRBFs ' A
S - e A
Select the calculation point file format Solution of normal equation LU triangular decompos -+ Cumulative SRBF approach times 1 = ‘ Okt 2024, B, v
The calculation surface grid file v —1 ||
- C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/soilewti20181003|dat Lot
' Open calculation surface zero value grid file C:/ETideLoad4.5_win64en/examples/loadfmtewhS ewh20181205|dat sk
- - >> 6 equivalent water height variation gridti eries files are found by wildcard instantiation. Lt
e Open any residual equivalent water >> Setting parameters h imported into the program! ! of
height variation grid file - ** Click t utton [Start computation], or the tool button [Start computation].... .

Ordinal number of first wildcard in file name/’8 e computation process needs to wait... During the computation period, you can open the output files 1{,5

) _ _ SRBFrntdfmtmgrd,to look at the computation progress!! I
Number of consecutive wildcards in file na 8) ** The last column attribute of each output file header is the instance of the wildcards of the file name of th .|

Parameters of the first SRBF appoach the output file. ;

Select SRBF : : >> Computation start time: 2024-10-20 16:47:12 Lo ae s 0 s w1
elec radial multipole kernel >> SRBF approach statistics of 20180131 load EWHSs:
order numberm 0 The source EWH observations (cm): Mean -22.9259 standard deviation 22.8930 minimum -146.8799 maximum 87.2602.
The Oth iterated residual EWH (cm): Mean 0.0052 standard deviation 4.4537 minimum -37.6941 maximum 25.5549.
The 1th iterated residual EWH (cm): Mean 0.0025 standard deviation 3.5260 minimum -28.3254 maximum 22.1524. I
>> SRBF approach statistics of 20180328 load EWHs:
The source EWH observations (cm): Mean -40.4567 standard deviation 31.3639 minimum -191.3139 maximum 75.7880.
The Oth iterated residual EWH (cm): Mean 0.0087 standard deviation 5.5002 minimum -43.6331 maximum 39.0007.

<

minimum degree 15

maximum degree 900

burial depth of Bjerhammar sphere 5.0km

action distance of SBRF center 150km

A B[R] AP (A2 4] M| 4] >

Reuter network level K 1800 ﬂ Set the results folder 3 Import setting parameters & Start Computation

Parameters of cumulative SRBF appoach

:/ETideLoad4.5 winé6den/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.ewh
:/ETideLoad4.5 winé64en/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.ks1
:/ETideLoad4.5 winé6den/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.gra
:/ETideLoad4.5 winé6den/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.rga
:/ETideLoad4.5 winé64en/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.dft
:/ETideLoad4.5 winé4en/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.vdf
:/ETideLoad4.5 winé6den/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.dph
:/ETideLoad4.5 winé6den/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.dpr
:/ETideLoad4.5 winé6den/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205. nmh
:/ETideLoad4.5 winé6den/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.grr

<

Select SRBF radial multipole kernel
order numberm 0

minimum degree 45

maximum degree 1800

burial depth of Bjerhammar sphere 10.0km

Qo000

action distance of SBRF center 90km

A B[R] A] P[] 2] AP [4] >

Reuter network level K 1800

Extract the effects to be plot = Plot|

-0 -0 0 i p
I H B
geoid / height anomaly (mm) ground gravity (uGal) radial displacement (mm) radial gradient (mE)

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the estimated load

EWHs is obviously reduced and the residual statistical mean tends to zero.




The high-degree oscillation and non-convergence troubles of load

40

Green’s function can be effectively solved by using SRBF instead.

[ Non-convergence

7

High-degree oscillation

Integral singularity

L

Gravity disturbance (10'18)5 Vertical deflection (10-19) horizontal diéplacement (10-12) radial displacer;nent

/

b —
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The near-zone characteristics of several load Green's functions (Indirect influence)

6()

- Stable i IR | _
I Convergence SR;BF. point mass kerneial function
os| Monotonic g Minimum, maximum degree: 90, 1800
Tt Burial depth of Bjerhammar sphere: 5km
ﬂ_--__ .-...-..._..._....;...-..._..._...-...-..._..._.._
05 -
1F \/ \/ : .
I Gravity disturbéance Vertical deflection horizontal displacement radial displacement
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The near-zone characteristics of load effect SRBFs on several geodetic variations



& Load deformation field monitoring from heterogeneous variations with Green'’s integral constraints

&

g

-

Earth Tide, Load Effect and Deform -

 Load deformation field estimation from heterogeneous variations with Green’s integral constra

.. Load deformation field estimation from heterogeneous
** variations with Green’s integral constraints

. Time-varying gravity field monitoring from heterogeneous
** variations by Green’s integral constraints

ation Monitoring Computation

As Follow example

ETidelLoad4.5

)

Chinese Academy of Surveying & mapping

_g Open the geodetic variation record time series file

Solution of normal equation LU triangular decomposition -

4. Save prograil

Column ordinal number of the first

4

>> [Function] Using various heterogeneous geodetic variations as the observations and the load Green's function integral as the geodynamic constraints,

epoch time in header 2 > estimate the regional surface load equivalent water height (EWH) and all-element load effects to obtain the land water EWH, geoid or height anomaly
Column ordinal number of the first = (mm), ground gravity (pGal), gravity disturbance (pGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south and to the
variation in record 7 hd west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric height (mm),
The column ordinal number of the _ radial gravity gradient (mE) and horizontal gravity gradient (NW, to the north and to the west, mE) variation grids.
variation type in record 6 v >> Open the geodetic variation record time series file C:/ETideLoad4.5_ win64en/examples/LoadestimateGreen/CORSad;.txt.

- ** Look at the file information in the window below and set the file parameters of the record time series...
E;(iagfl?sluirr:.l?e?:rodrgal LEET EriifE 5 . >> 0Open the calculation surface height grid file C:/ETideLoad4.5 win64en/examples/L oadestimateGreen/dtm3m.dat.
The column ordinal number of the ; >> Create or select the results folder C:/ETideLoad4.5_win64en/examples/LoadestimateGreen/CORSrst.
current variations in record 9 = ** The program outputs the land water EWH grid file ewh****.dat, residual geodetic variation file rnt***.txt and all-element load effect grid files into the

4

current directory. Here, *** is the sampling epoch time which is also saved as the last column attribute of the load effect grid file header.

Mean distance between geodetic sites 15.0 km - (D Greengeoid™* .dat is the load effect grid file on geoid or height anomaly [ uzossorier. we|
=3 . . e *kk i id fi i 1 | Ellipsoidal height: 4
Il Open the calculation surface height grid file (&) Greenterrgrav™.dat is the load effect grid file on ground gravity (uGal), | 0 1.7766  3.2313 -8.9800  7.4500
: (3 Greengravdist***.dat is the load effect grid file on gravity disturbance (UG - 1 0.0470  1.5335 -4.1846  4.4676
Set algorithm parameters ) . e ) 4 2 -0.0250  1.2653 -4.1085  4.2485
() Grapnarndtilt*** dat ia the Inad affact vectar arid file an arannd tilt (W 10 - 3 _0.0276 1.1473  -4.2036 4.1187
Load Green's integral radius = : = . 6 4  -0.0236  1.0787 -4.2537  4.0383
9 150km = ™! Create or select the results folder & Import setting p: CORS 121.3725  28.1708  1.00 4 2.3100 0.0611 -0.0322
Laplace operator weight p 1.0000 = : . _ : CORS 121.2459  28.3706  1.00 4 1.2300 0.1266 0.0791
C:/ETideLoad4.5 wintden/examples/LoadestimateGreen/CORSrat\Green CORS 121.1122  28.5421 1.00 4 -1.3400 -0.2021 -0.0768
Edge effect suppression parameter n = . ; T ga - 10 CORS 121.0901  27.5005  1.00 4 ~4.5000 ~0.0760 0.0174
g PP p 2 C:/ETideLoad4.5 win6den/examples/LoadestimateGreen/CORSrst\Greer | SRS AR bt SEb o A S
Cumulative approach times 3 = C:/ETideLoad4.5 wineden/examples/LoadestimateGreen/CORSrst\Greer i CORS 120.4708  28.5056  1.00 4 0.6900 0.7964 0.5206
C:/ETideLoad4.5_win64en/examples/LoadestimateGreen/CORSrst\Greer *° ggﬁ: iég-jggg gggégg i-gg j ‘g-gégg S-;ggg Egg;g
Select type of the height | it | LC:/ETideload4.5 winé4en/examples/LoadestimateGreen/CORSrst\Greer |- CORS 120.4128 28.0902  1.00 4 5.0600 1.0729 0.5665
adjustable variations eight anomaly variation (mm) 16 CORS 120.3856  27.4700  1.00 4 3.5100 0.9558 0.2376
S 17 CORS 120.3739  27.2529  1.00 4 1.6900 1.3661 1.0752
Contribution rate k of the 1.00 = 18 CORS 120.2754  27.1035  1.00 4 ~1.3800 ~0.8403 ~0.5624
adjustable variations = — :
] The monitoring epoch time 2015031612 ~.| Extract the effects to be plot “a Plot|
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Spatial distribution of geodetic sites Land water EWH variations (cm)

@ The geodetic variations here can be one or more of the following five types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-
gravity monitoring network or CORS-gravity tide stations, (3) ground gravity variations (pGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring

network, and (5) normal or orthometric height variations (mm) from leveling monitoring network.

Ground gravity variations (uGal) Orthometric height variations (mm)

® The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load deformation field in space are continuous and differentiable, and (2) the residual standard deviation

of the variations is obviously reduced, and the residual statistical mean tends to zero.

October 2024, Beijing, China



& Load deformation field monitoring from heterogeneous variations with Green'’s integral constraints — O X

Time-varying gravity field monitoring from heterogeneous variations by Green’s integral constraints

B sae2015011612. txt 4 [ rnt2015041600. mﬂ|

** variations with Green’s integral constraints

.. Load deformation field estimation from heterogeneous

. Time-varying gravity field monitoring from heterogeneous
** variations by Green’s integral constraints

E Open the geodetic variation record time series file

Column ordinal number of the first

4

Solution of normal equation LU triangular decomposition -

>> [Function] Using various heterogeneous geodetic variations as the observations and the load Greer

1
2
3
4
6
7

)
10
11
12
13

Ground gravity: 3

0 1.0766
1 0.5227
2 0.4412
3 0.4027
4 0.3755

0.7915
0.4681
0.4171
0.3%924
0.3745

Ellipsoidal height: 4

-3.5150
0.0504
0.2238
0.2330
0.2265

0
1
2
3
4
Normal Height: 5
0
1
2
3

2.3418
1.0339
0.8003
0.7367
0.7175

-0.6954
—0.4940
-0.3546
-0.2829
-0.2366

-9.4100
-2.0897
-1.4494
-1.1625
-0.9937

2.6580
1.3807
1.2574
1.1873
1.1308

1.0300
2.3697
2.0275
1.9606
2.0352

epoch time in header 2 > estimate the regional surface load equivalent water height (EWH) and all-element load effects to obtair - T1.1310 09894 0.3403  4.171s
E s el T e SR s _ (mm), ground gravity (uGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, n L1508 1lasa  lomms 5230
variation in record 7 ~  west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacemen| g;%:;z{'i%?zggzl'?é%;gél'oei?gg S e o oo
The column ordinal number of the _ radial gravity gradient (mE) and horizontal gravity gradient (NW, to the north and to the west, mE) varia.= gravity 121.4122 28.4421 1.0 3 1.4196 0.4409 0.3044
variation type in record 6 v >> CL)peE trﬁhgeﬁdeh? varlz:tlon rt%[cr:]ord tlrge Set;nTS file (; lE'[lJf:]eL?Iad-él 9 W|r164en;e:[)r<]ampIesdetoadestlmateGreenfheterobstm Ixt.
- ** Look at the file information in the window below and set the file parameters of the record time series

Lg?gcr:]?;uirr??ezﬁgal A O 5 = >> Open the calculation surface height grid file C:;‘ETideL_oad4.5_win64enfexampIe_stoadestimateGreenfdtm3m.dat.
The column ordinal number of the ; >> Create or select the results folder C:/ETideLoad4.5_win64en/examples/LoadestimateGreen/Htrgrst. _
current variations in record 10 = ** The program outputs the land water EWH grid file ewh****.dat, residual geodetic variation file rnt***.txt and all-element 1n=4 effect grid files into the

- — — | current directory. Here, *** is the sampling epoch time which is also saved as the last column attribute of the load effec ader.
Mean distance between geodetic sites  15.0 km - " (1 Greengeoid™.dat is the load effect grid file on geoid or height anomaly (mm), (|

2 Greenterrgrav***.dat is the load effect grid file on ground gravity (uGal),
(3) Greengravdist*** dat is the load effect grid file on gravity disturbance (uGal),

) (reanarndtilt*™* dat ia the Inad affart vactar arid file an Arannd tilt (SW - tn the eniith and ta t

3 Open the calculation surface height grid file
Set algorithm parameters

e 150km — I:J Create or select the results folder 'E'. Import setting parameters
Laplace operator weight p 1.0000 - ,
_ = C:/ETideLoad4.5 wint4den/examples/LoadestimateGreen/Htrgrst\Greenhorzdisp2015041
Edge effect suppression parameter n 2 - C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/Htrgrst\Greenelliphgt2015041
Cumulative approach times 3 2 C:/ETideLoad4.5 winé4den/examples/LoadestimateGreen/Htrgrst\Greenorthohgt2015041¢00.dat
C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/Htrgrst\Greengradient2015041§00.da
i L C:/ETideLoad4.5 winéden/examples/LoadestimateGreen/Htrgrst\Greenhorzgrad2015041§00 .480K
:Select e o - .the height anomaly variation (mm) v L g el ‘d
adjustable variations
Contribution rate k of the =
. . 1.00 -
adjustable variations
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Spatial distribution of geodetic sites

Land water EWH variations (cm)

Ground gravity variations (uGal)

Orthometric height variations (mm)

@ The geodetic variations here can be one or more of the following five types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-
gravity monitoring network or CORS-gravity tide stations, (3) ground gravity variations (pGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring
network, and (5) normal or orthometric height variations (mm) from leveling monitoring network.

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load deformation field in space are continuous and differentiable, and (2) the residual standard deviation
of the variations is obviously reduced, and the residual statistical mean tends to zero.




& Load deformation field monitoring from heterogeneous variations with Green'’s integral constraints

- Time-varying gravity field monitoring from heterogeneous variations by Green’s integral constraints

.. Load deformation field estimation from heterogeneous
** variations with Green’s integral constraints

. Time-varying gravity field monitoring from heterogeneous
™ variations by Green’s integral constraints

As Follow example

_gr Open the geodetic variation record time series file Solution of normal equation LU triangular decomposition - 4. Save program process as
Column ordinal number of the first . =>>[Function] Using various heterogeneous geodetic variation time series as the observations and the load Green's integral as the geodynamic
epoch time in header 2 ~_  constraints, estimate the regional surface load equivalent water height (EWH) and all-element load effect grid time series (usually employed to represent
Column ordinal number of the first . regional time-varying gravity field).
variation in record 7 hd ** The file header contains the time series length and the sampling epoch time arranged with time. Record format: 1D (the site name / no), longitude,
The column ordinal number of the _ latitude, ..., weight, variation type, ..., variations arranged in time series length (default value is 9999.0000).
variation type in record 6 v >> Open the geodetic variation record time series file C:/ETideLoad4.5_ win64en/examples/LoadestimateGreen/CORSad;.txt.
- ** Look at the file information in the window below and set the file parameters of the record time series...

E;(iagfl?sluirr:.l?e?:rodrgal LEET EriifE 5 . >> 0Open the calculation surface height grid file C:/ETideLoad4.5 win64en/examples/L oadestimateGreen/dtm3m.dat.

. — - >> Create or select the results folder C:/ETideLoad4.5_win64en/examples/LoadestimateGreen/CORSrst.
Mean distance between geodetic sites 15.0 km = ** The program outputs the land water EWH grid file ewh****.dat, residual geodetic variation file rnt***.txt and all-element load effect grid files into the I

current directory. Here, *** is the sampling epoch time which is also saved as the last column attribute of the load effect grid file header.

_.j Open the calculation surface height grid file
Set algorithm parameters

** (1 Greengeoid***.dat is the load effect grid file on geoid or height anomaly (mm),
(2) Greenterrgrav***.dat is the load effect grid file on ground gravity (uGal),

Load Green's integral radius 150km : s o = - —
Laplace operator weight p 1.0000 = ﬂ Create or select the results folder & Import setting parameters @ Start Computation
Edge effect suppression parameter n 2 = C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/CORSrst\Greenhorzdisp2016021512.dat
. . = C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/CORSrst\Greenelliphgt2016021512.dat
Cumulative approach times 3 M C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/CORSrst\Greenorthohgt2016021512.dat
Select type of the C:/ETideLoad4.5 winé4en/examples/LoadestimateGreen/CORSrst\Greengradient2016021512.dat
. pe ot height anomaly variation (mm) v | | C:/ETideLoad4.5 winé64en/examples/LoadestimateGreen/CORSrst\Greenhorzgrad2016021512.dat
adjustable variations = I
Contribution rate k of the x
. s 1.00 v
adjustable variations
The monitoring epoch time 2016021512 <. Extract the effects to be plot “a Plot|
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@ The geodetic variations here can be one or more of the following five types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-
gravity monitoring network or CORS-gravity tide stations, (3) ground gravity variations (pGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring

network, and (5) normal or orthometric height variations (mm) from leveling monitori

ng network.

® The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load deformation field in space are continuous and differentiable, and (2) the residual standard deviation
of the variations is obviously reduced, and the residual statistical mean tends to zero.




& Load deformation field monitoring from heterogeneous variations with Green'’s integral constraints — O X

Time-varying gravity field monitoring from heterogeneous variations by Green’s integral constraints

.. Load deformation field estimation from heterogeneous - lime-varying gravity field monitoring from heterogeneous -
= - . . . - e . : a= Follow example
variations with Green’s integral constraints variations by Green’s integral constraints
'_35 Open the geodetic variation record time series file Solution of normal equation LU triangular decomposition - 4. Save program process as

Column ordinal number of the first >> [Function] Using various heterogeneous geodetic variation time series as the observations and the load Green's integral as the geodynamic

4

epoch time in header 2 ~_  constraints, estimate the regional surface load equivalent water height (EWH) and all-element load effect grid time series (usually employed to represent
Column ordinal number of the first . regional time-varying gravity field).
variation in record 7 hd ** The file header contains the time series length and the sampling epoch time arranged with time. Record format: 1D (the site name / no), longitude,
The column ordinal number of the _ latitude, ..., weight, variation type, ..., variations arranged in time series length (default value is 9999.0000).
variation type in record 6 v >> Open the geodetic variation record time series file C:/ETideLoad4.5_win64en/examples/LoadestimateGreen/heterobstm txt.

. ** Look at the file information in the window below and set the file parameters of the record time series...
LlE E5LIT Sz, ALAAEET CF TS 5 . >> 0Open the calculation surface height grid file C:/ETideLoad4.5 win64en/examples/L oadestimateGreen/dtm3m.dat.

weights in record
Mean distance between geodetic sites 15.0 km

4

>> Create or select the results folder C:/ETideLoad4.5_win64en/examples/LoadestimateGreen/Htrgrst. A
** The program outputs the land water EWH grid file ewh****.dat, residual geodetic variation file rnt***.txt and ar'relemen‘..&g’ﬁd files into the
current directory. Here, *** is the sampling epoch time which is also saved as the last column attribute of the loacj effect grid file header.
** (1 Greengeoid***.dat is the load effect grid file on geoid or height anomaly (mm),
2 Greenterrgrav***.dat is the load effect grid file on ground gravity (uGal),

S el te - - »

4

I_;j* Open the calculation surface height grid file
Set algorithm parameters
Load Green's integral radius 150km
Laplace operator weight p 1.0000

E Create or select the results folder % Import setting parameters

A B([|A] P[4 P[4 ¥

Edge effect suppression parameter n 2 C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/Htrgrst\Greenhorzdisp2016021512 }dat
. . C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/Htrgrst\Greenelliphgt2016021512fdat
Cumulative approach times 3 C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/Htrgrst\Greenorthohgt2016021512fdat
Select type of the C:/ETideLoad4.5 winé4en/examples/LoadestimateGreen/Htrgrst\Greengradient2016021512fdat
. pe ot height anomaly variation (mm) v | | C:/ETideLoad4.5 winé64en/examples/LoadestimateGreen/Htrgrst\Greenhorzgrad20160215128d
adjustable variations =
Contribution rate k of the =
. L 1.00 -
adjustable variations
The monitoring epoch time 2016021512
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@ The geodetic variations here can be one or more of the following five types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-
gravity monitoring network or CORS-gravity tide stations, (3) ground gravity variations (pGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring
network, and (5) normal or orthometric height variations (mm) from leveling monitoring network.

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load deformation field in space are continuous and differentiable, and (2) the residual standard deviation

of the variations is obviously reduced, and the residual statistical mean tends to zero.




& Load deformation field monitoring from heterogeneous variations by spherical radial basis functions = O X

Load deformation field approach from heterogeneous variations using spherical radial basis functions

: Logd _deformgtlon flelq approa_ach from heter_ogeneous _ Tlm_e—_vary_lng gra\_nty fle_ld monitoring from heterogeneous % Algorithm of SRBF Approach
variations using spherical radial basis functions variation time series using SRBFs
_j; Open the geodetic variation record time series file _é Open the calculation surface height grid file ﬂ Create or select the results folder 4.7 Save program process as
Column ordinal number of the first 5 - >> [Function] Using spherical radial basis functions in spectral domain, approach the regional surface load equivalent water height (EWH) and all-element load effects to obtain
epoch time in header - the land water EWH, 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,
Column ordinal number of the first 7 - 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),
variation in record 2 radial gravity gradient (mE) and horizontal gravity aradient (NW, to the north and to the west, mE) variation arids from various heterogeneous geodetic variations. I
The column ordinal number of the 6 = |>> Open the geodetic variation record time series file C:/ETideLoad4.5 wm64enfexampIestoadenﬂmt&QRBFLC‘DRQndLhd
variation type in record - **Look at the file information in the window below and set the file parameters of the record time] , [ . . T NG
The column ordinal number of the 5 - >> Open the calculation surface height grid file C:/ETideLoad4. 5_W|n64en/exampIestoadestlmai '
weights in record “ P> Create or select the results folder C/ETideLoad4.5_win64en/examples/Loadestimate SRBF/C| N
The column ordinal number of the 9 & ** The program outputs the land water EWH grid time series files ewh****.dat, residual variation! |
current variations in record “** is the sampling epoch time which is also saved as the last column attribute of the load effectg [ g :
Mean distance between geodetic sites 5.0 km = ** (1) SRBFgeoid***.dat is the load effect grid file on geoid or height anomaly (mm), OSp
Parameters of the first SRBF appoach (2) SRBFterrgrav***.dat is the load effect grid file on ground gravity (uGal),

(3) SRBFgravdist***.dat is the load effect grid file on gravity disturbance (uGal),

@ SRBFgrndtilt***.dat is the load effect vector grid file on ground tilt (SW, to the south and to: =
(3 SRBFvertdefl***.dat is the load effect vector grid file on vertical deflection (SW, to the soutt

(6 SRBFhorzdisp***.dat is the load effect vector grid file on horizontal displacement (EN, to th
(¥ SRBFelliphgt***.dat is the load effect grid file on ground radial displacement (mm), i
(® SRBForthohgt***.dat is the load effect grid file on ground normal or orthometric height (mn‘;

<

Select SRBF radial multipole kernel
order numberm 0

T e i o o

minimum degree 9

1f

A k(4] 4] P

maximum degree 900
burial depth of

»

Bjerhammar sphere 1.00km -Nn_ = — 30 -
action distance of SBRF center 120km = Type of adjustable variations gravity disturbance variation (uGal) ~ Solution of normal equation LU triangular decomposition - & Import setting parameters
Parameters of cumulative SRBF appoach Contribution rate k of adjustable variations 1.00 - Cumulative SRBF approach times 1 = & Start Computation

<

Select SRBF radial multipole kernel
order numberm 0

|
:/ETideLoad4.5 win6den/examples/LoadestimateSRBF/CORSrst\SRBFhorzdisp20150316 5 tnt2015031612. txt B3 ‘

:/ETideLoad4.5 winé6den/examples/LoadestimateSRBEF/CORSrst\SRBFelliphgt20150316 Ti0ysoeleitl lasighie T
:/ETideLoad4.5 winéden/examples/LoadestimateSRBF/CORSrst\SRBForthohgt20150316] 0 4.5958 3.3087  -3.9700  11.0700

] - - : : 1 0.0000 0.0001  -0.0002 0.0002
:/ETideLoad4.5 winéden/examples/LoadestimateSRBF/CORSrst\SRBFgradient20150316] 5 5 0000 00000 -0 0000 5 0000

minimum degree 720

A b 4] ||| 4] >
o0

maximum degree 1800

S G - UV S

:/ETldeLoaCM . 5_w1n64en/exampleS/Loadest1mateSRBF/CORSrst\SRBFhorzgradQ0150316] CORS 121.3725 28.1708 1.00 4 1.9900 0.0000 0.0000
burial depth of = € CORS 121.2459  28.3706 1.00 4 2.6200 -0.0000 0.0000
Bierh h 5.00km - 7 CORS 121.1122  28.5421 1.00 4 5.3300 0.0000 0.0000
Jernammar spnere 8 CORS 121.0901  27.5005 1.00 4 -3.9700 -0.0000 -0.0000
action distance of SBRF center 60km - . .
Extract the effects to be plot “a Plot| The monitoring epoch time 2015031612
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Spatial distribution of geodetic sites Land water EWH variations (cm) Ground gravity variations (pGal) Orthometric height variations (mm)

@ The variations here can be one or more of the following six types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-gravity monitoring network or
CORS-gravity tide stations, (3) ground gravity variations (uGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring network, (5) normal or orthometric height
variations (mm) from leveling monitoring network, and (6) equivalent water height variations (cm) from hydrological monitoring stations.

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the variations is obviously
reduced, and the residual statistical mean tends to zero.
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& Load deformation field monitoring from heterogeneous variations by spherical radial basis functions

Load deformation field approach from heterogeneous variations using spherical radial basis functions

Load deformation field approach from heterogeneous
" variations using spherical radial basis functions

'_Ev'; Open the geodetic variation record time series file

Column ordinal number of the first -
- - 2 -
epoch time in header

'_Ev'; Open the calculation surface height grid file

~ Time-varying gravity field monitoring from heterogeneous
variation time series using SRBFs

ﬁ Create or select the results folder

‘= Algorithm of SRBF Approach

4.1 Save program process as

>> [Function] Using spherical radial basis functions in spectral domain, approach the regional surface load equivalent water height (EWH) and all-element load effects to obtain
the land water EWH, 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),

_________________________________________________________________________________________________________

Column ordinal number of the first 7 <
variation in record 2 radial gravity gradient (mE) and horizontal gravity gradient (NW, to the north and to the west, mE) variation grids from various heterogeneous geodetic variations.
The column ordinal number of the 6 - >> Open the geodetlc varlatlon record tlme series file C: lETldeLoad4 5 wm64en!examples/Loade
variation type in record he
The column ordinal number of the 5 < >>Openthe calculatlon surface height grid file C:/ETideLoad4. 5 W|n64en/examples/Loadestlmai
weights in record “ B> Create or select the results folder C/E TideLoad4.5 W|n64enlexampIestoadestlmateSRBFlht 1f
The column ordinal number of the 10 - ** The program outputs the land water EWH grid time series files ewh™**.dat, residual varlatlon'
current variations in record e “** is the sampling epoch time which is also saved as the last column attribute of the load effect g
Mean distance between geodetic sites 5.0 km = ** (1) SRBFgeoid***.dat is the load effect grid file on geoid or height anomaly (mm),

Parameters of the first SRBF appoach
Select SRBF radial multipole kernel
order numberm 0

<

minimum degree 9

A k(4] 4] P

maximum degree 900
burial depth of

»

1.00km

4

(2) SRBFterrgrav***.dat is the load effect grid file on ground gravity (uGal),

(3) SRBFgravdist***.dat is the load effect grid file on gravity disturbance (uGal),

@ SRBFgrndtilt***.dat is the load effect vector grid file on ground tilt (SW, to the south and to'!
(5 SRBFvertdefl*** dat is the load effect vector gri® '~ an vertical deflection (SW, to the soutt’
horizontal displacement (EN, to th -

®) SRBFhorzdisp***.dat is the load effect vectc

(¥ SRBFelliphgt***.dat is the load effeT grid flle-w...v___fu-radlal displacement (mm),
SRBForthohgt***.dat is the load efﬁl,t grid file on ground normal

Bjerhammar sphere

1
i

| L
0

1

i

1

!

05

action distance of SBRF center 120km = Type of adjustable variations distirbance QN (MG
Parameters of cumulative SRBF appoach Contribution rate k of adjustable yaria 1.0
Select SRBF radial multipole kernel v
P = C:/ETideLoad4.5 wintden/exfimples)] F/ht
order numberm 0 v C:/ETideLoad4.5 winé64en/exfmples st
minimum degree 720 - C:/ETideLoad4.5 winéden/exfpmpl badagtimatd /h
_ = C:/ETideLoad4.5 winéden/exfpm $rades\lmat i/
maximum degree 1800 hd C:/ETideload4.5 winéden/ les/Iix at
burial depth of -
. P 9T 5 0okm 2
Bjerhammar sphere wm
action distance of SBRF center 60km : q
Extract the effects to be plot == Plot|
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rthometric height (mni___ -0 so 0 S0 100
. . : 2015031612, 2t 4 B rnt2015041600. txt £
~__goludag of normal equation LU triangular dej S =
Ground gravity (pGal)
2 0 1.0766 0.7915  -0.6954 2.6580
- C ulat RBF approach ‘hmes 1 3 1 -0.0012 0.0010 -0.0038 0.0013
4 2 0.0000 0.0000 -0.0000 0.0000
5 Ellipsoidal height (mm)
BFhorz@isp2015041600.dat g 0 -3.5150 2.3418  -9.4100 1.0300
, 7 1 -0.0000 0.0002  -0.0004 0.0007
elliphgt2015041600.dat 8 2 0.0000  0.0000 -0.0000  0.0000
rst\ Forthphgt2015041600.dat l”l Levelling gelgk_‘z 2“;“;"9 5 2060 —5.c4ce 0 1908
grst\ radflent2015041600.dat 11 1 0.0000 0.0002  -0.0007 0.0003
12 2 -0.0000 0.0000  -0.0000 0.0000
L3 FhiNzRrad2015041600.dat 13 gravity 121.5725  29.2708 1.00 3 1.1140 ~0.0004
14 gravity 121.4659  28.5706 1.00 3 1.4268 ~0.0006
. 15 gravity 121.4122  28.4421 1.00 3 1.4196 -0.0011
: 16 gravity 121.2901  26.9005 1.00 3 1.2337 -0.0014

The monitoring epoch time 2015041600

L1

Spatial distribution of geodetic sites

Land water EWH variations (cm)

Ground gravity variations (pGal)

Orthometric height variations (mm)

@ The variations here can be one or more of the following six types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-gravity monitoring network or
CORS-gravity tide stations, (3) ground gravity variations (uGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring network, (5) normal or orthometric height
variations (mm) from leveling monitoring network, and (6) equivalent water height variations (cm) from hydrological monitoring stations.

reduced, and the residual statistical mean tends to zero.

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the variations is obviously

o




& Load deformation field monitoring from heterogeneous variations by spherical radial basis functions

Time-varying gravity field monitoring from heterogeneous variation time series using SRBFs

Load deformation field approach from heterogeneous
variations using spherical radial basis functions

'_3 Open the geodetic variation record time series file

Time-varying gravity field monitoring from heterogeneous
variation time series using SRBFs

'3. Open the calculation surface height grid file ta Create or select the results folder

‘= Algorithm of SRBF Approach

4.1 Save program process as

Column ordinal number of the first - >> [Function] From various heterogeneous geodetic variation time series, using spherical radial basis function approach method in spectral domain, estimate the regional

2 -

epoch time in header

Column ordinal number of the first 7 - ** The geodetic variation record time series file header contains the time series length and the: [ : ;
variation in record longitude, latitude, ..., weight, variation type, ..., variations arranged in time series length (defau! I G . N
The column ordinal number of the 6 - >> Open the geodetic variation record time series file C:/ETideLoad4.5_win64en/examples/Loac

variation type in record

surface load equivalent water height (EWH) and all-element load effect grid time series (usually employed to_represent regional tlme—vamng gravity field).

_________________________________________________________________________________________ 2

**Look at the file information in the window below and set the file parameters of the record timi
> Open the calculation surface height grid file C:/ETideLoad4.5 win64en/examples/Loadestim;

The column ordinal number of the 5 a >
weights in record e >
Mean distance between geodetic sites 5.0 km -

*** i3 the sampling epoch time which is also saved as the last column attribute of the load effect!

> Create or select the results folder C:/ETideLoad4.5_win64en/examples/LoadestimateSRBF/( o. -
** The program outputs the land water EWH grid time series files ewh***.dat, residual variatios

Parameters of the first SRBF appoach
Select SRBF radial multipole kernel
order numberm 0

<

minimum degree 9

A K[ (4] > 4] >

maximum degree 900

** (1) SRBFgeoid***.dat is the load effect grid file on geoid or height anomaly (mm),

(2) SRBFterrgrav***.dat is the load effect grid file on ground gravity (uGal), s

(3) SRBFgravdist***.dat is the load effect grid file on gravity disturbance (uGal),
@ SRBFgrndtilt***.dat is the load effect vector grid file on ground tilt (SW, to the south and t¢
(5 SRBFvertdefl***.dat is the load effect vector grid file on vertical deflection (SW, to the sou'

— dePth of - @ SRBFhOI’ZdISp*** dat 1S the Ioad Effect VectOI' grld file on honzontal dISplacement EN to 1 ________________________________________________________________________________________________________
Bjerhammar sphere 1.00km hd o e pp— . _
action distance of SBRF center 120km 2 | | Type of adjustable variations gravity disturbance variation (uGal) - Solution of normal equation LU triangular decomposition - + Import setting parameters
Parameters of cumulative SRBF appoach Contribution rate k of adjustable variations 1.00 - Cumulative SRBF approach times 1 ¥ Start Computation

<

Select SRBF radial multipole kernel

order numberm 0

minimum degree 720

A\ b 4] 4]»

Q0 Q0o

maximum degree 1800

:/ETideLoad4.5 winéden/examples/LoadestimateSRBF/CORSrst\SRBFhorzdisp2016021512.
:/ETideLoad4.5 winéden/examples/LoadestimateSRBF/CORSrst\SRBFelliphgt2016021512.
:/ETideLoad4.5 win6den/examples/LoadestimateSRBF/CORSrst\SRBForthohgt2016021512.
:/ETideLoad4.5 win6den/examples/LoadestimateSRBF/CORSrst\SRBFgradient2016021512.
:/ETideLoad4.5 wintden/examples/LoadestimateSRBE/CORSrst\SRBFhorzgrad2016021512.

dat
dat
dat
dat
dat

burial depth of

»

Extract the effects to be plot = Plot]

: 5.00km -
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The monitoring epoch time 2016021512

Spatial distribution of geodetic sites

Land water EWH variations (cm) Ground gravity variations (pGal)

Orthometric height variations (mm)

@ The variations here can be one or more of the following six types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-gravity monitoring network or
CORS-gravity tide stations, (3) ground gravity variations (uGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring network, (5) normal or orthometric height
variations (mm) from leveling monitoring network, and (6) equivalent water height variations (cm) from hydrological monitoring stations.

reduced, and the residual statistical mean tends to zero.

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the variations is obviously




& Load deformation field monitoring from heterogeneous variations by spherical radial basis functions

Time-varying gravity field monitoring from heterogeneous variation time series using SRBFs

Load deformation field approach from heterogeneous
" variations using spherical radial basis functions

'_;_1'; Open the geodetic variation record time series file

_ Time-varying gravity field monitoring from heterogeneous
variation time series using SRBFs

ﬁ Create or select the results folder

Column ordinal number of the first -
- - 2 -
epoch time in header

Column ordinal number of the first 7 a
variation in record he

The column ordinal number of the 6 <
variation type in record he

The column ordinal number of the 5 a

'_Er'; Open the calculation surface height grid file

** The geodetic variation record time series file header contains the time series length and til
. variations arranged in time series lenath (def;
>> Open the geodetic variation record time series file C:/ETideLoad4.5_win64en/examples/L¢
** Look at the file information in the window below and set the file parameters of the record t
>> Open the calculation surface height grid file C:/ETideLoad4.5_win64en/examples/Loadest|

londitude, latitude. .... weight, variation type, .

‘= Algorithm of SRBF Approach

4.1 Save program process as

>> [Function] From various heterogeneous geodetio variation time series, using spherical radial basis function approach method in spectral domain estimate the regional

weights in record
Mean distance between geodetic sites 5.0 km -

Parameters of the first SRBF appoach

>> Create or select the results folder C:/ETideLoad4.5_win64en/examples/LoadestimateSRB! 5|
** The program outputs the land water EWH grid time series files ewh***.dat, residual variaj
*** i3 the sampling epoch time which is also saved as the last column attribute of the load effe

<

Select SRBF radial multipole kernel
order numberm 0

minimum degree 9

A K[ (4] > 4] >

maximum degree 900
burial depth of

»

1.00km

4

** (1) SRBFgeoid***.dat is the load effect grid file on geoid or height anomaly (mm),
(2) SRBFterrgrav***.dat is the load effect grid file on ground gravity (uGal),
(3) SRBFgravdist***.dat is the load effect grid file on gravity disturbance (uGal),
@ SRBFgrndtilt***.dat is the load effect vector grid file on ground tilt (SW, to the south an¢ )
(5 SRBFvertdefl*** dat is the load effect vector grid file on vertical deflec ) the s
® SRBFhorzdisp*** dat is the Ioad effect vector grid file on ho ' ontaI e

ST — PRPRy —

Bjerhammar sphere

»

action distance of SBRF center 120km =

Parameters of cumulative SRBF appoach

Type of adjustable variations gravity disturbance variaf

Contribution rate k of adjustable variations 1.00

<

Select SRBF radial multipole kernel

QP o

:/ETideLoad4.5
:/ETideLoad4.5
:/ETideLoad4.
:/ETldeLoad4

:/ETldeLoad4
:/ETidelLoad4.

order numberm 0 -
minimum degree 720 y
maximum degree 1800 -
burial depth of -
. PN OF 5 Hokm 3
Bjerhammar sphere
action distance of SBRF center 60km -
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e Import setting parameters

& Start Computation

The monitoring epoch time 2016021512

118 s 120 121 122
-5 1] 5 10 15 20 25
I B

Spatial distribution of geodetic sites

Land water EWH variations (cm)

Ground gravity variations (pGal)

Orthometric height variations (mm)

@ The variations here can be one or more of the following six types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-gravity monitoring network or
CORS-gravity tide stations, (3) ground gravity variations (uGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring network, (5) normal or orthometric height
variations (mm) from leveling monitoring network, and (6) equivalent water height variations (cm) from hydrological monitoring stations.

reduced, and the residual statistical mean tends to zero.

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the variations is obviously

o




A1 Geodynamic calculation on geodetic field grid time series

Time difference operation on variation (vector) grid time series

Time difference operation on variation
"~ " (vector) grid time series

_5 Open any of variation grid time series files

Set the wildcard of the grid file names
Ordinal number of the first wildcard in the fil

Horizontal gradient calculation
" on batch variation grids

>> Program Process ** Operation Prompts

C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmzl
C:/ETideLoad4.5 win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmzl
C:/ETidelLoad4.5 W|n64eniexamples!Loadfmgndtmdyncalcz’tmgrld!dmzl

Number of consecutive wildcards in file nam

' ([ Vector grid time series

LIRS RIS

C:/ETidelLoad4- es!Loadfmgndtmdyncalcz’tmgrldfdmzl
C:/ETideLoad4.5 _win64en/examples/Loadfmgri

Set the differential time scale factor k 7 per day

4

1

™ Save the results folder

3 Import setting parameters

. Inner product operation on twc
of vector grid time series

xt
01504 txt
01505 txt
01506] txt
01507] txt

C:/ETideLoad4.5_winb4en/examples/Loadfmgridtm 01508, txt
C:/ETideLoad4.5_win64en/examples/Loadfmgridtm 01509 txt
C:/ETideLoad4.5_win64en/examples/Loadfmgridtm 01510, txt
C:/ETideLoad4.5_winb4en/examples/Loadfmgridtm 01511 txt
C:/ETideLoad4.5 win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmzI|201512).txt

e
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

A
)y
Chinese Academy of Surveying & mapping
October2024, Beijing, China

4.7 Save program process as

>> There are 12 grid time series files searched by wildcard instantiation.
>> Setting parameters have been imported into the prpgram!

** Click the control button [Start computation], or the fool button [Start computation]....

>> Computation start time: 2024-10-20 19:23:22

>> Complete the computation! There are 11 variation fate grid time series files diff***.dat. ***
represents the sampling epoch time of the variation rafe grid file, and is also 7th atrribute of the file

header.
=™ (Cramrnaitatinn and tima- 200A_ 1020 1G-92-29

118.50000000 121.50000000  27.00000000 | e mEnemanet TRl s e » Losdimaridtmynedlc > ditmore
-9.27  -9.27 -9.25 -9.24  -9.24 -9.1 &
-9.12 -9.11 -9.10 -9.10 -9.09 -9.0 diff2015013106.dat
-9.02 -9.02 -9.01 -9.00 -9.01 ~9.0 = diff2015030118.dat
-9.08 -9.10 -9.10 -9.11  -9.12 ~9. 2 = dif2015033112dat
-9.21 -9.21 -9.23 -9.21 -9,21 \ ) ) —g,q [ are015050100dat
/ - % diff2015053112.dat
-8.99 -8.96 -8.92 -8.90 -8.85 | ~8.3 2 4i2015061700t
-8.26 -8.17 -8.13 -8.06 -7.99 il gieten a P ~7.2 i diff2015070100.dat
-7.14 —7.08 -6.99 -6.89 -6.82 ‘ -6.1 diff2015080100.dat
-6.00 -5.94 -5.88 -5.82 -5.77 - ~5.3 = dif2015083112dat
-5.24 -5.22  -5.17 -5.15 -5.13 === = —4.g me e
-4.92  -4.90 -4.89 -4.89 -4.88 S0 = itietiva
-4.81 -4.81 -4.82 -4.81 -4.82 B S —
-9.29  -9.28 -9.26 -9.24 -9.23 -9.16 _ -9.15
-9.14  -9.13 -9.11 -9.11 -9.09 Vi Olpng 92png 03500 -9.03  -9.01

@ Start computation

1EXHES

2022/12/1 9:31
2022/12/1 9:31
2022/12/1 9:31
2022/12/1 9:31
2022/12/1 9:31
2022/1/26 15:53
2022/12/1 9:31
2022/12/1 9:31
2022/12/1 9:31
2022/12/1 9:31
2022/12/1 9:31
2022/12/1 9:31

I
|
|
1
|



A1 Geodynamic calculation on geodetic field grid time series

Horizontal gradient calculation on batch variation grids

Time difference operation on variation

"~ (vector) grid time series

Set the wildcard of the grid file names

Ordinal number of the first wildcard in the fil

Number of consecutive wildcards in file nam

6

ame 5

Horizontal gradient calculation

"~ on batch variation grids

>> Program Process ** Operation Prompts

LIRS RIS

. Inner product operation on twc
of vector grid time series

e
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

A
)y
Chinese Academy of Surveying & mapping
October2024, Beijing, China

C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmz
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmz
C-/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmz

/

' | The form of horizontal gradient vector Plane polar coordine ~

=
=

™ Save the results folder
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C:/ETideLoad4.5_wincdenfexamplesieadfmgridtmdyncalc/tmgrid/dmz
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmd

C:/ETideLoad4.5_winb4en/examples/Loadfmgridtmdyncalc/tmgrid/dmz
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmz
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmz

201504
201505
201506
201507
201508
201509
201510
201511
0151

Ixt
Ixt
Ixt
Ixt
Ixt
Ixt
Ixt
txt
Ixt

C:/ETideLoad4.5_winb4en/examples/Loadfmgridtmdyncalc/tmgrid/dmz

>> There are 12 grid time series files searched by wilddard instantiation.

>> Setting parameters have been imported into the pro
** Click the control button [Start computation], or the t¢ol button [Start computation]....

>> Computation start time: 2024-10-20 19:26:21

4.7 Save program process as

grid file, is also 7th atrribute of the file header.

>> Complete the computation! There are 12 variation htrizontal gradient vector grid time series

files grad***.dat. *** represents the sampling epoch time of the variation horizontal gradient vector

>> Computation end time: 2024-10-20 19:26:22

3 Import setting parameters

4.5 winb4cn > examples » Loadfmgridtmdyncalc v O

O 7£ Loadfmgridtmdyncalc 8=

@ Start computat

) b
i f

e

diftmgrd inner

tmgrid

ey

=1

grad2015011612.dat
grad2015021500.dat
grad2015031612.dat
grad2015041512.dat
grad2015051612.dat
grad2015061512.dat
grad2015071612.dat
grad2015081612.dat
grad2015091512.dat
grad2015101612.dat
grad2015111512.dat
grad2015121612.dat

4.5 winb4cn » examples » Loadfmgridtmdyncalc » gradtm

e HER

2022/12/1 9:33
2022/12/1 9:33
2022/12/1 9:33
2022/12/1 9:33
2022/12/1 9:33
2022/12/1 9:33
2022/12/1 9:33
2022/12/1 9:33
2022/12/1 9:33
2022/12/1 9:33
2022/12/1 9:33
2022/12/1 9:33
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«-1 Geodynamic calculation on geodetic field grid time series — O X

Inner product operation on two groups of vector grid time series

Time difference operation on variation
"~ (vector) grid time series

Horizontal gradient calculation
" on batch variation grids

. Inner product operation on two groups
of vector grid time series

_g Open any of variation grid time series files

>> Program Process ** Operation Prompts 5.1 Save program process as

C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmz|201508.txt
C: IETldeLoad4 5 W|n64eniexamples!Loadfmgndtmdyncalcz’tmgrldfdmz 201509 txt
C+Etid 201510, txt

el TS LU

C: IETldeLoad4 5 W|n64eniexamples!Loadfmgndtmdyncalcz’tmgrldfdmz 201511|txt

Set the wildcard of the grid file names

Ordinal number of the first wildcard in the file'hame 5

%

LI IR IS

Number of consecutive wildcards in file nam&. 6

C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmz|201512.txt

' | The form of horizontal gradient vector Plane polar coordine ~

>> There are 12 grid time series files searched by wildcard instantiation.

** The vector grid time series files searched by wildcard instantiation:
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/vtmgrid/cxpcbhi20150201
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmeyncaic/vimgrid/cxpcbhl20151211

>> There-are-2-vector grid time series files searched by wildcard instantiation.
>> Setting parameters have been imported into the program!

** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-20 19:28:47

>> Complete the computation! There are T vector inner product grid time series files innerp™=.dat.
*** represents the sampling epoch time of the vector inner product grid file, is also 7th atrribute of I

é', Open any of the group 2 of grid time series files

Axt

Set the wildcard of the grid file names it

Ordinal number of the first wildcard in the fileehame 5
Number of consecutive wildcards in file name._ 10 /

' [) One stationary vector grid file

Ak 4

the file header.
>> Computation end time: 2024-10-20 19:28:47

E Save the results folder & Import setting parameters @ Start computation
1 1 8 . 5 D O O O O 1 2 1 . 5 O O O O O 2 7 4.5 win64cn > examples » Loadfmgridtmdyncalc v 0 O 7E Loadfmgridtmdyncalc 8% |_5 O 1 1 6 1 2
-1.3621E+01 -8.9669E+00 -1.3 1097E+00 -1.3022E+01 -8.0485E+00 -1.3466E+01 —7'
—7_1405E+O[:| —130?4}1“4-[]1 —66 .0211:‘"“1 L NaT7An 0N 1 Y2 AT e o 1L = N o N T |
—1.0886E+01 -3.2504E+4+00 -1.0 5 4 « Local Disk (C:) » ETideLoad4.5 win64en > examples > Loadfmgridtmdyncalc » inner
2.5797E+00 -5.4586E+00 3.6 /86 EFR B e HEs i)
1.4446E-01 8.9566E+00 1.1 b ) |18 innerp2015011612.dat 2023/1/1 12:40 DAT 2/
1.3136E+01 6.1190E+00 1.3 i ¥ 1 30
9.7614E+00 1.5272E+01 1.0 diftmgrd gradtm tmgrid 52 ]
1.5901E+01 1.1258E+01 1.5 |000E+01 1.5870E+01 1.1123E+01 1.5426E+01 1
1.1402E+01 1.5798E+01 1.1 — o120l 1 10801 1 B5313E4+01 1.1000E401 1
1.4560E+01 1.065%E+01 1.4 | \\E ”\{ 556E+4+01 1.4054E+01 1.0515E+01 1.3538E+01 1
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e vimgrid 01:p09 02:png 03:p09 e
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The 1'x1" land water EWH variation
observation, model value and residual
grid in the calculation area
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The 1'x1' land water load deformation field residual value grid using load SRBF approach
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The 1'x1' land water variation load deformation field grid refined using SRBFs in the result area



The numerical results by the load Green's function integral are larger, and the spatial short-
wave structure of numerical results by the load SRBF approach are richer. The spatial
distribution characteristics of various geodetic variations of load effects calculated by the
two schemes are all similar.
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The 1'x1' land water load deformation field residual value grid using load Green’s integral in the result area



Gross error detection and
separation on InSAR vari-
ation record time series

Pseudo-stable adjustment of record time series for
geodetic network variations

Unification of reference epoch
for variation record time series

Gross error detection and Analysis and processing of
spatial deformation analysis relative spatial deformation
on InSAR variations on InSAR variations

Compatibility analysis on INSAR
vertical deformation using
CORS network

Collaborative monitoring
and processing of INSAR ‘
with CORS network

Construction of high-resolu-
tion grid time series from
record time series

INSAR variation time series Long-time connection for

adjustment with spatiotemporal two same-track InSAR
frame constraints variation time series
Normalized ground Seamless spatial
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INSAR variations

stability variations
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grid estimation
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Reconstruction of time
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stability variations
grid estimation
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Optimized synthesis of
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time series

Estimation of ground
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Statistical synthesis
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Optimized synthesis of
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Normalized ground stability grid time series

variations grid estimation Calculation of ground
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istics synthesis of ground
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Pseudo-stable adjustment of record time series for geodetic network variations

= TsqavrbsinU. txt 1 ‘

E TsqavrbslnU. txt kd B TsqavrRowl. txtm‘ T Y_Aﬂﬁnn \ ]
1 9 0 36 : — - - - — - - - -
S 1 4 0 36 | 2015011612 | 2015021500 2015031612 2015041600 20150
2 CANN DONT 120.4247  27.5226 0.00 121.1503  27.8346 0.00 - - — - — — el - £
3 CANN FDTQ 120.4247  27.5226 0.00 120.2073  27.3353 0.00 7. 2 JINH 119.6426  29.2178 1191.60 p= 9.3944 3.1319 0.4720 i
B A TEYW 1204247 27.53726 0.00 120.0784  29.2727 0. 00 3 5 JINK 119.3792  29.0709 84.79 | 1.0||-4.3724 1.6001 6.6220 0.8372 :
© CANN JINH 120.4247  27.5996 0.00 119.6426 29.2178 0.00 5 4 JNJZ  119.6375  27.9764  286.78 | 1.0 | -4.1680 3.2284 3.1467 -0.4777
6 CANN JINX 120.4247 27.5226 0.00 119.3792 29.0709 0.00 4. 5 JSAN 118.6086 28.7279 71.54 1.0 4.8394 10.8248 7.4036 2.4828
7 CANN_JNJZ 120.4247  27.5226 0.00 119.6375 27.9764 0.00 4. 6 LISH 119.9295 28.4613 71.54 | 1.0 4.8394 10.8248 7.4036 2.4828
8 CANN JSAN 120.4247 27.5226 0.00 118.6086 28.7279 0.00 2.5860 0.7e¢l6 7 LONQ 119.1331 28.0807 233.28 1.0 -4.9987 3.4121 3.3682 -2.0458
9 CANN LHAT 120.4247 27.5226 0.00 121.1895 28.9059 0.00 1.0756 -1.6069 8 QIYU 119.0793 27.6213 412.75 1.0 -2.9713 5.7773 7.2012 1.1874
10 CANN LISH 120.4247 27.522¢6 0.00 119.9295 28.4613 0.00 13.8711 10.5885 QNYN 118.9638 27.6157 429,39 1.0 0.7446 7.2540 6.9323 0.2500
11 CANN_TONQ 120.4247 27.522¢6 0.00 119.1331 28.0807 0.00 7.381¢6 6.1923 118.8908 28.9937 90.79 1.0 ~1.0815 5.9656 5.1221 ~1.1572
12 CANN LUOY 120.4247  27.5226 0.00 119.7051  27.5525 0.00 8.8132 9.4984 11 119.1858  29.0336 73.91 | 1000 -1.3703 6.4829 9.4987 1.9209
13 CANN PANA 120.4247 27.5226 0.00 120.4367 29.0542 0.00 0.2485 -2.0512 — P E F _ E F
14 CANN_PCHQ 120.4247  27.5226 0.00 118.5422  27.9232 0.00 5.5253 5.7473 ‘f) +2028 g;’igzg ?g;'% i’g _gzg;g G e : ?“Q_
ij giggiPCJM 120.4247 27.5226 0.00 118.4454 28.1680 0.00 14.2248 12.7588 14 27.3930 55571 1.0 5.1462 The reference Varlatlon record
6 [ QINT 120.4247 27.5226 0.00 120.2900 28.1394 0.00 7.1517 4.5782 . 55, 9055 116.92 1o 16121 ) ) .
17 CANN QIYU 120.4247 27.522¢6 0.00 119.0793 27.6213 0.00 7.1481 6.6956 - . : . - T
18 CANN_QNYN 120.4247  27.5226 0.00 118.9638  27.6157 0.00 10.9311 7.9043 16 28.2660  130.05 | 1.00] _3.2802 time series of reference sites
19 CANN QUZH 120.4247 27.5226 0.00 118.8908 28.9937 0.00 8.1029 5.9283 1/
20 CANN QZLY 120.4247 27.5226 0.00 119.1858 29.0336 0.00 7.1312 6.3296
21 CANN RUIA 120.4247  27.5226 0.00 120.6490  27.7833 0.00 8.9624 7.8483 i Pseudo-stable adjustmeN of record time series forjgeodetic rfetwork variations O X
22 CANN_SHNQ 120.4247 27.5226 0.00 119.5028 27.457¢6 0.00 4.8563 4.6628
23 CANN SNYN 120.4247 27.5226 0.00 119.5093 28.454¢6 0.00 3.3183 3.1267 = L l] G, - ,ﬂf'-
24 CANN SUIC 120.4247 27.5226 0.00 119.2693 28.5951 0.00 14.7246 7.6386 5 5‘" 2.9 :ﬂa}f \aﬂ
25 CANN TATZ 120.4247 27.522¢6 0.00 121.4164 28.6183 0.00 4.0291 3.2741 § - . & o
2¢ CANN WENC 120.4247  27.5226 0.00 120.0835  27.7858 0.00 -2.9619 ~0.9569 Openfile Saveas ImportDdarameters | Start afjusiment  save process  Follow example
27 CANN XIAG 120.4247 27.5226 0.00 120.4650 27.1764 0.00 1.1792 0.4462
28 CANN XNJU 120.4247 27.5226 0.00 120.7658 28.8831 0.00 3.0625 -0.4524 : : - . =
29 CANN YANT 120.4247  27.5226 0.00 120.7250  28.4496 0.00 2.5296 0.5738 7, Open the Obsewfed vangtion record timg series >> Program Process ** Operation Prompts “:I Save program process as
30 CANN YAYA 120.4247  27.5226 0.00 120.0425  27.3930 0.00 7.9037 5.6073 file of the geodetic netwo S— .
31 CANN YONK 120.4247  27.5226 0.00 120.0168  28.9055 0.00 7.4736 5.0929 - series file of the geodetic network... A
37 CANN YUEQ 120.4247  27.5226  0.00 121.0090  28.2307 0.00 3.7159 : ___ Set the file format parameter >> Open the variation record time series file of the pseudo-stable reference sites C:/ETideLoad4.5_win64en/examples/
33 CANN_ZJCN 120.4247 27.5226 0.00 120.6275 27.4249 0.00 4.4332 4.1584 . . . = T dnetwkadiust/T R U txt -
34 CANN ZJWL 120.4247  27.5226 0.00 121.6237  28.2856 0.00 1.6628 -0.6594 umber of first epoch time in hegder ‘ | S ‘ Mrecoranetwkadjust 1sqavinowL. IXL. — - -
5 CANN zJXJ 120.4247  27.5226 0.00 120.7856  28.8488 0.00 1.5278 0.7529 ** Look at the input file information in the text box below, set the format parameters of the variation record time series file
36 CANN ZJYH 120.4247 27.5226 0.00 119.6900 28.2660 0.00 5.6225 4.3857 Column ordinal number of § JDO in header|5 % = i
37 DONT FDIQ 121.1503 27.834¢ 0.00 120.2073 27.3353 0.00 -3.7345 9999.0000 of the reference sites.. m— — —
8 DONT:JHYW 121.1503 27.8346 0.00 120.0784 29.2727 0.00 -3.1021 -1.8150 Column 0rd|na| number Of the f"-St Vanatlon |n I : ‘ I>> Save the reSultS as C/ET|deLoad45 Win64en/example_S/TmrecorC.inetha.djus_Uadjustment.t)(t. I )
39 DONT_JINH 121.1503  27.8346 0.00 119.6426  29.2178 0.00 -4.1842 -1.8144 ** The adjusment result file header comes from the variation record time series file of the pseudo-stable reference sites.
40 DONT JINX 121.1503 27.834¢6 0.00 119.3792 29.0709 0.00 -2.0828 -1.9477 .. ) i . ; f : H i b H H H
1 DONT W37 121.1503  27.8346 0,00 119.6375 27 9764 000 T eesa o 03 — Open the reference variation record time deries The rec_ord format: the site name, longitude, latitude, height and all the variation adjusted values arranged with sampling
42 DONT JSAN 121.1503  27.8346 0.00 118.6086  28.7279 0.00 -3.8995 -2.8540 _ﬁ' file of the reference sites epoch time.
43 DONT TLHAT 121.1503 27.8346 0.00 121.1895 28.9059 0.00 -5.4796 -5.3385 > Sett”']g parameters have been |mp0rted into the program!
44 DONT LISH 121.1503  27.8346 0.00 119.9295  28.4613 0.00 7.5170 6.7829 Set the file format parameter : - .
45 DONT TONQ 121.1503  27.8346 0.00 119.1331  28.0807 0.00 1.7453 3.4051 P ** Click the control button [Start adjustment], or the tool button [Start adjustment]....
46 DONT_LUOY 121.1503  27.8346 0.00 119.7051  27.5525 0.00 2.6363 6.2274 Column ordinal number of first epoch time in helader ‘4 : ‘ >> Calculation start time: 2024-10-21 09:52:13
47 DONT PANA 121.1503 27.8346 0.00 120.4367 29.0542 0.00 -8.1587 -7.4056 - :
48 DONT_FCHQ 121.1503  27.8346 0.00 118.5422  27.9232 0.00 -1.1075 1.9696 Column ordinal number of starting MJDO in healier ‘5 x . ‘ >> Complete the adjustment calculahon!l . . _ — .
49 DONT PCJM 121.1503  27.8346 0.00 118.4454  28.1680 0.00 7.6772 8.6501 >> The program outputs the reference site adjusted value time series file C:/ETideLoad4.5_win64en/examples/
50 DONT QINT 121.1503 27.8346 0.00 120.2900 28.1394 0.00 0.6890 0.9478 i P imti i - i i i
ST 01y 1211505 27.6346 000 1190793 27 ¢a13 0 00 0 el 5 ones Column ordinal number of the first variation in record ‘6 = ‘ TDJrecorc_inetwkadjust/adjustment.dmn_mt_o the current folder_. _ _ _
52 DONT_QNYN 121.1503  27.8346 0.00 118.9638  27.6157 0.00 4.3550 4.1570 Column ordinal number of the weiah attribute ‘5 = ‘ The file header comes from the variation record time series file of the pseudo-stable reference sites. The record format:
53 DONT OUZH 121.1503  27.8344 0.00 118.8908 28 9937 0.00 1.5898 2.2832 g ~ | | the site name, longitude, latitude, height, weight and all the reference site adjusted values arranged with sampling time.
5 - - . 0.00 0.7082 2.7859 7 *k H P H P H
The.observed variation record-time .o 5 5718 I 310: | |The constraint mode of the eV b e i e Cnee) When the constraint of [weighted average with reference values] selected, the last row of the file is the weighted
_ ] 0.00 ~1.6359 1.0906 pseudo-stable references average time series of the reference values of the source reference sites.
series of geodetic network 000 | -slzaro | -0ls742 >> Calculation end time: 2024-10-21 09:52:13 v
0.00 7.2791 9.5466
DONT TATZ 121.1503 27.8346 0.00 121.4164 28.6183 0.00 -2.4877 -0.3965 ﬂ Save the results as _5. |mp0rt Setting parameters o~ Start adjustment
DONT _WENC 121.1503 27.834¢ 0.00 120.0835 27.7858 0.00 -9.1810 -15.4472
4 0 36 2015011612 2015021500 2015031612 2015041600 2015051612 2015061600 R
CANN 120.4247  27.5226 0.0 -7.8729 1.9248 3.3551 -1.6482 1.1923 2.2703
DONT 121.1503  27.8346 0.0 -1.1776 5.7659 4.1846 0.7183 3.6855 1.8917
FDIQ 120.2073  27.3353 0.0 -4.4050  9999.0000 -7.4098 -0.0169 0.5123 1.2662
B Tsoavrbslal. txt \ET L xICPT an bl JHYW 120.0784  29.2727 0.0 -4.1758 3.9658 3.0622 -2.2638 2.0231 2.5882
seavrbsint. txt L] B ‘soavriowl. txt L & adjustment. dmn JINH 119.6426  29.2178 0.0 -6.3819 0.8464 2.0936 -2.1904 -1.4549 -1.6712
1 | 4 0 36 2015011612 2015021500 2015031612 2013 | JINx 119.3792  29.0709 0.0 -3.3125 4.1741 £.0701 1.1211 2.7152 0.7235
2 JINH 119.6426 29.2178 0.0 1.0 -6.3819 0.8464 2.0936 JNJZ 119.6375  27.9764 0.0 -1.9820 5.8716 5.7523 0.7617 1.1787 -0.2097
3 JINX 119.3792  29.0709 0.0 1.0 -3.3125 4.1741 6.0701 JSAN 118.6086  28.7279 0.0 -2.7285 5.1591 4.8924 -0.1494 -1.0604 -1.7073
4 JNJZ 119.6375  27.9764 0.0 1.0 -1.9820 5.8716 5.7523 LHAI 121.1895  28.9059 0.0 -2.7542 5.0212 5.2462 0.2224 0.5211 -0.7041
5 JSAN 118.6086 28.7279 0.0 1.0 -2.7285 5.1591 4.8924 LISH 119.9295  28.4613 0.0 -0.6318 6.9864 5.8433 1.4288 1.324 7 ] - ]
£ LISH 119.9295 28.4613 0.0 1.0 -0.6318 6.9864 5.8433 LONQ 119.1331 28.0807 0.0 -1.6417 6.8370 7.8156 1.6526 2.054 The varration adJUSted Va_|ue record time series
7 LONQ 119.1331 28.0807 0.0 1.0 -1.6417 6.8370 7.8156 LUoYy 119.7051 27.5525 0.0 -1.4472 7.0062 6.7425 1.3174 1.867 . .
5 QIYU 119.0793 27.6213 0.0 1.0 14896 6.6788 1.9764 PANA 120.4367  29.0542 0.0 -2.9586 5.3216 5.0201 0.3398 1.491 of the geodetic network sites
9 1- . . ; . .9232 0.0 -2.2507 6.0060 5.9032 0.8207 -0.3100 =I-37Z0
9  ONYN 118 6.6986 6.1344 PCHQ 118.5422 27
0 Quza 118 the reference site adjusted 6.4466 5.8053 PCJM 118.4454  28.1680 0.0 -0.5467 7.5767 7.0665 2.7279 2.6162 2.1257 v
LLooQaLy ﬁg value time series 28?2; nggg @ 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
12 SHNQ 119.5028  27.457¢ 0.0 1.0 2.1911 .0 . . e . . ) .
13 SNYN 119.5093  28.4546 0.0 1.0 _5.3817 5 6305 5.3006 baseline or route namg (B***A) is agreed to be composed of site r\ames Aand B_at both ends, where the number of characters of all the sites names is required to be equal. Therefore, the number of
14 YAYA 120.0425  27.3930 0.0 1.0 ~1.6528 6.2326 4.8221 characters of the baseline or route name shall not be less than twice that of the site name.
15 YONK 120.0168  28.9055 0.0 1.0 -1.7719 6.1434 5.9597 @ When the constraint of "weighted average with reference values" selected, the program requires that the observed variation record time series are one-by-one correspond with the sampling epoch
16 zJyR 119.6900  28.2660 0.0 1.0 | ‘gﬁgé Eggg% ggigg .| | time of the reference value record time series. When the constraint of “weighted average with zero values” selected, the adjusted result time series only reflect the relative deformation within the
17 —Z . . . )

region, whose deformation properties are similar to INSAR variation time series.




- &
. Gross error detection and spatial deformation analysis on InSAR variations .

Gross error detection and separation on INSAR variation record time series S g
ETideLoad4.5

(exed)
A

- Gross error detection and separation on ~ Analysis and processing of relative spatial Construction of high-resolution y; erimssacaieny o sunveying & mapeing
INSAR variation record time series - deformation on INSAR variations © series from record time series
& Open InSAR variation record time series file >> Program Process ** Operation Prompts 4.7 Save program process as
Set format parameters of the file ** Before and after gross error separation, the format of INSAR variation record time series, spatial and temporal A

distribution of monitoring points, number of monitoring points and the value of INSAR variation remain unchanged,
and only the gross error variation in the result INSAR variation record time series are replaced by 9999.000.

>> Open InSAR variation record time series file C:/ETideLoad4.5_win64en/examples/DyninSARsptmanalyse/

\ result2018-101-12.txt.

4

Column ordinal number of first epoch time in header |3

4

>

4

Column ordinal number of the first variation in recorcy 5

Spatial filtering mode  Moving average 17(ter \ y Serilégoﬂll(eat the input file information in the text box below, set the format parameters of INSAR variation record time
Set low-pass filter parametern |5 / \ - ** The window below only shows the INSAR variation records time series with no more than 5000 rows!
/ \ |>> Save the results as C:/ETideLoad4.5 win64en/examples/DynInSARsptmanalyse/pickerr2018-101-12.txt. |

>> Setting parameters have been imported into the program!

Number of gross error detection iterations '3 /

"
1)

** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-21 10:17:29

>> The program automatically outputs the INSAR gross error record time series file in the current directory. The file
format is the same as the input INSAR varaition time series file. The file header occupies a row, and the last few
columns of attributes 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.

>> Computation end time: 2024-10-21 10:18:37

! ' ' ! I EEN ' [T ' ' ' — +1 ' 1 |
— ‘ . Jl-- .' o :{ b L ’ " -
\ ™| Save the results as T o T 1 T o ' 1
5 30 20180117 20180129 201&0210 20180222 o T e TR 1 20ef . e % W, ]
3706.787  99.2507841  26.3055050 160.634 | 9999.0000| 9999.0000 AN v 06 e BE [ T 3“"" |
2892.435  99.3321142  26.2945055 354.728 8.7170 17.3080 é‘ 2. -V ot -
3648.860  99.2564506  26.2888390 232.186 | 9995.0000 36.8660 o | L %”i‘ Z 1ol Jeof 7 T pelhen e B A.. ]
3647.428  99.2609504  26.2888390 231.518 24.6450 35.2060 [ T v 2ER Gl Ny : o p¢ g T 58 i AR
. L aehe e PP 53 W . e aee e .,
3647.428 99.2611170  26.2888390 231.518 24.6450 35.2060 [ '.-‘:{‘;--;,s.m,;j'ag,..?’«"',i""'53"" . ol p¢ [ TR K.
3691.092  99.2579505  26.2881724 202.722 25.1520 33.6950 S L2 DA ST T A '};, S o » y
3693.077  99.2581172  26.2880057 198.786 24.1460 34.3000 - LRV Ta g : ¥ SRET 0
3645.582  99.2572839  26.2878391 217.149 | 9999.0000 25.3160 [ gL ST T 4 99090 | S L
3650.993  99.2574505 26.2878391 209.805 | 9999.0000 25.7870 g SRS SRS S e LT R S S S S S
L4 . o 20 o o . o = o P o = a - - - - o
I - — I ] =

@ The purpose of the gross error detection and separation is to separate non-geological deformable signals such as 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.




=

. Gross error detection and spatial deformation analysis on InSAR variations

Analysis and processing of relative spatial deformation on INnSAR variations

- Gross error detection and separation on

INSAR variation record time series

_gp Open INSAR variation record time series file

Set format parameters of the file

Column ordinal number of first epoch time in header |3

Column ordinal number of the first variation in record/ 5

- -

ETidelLoad4.5

. Construction of high-resolution ¢

~ Analysis and processing of relative spatial
. “ series from record time series

deformation on INSAR variations

October 2024, Beijing, China

>> Program Process ** Operation Prompts %7 Save program process as

1)

A

1)

proportional to the distance away from the dynamic source, suppress or weaken the local changes due to non- A
geological dynamics on the shallow surface from the input INSAR variation record 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 record time series file are the same as that of the input INSAR variation record time series file.

Spatial filtering mode Moving average yﬁter \

s

Set low-pass filter parametern |8

/

\

FY
-

Use the spatial filtering value to repajr the gross¥rror

[ The output variation = the input variation — the residual variation. |
>> Open InSAR variation record time series file C:/ETideLoad4.5_win64en/examples/DyninSARsptmanalyse/
pickerr2018-101-12.txt.

** Look at the input file information in the text box below, set the format parameters of INSAR variation record time
series file...
** The window below only shows the INSAR variation records time series with no more than 5000 rows!
>> Save the results as C:/ETideLoad4.5_win64en/examples/DynIinSARsptmanalyse/guass8flt2018-101-12.txt.
>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-21 10:22:48

>> The program automatically outputs the INSAR residual variation record time series file *.rnt in the current
directory, and * is 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: 2024-10-21 10:37:42 v

|"::,' Save the results as it Import setting parameters @ Start computation

5 30 20180117 20180129 20180\210 20180222 20180306 20180318 20180330 20180411 20180423 20180505 20 N
3706.787  99.2507841  26.3055050 160.634 3.9588 8.5579 ML SLLUNLL Ao M e ML 31 Toor S L B L e Mo e L S
2892.435  99.3321142  26.2945055 354.728 3.0297 7.5838 I , : e 2¢ | . e
3648.860  99.2564506  26.2888390 232.186 3.2915 7.9231 st ' ‘ o 1 2¢ . L. * :
3647.428  99.2609504  26.2888390 231.518 2.7719 7.44¢7 - . < 27 R % \

3647.428  99.2611170  26.2888390 231.518 2.7610 7.4351 I s S _ R L. SRS
3691.092  99.2579505  26.2881724 202.722 3.1001 7.7156 S L S 5. o ? . I s Y. A . o !
3693.077  99.2581172  26.2880057 198.786 3.0283 7.6481 ) T B/ T ¢ - e . -
3645.582  99.2572839  26.2878391 217.14¢9 3.1097 7.7100 I ] p "‘_ Af - ¢ P L .__;.'
3650.993  99.2574505 26.2878391 209.805 3.1025 7.7050 ar Sty | i ?x; T, y = - F."::‘j?;&a‘g: 2 ool ;u-ek '
' iy = ,..:. "." s 2 i .
_ - M i O S g -. _
@ The purpose of the gross error detection and separation is to separate non-geological *T gg 4 ti L ’ 1085 ™ #”gﬂ # ’
variations, and eliminate the SAR multipath effects and rough surface environment interferenc | AP r AR : I —'i-'-'f,'
@ The purpose of the spatial deformation analysis is to suppress the surface soil's ow . B . , } T P B 1 (B S B . . . , LT
9E2" 9E4" 6" GER" awy ey e Ty Lo by L Lk.A L% oy b2 g LAk
meteorological actions, and to suppress the short-wave effects of the atmospheric delay and s " ) x " » b x w
I | I |

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Chinese Academy of Surveying & mapping




| Collaborative monitoring and processing of INSAR with CORS network

Compatibility analysis on INnSAR vertical deformation using CORS network

Unification of reference epoch for
" variation record time series

_54 Open INSAR variation record time series file

= Compatibility analysis on INSAR vertical
*" deformation using CORS network

>> Program Process ** Operation Prompts

=4

[

INSAR variation time series adj.
with spatiotemporal frame constra.

,‘/’- q
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

Chinese Academy of Surveying & mapping
October 2024, Beijing, China

‘‘‘‘‘‘

%:/ Save program process as

Column ordinal number of first epoch time in header |4 =
A
Column ordinal number of the first variation in record 5 \:
\

=1 Open the CORS network ellipsoidal height variation
I record time series file

>> Open the CORS network ellipsoidal height variation record time series file C:/ETideLoad4.5_win64en/examples/

NCORScntrtmInSAR/CORSUadjep2019050812.txt.

rd time seri

the |nput file information in the text box below, set the format parameters of the CORS site ellipsoidal height variation

Column ordinal number of first epoch time in header |6 -
chs. The comparlson information consists of 3 rows of records
Column ordinal number of the first variation in record 5 - ime series at all the INSAR sampling epochs, the
Set spatial interpolation mode Gaussian function v hboring INSAR variations, and the third
1| 5 28 20190124 20190205 20190217 20190301
= H H - 2 : .2412845 26.3083382 .0Z29 1.6340 4.5938 8.2610
Mlnlmum number Of InSAR pOIntS around CORS Slte 2 hdl 3 3638.931 99. 26.308171e i§8.329 2.1989 4.5324 8.0765
4 3688.435 99.2432844 . 3073383 151.494 1.3589 3.1835 8.2572
Surrounding search radius (500 m : 5  3693.478  99.2436177  26. . 91.102 4.2504 5.3221 10.0397
3641.662 99.2437844 26.3061716 122.215 7.4359 4.5853 8.5269
1 3638.2604 99.2434511 26.3060050 . T 8.7021 4.4570 8.5968
3614.724 99.2432844 26.3055050 113.108 9.2743 4.4373 8.3077
3588.857 99.2429511 26.3053383 102.809 8.7374 4.4519 7.9045
3747.716 99.2509508 26.3045050 -36.574 16.2598 14.5560 13.4148
99.2447844 26.3025051 38.425 10.511¢ 5.2354 6.8209
.1116230 26.2835059 45.125 1.8613 2.5223 1.9369
.2631170 26.2793394 -178.770 3.9216 2.4083 0.9776
= Computatlon Start tlmel 2024_10_21 1'1 1173 26.2783394 43.796 12.2205 10.8640 6.3449
>> Complete the computation of the compatibility jgf1 CoRSUadsep2019050812. ot | : i
- e .nn- 2019050812 4 4 1 156 | 2018011012 | 2018011712 2018012412 2018013112
>> Computation end time: 2024-10-21 11:02:12 BATS 99.4335 26.1997 2099.7 [ -25.3269| -23.4638 -19.8262
3 BCHU  100.5849 25.8397 1408.8 | -26.5857| -24.3976  -20.9813
i b = 4 100.4397 23.0680 1339.8 | 9999.0000| 9999.0000  9999.0000
tu' Set the results folder * Import se| - 99.6148 24.8248 1630.6 | 9999.0000| 9999.0000  9999.0000
6 101.5316 25.0301 1898.8 | 9999.0000| 9999.0000  9999.0000
7 DADO  IBR 3998 27.1509 1879.2 | -23.0100| -21.6797 -19.3412
19 17997 20190124 20190205 20190217 20190301 20190313 20190325 20190404 °© DLYP  99. 25.4661 1674.2 | 9999.00001 9999.0000  9989.0000
5 coaa ~ _ - _ o c a _ o DOKF  100.0720 27.0501 1810.9 | 9999.0000| 9999.0000  9955.0000
CHAB 49.6148 24.L_.24.u 1630.6 8.5564 3.3\.}81 6.5L_.3? 5.L_.827 3.5_.35 10 EJIA 101.2457 L A5T73 1262.5 9999 ,0000 9999,0000 9999, 0000
CHA3 99.6148 24.8248 1630.6 4.9102 -9.1881 -15.6973 2.7454 -19.4812 Ll Gasa  101.5788 24. 537.1 | 9999.00001 9999.0000  9959.0000
12 HPIN  100.2869 26. 1421.1 | 9999.0000| 9999.0000  9999.0000
CHA3 99.0148  24.8248 1630.6 53 23 23 53 53 13 HQIN  100.1664 26. 184.6 | 9999.0000| 9999.0000  9999.0000
MENT 99.6325 24.5268 1048.9 -10.7378 -4.9710 -7.6137 -7.1970 -5.2320 - gggé lgéé;gi 22-5019 '2:159 f —égggiz —ég-igiz —ég-éégg
MENT 99.6325 24.5268 1048.9 30.3372 14.8391 5.3881 19.2131 -2.1984 16 JIGU  100.7302 23.5054 958.3 | -20.4976| -18.7917 _15.8715
MENT 99.6325 24.5268 1048.9 5 5 5 5 5 17 LJGC  100.2215 26.8909 2394.9 | -21.8999| -19.7765 ~15.6925
1 LSHU  100.4663 24.2114 1587.8 | -21.7534| -20.2097 ~16.9565
YNSD 99.1502 24.7128 1478.8 -9.6885 -4.1335 -6.6074 -5.8822 -4.6854 1 MENT 99.6325 24.5268 1028.9 | -24.2445| -22.6995 _19.9147
YNSD 99.1902 24,7128 1478.8 13.4043 4.3306 -0.9099 4.0043 -6.4658 20 MOUD  101.5454 25.3161 17e8.3 | -16.0281} -14.0893 ~10.6872
21 MWAN ~ 100.4701 24.5949 928.7 | 9999.0000| 9999.0000  9999.0000
YNSD  99.1902  24.7128 1478.8 3 3 3 3 3 22 MYON 99.7582 23.9442 1136.6 | 9999.0000| 9999.0000 9992.0000
HOU 98.2788 25.3231 1689.8 . : 31904 23 NIER  101.0471 23.0497 1303.5 | 9999.0000| 9999.0000  9999.0000
0 o . . The output comparison file CORSINSARphtcomp.txt 24 NINL  100.8509 27.2775 2233.6 | 9999.0000| 9999.0000  9999.0000
HOUQ 98.2788 25.3231 1689.8 9246 25 NJIA  100.5535 25.0226 1941.9 | 9999.0000| 9999.0000  9999.0000
HOUQ 93.2788 25.3231 1680.8 2 2 2 2 2 26 PAMP  100.9802 26.9963 2678.6 | -23.6466| -21.5482 ~17.7050
< 27 QINA  100.6244 26.3091 1394.5 | -30.8672| -28.7552 -24.7948
28 SAN1 101.0779 26.0125 2108.4 | 9999.0000| 9999.0000  9999.0000

@ 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 area to control the cumulative errors 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.




"+ Deep fusion and time series analysis on multi-source InSAR variations L ] ‘
. . : ; . . il @
Long-time connection for two same-track INSAR variation time series Earth Tide, Load Effect and Deform -
ETideLoad4.5
il Long-time connection for two same- Fail Seamless spatial fusion on multi- il Analysis and filtering on variation Fail Reconstruction of . cm“m;@wm&mww
" track INSAR variation time series " source InSAR variations " record time series 7 given sampling SPeCiiic - | octeter 2024, Beiiing, china

_._-i«,; Open the INSAR variation record time series file >> Program Process ** Operation Prompts %1 Save program process as

Set format parameters of the file analysis for all INSAR variation monitoring points, to realize multi-source INSAR collaborative monitoring. A
Column ordinal number of first epoch time in header |4 >> Select the computation function from the 4 control buttons on the top of the interface!...

>> [Function] From the two INSAR variation record time series in the same area and with the same reference epoch time,

spectively supplement the sampling values of each time series by the Gaussian interpolation method, and then generate the one

Mriation time series by resampling with the given spatial resolution.
>z Open Ths%variation record time series file C:/ETideLoad4.5_win64en/examples/DyninSARfusiontmsqu/
s Open the same-track INSAR variation time series file guadsgfit2018- 2 20190115.txt.
_ . ** Look™a{ the input fileNinformation in the text box below, set the format parameters of INSAR variation record time series file...
Column number of first epoch ime in header |4 . _ ** Themw\below only s s the INSAR variation records time series with no more than 5000 rows!
Column number of the first variation in record |5 \\ - | |[»> Open the san?e;%azglnSAR rWeries file C:/ETideLoad4.5 win64en/examples/DyninSARfusiontmsqu/

guass6flt2019-101-12220190115.txt.
\ ** Look at the input file infeymation in the text‘bs@{:?: set the format parameters of INSAR variation record time series file...
WThe window below only shows the INSAR variatio cord time series with no more than 2000 rows!

Save the results as C:IETideLc?ad&.5=win64enfexampI?5%D;LnInSARfusiontmsq u/connectm20182019.txt.
0 file is not a INSAR variationrecord time series file!

Column ordinal number of the first variation in record 5 \\,\\

The spatial resolution for resampling {300 m x.\

>> Settingpa o theprograri
*k i =| guass6£1t2018-1Q1-12 i f\ ) X
Click the € 1 20195 5 30 [20180117 20180129 20180210 20180222 20180306 20180318
> Computation S . 2 3706.787 Q.2507841 3054050 T60.6372 -19.0686 -16.9047 414.5594 -14.6763 -12.8078
_ 3 2892.435 99308321142  26.2945055 354.728 -4.0088 -1.3401 -1.0050 -1.1013 4.2060
>> Compete the Iong-t| 4 3648.860  99.25 26.2888390 232.186 -4.3598 ~0.3579 -0.8523 0.4722 2.1533
C tat d time: 2 5 3647.428  99. 26.2888390 231.518 -2.5613 0.7342 2.1285 2.7706 1.5398
>> Lomputation ena time: 6 3647.428  99.2611170 .2888390 231.518 -2.2376 1.1990 2.4180 3.2280 1.4629
7 3691.092  99.2579505 202.722 -2.9801 ~0.2490 0.6907 2.1992 3.8167
N .077  99.2581172 198.786 -2.5226 0.1752 1.4215 2.9743 4.2774 ||
9N\3645.582  99.2572839 217.149 -3.1796 -0.5442 0.1637 1.6173 3.6489
mll S th It - 99.2574505 .2878391 209.805 ~2.574] 56 4.5597
I . =ave e results as 11 99.2577838  26.2878391 200.074 -1.847  Thereference:epoch 94 5.6416
12 .2574505  26.2876724 216.205 -2.5713 ) 97 4.5646
13 3621. 26.2866724 229.123 -3.6724 time 20190115 93 2.0667 f
50118@58 018011700 2018012900 2018021000 2018022200 2018030600 201803180( 14 35s8.823 262865058 208.830 [ ~4.8830 ——rrorer— oo ——rorsel  0.2333
15 . . - . - . B . - . - .
1 8.37283 23.94404 3.4066 3.8562 3.3998 3.5846 4 16 1375.606 99. .2848392 233.063 -25.1142 ~26.1450 1245342 ~21.9743 ~14.8478
2 da . 50218 23.97099 1.97409 1.9254 1.3148 0.5747 17 1531.431  99. 208.623 -24.1970 -25.3218 423.3027 -20.6683 -14.4797
18 2791.583  99.3054486 0060 266.398 -2.9541 0.5604 2.7927 3.3428 2.7889
3 48.49140 23.973¢9 3.0095 2.1755 1.5621 0.1181 19 1621.140 99.1476216 177.024 -35.3601 -35.7532 {32.2572 -29.0349 -27.4726
d a7 ¢ . 20 3036.248  99.3357807 191.005 -4.9152 -2.6392 -1.8922 ~0.2443 3.4157
4 98.48140 23.97638 2.2013 1.8962 1.4641 0.1275 = < S
q v fa] o) = F1R2015-101-12 20190115 tet i B guass6f1t2019-101-12_20190115. txy .)*.
5 98.49140 23.97908 3.9180 3.4735 2.8075 1.4857 1 : [ 20190115 5 28 [ 20 24 20190205 20190217 20190301 20190313 20190325
G 98.496789 23.8871¢ 1.2147 1.1044 -0.4797 -1.9653 —1 2 36TTTUETT99.2412845 2% 382 029 0.0000 2.9598 6.6270 -2.3861 -0.3717
3 3638.9q1 99.2412845 26.3p81716 138.029 0.0000 2.3335 5.8776 -2.7155 -0.9478
q g _ _ , _ _ _
I 98.49949 23.98716 0.5371 0.5006 2.0990 3.7922 4 3688.435 00.2432844  26.M 3363 T51.494 5.0000 18246 6.8983 -3.5410 -0.6207
g de-Eoges oo cgocc 42414 4oLt 40447 SV — 2c0347e o0 ocacagy oo dheeTie 91.102 0.0000 1.0717 5.7893 -4.4327 -1.8786
6 3641.662  99.2437844  26.3061716 122.215 0.0000 -2.8506 1.0910 -7.3285 -5.6713
9 98.39708 23.99525 4.8639 5.2663 3.5119 3.1328 1 7 3638.264 99.2434511 26.3060050 105.500 0.0000 -4.2451 -0.1053 -9.0716 -6.9400
10 98.55608 24.00333 _5.5898 ~4.1363 —4.4156 ~5.6916 _§ & 3614.724 99.2432844  26.3055050 113.108 0.0000 -4.8370 -0.9666 -9.0918 -7.6156
9 3588.857  99.2429511  26.3053383 102.809 0.0000 -4.2855 -0.8329 -7.2517 -7.3151
11 98.56147 24.00603 -13.0375 -12.1725 -12.2850 -13.0881 =13 10 3747.716 99.2509508  26.3045050 ~36.574 0.0000 ~1.7038 ~2.8450 ~3.,9223 -5.3621
12 98.58303 24.01411 ~1.4475 ~0.7520 ~0.9823 ~3.4277 _J 11 3495.068 99.2447844  26.3025051 38.425 0.0000 -5.2762 -3.6907 -9.0036 -8.3055
| 12 2147.368 99.1116230 26.2835059 45.125 0.0000 0.6610 0.0756 -1.3886 -1.2629
13 98.37822 24.02220 -2.5485 -3.4752 -4.9109 -6.0561 =] 13 3511.911 99.2631170 26.2793394 L 178.770 0.0000 -1.5133 -2.9440 -2.8327 -5.3298
14 98 38091 24 02220 _2 60?6 _3 5052 _5 0862 —6 2912 _1 14 3170.213 99.2541173 26.2783394 43,796 0.0000 -1.3565 -5.875¢6 -2.6816 -5.1000
- - : : ) - 15 2217.898  99.2302849  26.2690065 179.906 0.0000 -4.9260 -3.7430 -6.7734 -6.0877
< 16 2738.596  99.2929491 26.2665066 59,076 0.0000 -3.3652 -3.7441 -10.0885 -8.7113

@ Before deep fusion of multi-source INSAR variation records time series, it is necessary to ensure that the reference epochs of all the INSAR variation time series have been unified.




"+ Deep fusion and time series analysis on multi-source InSAR variations

Seamless spatial fusion on multi-source INSAR variations

+,4 Long-time connection for two same-
~ track INSAR variation time series

, Seamless spatial fusion on multi-
source INSAR variations

_.._J«,J Open any INSAR variation record time series file

>> Program Process ** Operation Prompts

. Analysis and filtering on variation
record time series

7 S

-

e

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

, Reconstruction of e S oo b o meerins

gwen sampling SPeCIii - | Octeber 2024, Beliing, China

4.7 Save program process as

Set the wildcard of the file names >> Computation start time: 2024-10-21 11:16:36 A
Ordinal number of the first wildcard in file nam 3\ - | | > Compete the long-time connection of the same-track INSAR variation time series!
. . . = | | »> Computation end time: 2024-10-21 11:17:29
Number of consecutive wildcards in file name \ 1 / = : . . : . : : - . :
\ >> [Function] According to the given spatial resolution, resample the input multi-source INSAR variation record time series to
Set format parameters of the file ate a new INSAR varlatlon record tlme series. The input INSAR variation record time series files are extracted according to the
Column ordinal number of first epoch time in header -
P 3 ation record time series file C: IETldeLoad4 5_winb4en/examples/DyninSARfusiontmsqu/MultiinSAR/
Column ordinal number of the first variation in recoy{ ! -
The highest lution f i / = ext box below set the format parameters of INSAR variation record time series file...
€ highest resolution for resampling | 300 m = records time series with no more than 5000 rows!
D nInSARfusmntmsqulfusInSARep2D19050812.txt. |
ep20190508 [ _"m % < "“ﬁ-ﬁ' T
C.;’ETldeLoad4.5_wm64en!exampIeleynInSARfusmntmsqu;‘MultlInSARf‘adJGﬂ ep20190508 = . .:- -“’.'.;;j_-" ‘:f" ; - i *.
>> 2 InSAR variation record files are found by wildcard instantiation. £ .2 L :‘ Bl g e
>> Setting parameters have been imported into the program! af o % e B
** Click the control button [Start computation], or the tool button [Start computation].... ¥ el
>> Computation start time: 2024-10-21 11:25:25 "l
>> Complete the computation of the seamle | ' ' :..;3 P “f ' nes |
>> Computation end time: 2024-10-21 11:2¢ st fr " ‘ o
L ] 3 *_.: L L
o " i
%‘E . -{.E '4 .“- ,}q" , r.. ! ME :
%! Save the results as ' P x ‘3‘: i - ST AR |
r' § 'r' o F wr Ga.q° ) L Toy 998" e 102 1004 1006 1008
h - % _: | i) 25 -?I‘h -I:fl J:ﬂ -5 [1]
2 73 2018012000 2018013p00 2018020900 2018021900 2018030100 201803 % . ¥ f'ﬁ Yol 5 b * 2018042000 2019 RE3000 201805~
1 24.00404 -7.6444 -6.2773 -8.2698 -7.2605 -3.94( [ * 'gt . S -3.8560 - 3 -9.14
2 24.00674 -12.5712 -10.9210 -13.3331 -12.1169 -8.62: E;‘E ,g?'_.i . aga g ot -9 8aAn Ao t=mae 13 Aa
3 24.01482 -7.8541 -6.2181 -8.7632 -7.5465 —4 . 75¢ ‘_w:;,-._%&"-;ir:"gﬁ » ' o 3
4 24.02291 -8.54p5 -6.9257 -9.4113 -8.2090 ~5.28" | ¥ edlN ‘ B o N :i _
[ adj6rltl_ep2019050812. txt 3 8 2 60 _ 18 . 2 0 93 _14 . 42£ sk ,',’p:' i":"_ i Pt _ --‘ 9
1| 73 40.0 2018012000 2018013000 201ad20000 2018021900 2018030100 N T < oy e
2 10 98.55608 24.00333 16.2650 -7.6454 -6.2773 -g.2698 9940 -14.6604 -12.34¢ §.t"?- .§ : — L ) v -:g A > .
3 11 98.56147 24.00603 19.3279 -12.5772 -10.9210 -13.3331 2033 -15.7871 -11.77¢ _,'...' as ’ _ z-,*. X ';‘ A -5 P "
12 98.58303 24.01411 17.0544 -7.8541 -6.2181 -8.7632 —_— Ll L L1 S 7rT— : b! d-’f‘},- \d £ o
5 15 98.58034 24.02220 17.3339 _8.5455 ~6.9257 —9.4113 8650 -14.4384 -10.47: o w - o 10 [ .n - TR ‘il Y5 e
16 98.63424 24.04106 18.6985 -18.8154 -16.9624 -19.8260 | 5784 ~15.7325 ~13.79]  pe——————— 0 ey oS4 - f.%'?-_;;b LNl e,
7 17 98.96841 24.05993 16.5583 -14.5197 -13.2601 -14.9940 . : : S ; ;;,_é‘ﬁ s $- SR i
8 18 98.98188  24.05993 18.4648 | -18.8134| -17.8357  -18.2033 f 1126 -18.3037 -14.5553 -11.3659 —-10.9948 —12.6353 o I el o X e &
9 19 98.61807 24.06262 18.7303 -14.9421 -13.1851 -15.8650 | 0547 -18.3348 -13.9125 -11.1238 ~11.60097 ~12.8439 N T s A T AR
10 20 98.96841 24.06262 17.3702 -16.4137 -15.2065 -16.5784 mar gy o e o s
11 21 98.97110 24.06262 19.0135 -20.4673 -19.4410 -20.1126 | /308 —-16.8603 —-12.5942 -10.1087 -10.7456 -11.8925 - ‘f-:’ir"‘-'- # w
12 22 98.97380 24.06262 19.4317 -21.7552 -20.8181 -21.0547 | 072 -18.1031 —-14.2839 -11.6970 -11.6470 -13.0555 - e : ! v
13 23 98.97649 24.06262 18.7594 -20.6245 -19.8201 -19.7308 . L ; L L
14 24 98.97919 24.06262 20.0331 -21.0509 -19.9227 ~20.6072 0493 —14.57el —-11.0580 -8.6705 —8.2690 —-10.0023 - BEoweomeome o w o ome e me e
15 25 98.96571 24.06531 17.3123 -17.3292 -16.2511 -17.0493 e i By
1 6 26 98.97110 24.06531 20.4076 L=24.47001 -23.7283 -23.3240

@ Before deep fusion of multi-source INSAR variation records time series, it is necessary to ensure that the reference epochs of all the INSAR variation time series have been unified.




"+ Deep fusion and time series analysis on multi-source InSAR variations

Reconstruction of time series with given sampling specifications

Fail Long-time connection for two same-
" track INSAR variation time series

‘., Open the INSAR variation record time series file

Set format parameters of the file

— O Pt
Fail Seamless spatial fusion on multi- il Analysis and filtering on variation Fail Reconstruction of time series with
" source InSAR variations " record time series " given sampling specifications
>> Program Process ** Operation Prompts %7 Save program process as
>> Setting parameters have been imported into the program! A

Column ordinal number of first epoch time in header

Column ordinal number of the first variation in record

The ratio of the number of sampling
epochs to filter parameters

1.2

Starting time for the target time series 20171001

Ending time for the target time series {20190301

Sampling time internal |15.000 day

** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-21 11:28:15

>> Complete the analysis and filtering of variation record time series!
>> Computation end time: 2024-10-21 11:29:06
> [Function] Using the continuous Chebyshev and triangular basis function combination method, estimate the filtering parameters
forvariation record time series at each monitoring point, and then reconstruct the variation record time series according to the given
ries sampling specifications.
eprogram also outputs|the INSAR variation first-order time-derivative (per week, /wk) record time series file * dft.. |
rogram has time-domain interpolation and short-time forecasting capabilities.
>> Open the MSAR variation record time series file C:/ETideLoad4.5 win64en/examples/DynInSARfusiontmsqu/
guass6flt20 M-12_20190115.txt.
**Look at theY hﬂl\z information in the text box below, set the format parameters of INSAR variation record time series file...
** The window b nly shows the INnSAR variation records time series with no more than 5000 rows!

>> Save the results C\(ETideLoadzl.S win64en/examples/DynIinSARfusiontmsqu/construct2018.txt.

>> Setting parameters een imported into the program!

** Click the control button computation], or the tool button [Start computa] [ ' ! ' ' AN '

. . - mm
>> Computation start time: 10-21 11:31:31 r ’ " -
26— - ] =
, —— . .. : el _ "
Maximum length of valid time for forward zz gompetetf[he re%otr_lstrgc;tbo;i g 18“0_%;?203?“ time series! ‘ . o
and backward forecast is 30.0 days omputation end time: T e l A . ‘U
: b _ R R T RLAN |
%! Save the results as :Nmport setting parameters [ s 1 1_2"{ . :-_
T T T T —— T T T T k : -; % ‘U f.

351 30.0| 20 I : L . mm/w 2017113000 2017121500 2017123000 8011400 2018012900 *[ % "Ef o T 7
3706.787 99.1 2= . - -20.0613 -17.78¢67 -18.64¢66 -16.9425 " '3*:. L
2892.435 99, [ . N : . -0.2548 1.959¢6 0.49¢60 =-1.00%97 vl
3648.860 99.] - , ) . . —-4.4402 -2.5007 -4.027¢6 . -1.6253 | ust 3 i
3647.428 99..255'_ ” . d ) -3.4011 -1.3631 -3.3684 -0. .8356 I = r
3647.428 99.1 L. . ! - e P —-3.4319 -1.3527 -3.409¢ -0. '

3691.092 99.] I o __' -5.1781 -3.1374 -4.368¢6 -0.

. 4 1 Y ] ] ] " 1 " 1 " ] ] ]
3693.077 99.1 K " ¥ -5.1734 -3.0823 -4.3324 0. Y Y e BF o BT Y3 g
3645.582 99.1 == . Fy y g —-5.3522 -3.3366 -4.,4930 -0.
3650.993 99 [ - - R el SEal 2 @ ~6.1138 ~4.002 —— T Te—
2670 276 ool I o el e i Says et 900 _ 4 735| E suass6r1t2016-101-12_20190115. txt AN ' '

) "] L ¢ s ) ) ) 1| 20190115 5 30 | 20880117 20180129 20180210 20180222 20180306
3643.802 99.1 .4 + _ =i i -6.1332 -4.026| 2  3706.787 99.2507841  26.3055050 %0 634 =15.0666] -16.9047  -14.5594  -14.6763
3621.288 99.1 | 3 . 4 -3.4726 -1.769|| 3 2892.435 99.3321142  26.2945055 354\ ~4.0088 ~1.3401 ~1.0050 ~1.1013
3598.829 g9.] | ra X ! _2.5263 _0.662l 4 3648.860  99.2564506  26.2888390 232.1 ~4.3598 ~0.3579 -0.8523 0.4722

i f.t > o Ve ' \ 5 3647.428  99.2609504  26.2888390 231. ~2.5613 0.7342 2.1285 2.7706

1368.074 99. - - - -20.0064 —18.1970 ¢ 3647.428  99.2611170  26.2888390 231.518 ~2.2376 1.1990 2.4180 3.2280
< Ly WP R R S— . - T 7 3691.092  99.2579505  26.2881724 202.722 ~2.9801 ~0.2490 0.6907 2.1992
SR a0 i = SUE e 9 3693.077 99.2581172  26.2880057 198.786 ~2.5226 0.1752 1.4215 2.9743

@ Before deep 4 2 0 2 s, it is necessary to ensu 9  3645.582  99.2572839  26.2878391 217.149 ~3.1796 -0.5442 0.1637 1.6173
I . r|| 10  3650.993  99.2574505  26.2878391 209.805 -2.5741 -0.0646 0.4831 1.9556




&+ Computation of ground stability variation based on vertical deformation

Computation of ground stability variation time series based on vertical deformation

_._¢ Open any ground vertical deformation rate grid file

Set the wildcard of the file names

.. Estimation of normalized ground
- stability variation grid

.- Estimation of ground stability
~ variation grid time series

4.1 Save program process as

Ordinal number of the first wildcard in file naryie 11\ — NS Program Process ** Operation Prompts
Number of consecutive wildcards in file name \8 \:‘~

——

Uﬂ Open a ground digital elevation model file
with the same grid specifications

Weight of the ground vertical
deformation rate

Weight of horizontal gradient
of deformation rate

Weight of terrain slope 2.00 ~ |[Exponent |0.5 =

3.00 ~ |Exponent |0.5 >

5.00 + |[Exponent |0.5 >

@ The weights and exponent parameters do not change with
time, which are only employed to roughly distinguish the
responses of different types of the variations to the geological
environment. Rough value can meet the needs.

+Elidel oad4.5_ win64en/examples/Dyngrndhgtstablility/vdfmrate/dmzcgYQbh|20170112|dat

C:/ETideLoatd-5—win64en/examples/Dyngrndhgtstablility/vdfmrate/dmzcgYQbh|20170201|dat
C:/ETideLoad4.5_win64en s/Dyngrndhgtstablility/vdfmrate/dmzcgYQbh{20170302{ dat
C:/ETideLoad4.5_win64en/examples/Dyn tablility/vdfmrate/dmzcgYQbh|20170403) dat
C:/ETideLoad4.5_win64en/examples/Dyngrndhgtstablili te/dmzcgYQbh|20170504|dat
C:/ETideLoad4.5_win64en/examples/Dyngrndhgtstablility/vdfmrate/ 20170605 dat
C:/ETideLoad4.5_win64en/examples/Dyngrndhgtstablility/vdfmrate/dmzcgYQbh|20170706|dat
C:/ETideLoad4.5_win64en/examples/Dyngrndhgtstablility/vdfmrate/dmzcgYQbh|20170807]dat
C:/ETideLoad4.5_win64en/examples/Dyngrndhgtstablility/vdfmrate/dmzcgYQbh|20170908 dat
C:/ETideLoad4.5_win64en/examples/Dyngrndhgtstablility/vdfmrate/dmzcgYQbh|20171009 dat
C:/ETideLoad4.5 win64en/examples/Dyngrndhgtstablility/vdfmrate/dmzcgYQbh|20171110|dat
C:/ETideLoad4.5_win64en/examples/Dyngrndhgtstablility/vdfmrate/dmzcgYQbh|20171211|dat

>> There are 35 ground vertical deformation rate grids files searched by wildcard instantiation.

>> Setting parameters have been imported into the program!

** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-21 11:45:58

>> Complete the computation!| The program outputs 35 ground stability variation grid time series files stbhgt***.dat. [** represents

the sampling epoch time, which is also the 7th atrribute of the grid file header.
>> Computation end time: 2024-10-21, 11.46:01

Ly
[ Set the results folder L

118.500000 121.500000 27.000000

29.000000 0.01leebbe7] 0.0lcbbbb7’

>, W

521.8333 597.0000 7151.6667 601.6667 516.3333 525.8333 k’mﬁl?_!'"# v ‘ 67
©82.0000 775.1667 856.5000 896.8333 1101.1667 1256.8333 12% e ‘ . 0 . ! 1348.3333
884.3333 931.1667 969.1667 994.0000 1123.6667 1169.8333 941°% ‘ .8333 . 'J;-m 589.6667
923.6667 1019.8333 997.6667 1051.1667 11 0.6667‘*" 945.8333 836.0000 874.8333 §62.5000 835.3333
546.3333 454.5000 335.3333 298.1667 M A 89.6667 138 M000

88.6667 116.5000 326.3333 626.16?7‘ a Y 534.5000 36*2 T
©36.3333 ed6.1667 518.3333 447.83] ‘ L ' .3333 4 LAY
162.5000 0.0000 0.0000 O.D% ' .0000

0.0000 0.0000 0.0000 0.000 4. 0000

0.0000 0.0000 0.0000 0.0000 *0000

184.5000 125.16¢67

% . 3333 672.6667, Ayl

@ Quantitative criteria defined by ETideLoad for the ground stability weakening based on the vertical deformation grid 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.

@ The ground vertical deformation may be the ground ellipsoidal height, 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 stability variation at a cell-grid is greater than zero, indicates that the stability currently on

the location of the cell-grid is decreasing, and less than zero indicates that the stability is improving.




& Computation of ground stability variation based on gravity variations

Computation of ground stability variation based on gravity variation grid

_g, Open the ground gravity variation rate grid file Normalized ground stability

“ variation grid estimation

Considering the local terrain effect on gravity

uﬂ Open the ground digital elevation model file >> Program Process ™ Operation Prompts

“ variation grid time series

o <
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

Estimation of ground sta: &8
Chinese Academy of Surveying & mapping
October 2024, Beijing, China

4.0 Save program process as

Weight of ground gravity 5 o "1 Eyponent|05 |3

variation rate
Welght_of hor_lzqntal gradient 500 | Exponent|05 + || weakening.
of gravity variation rate
Weight of local terrain effects 2.00 - | Exponent|0.5 =

@ The weights and exponent parameters do not change with
time, which are only employed to roughly distinguish the
responses of different types of the variations to the geological

| diff2015013106.dat. |

>> Open the ground digital elevation model file C:/ETideLoad4.5 win64en/examples

>> [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 on gravity, and then quantitatively estimate the ground
stability variation grid by the normalized statistical synthesis algorithm according to the quantitative criteria of the ground stability

** Here, the local terrain effect on gravity is employed 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 variation grid for the computation of the local terrain effect using the numerical integration method.
>> Open the ground gravity variation rate grid file C:/ETideLoad4.5_win64en/examples/Dyngrngravstablility/gravrate/

>

Dyngrngravstablility/dtm30s.dat. |

| >> Save the results as C:/ETideLoad4.5 win64en/examples/Dyngrngravstablility/starst.dat.

environment. Rough value can meet the needs. _ . .
g >> Setting parameters have been imported in the program!

** Click the control button [Start computation], or the tool button [Start computation]....

== (Cramnutatinn etart tima. 2024_N2_1A4 NG-1GQ-RQ v
ﬂ Save the results as = Import setting parameters & Start computation
118.50000000 121.50000000  27.00000000 29.00000000 0.01666667 0.0166666 013106 ~
0.8524 0.5934 0.8504 0.3567 0.3348 0.40 0.4042 0.5577 0.6340 0.6341
0.6365 0.5987 0.6464 0.7315 0.7339 0.63 1. 7057 0.5670 0 Ak 08 0.5461
0.4897 0.4605 0.5265 0.6167 0.5763 0.58 5582 0.6097 3 1.1530
1.1245 0.7552 0.8229 1.0852 0.7726 1.10 \ 0.6568 Aﬁ.‘ 0.6728
0.5414 0.5122 0.5385 0.3513 0.2937 0.18 -0.0962 -0.0955
0.1748 0.2181 0.2620 0.3313 0.4121 0.50 0.9910 L 1.0460
1.219¢6 1.0652 1.0743 1.1796 1.0169 1.01 0. 2187 _ 0.4620
0.1401 0.1350 0.1090 0.0886 0.0645 0.02 -0 1.0651
-0.1335 -0.1003 -0.0872 -0.2034 -0.1169 -0.1513 3}’* 2253
-0.1500 -0.2072 -0.3075 -0.3126 -0.3010 -0.3051 “* 526
-0.2318 -0.2613 -0.2264 -0.2795 -0.3434 -0.2]6 =0. 1
-0.3132 -0.3766 -0.3613 -0.3989 -0.4732 -0.5 —0.9
0.2799 0.5596 0.4495 0.3069 0.2787 0.3p 0.51 l“h
0.6394 0.5900 0.6213 0.6799 0.6199 0.5f 0.5864
0.4076 0.4833 0.4521 0.5278 0.4494 0.5 0.5663 - 7050
0.7399 0.7576 1.0819 1.1099 0.6078 0.9 0.9455 0.7090
0.4446 0.4845 0.5031 0.3663 0.7231 0.2 -0.0056 -0.0355
0.2057 0.2276 0.2370 0.3791 0.4017 0.5 0.8868 1.0504 v
£ >

@ Quantitative criteria defined by ETideLoad for the ground stability weakening based on the gravity variation grid 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 (absolute value) on gravity is relatively large (the effect is always less than zel'o).

@ The ground stability variation is a dimensionless continuous real variable. At any sampling epoch time, the stability variation at a cell-grid is greater than zero, indicates that the stability currently on

the location of the cell-grid is decreasing, and less than zero indicates that the stability is improving.




o

Computation of ground stability variation time series based on gravity variation

ﬁ Open any ground gravity variation rate grid file

Set the wildcard of the file names

| Ordinal number of the first wildcard in the filg/name

5\

.- Normalized ground stability

55 Estimation of ground stability
variation grid estimation

variation grid time series

>> Program Process ** Operation Prompts %’ Save program process as

- Number of consecutive wildcards in file na 10 /\

>> [Function] From the ground gravity variation rate grid time series and ground digital elevation model, calculate the local terrain A

effect grid on gravity and horizontal gradient vector grid time series of the ground gravity variation rate, and then quantitatively

Considering the local terrain effect on gravity

ate the ground stability variation grid time series by the normalized statistical synthesis algorithm according to the quantitative

g, Open the ground digital elevation model file

Weight of ground gravity (5 5 7= Eyoonent 05 | -
variation rate
Welght_of hor_lzqntal gradient 500 | +| Exponent 05 -
| of gravity variation rate
‘| Weight of local terrain effects [2.00 - | Exponent 0.5 =

| @ The weights and exponent parameters do not change with
~ time, which are only employed to roughly distinguish the
| responses of different types of the variations to the geological
' environment. Rough value can meet the needs.

criteria ofthe ground stability weakening.
** Here, théNqgal terrain effect on gravity is employed to quantify the severity of the topographical undulations. The program

requires that the Tatifude and longitude range of the ground digital elevation model grid should be expanded by no less than 50km
out of the ground gravityyariation grid for the computation of the local terrain effect using the numerical integration method.

>> Open any ground gravit riation rate grid file C:/ETideLoad4.5_win64en/examples/Dyngrngravstablility/gravrate/
diff2015013106.dat.
>> Open the ground digital elevation el file C:/ETideLoad4.5 win64en/examples/Dyngrngravstablility/dtm30s.dat.
>> Create or select the result file folder C:7E<I:jgeLoad4.5_win64en!exampIestyngrngravstablility/’stabiIity.

dat
dat
WG dat
plility/gravraterdiff015050100|dat
' dat

M T | ke i P PN

\ CHdetoad4: y vatablility/gravrate/diffc015070100|dat
' C:/ETideLoad4.5 wm64enlexampIeleyngrngravstabl|I|tyfgravrateld| 2015080100}dat
C:/ETideLoad4.5_winb4en/examples/Dyngrngravstablility/gravrate/diffz015083112|dat v
|
| ﬂ Set the results folder &~ Import setting parameters @ Start computation
118.00000000 [122.00000000 26¢.50000000  29.50000000 8.333333333E-03 8.333333333E-03 |
4.0 winb4en » examples » Dyngrngravstablility » stability 0o 371.000 0.000 412.000 452 .000 0.000 0.000 443,000 0.000 416.000 397‘]~ 0.000
- ~ P 400 540.000 0.0 07.000 0.000 ¥ 1000 470.000 426. @f0 Jﬁ‘&g 000 351.000 (o 0.000 28
00 237.000 % 7.000 191.000 .000 232, m*\ \ 000 0.000
stagra2015013106.dat 2022/2/:]0]5:00 00 269.000 ',* “ 1.000 O Q@ . 000 ‘Hw" m'. ) ' h‘ml L ‘ 0.000 34
stagra2015030118.dat 2022/2/10 15:00 00 304. * il L 000 ) 0 A ‘*ﬂ‘ ‘ F ! j 000
stagra2015033112.dat 2022/2/10 15:00 00 44% ‘ 000 ) | . . ! M Moy 000 57
stagra2015050100.dat 2022/2/10 15:00 / J ‘
stagra2015053112dat  2022/2/10 15:00 00 585.00, ¥ 2 go w -00 ] .r w000
stagra2015070100.dat 2022/2/10 15:00 00 1054, OO&E : ,3“ w1024, O'QJ 000 5.000 + ol 0 0.000 51
stagra2015080100.dat 2022/2/10 15:00 00 770.000 \‘“ u.OL\!w 704.000 655 OO\ *.ODO 0.000 uuu‘w 00 0.000
stagra2015083112.dat  2022/2/10 15:00 00 518.000 * 0.000 475.000 0.00 0.000 420.000 3081 000 O 000 . 0.000 31
stagra2015100100dat  2022/2/10 15:00 00 385.000 0.000 444.000 468.000 0.000 0.000 530.000 0.000 579.000 563.000 0.000 v
< stagra2015103112.dat 2022/2/10 15:00 3
— stagra2015120100.dat 2022/2/10 15:00

@ Quantitative criteria defined by ETideLoad for the ground stability weakening based on the gravity variation grid 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 (absolute value) on gravity is relatively large (the effect is always less than zero).

@ The ground stability variation is a dimensionless continuous real variable. At any sampling epoch time, the stability variation at a cell-grid is greater than zero, indicates that the stability currently on
the location of the cell-grid is decreasing, and less than zero indicates that the stability is improving.




«» Computation of ground stability variation based on variation vectors - [ X

Computation of ground stability variation time series based on variation vectors

_.j. Open any variation rate vector grid file -~ Estimation of normalized ground - = o e
Set the wildcard of the file names S UL BT £ 7 variation grid time series
Ordinal number of the first wildcard in the filghame &N - | >> Program Process ** Operation Prompts 5.} Save program process as
Number of consecutive wildcards in file name |8 /‘\:\ ndeflectstablility/dtm.dat. .
o : _ >> or select the result file folder C:/ETideLoad4.5_win64en/examples/Dyndeflectstablility/stabiility.
i Open a ground digital elevation model file ** The variafi vector grid time series files searched by wildcard instantiation:
with the same grid specifications C:/ETideLoad4.5_win xamples/Dyndeflectstablility/vectrate/cxpcbhli20150201|txt

: : = C:/ETideLoad4.5_win64en/exa ndeflectstablility/vectrate/cxpcbhl20150302|txt
Weight of gradient vector of rate |13.00 - | Exponent 0.5 - C:/ETideLoad4.5_win64en/examples/Dyn tstablility/vectrate/cxpcbhl20150403|txt
Weight of vectors inner product |5.00 = | Exponent |0.5 = C:/ETideLoad4.5_ win64en/examples/Dyndeflectstabti ectrate/cxpcbhl20150504 |txt

: — : — C:/ETideLoad4.5_win64en/examples/Dyndeflectstablility/vec cbhl20150605|txt

: _ C:/ETideLoad4.5_win64en/examples/Dyndeflectstablility/vectrate/cxpcbhi20150706| txt

@ The weights and exponent parameters do not change with . /ETige| pad4 5 win64en/examples/Dyndeflectstablility/vectrate/cxpcbhl20150807 |txt

time, which are only employed to roughly distinguish the = c:/ETideLoad4.5 win64en/examples/Dyndeflectstablility/vectrate/cxpcbhl20150908|txt

responses of different types of the variations to the geological C:/ETideLoad4.5 win64en/examples/Dyndeflectstablility/vectrate/cxpcbhl20151009|txt

environment. Rough value can meet the needs. C:/ETideLoad4.5_win64en/examples/Dyndeflectstablility/vectrate/cxpcbhl20151110 jtxt
C:/ETideLoad4.5_win64en/examples/Dyndeflectstablility/vectrate/cxpcbhl20151211 jtxt

>> There are 11 variation rate vector grid files searched by wildcard instantiation.

>> Setting parameters have been imported into the program!

** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-21 14:43:14

>> Complete the computation! The program outputs 11 ground stability variation grid time series files stbvdf***.dat. ***
represents the sampling epoch time, which is also the 7th atrribute of the grid file header.

>> Computation end time: 2024-10-21 14:43:15 v
Vector type Ground tilt vector ~ ﬂ Set the results folder '?:, Import setting parameters & Start computation
118.500000 121.500000 27.000000 29.000000 0.01666667 0.01lc66667 A
521.8333 597.0000 751.6667 €01.6667 516.3333 525.8333 401.8333 525.0000 575. 500q 662.0000
1328.3333 1146. 3333 *, ‘ 1122 1667

©82.0000 775.1667 g856. 5000 4 196.8333 1101.1667 1256.873 1238.3333

884.3333 931.1667 MEC AR b 4 W 24 0000 1123. .5000 589.6667 s?ﬂ] \wqﬁl . 6667

923.6667 1019.8333 EMv‘“‘ h I c67 1120, . 0000 835.333;h3 - W 8333

546.3333 454.5000 \ w&- | IRv ﬁ‘tﬁ 1567 191 .8333 184.50} 12333
88.6667 116.5000 . A N 694. . 6667 569.33 ) 00

636.3333 646.1667 ‘ W, A 431 . 1 { i 1000 319. 500 Il

162.5000 0.0000 Sy 0.. o oINS R SRIERARIAN S 0. 0000 0.0000" W} o0
0.0000 0.0000 i 000 0.0000 ITHERE R ¥ 0.0000 0.0000 0000
0.0000 0.0000 R 0.0000 0.0000 " VYl AN WMOT .0000 0.0000 0000 v

@ Quantitative criteria defined by ETideLoad for the ground stability weakening based on the variation vector grid time series are in the following. (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 terrain horizontal gradient is greater than zero. At this time, the 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 stability variation at a cell-grid is greater than zero, indicates that the stability currently on
the location of the cell-grid is decreasing, and less than zero indicates that the stability is improving.




(') Statistical synthesis and prediction of ground stability variations

Optimized synthesis of three stability variation grid time series

=)

Ordinal number of first wildcard

Number of consecutive wildcard

Tt

. Optimized synthesis of two geodetic
variation grid time series

Open any among group 1 of variation
grid time series files

-

o -«
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

. Spatiotemporal characteristics < S VA T

- Optimized synthesis of three stability ‘
" of ground stability variations

" variation grid time series

CAsy

Chinese Academy of Surveying & mapping
October 2024, Beijing, China

>> Program Process ** Operation Prompts 5.1 Save program pivecos o

i)

10

_

4

4

Weight g,

rs

3.0 =

Exponent n,

0.5 =

2

Ordinal number of first wildcargn file name

Number of consecutive wildcar

Open any among group 2 of variation
grid time series files

7\

10

Weight gp

Fs

5.0 =

Exponent ny,

re

-

[ ——t

,D/E{ingle grid

017033118
017050106
017053118
01707010€
01708010C
017083118.dat
017100106.dat

.dat A
.dat
.dat
.dat
.dat

C:/ETideLoad4.5 win64en/examples/Dynstabgrdintgrestm/vdfstability/stahgt
C:/ETideLoad4.5 win64en/examples/Dynstabgrdintgrestm/vdfstability/stahgt
C:/ETideLoad4.5 win64en/examples/Dynstabgrdintgrestm/vdfstability/stahgt
C:/ETideLoad4.5 win64en/examples/Dynstabgrdintgrestm/vdfstability/stahgt
C:/ETideLoad4.5_win64en/examples/Dynstabgrdintgrestm/vdfstability/
C:/ETideLoad4.5_win64en/examples/Dynstabgrdint
C:/ETideLoad4.5_win64en/exampl grdintgrestm/vdfstability/stahgt
C:/ETideLoad4.5_wi xamples/Dynstabgrdintgrestm/vdfstability/stahgt2017103118.dat

EFdell0ad4.5_winb4en/examples/Dynstabgrdintgrestm/vdfstability/stahgtP017120104.dat
>> There are 35 files belonging to group 2 of grid files searched by wildcard instantiation.

** The group 3 of grid time series files searched by wildcard instantiation:

re

0.5 =

C:/ETideLoad4.5 win64en/examples/Dynstabgrdintgrestm/twointegral/statwo2015013106.dat
C:/ETideLoad4.5 win64en/examples/Dynstabgrdintgrestm/twointegral 2015030118.dat

e

Open any among group 3 of variation
grid time series files

C:/ETideLoad4.5 win64en/examples/Dynstabgrdin integral/statwo2015080100.dat
>> There are 3 files belonging to gr files searched by wildcard instantiation.

Ordinal number of first wildcard jatile name |7 = e control button [Start computation], or the tool button [Start computation]....
: : = : _ >> Computation start time: 2024-10-21 15:10:54
Number of consecutive wildcar 10 - gle grid , . — — — — .
_ = = = — ||>> Complete the computation! The program outputs 3 synthesized stability variation grid time series files stathr**.dat. *** represents the sampling
Weightgc (5.0 > Exponentnc |05 ~ | llepoch time, which is also the 7th atrribute of the grid file header.

een imported into the program!

@ Repeatedly call the function [Optimized synthesis of two geodetic variation grid time series] n-1 times, you can realize the statistical normalization synthesis for the n geodetic variation grid time series. In this
case, you can design n geodetic variation weights and exponents at one time in advance. When the synthesis m (<n) is performed, the variation weights after the synthesis m-1 are the sum of the previous m-1
synthesis of 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 grid time series.

>> Computation end time: 2024-10-21 15:10:54

Optimized synthes formula: x(a, b) = sgn(A4)|A|"2Q, + sgn(B)|B|"Q, ﬂ Set the results folder '7:, Import setting parameters

A=(a-a@)/o,B=(b-b =_1s_ g,=_2
(a—a@)/o, (b—B)/ob, Qa =~ Qb = 0

) is the sign functi .
» sgn() is the sign function ¥ Start computation

21.5000| | 0.01664 ! A

1.0|/ 90 : 0.9959 1.0505

0.7 | 26 0.0638 0.7155

0.9/ 100 0.7898 1.1351

0.0| | 597 0.0793 ~0.0543

1.1 22 0.8975 0.9297

1.0| | 525 1.1270 1.1528

0.9/ 190 0.8847 0.9068

0.6 105 0.3382 0.3711

e 0.4 w01 w[0.3841 0.3357
i 0.1 86 0.1351 -0.0126 v

>




() Statistical synthesis and prediction of ground stability variations

Spatiotemporal characteristics synthesis of ground stability variations

. Optimized synthesis of two geodetic
7 variation grid time series

=1 Open any among groud stability variation
= grid time series files

. Optimized synthesis of three stability

-, Spatiotemporal characteristics synthesis
~ variation grid time series

" of ground stability variations

>> Program Process ** Operation Prompts %1 Save program process as

e
-

Ordinal number of first wildcard@\
Number of consecutive wildcard 10 / \

rs

Weight qa 3.0 s Exponent na |0.5

Spatial filtering mode Moving average filter

Spatial domain filter parameter |2

i)

Time domain filter parameter 2.0

4

Start time for the target time series |[20150131

4

4

End time for the target time series

20151201

4

Sampling internal for target time series |15.00 day

rs

Weight of horizontal gradient 5.0 <

Exponent (0.5

3

Weight of time derivative 5.0 ~ | Exponent 0.5

>> [Function] From the ground stability variation grid time series, calculate its spatial horizontal gradient and time-derivative grid time series. And A
then using the low-pass filtering and statistical normalization synthesis, generates the grid time series files|stachr*.dat of the ground stability |

variations that fuse spatiotemporal characteristics according to the given sampling specifications and statistical parameters.

™ The program outputs also the|filtered ground stability variation grid time series files staflt*.dat, the|ground stability variation horizontal gradient |
(modutds, per km) grid time series files stagrd*.dat and its| time-derivative (per week) grid time series files stadft*.dat into the current directory.

>> Open anyofyariation grid time series files C:/ETideLoad4.5_win64en/examples/Dynstabgrdintgrestm/grastability/stagra2015013106.dat.

>> Create or select threwesults folder C:/ETideLoad4.5_win64en/examples/Dynstabgrdintgrestm/natureintegral.

2015013106|dat
2015030118dat
2015033112|dat
2015050100(|dat
2015053112|dat
2015070100dat
2015080100|dat
2015083112|dat
2015100100|dat
2015103112|dat
2015120100|dat

C:/ETideLoad4.5 win64en/examples/Dynstabgrdintgrestm/grastability/stag

C:/ETideLoad4.5 win64en/examples/Dynstabgrdintgrestm/grastability/stagra

C:/ETideLoad4.5 win64en/examples/Dynstabgrdintgrestm/grastability/stagra

C:/ETideLoad4.5_win64en/examples/Dynstabgrdintgrestm/grastability/stagra

C:/ETideLoad4.5_win64en/examples/Dynstabgrdintgrestm/grastability/stagra

C:/ETideLoad4.5_win64en/examples/Dynstabgrdintgrestm/grastability/stagra
>> There are 11 variation grid files searched by wildcard instantiation.

>> Setting parameters have been imported into the program!
** Clirk the cnntral hiittnn [Start comniitatinnl nr the tnnl hiittnn [Start comniitatinnl

Optimized synthes formula: x(a, b) = sgn(A4)|A|"2Q, + sgn(B)|B|"Q, ﬂ Set the results folder :5 Import setting parameters

A=(a-a@)/o,B=(b-b =_1s_ g,=_2
(a—a@)/o, (b—B)/ob, Qa =~ Qb = 0

, sgn(-) is the sign function ¥ Start computation

118.50000000 121.50000000  27.00000000  29.00000000 0.01666667 0.01666667 2015013106 A
0 0.2 0.2 0.3235
0.1~ " 0.4 0.4 0.4388
0.]" ey 0.3 0.3|- 0.3799
0.1 0.3 | 0.3 0.3451
0.1. 0.0 -0.0]- -0.0407
-0.(. 0.0 0.2] 0.2549
0.1~ 0.2 0.0 -0.0591
-0.] % \ -0.1 & -0.1]" -0.1728
-0 \b\ ‘‘‘‘‘ ~0.2 -0.2| -0.2729
-0 S e 2003 -0.4 -0.5159 v

\\m»*' ) >

@ Repeatedly call the function [Optimized synthesis of two geodetic variation grid time series] n-1 times, you can realize the statistical normalization synthesis for the n geodetic variation grid time series. In this
case, you can design n geodetic variation weights and exponents at one time in advance. When the synthesis m (<n) is performed, the variation weights after the synthesis m-1 are the sum of the previous m-1

synthesis of 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 grid time series.
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() Conversion of general ASCII data into ETideLoad format () Exact and edit data from the source text file ? pe

5 5 . The record atrributes of source file The record atrributes of target file
Conversion of general ASCIl data into ETideLoad format : >
102.546777 102.546777
| 62636844.042 62636851.905 62636853.400 -7.8630 -9.3578 —1.4948 | 24.458002 ™ Add atrribute 24.458002
> 102.546777 24.458002 1659.0410 -33.6150 -0.8046 0.94 ~0.0014 1659.0410 1659.0410
3 102.632412 24.458211 2120.2558 -33.3212 -0.7142 1.23 0.0890 -33.6150 -33.6150
4 102.725921 24.460578 2111.3872 -33.2058 -0.7612 1.68 0.0420 -0.8046 -0.0014
5 102.420803 24.566357 1990.6386 -33.5334 -0.7157 1.95 0.0875 0.94
6 102.528697 24.562786 1936.4260 -33.3720 -0.7491 2.93 0.0541 -0.0014 “i Insert>>>
9 102.832641 24.575505 1977.4949 -33.1581 -0.8223 1.04 -0.0191
10 102.345532 24.668953 1919.7825 -33.7565 -0.7782 3.53 0.0250
11 102.423972 24.652933 1959.3369 -33.4781 -0.7548 2.02 0.0484
12 102.529771 24.667079 2157.7877 -33.2933 -0.7317 1.46 0.0715
13 102.631063 24.657055 1906.3415 -33.3155 -0.8185 3.53 -0.0153 @ 4 Delete-—-
14 102.742718 24.652871 1935.7882 -33.1128 -0.7767 3.39 0.0265
15 102.843573 24.642787 1880.7707 -33.1133 -0.8319 0.81 -0.0287
16 103.137778 24.658224 1838.4387 -32.7463 -0.7730 0.53 0.0302
17 102.426305 24.743284 1929.0475 -33.4575 -0.7771 1.48 0.0261
20 102.729945 24.734909 1856.2213 -33.2087 -0.8356 6.12 -0.0324 & Clear all
21 102.840819 24.752018 2117.8582 -32.8948 -0.7459 1.56 0.0573
22 102.939253 24.728089 2050.9590 -32.8500 -0.7907 0.81 0.0125
23 103.029713 24.748496 2034.1986 -32.8194 -0.8217 0.88 -0.0185
24 103.129600 24.753135 1575.0654 -32.8486 -0.8477 1.41 -0.0445
25 103.227846 24.747081 1668.7801 -32.6509 -0.8116 3.06 -0.0084 Set the target file header / Editable
3 Open the source ASCII text file |Number of rows of the file header| 1 = - Exact and edit data #» Organize and display resu | no lon lat hgt ksi residuall | v \
() Conversion of general ASCII data into ETideLoad format — Set the target record table header / Editable
L = o | I “‘
N 2 N
Opentextfile Saveas Save process Follow example Ok Cancel

lno lon lat hgt ksi residual ] 2
. . 659.0410 -33.6150 -0.0014
3 102.632412 24.458211 2120.2558 -33.3212 0.0890
4 102.725921 24.460578 2111.3872 -33.2058 0.0420
5 102.420803 24.566357 1990.638¢ -33.5334 0.0875
6 102.528697 24.562786 1936.42¢0 -33.3720 0.0541
9 102.832e41 24.575505 1977.4949 -33.1581 -0.0191
10 102.345532 24.668953 1919.7825 -33.7565 0.0250
11 102.423972 24.652933 1959.3369 -33.4781 0.0484
12 102.529771 24.667079 2157.7877 -33.2933 0.0715
13 102.631063 24.657055 190¢e.3415 -33.3155 -0.0153
14 102.742718 24.652871 1935.7882 -33.1128 0.0265
15 102.843573 24.642787 1880.7707 -33.1133 -0.0287
le 103.137778 24.658224 1838.4387 -32.7463 0.0302
17 102.426305 24.743284 1929.0475 -33.4575 0.0261
20 102.729945 24.734909 1856€.2213 -33.2087 -0.0324
21 102.840819 24.752018 2117.8582 —-32.8948 0.0573
22 102.939253 24.728089 2050.95%90 -32.8500 0.0125
23 103.029713 24.7484%e 2034.198e¢ -32.8194 -0.0185
24 103.129600 24.753135 1575.0654 -32.8486 -0.0445

25 103.22784¢ 24.747081 1eeB8.7801 -32.6509 -0.0084 v

XCZ/

E Open the source ASCII text file |Number of rows of the file header\ 1 = |\ 7 Exactand editdata  ## Organize and display result ﬁN [ 4: Save data in the textbox as ]

Display of the input-output file| 4.1 Save program process as

>> [Function] Convert the general ASCI| data record file from different sources and non-standard formats into the discrete geodetic record file in ETideLoad format.
** Please click the button [Open the source ASCII text file]...

>> C:/ETideLoad4.5_win64en/examples/EdPntrecordstandard/rntksich.txt.
** look at the source file information in the text box above, enter the number of rowsof the file header firstly, click the button [Exact and edit data]...

>> Set the format parameters about the target file header, record table headerand record attributes.

** Click the control button [Organize and display result file] to count the maximum number of each column characters of the target record attributes, then the program will display
target file header, record table header and all the records in editable textbox

** |t takes some time to organize the target record attributes. Please wait...
>> Complete the statistics of the maximum number of characters of the target record attributes, and display the target file header, record table header, and all the records in the
editable textbox.

** Check the target records file displayed in the editable textbox. Click the control button [Save data in the text box as] to save the contents in the textbox above as the target file...
>> The data in the textbox above have been saved into the geodetic records file C:/ETideLoad4.5_win64en/examples/EdPntrecordstandard/result.txt!
>> The program process have saved to the file C:/ETideLoad4.5_win64en/examples/EdPntrecordstandard/process.txt!

5ClI data into ETideload format - O X
=, g

zas  Save process  Follow example

2636851.905  62636853.400  -7.8630 -9.3573 -1.4948 ] 2
7 24.458002 1659.0410 -33.6150 -0.8046 0.94 -0.0014

> 24.458211 2120.2558 -33.3212 -0.7142 1.23 0.0890

| 24.460578 2111.3872 -33.2058 -0.7612 1.68 0.0420

3 24.566357 1990.6386 -33.5334 -0.7157 1.95 0.0875

7 24.562786 10936.4260 -33.3720 -0.7491 2.93 0.0541

| 24.575505 1977.4949 -33.1581 -0.8223 1.04 -0.0191

> 24.668953 1919.7825 -33.7565 -0.7782 3.53 0.0250

> 24.652933 1959.3369 -33.4781 -0.7548 2.02 0.0484

| 24.667079 2157.7877 -33.2933 -0.7317 1.46 0.0715

3 24.657055 1906.3415 -33.3155 -0.8185 3.53 -0.0153

3 24.652871 1935.7882 -33.1128 -0.7767 3.39 0.0265

3 24.642787 1880.7707 -33.1133 -0.8319 0.81 -0.0287

3 24.658224 1838.4387 -32.7463 -0.7730 0.53 0.0302

5 24.743284 1929.0475 -33.4575 -0.7771 1.48 0.0261

5 24.734909 1856.2213 -33.2087 -0.8356 6.12 -0.0324

) 24.752018 2117.8582 -32.8948 -0.7459 1.56 0.0573

3 24.728089 2050.9590 -32.8500 -0.7907 0.81 0.0125

3 24.748496 2034.1986 -32.8194 -0.8217 0.88 -0.0185

) 24.753135 1575.0654 -32.8486 -0.8477 1.41 -0.0445

5 24.747081 1668.7801 -32.6509 -0.8116 3.06 -0.0084 v

ASCII text file INumber of rows of the file header\ 1 vI ';;.— Exact and edit data [ i# Organize and display result file ] 4. Save data in the textbox as

utput file| 4:1 Save program process as

the general ASCII data record file from different sources and non-standard formats into the discrete geodetic record file in ETideLoad format.

Iitton [Open the source ASCII text file]...

~vinB4en/examples/EdPntrecordstandard/rntksich.txt.

file information in the text box above, enter the number of rowsof the file header firstly, click the button [Exact and edit data]...

ameters about the target file header, record table headerand record attributes.

utton [Organize and display result file] to count the maximum number of each column characters of the target record attributes, then the program will display
brd table header and all the records in editable textbox

: to organize the target record attributes. Please wait...




.54 Data interpolation, extracting and separation of land and sea "

" <
Attribute interpolating of geodetic site from grid ion Meritoring Commitntite
ETideLoad4.5
. Changing of grid resolution 2 Interpolating of geodetic . Selecting of records based Separating of (vecic °“"§&ﬁ$§;ﬁ§§§;?,{;'?cﬂ::”‘“
~ by interpolation ~* gite attribute from grid “ on an attribute condition into two different areas
1, Open a discrete points file >> Program Process ** Operation Prompts %1 Save program process as
Set format parameters of the file interpolation method. ~
Number of rows of the file header |1 = | >> Open a geodetic grid file C:/ETideLoad4.5 win64en/examples/Edatafsimpleprocess/dbmGM1800150sksi.dat.
| | >> Save the results as C:/ETideLoad4.5 win64en/examples/Edatafsimpleprocess/dbmGM1800300sksi.dat.
=l . . . >> The parameter settings have been entered into the system!
(53 Open the grid file for interpolation ** Click the [Start Computation] control button, or the [Start Computation] tool button...
Interpolation mode >> Computation start time: 2024-10-22 11:37:42
Gaussian base function _ | | >> Complete the computation!
>> Computation end time: 2024-10-22 11:37:44
>> [Function] From a numerical grid, interpolate the attribute values at the geodetic sites using the specified interpolation method.
>> Open a discrete points file C:/ETideLoad4.5 win64en/examples/Edatafsimpleprocess/pntdata.txt.
** Look at the input file information in the text box above, set the file format parameters...
>> Open the grid file for interpolationC:/ETideLoad4.5 win64en/examples/Edatafsimpleprocess/pntgrid.dat.
>> Save the results as C:/ETidelLoad4.5 win64en/examples/Edatafsimpleprocess/rstpnt.txt.
>> The parameter settings have been entered into the system!
** Click the [Start Computation] control button, or the [Start Computation] tool button...
>> Computation start time: 2024-10-22 11:39:39
>> Complete the computation!
>> Computation end time: 2024-10-22 11:39:39
W
f'::,' Save the results as & Import setting parameters @ Start computation
t ellipHeight (m) rntKsi(m) TerEff (mGal) ) Extract results - p|ou
69 1972.7703 -1.0013 -3.3508 -1.0215
02 1659.0410 -1.0916 -6.6124 -1.0283 ” 2 - eLr wor  was wnE mr wnr o
11 2120.2558 -0.9639 -5.0422 -0.9844 . ' s - s m b
78 2111.3872 -0.9936 -3.6867 -0.9869 - o
57 1990.6386 -1.0706 -3.1489 -1.0464 -
36 1936.4260 -1.0402 -2.0473 -1.0453 | ' : i
560 2192.9271 -0.9743 ~-4.0534 -1.0273 s T - -
70 2303.7797 -0.9566 -7.1388 -1.0123 . - hy
05 1977.4949 -1.0619 ~5.9858 -1.0524 T ' ™
53 1919.7825 -1.0840 -1.6645 -1.0519 2 HE
33 1959.3369 -1.0281 -3.0476 -1.0480 ] o - L Lor
79 2157.7877 -1.0165 -4.239%9¢ -1.069¢ ' I e L War RS WEF 0T MRS i
55 1906.3415 -1.0806 -1.6637 -1.0942 | A = | —
71 1935.7882 -1.0343 -1.7419 -1.0502|Vv _ _ _
< 5 input grid results interpolated




',u Data interpolation, extracting and separation of land and sea — [

Separating of (vector) grid data into two different areas

- Changing of grid resolution
“! by interpolation

llﬂ Open a geodetic grid file

[ | Process many files in a folder

[ | Separate vector grid data

=2 Interpolating of geodetic . Selecting of records based Separating of (vector) grid data
~* site attribute from grid “ on an attribute condition into two different areas
>> Program Process ** Operation Prompts %1 Save program process as

Constant cell-grid value {9990.00

4

uﬂ Open the reference grid file

Minimum

Maximum

-99000.00

4

4

0.00

4

4

Interpolation mode

Weighted inverse distance

>> The parameter settings have been entered into the system!
** Click the [Start Computation] control button, or the [Start Computation] tool button...
>> Computation start time: 2024-10-22 11:48:15

>> Complete the computation!

>> Computation end time: 2024-10-22 11:48:28

>> [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 area 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.
>> Open a geodetic grid file C:/ETideLoad4.5_win64en/examples/Edatafsimpleprocess/ETOPO30msph.dat.
>> QOpen the reference grid file C:/ETideLoad4.5 win64en/examples/Edatafsimpleprocess/ETOPO30msph.dat.

>> Save the results as C:/ETideLoad4.5_win64en/examples/Edatafsimpleprocess/ETOPO30msea.dat.

>> The parameter settings have been entered into the system!
** Click the [Start Computation] control button, or the [Start Computation] tool button...
>> Computation start time: 2024-10-22 11:49:23

>> Complete the computation!
>> Computation end time: 2024-10-22 11:49:55

E Save the results as & Import setting parameters @ Start computation
0.000000 360.000000 -90.000000  90.000C"™ Extract results s Plot|

89890.0000 9990.0000 9950.0000 9850.0C

9990.0000  9990.0000  9990.0000  9990.0C

89890.0000 9990.0000 9950.0000 9850.0C T

9990.0000  9990.0000  9990.0000  9990.0C o

9990.0000  9990.0000  9990.0000  9990.0C -

8990.0000 9990.0000 9950.0000 9890.0C ar

9990.0000  9990.0000  9990.0000  9990.0C T

89890.0000 9990.0000 9950.0000 9850.0C el

9990.0000  9990.0000  9990.0000  9990.0C *

89890.0000 9990.0000 9950.0000 9850.0C r

9990.0000  9990.0000  9990.0000  9990.0C -

9990.0000 9990.0000 9990.0000 9990.0C

9990.0000  9990.0000  9990.0000  9990.0C

9990.0000  9990.0000  9990.0000  9990.0Cv| _ _ _
< > input grid output grid




l Simple gridding and regional geodetic grid construction

Gridding of discrete geodetic data by simple interpolation

- Gridding of discrete geodetic
" data by simple interpolation

Jii Interpolation of vector grid from
" two attributes in geodetic records

Fa

L |

ETidelLoad4.5

7 Gridding of high-resolution record
== attributes by direct averaging

 Constructing of general
geodetic grid file

Extracting
latitude and |

&* Gy
A
Chinese Academy of Surveying & mapping
October 2024, Beijing, China

] Process batch files with same specifications [_| Output spherical coordinate grid L. Save computatior picccss as

mp

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Number of rows of the file header |1 - | | >> Select the computation function from the 5 control buttons on the top of the interface...
Colnum ordinal number of the target . — | >> [F_unct_ion] From a geodetic discrete pqints file,_ge_nerate the _specified a_attributes grid file according to the specified interpolation method and grid
atrribute in the record \ ¥ | | specifications. The program has the function of gridding batch discrete point files.
: : \ >> Open the discrete point file C:/ETideLoad4.5 win64en/examples/Edareageodeticdata/dbmhgt150s.txt.
Select interpolation mode s . o — :
Look at the input file information in the text box below, set the file format parameters......
weighted inverse distance v | [>> Save the results as C:/ETideLoad4.5_win64en/examples/Edareageodeticdata/dbmhgt150s.dat. |
Interpolation search radius (multiple . \ | >> Setting parameters have been imported into the program!
number of the cell-grids) \ > | ** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-22 15:18:57
>> Computation end time: 2024-10-22 15:19:05
>> Compete the computation!
Maximum latitude 34.000° ~ | Save the results as
inimum longitude| Resolution [Maximum longitude|| 104.000° = |2.500’ - 1114.000° < = Import setting parameters
Minimun latitude 25.000° - » Start computation
104.000000 114.000000  25.000000  34.000000) 0.04166667 0.04166667 A Extract results “a Plot]
1880.6248  1872.6655  1910.7229  1931.765 1992.7566  1897.7135  1807.625: |
1579.5102  1478.5428  1457.5838  1610.5701\ 1703.5126  1392.4392  1257.313: _ _ _
= . 1453 1400.5823  1424.696" 3 e = L i o i
=l dbmhet150s. txt E3 5601 717.6264 623.703; .
1 | 1 104.020833 25.020833 1880.623 | h551 807.1798 877.287:
2 2 104.062500 25.020833 1872.661 | 2437 510.3733 572.512
3 3 104.104167 25.020833 1910.720 | 1255 557.4435 337.481:
< 4 104.145833 25.020833 1931.765 | l626 821.3746 718.550!
5 5 104.187500 25.020833 1992.766 | 3714 113.4806 108.634:
6 6 104.229167 25.020833 1897.720 | 3509 ©98.9510 492.052:
T T 104.270833 25.020833 1807.631 | 1816 343.6998 326.975
3 8 104.312500 25.020833 1607.524 | L788 295.2860 273.399
9 9 104.354167 25.020833 1451.430 | 5512 559.7323 469.915:
10 10 104.395833 25.020833 1394.383 | 1293 331.5852 326.764
11 11 104.437500 25.020833 1303.391 | 2000 777.1333 812.257
12 12 104.479167 25.020833 1337.441 igg; 1315'3253 lgii.iégi e e o kT e - - o - e
13 13 104.520833 25.020833 1477.493 9 . 99.65T
14 14 104.562500 25.020833 | 1558.518 [ 1890  1318.3913  1216.279: e e m— e ——
15 15 104.604167 25.020833 1555.517 | »847 1386.6959 1398.779 v | °
< 16 16 104.645833  25.020833 1579.516 > input discrete points output result grid
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® Gross error detection and weighted basis function gridding

Gridding by basis function weighted interpolation

Gross error detection on observations
" based on low-pass reference surface

3 Open the discrete point file

Number of rows of the file header 1 =

. Estimation of observation weights
with given reference attribute

Column ordinal number of the attribute 5 a
to be grided in the record —

Select the base function

Guassian function

v [] Equal weights of observations

-« Batch gridding by basis function

=+ Gridding by basis function ]
: ~ weighted interpolation

~ weighted interpolation

>> Program Process ** Operation Prompts

>> Computation start time: 2024-10-22 20:13:08

>> Complete the computation!
>> Computation end time: 2024-10-22 20:13:08

-+ Gridding of record

&

-

- -
Earth Tide, Load Effect and Deform -
ation Monitoring Computation
ETideLoad4.5

SRR R L

“* function weighted iri( cinéss aeademyof surveying & mapping

October 2024, Beijing, China

4.f Save program process as

>> [Function] According to the given grid specifications (grid range and spatial resolution), and specified basis function, grid the specified attribute

in the input discrete geodetic record file by the weighted basis function interpolation method.
>> Open the discrete point file C:/ETideLoad4.5_win64en/examples/AppGerrweighgridate/pntwghrst.txt.
** ook at the input file information in the text box below, set the file format parameters......

>> Save the griding results as C:/ETideLoad4.5_win64en/examples/AppGerrweighgridate/pntgrid.dat.

>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-22 20:14:58

>> Complete the computation!
>> Computation end time: 2024-10-22 20:14:58

Parameter; of base functlon. = Maximum latitude 25.500° -
Column ordinal number of weight 7 <
Number of the neighboring A Minimum longitude | Resolution | Maximum longitude [|102.400° (<] 1.000' [< 103.400° |=
points for interpolation 2 . =
The kurtosis of base function 3 = Minimun latitude 24.400° '~
Eﬂ Save the griding results as & Import the parameters & Start computation
102.400000 103.400000 24.400000 25.500000 0.01666667 0.01666667 :
-1.0060 -1.0077 -1.0126 -1.0128 -1.0145 -1.0284 -1.0279 -1.0273 -1.0141 -1.0093 -1.0082 -0.9862 -0.982 I ‘
-0.9704 -0.9709 -0.9785 -0.9810 -0.9815 -0.9893 -0.9908 -0.9915 -0.9921 -0.9932 -0.9933 -0.9959 -0.995
-1.0040 =1 nn7a7 -1 N111 __‘I__-f_“|1l§£ -1 .0157 - T T - T T - T T - T T - T 0T -0 0T -0 0 T 056 |
-1.0602 Y L0217 kurtosis=3 1 kurtosis=10 013 |
-1.0057 .0246 i | 992
-0.9728 .9832 990,
-1.0078 .0391 e § ‘ 056
-1.0552 .0197 amf | 013
-1.0077 .021 sof 993
-0.9745 .98] . i 998
-1.0114 .04 056.
-1.0567 .01 013
~1.0100 .02 ' 996
-0.9760 .98° 011
-1.0160 .0573 060.
-1.0516 .0169 014
-1.0194 .0387 991
-0.9824 .9868 011
-1.0413 .0575 7t 058.
-1.04¢6e -1.0241 -1.01¢9 -1.0158 —1.014uU —1l.Ul31 —1.01l40 —1.Ul3/ —1.0L1l37 —1.ULl37 —1.01l453 -1.014
-1.0226 -1.0311 -1.0372 -1.0393 -1.0429 -1.0461 -1.0309 -1.0302 -1.0246 -1.0234 -1.0153 -1.011




Visualization for specified attribute in discrete point file

Visualization for specified attribute in discrete point file

_..j; Open the discrete geodetic point file

1 1 | | I
Number of rows 2« Column ordinal = 3% 51+
= 2 =
of file header — numberofx — . * .
Column ordinal « Column ordinal 5 - i . . i
number of y -} 2 number of e
minimum of z -9990.0 |- maximumofz 99900 |~ i |
Display style Plane color scatter plot v i _ o -
Label\font size 6 = 25 a1, . . .
(] Custom scale rahge (can be used for batch plots) . . . . I |
3 Import parametgrs Scatter plot|— " . 25.6] " @? r.; ? 1
4.1 Saye the current plot as - - o :
) - *a ) ] o © e e ® © ]
. . i @ @ @ o] ®@ p_ . ® © o ®
@ Hold down the left mouse button to rotate the plok. . ] . * . . . o @ .
. . 481 5 . B2Aw @ @ @ ¢ e @® @ o o -
@© Hold down the righy buttory or scroll the middle mouse . - i o @ . o
o 3] & = & 0] - ® s
button to zoom the plot. . * ~ Y e 0 o ° 0 o
. " = 257 @ ; = = = @ o 3
@ Hold down the middlg byfton to pan the plot. . * 6 & ® ® ® © @& o 6
24 6T = 0 @ ] & D & : g 1 @l
" 245+ N @ f e T O Pe & ® -
@ ¢ ® = @ e © @ S &
I ) a ] ] L
4.4 1 I L = I ! |
102.4° 102.6° 1028 103"
-1.15 -1.1 -1.05
I '
number long/deg/decima\l) lat ellipHeight {m)\ rentKsi (m) TerEffect (mGal)
1 [102.442457 [ 24. 471769 1972.7703 [ —1.0013 -3.3508
2 [102.546777|| 24.458002] 1659.0410 | -1.091¢ -6.6124
3 |102.632412]|| 24.458211] 2120.2558 | -0.9639 -5.0422
4 [102.725921|| 24.460578] 2111.3872 | -0.993¢ -3.6867
5 [102.420803|| 24.566357] 1990.6386 | -1.0706 -3.1489
6 |102.528697|] 24.562786| 1936.4260 | -1.0402 -2.0473
7 |102.634437|| 24.565660] 2192.9271 | -0.9743 -4.0534
8 |102.725888|| 24.581970] 2303.7797 | -0.9566 -7.1388
9 |102.832641|] 24.575505| 1977.4949 | -1.0619 -5.9858
10 |102.345532|| 24.668953] 1919.7825 | -1.0840 -1.6645
11 |102.423972|| 24.652933] 1959.3369 | -1.0281 -3.0476
12 |102.5298771|| 24.667079] 2157.7877 | -1.0165 -4.2396
13 |102.63106&3|| 24.657055] 1906€.3415| -1.080¢ -1.6637
14 |102.742718]|| 24.652871] 1935.7882 | -1.0343 -1.7419
15 |102.843573|| 24.642787| 1880.7707 | -1.0819 -7.7294
16 |103.137778|| 24.658224] 1838.4387 | -0.9843 -11.7862
17 |102.426305|| 24.743284] 1929.0475| -1.0229 -4.1779




- Earth Tide, Load Effects and Deformation Monitoring Computation 4.5
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Summary, parameter settings and
visualization for ETideLoad4.5

@ Analytically compatible geodetic and geodynamic
algorithm package using the numerical standards
unified and geophysical models coordinated

@ Compatible with and improved the IERS conven-
tions, some geodetic concepts clarified, all the algori-
thms derivated and verificated completely

@ Uniform computation of solid tidal, load tidal, polar
shift and mass centric variation effects on all-element
geodetic variations in whole Earth space

@ Analytical computation of surface load effects on all-
element geodetic variations and collaborative
monitoring of time-varying Earth gravity field

@ Geodetic monitoring of the surface hydrological
environment and ground stability variations and
prediction of their spatio-temporal evolution

o~
e
I e
i Y il
- .
LN ﬁ‘m,s“z A,

S g

Computation of various tidal and pole-shift
effects on all-element geodetic variations

www.zcyphygeodesy.com/en/

&

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETideLoad4.5
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Chinese Academy of Surveying & mapping
October 2024, Beijing, China
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Processing and analysis on non-tidal
geodetic variation time series

vr ETidelLoad4.5 includes the basic principles, formulas
and important methods of geodesy on the deforming
Earth to improve higher education environment.

3¢ Can be employed to construct scientifically the
technology environment for the deep fusion of multi-
source heterogeneous earth data and collaborative
monitoring of multiply heterogenecus geodetic system.

3¢ There are the example files saved in the folder C:
\ETideLoad4.5 win64en\examples\ for each Win64
program. It will take about 7 working days to complete
all the example exercises. Thereafter, you can use
ETideLoad4.5 alone.

@ Models and numerical standards

(3 Geodetic variations in ETideLoad

Load deformation field approach and
monitoring from heterogeneous variations

CORS/InSAR collaborative monitoring
and ground stability estimation

Editing and calculation tools for
geodetic data files

Classroom Teaching, Self-Exercise, Science Research and Engineer Computing
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