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Various Earth tidal and polar shift effects
on all-element 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

Chuanyin Zhang, zhangchy@casm.ac.cn
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Compatible with and improved all the geodetic algorithms in Chapters 6, 7,
and 8 of the IERS conventions (2010).
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@ 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.
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Select the type of effects
geoid or height anomaly (mm)

>> [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.

NS
\\

>> Setli
** Click th

parame

ters have been imported into the program!

ground gravity (uGal) (®

gravity disturbance (pGal)

ground tilt (SW, mas) (»)

vertical deflection (SW, mas)
horizontal displacement (EN, mm) (»)
ground radial displacement (mm) (=)
ground normal
radial gravity gradient (10pE)
horizontal gravify gradient (NW, 10uE)

r orthometric height (mm) (=)

N

> Computation end tim

ontrol button [Start computation], or the tool button [Start computation]....

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

\ >> Computatiomgtart time: 2024-10-18 U9:35:30
> Complete the computation of solid earth tide effects!

2024-10-18 09:33:30
AN

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

" | Save the compute result®qs

Display of the input-outplit file||

== Impor

t setting parameters

g Start computation

4.7 Save data in the text box as

Forcas%\|121.240000 29.428100| |17.830] 58456.959028 ~
201812042301 0.000000 -9.1781 -156.8405 -64.8337 -72.7348 ©.9147 -9.0453 13.0621 -17
201812042316 0.010417 -9.0405 -126.4444 -52.4062 -58.7014 7.9809 -9.494¢ 15.0158 -18
201812042331 0.020833 -8.9068 -94.,9272 -39.5093 -44.1436 9.0491 -9.7445 16.9727 -18
201812042346 0.031250 -8.7789 -62.9361 -26.4105 -29.3615 10.1045 -9.792¢6 18.9054 -18
201812050001 0.041le67 -8.6586 -31.1203 -13.3786 -14.6566 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¢6 13.0468 -8.7535 24,2868 -1¢
201812050046 0.072917 -8.3580 56.98¢66 22.7100 26.0757 13.9061 -8.039¢6 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 -8.1724 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 geodefic 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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Select the type of effects

>> [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|mas) (»

vertical deflectipn (SW, mas)
horizontal displacement (EN, mm) (»)
ground radial d|splacement (mm) (2

ground normal pr orthometric height (mm) (=)

radial gravity glladient (10uE)

horizontal gravity gradient (NW, 10uE)

>> Complete the comp

tion of sC

lid earth tide effects!

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

\i). Computation end time: 4-10-18 09:34:52 9
N :

= | Save the computed results a =~ Import setting parameters g Start computation

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

101.23&100 29.910000 4218 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 >

@ The program adopts the same numerical standards and analytical algorithms of the solid Earth udal 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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.- 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

Column ordinal number of ellipsoidal

height in the record

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

MJDO in the header

Select the type of effects

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
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geopotential (0.

1m?/s?)

>> Complete the computation of solid earth tide effects!
>> 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:/ETideLoad4.5_win64en/examples/Tideffectsolidearth/outerst.txt.

[] gravity vector (XYZ, uGal)

gravity vector (ENU, uGal)

["] gravity gradient
gravity gradient

@ The program

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

(XYZ, 10UE)
(ENU, 10pE)

AN
\

m!

putton [Start computation]....

ehind the input file record, add one or several columns of the tidal effects as the output file record.

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

Display of the input-output file||

= Import setting parameters

> GRACE satellite altitude

@ Start computation

4.7 Save data in the text box as

Ny 10y.23

29.91 4&0000.0

56{d4.000000

2019010100
2019010101
2019010102
2019010103
2019010104
2019010105
2019010106
2019010107
2019010108
2019010109
2019010110
2019010111
2019010112
2019010113
2019010114
2019010115

101.
101.
101.
101.
101.
101.
101.
101.
101.
101.
101.
101.
101.
101.
101.
101.

23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23

29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.

91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91

450000.
450000.
450000.
450000.
450000.
450000.
450000.
450000.
450000.
450000.
450000.
450000.
450000.
450000.
450000.
450000.

0

o N

-19

[ T ae  a J o  A  A J A J  J  [  J

-15.
.1432
.5274
17.
28.
35.
37.

.3604
.6518
.1944
.2516

-0.

-71.
-14.
-19.
.8092

8480
7849
5906
1615

7095

1380
1955
4394
3634

-70.
-86.
-94,
-93.
-84.
-68.
-49,
-31.
-17.
-11.
-11.
-17.
-26.
-34.
-40.
-309.

1968
1581
6243
8995
3469
2530
2170
2465
8013
0186
2874
2502
2132
8618
1205
9606

35.
21.
.3418
-23.
-41.
—-47.
-30.
-18.
11.
43.
69.
82.
80.
61.
30.
.8095

9074
8362

8846
5914
7595
7054
4674
4510
1839
1547
8776
5037
7745
1681

-1.
-20.
-27.
-18.

4.

34.

6d.

84.

86.

68.

31.
-19.
-75.

-123.
-155.
-1le3.

<

A
4347 -5.6569 -0.4118 -0
3774 -12.8867 0.0283 -11
1374 -16.1680 0.7045 -15
4910 -14.5544 1.7299 -10
0409 -8.4398 2.9803 2
5670 0.5710 4.1143 20
3857 10.1118 4.6601 37
2772 17.6806 4.1459 49
9118 21.2684 2.2387 50
11753 19.8363 -1.1440 40
1672 13.5472 -5.7776 18
9374 3.7183 -11.1451 -11
1125 -7.4804 -16.5208 -43
5198 -17.5134 -21.1048 -72
3162 -24.,0531 -24.1817 -90
9024 -25.5231 -25.2664 -95 w
>

aopis the same numerical standards and analytcal algoritnms o1 the SOlld Eartn tdal efmecls 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 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

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

%.7 Save program process as
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Column ordinal number of time in the record
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Column ordinal number of starting
MJDO in the header

5 X

Select the type of effects

>> Complete the computation of solid earth tide effects!
>> 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.

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

> Seth

geopotential (0.1m?/s?)

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

gravity gradient (ENU, 10pE)

@ The program

** Click t

>

> Computat

start time: 2024-10-18 09:38:21

control button [Start computation], or the tool bu

ton [Start computat

Columns 2 and 3 of the record

mputation of solid earth tide effects!

\>\> Complete the

and latitude of the satellite

are agreed as the longitude

> Computation end twqe: 2024-10-18 09:38:22 9
® | Save the computed resylts as &~ Import setting parameters @ Start computation

Display\of the input-output file | > GOCE satellite altitude 4. Save data in the text box as
NYB 150324 32.42  250000.0 58;}Q‘DDOOOO A

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

201901011€00|| 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‘-:

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.

site displacement that are compatible with the IERS
), 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

Global forecast of solid tidal effects on various surface geodetic variations

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

ETideLoad4.5

Location of surface point to be forecast & Tidal effect time series on all-element geodetic variations ;
. AN A 201607032040 2.861111 -357.1604 -147.1050 -164.6183 0.732¢ _ 5
Longitude ' 121.240000 ,/k/\/‘\/ XK 201607032050 2.868056  -357.9992  -147.5027 -165.0620 0.2210 " Coerze24 Beiing, China
_ - SE— ' 2016070321 2.875000  -356.3099  -146.8649  -164.3405 ~0.2467
Latitude 29.428100 A A A 201607032110 2.881944  -352.0355 -145.1672 -162.4264 -0.6691 -2.5490
Ellibsoidal height 7 ® 201607032120 2.888889  -345.1367 -142.3926 -159.3010 ~1.0443 ~3.7961
Ipsoidal height | 17.830m 201607032130 2.895833 -335.5930 -138.5315 -154.9538 ~1.3709 -5.0493
: : 201607032140 2.902778  -323.4025 -133.5821 -149.3833 ~1.6478 ~6.3000
Forecast time series parameters e 201607032150 2.909722  -308.5825 -127.5506 -142.5966 -1.8745 -7.5390
_ 2016070322 2.916667 -291.1692  -120.4506 -134.6095 ~2.0504 -8.7574
Start time | 20160701 Tidal effects to be plot 201607032210 2.923611 -271.2180 -112.3039 -125.4469 ~2.1757 ~9.9465
: - : . -248. ~103. ~115. -2, ~11.0973
_ eoid or height anomalv (mm 201607032220 2.930556 248.8027 103.1400 115.1422 2.2507 11.0
End time /20160704 - g _Y( ) 201607032230 2.937500  -224.0159 -92.9958  -103.7374 ~2.2762 -12.2013
o _ ground gravity (uGal) (=) 201607032240 2.944444  -196.9676 ~81.9159 -91.2827 ~2.2534 ~13.2502
- 4 tilt (SW & 2016070323 2.958333  -136.6134 -57.1621 ~63.4650 ~2.0687 ~15.1510
round ti mas) ( _ _ _ _ _
& Calculate and save as g (SwW, ) 201607032310 2.965278 103.6110 43.6116 48.2413 1.9108 15.9881
] vertical deflection (SW, mas) 201607032320 2.972222 ~68.9523 -29.3717 -32.2456 ~1.7122 ~16.7405
_ _ . 201607032330 2.979167 ~32.8249 ~14.5190 -15.5645 ~1.4758 ~17.4021
[ horizontal displacement (EN, mm) (+) 201607032340 2.986111 4.5714 0.8646 1.7098 -1.2045  -17.9673
ground radial displacement (mm) (®) 201607032350 2.993056 43.0259 16.6924 19.4799 ~0.9014 ~18.4311
. . i 2016070400 3.000000 82.3184 32.8740 37.6440 ~0.5700 -18.7895 Vv
normal (orthometric) height (mm) (®) < >
radial gravity gradient (10pE)
" horizontal gravity gradient (NW, 10LE) Set line thickness - <. Extract time series to be plot Plot|

Tidal effect curve on surface geodetic variations

5.7 Save the current plot as

400 .
200 .
N AL ANAFYN

¥ .. - 7% o e i

el | e Giround gravily (Gl
X0 r Gronmd redinl displacement (mm)
Normaliarthometric height (num)
: i = Radial gravity pradical(18)
OTHIL 16 0TNZ/16 07TNI3/16

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 o )
Global forecast of solid tidal effects on various surface geodetic variations Er T L Mt Tiacens -

ation Monitoring Computation

ETidelLoad4.5

Location of surface point to be forecast Tidal effect time series on all-element geodetic variations : # o
_ — 201607032040 2.861111 -357.1604 -147.1050 -164.6183 0.7320 5
Longitude 121.240000° ~ 201607032050 2.868056  -357.9992  -147.5027 -165.0620 0. 2210\ ™" ockbor 2054 Baiima, chine |
_ — 2016070321 2.875000 -356.3099 -146.8649 -164.3405 ~0.2467
Latitude | 29.428100 - 201607032110 2.881944  -352.0355 -145.1672 -162.4264 ~0.6691 ~2.5490
e = 201607032120 2.888889  -345.1367 -142.3926 -159.3010 ~1.0443 -3.7961
Ipsoidal height | 17.830m - 201607032130 2.895833 -335.5930 -138.5315 -154.9538 ~1.3709 -5.0493
_ _ 201607032140 2.902778  -323.4025 -133.5821 -149.3833 ~1.6478 ~6.3000
Forecast time series parameters 201607032150 2.909722  -308.5825 -127.5506 -142.5966 ~1.8745 ~7.5390
_ K 2016070322 2.916667 -291.1692 -120.4506 -134.6095 ~2.0504 ~8.7574
Start time |20160701 = Tidal effects to be plot 201607032210 2.923611 -271.2180 -112.3039 -125.4469 ~2.1757 ~9.9465
: : : . -248. ~103. ~115. -2, ~11.0973
_ _ B oo o sl 201607032220 2.930556 248.8027 103.1400 115.1422 2.2507 11.0
End time [20160704 = 9 g _Y( ) 201607032230 2.937500 -224.0159 ~92.9958  -103.7374 ~2.2762 ~12.2013
o _ _ [] ground gravity (uGal) (® 201607032240 2.944444  -196.9676 ~81.9159 -91.2827 ~2.2534 ~13.2502
Time interval |10.00 min - ] gravity disturbance (uGal) 201607032250 2.951389  -167.7855  -69.9518  -77.8366 -2.1836  -14.2360
_ _ 2016070323 2.958333  -136.6134 -57.1621 -63.4650 ~2.0687 ~15.1510
& Calculate and save as ground filt (SW, mas) () 201607032310 2.965278  -103.6110  -43.6116  -48.2413 -1.9108  -15.9881
(] vertical deflection (SW, mas) 201607032320 2.972222 ~68.9523 ~29.3717 -32.2456 ~1.7122 ~16.7405
_ _ . 201607032330 2.979167 ~32.8249 ~14.5190 -15.5645 ~1.4758 ~17.4021
horizontal displacement (EN, mm) (2) 201607032340 2.986111 4.5714 0.8646 1.7098 -1.2045  -17.9673
] ground radial displacement (mm) (& 201607032350 2.993056 43.0259 16.6924 19.4799 ~0.9014 ~18.4311
. . i 2016070400 3.000000 82.3184 32.8740 37.6440 ~0.5700 ~18.7895 v
] normal (orthometric) height (mm) (=) < >
[_| radial gravity gradient (10uE)
horizontal gravity gradient (NW, 104E) Set line thickness | 3 - <. Extract time series to be plot Plot|
Tidal effect curve on surface geodetic variations 5.7 Save the current plot as
60} : 1
4[. .
20t ]
I:'_
Ead % [ round i (3, mas)
— Jroandd 1 W, k)
40 Herimominl displacemest (B, mm)
Harimantal displecement (N,mm)
: : s Hortzontal pradical (M,1008)
-60 : : s Hingizonal gradienl (W,100E) ]
1 i : 1 \ e
OTAILI16 DTNI2/16 OTAI3/16 TAM16

@ 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 .

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

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

Set the file parameters

Column ordinal number of normal or

orthometric height in the header

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

>> Program Process ** Operation Prompts

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETudeLoad45
Wit | ».sz _Qtigcls

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

4.0 Save progic!

.. Global forecast of
on various surface _

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

-

4

Column ordinal number of time in the record

Column ordinal number of starting
MJDO in the header

Select the type of effects

5

geoid or height anomaly (mm)

>> [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 (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 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:/ETideLoad4.5 win64en/examples/OTideloadharmsynth/Tmsqurst txt.

X! 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!

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

ground tilt (SW, mas) (»)

vertical deflection (SW, mas)

radial gravity gradient (10uE)
horizontal gravity ¢

horizontal displacement (EN, mm) (s)

ground radial displacement (mm) (&)

radient (NW, 10uE)

** Clic the control button [Start computation], or the tool|button [Start computation]....
** The coxpputation 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! :
>> Computatiomstart time: 2024-10-18 10:38:34 Columns 2 and 3 of the file header are agreed as the

> Complete the cOrgputation of the ocean tidal load effeqts! longitude and latitude of the ground site
Computation end thwe: 2024-10-18 10:43:51 v

. degreé\ =

MaXimum truncateg = Import setting parameters
of the coefficient model o Imp gp

E Save the domputed results as @ Start computation

ground normal or grthometric height (mm) (=)

%1 Save data in the text box as

Displ éxof the mpu&output fllei\ \

NYBIlof\23oooo 29.910000 |l47.218] 58484.000p00 ~
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¢
207TaN7T071714A00 N RA23333 7203 T N1A4aAa N A4GKR OR7T73 n 1714 n_A3a7 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. -

@ 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

ETidelLoad4.5

Computation of ocean tidal load effect - . Computation of ocean tidal load effects .. Computation of ocean tidal load effects of .. Global forecast of wiellogd aligcts

time series at a ground site

~_at ground sites with given time ~ Earth satellite or outside solid Earth ~onvarious surface ¢ Q

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

_._¢ Open the location and time file of the calculation points | >> Program Process ** Operation Prompts %:1 Save progic! 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
: _ | (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
%?tlﬁgnrzec;:ﬁ;?‘aelig#tr?:fr:;gggp;al °f 14 . ~ | | to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric
_ o — | height (mm), radial gravity gradient (10pE) or horizontal gravity gradient (NW, to the north and to the west, 10uE).
Column ordinal number of time in the record 1\ = (>> Open the location and time file of the calculation points C:/ETideLoad4.5 win64en/examples/OTideloadharmsynth/Postiontm.txt.

Column ordinal number of starting

= ** 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

MJDO in the header 5 X X\ | output file name, click the control button [Import setting parameters]...
\\:::» Save the computed results as C:/ETideLoad4.5 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.
geoid or height anomaly (mm) >> Sw8fting parameters have been imported into the program!
: . ** Click\{he control button [Start computation], or the tool button [Start computation]....
ground gravity (pGal) (») utation process needs to wait... During the c{mputation period, you can open the output file C:/ETideLoad4.5 win64en/examples/
gravity disturbance (uGal) OTideloadharmgynth/Postmrst.txt, to look at the computation progress!
_ _ >> Computation ime: 2024-10-18 10-46-37 Columns 2 and 3 of the record are agreed as the
ground tilt (SW! maS) <.) > utatiorl of the ocean tidal load effects! |0ng|tUde and Ia.t|tUde Of the CaICUIated p0|nt
vertical deflection (§W, mas) \§> Computation end tims 2024-10-18 10:49:46 v
= \ N

W . - —

horizonta c.ilspl.ace snt (EN. mm) C ’ %lmum t.rulncated HEIEE 0 = ﬂ Save the cgmputed results as & Import setting parameters @ Start computation

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

ground normal or ofthometric height (mm) (¢ Disbiy of the input-output file | \ 4. Save data in the text box as

IRl LT IR TS Ny 1500901 12.5001  47.218 5@«%&&000000 a

v horizontal gravity gradient (NW, 10uE) 2019010100 151.0901 12.5001 .52 6€.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 -1.47
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 -2.8C
20700707114 151 ._0001 125001 2 _hRD -7 .68135 -4 _20R4 -HK_&T707 -0.24978 LR -0 . 23R8 -2 &0

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
30 normal height is about 1.75 times that on ellipsoidal height.

( /daylyear

01716 um'znﬁ | 0703116 07/04/16
The ocean tidal load effects (360-degree) : height anomaly (mm) ground gravity (pnGal) radial displacement (mm) orthometric height (mm)
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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 Farth - [l 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 %7 Save program process as
Set the file parameters >> Computation end time: 2024-10-18 10:49:46 ~
Bl Grai e F e e e e | >>[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

. L 4 gravity (uGal), or gravity gradient (10pE) outside the solid Earth.
orthometrlc_ QEOLER 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.
&E‘Jihi:d the input file record, add one or several columns of the tidal effects selected as the output file record.
** Cli

1)

Column ordinal number of starting
MJDO in the header

5

Select the type of effects >> Setting parameters have been imported into the program!

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

geopotential (0.1m?s?)

** The coipputation process needs to wait... During the computation period, you can open the output file C:!ETideLoad4.5_W§c¢n/examplesf

[ gravity vector (XYZ, pGal) OTideloadhaxqsynth/outerptmrst.txt, to look at the computation progress!
gravity vector (ENU, pGal) >> Computatio tart time: 2024-10-18 10:51:29 Y
[ gravity gradient (XYZ, 10uE) >> Complete the cOrgputation of the ocean tidal load effects! Columns 2 and 3 of the record are agreed as
’ \\3‘ Computation end tigg: 2024-10-18 10:56:33 the longitude and latitude of the satellite
[_] gravity gradient (ENU, 10uE) <
3 = N\
mi\&m:gftﬁrgir;ﬁt;%g;gree 1\2Q\ - f:,,' 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 15@\24 32.42  45(000.0 581}§\000000 2
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 -2.427¢6 -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 Farth - [l 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 %7 Save program process as
Set the file parameters >> Computation end time: 2024-10-18 10:56:33 ~
Bl Grai e F e e e e | >>[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

. L 4 gravity (uGal), or gravity gradient (10pE) outside the solid Earth.
orthometrlc_ QEOLER 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.
&E‘Jihi:d the input file record, add one or several columns of the tidal effects selected as the output file record.
** Cli

1)

Column ordinal number of starting
MJDO in the header

5

Select the type of effects >> Setting parameters have been imported into the program!

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

geopotential (0.1m?s?)

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

[ gravity vector (XYZ, pGal) OTideloadhaxqsynth/satprst.txt, to look at the computation prggress!
|:| gravity vector (ENU, pGal) >> Computatio tart time: 2024-10-18 10:57:57
[ gravity gradient (XYZ, 10uE) >> Complete the cOrgputation of the ocean tidal load effects! Columns 2 and 3 of the record are agreed as
’ \\3‘ Computation end tigg: 2024-10-18 11:03:22 the longitude and latitude of the satellite
gravity gradient (ENU, 10pE) <
3 = N\
mi\&m:gftﬁrgir;ﬁt;%g;gree 1\2Q\ - f:,,' 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(000.0 581}§\000000 2
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 -3.4396 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 -4.2682
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
121.240000°
29.428100°

e

Longitude

Latitude

Normal or ortho-
metric height

4

4

4

4

17.830m

4

Forecast time series parameters
Start time 20160701
End time | 20160704
30.00 min =

LIl 2

4

4

Time interval

Maximum truncated degree

of the coefficients model 360 e

4 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.

x il —

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 (10uE)

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

7 =

-

- <

Earth Tide, Load Effect and Deform -

ation Monitoring Computation

ETideLoad4.5

201607031230 2.520833 19.1056 92.9935 98.9097 94.9732 &%
2016070313 2.541667 19.3684 87.3082 93.3513 73.8155 ) i o iy et
201607031330 2.562500 18.5889 75.2272 81.0302 46.9827 -34.5.
2016070314 2.583333 16.9764 59.0082 64.2757 17.0406 -17.3244 4
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 -9.
201607031530 2.645833 9.1478 6.5005 9.0940 -62.7336 31.2263 -15.
2016070316 2.666667 6.1441 -8.4724 -6.9279 -80.1315 42.2972 -19.
201607031630 2.687500 3.2513 -21.7064 -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 -102.6922 54.9758 -25.
2016070318 2.750000 -3.1233 -48.9039 -50.8939 -99.6325 51.8924 -24.
201607031830 2.770833 -4.1468 -52.1827 -54.6682 -90.0559 45.1189 -21.
2016070319 2.791667 -4.5510 -51.9099 -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 9.1827 -5.
201607032030 2.854167 -1.9043 -31.7056 -33.8271 3.0449 -4.6859 1.
2016070321 2.875000 0.2195 -19.522¢ -20.9191 30.1430 -17.9995 8.
201607032130 2.895833 2.8195 -4.7898 -5.2378 54.3698 -30.1088 14.
2016070322 2.916667 5.6968 12.3137 12.9811 74.4909 -40.4162 19.
201607032230 2.937500 8.5742 31.0290 32.8906 89.8553 -48.3088 23.
2016070323 2.958333 11.1175 49.7423 52.7596 100.0555 -53.1880 25.
201607032330 2.979167 12.9800 66.0822 70.0838 104.6045 -54.5511 26.
2016070400 3.000000 13.8632 77.4314 82.1208 102.8130 -52.0484 26.V
£ >
Set line thickness |3 ~.| 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 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 [17820m
Forecast time series parameters

Start time | 20160701 -

End time | 20160704 -

Time interval | 30.00 min -

Maximum truncated degree

of the coefficients model

360 =

4 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.

R,

@ 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 (10uE)

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

[] 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

7 =

-

- <

Earth Tide, Load Effect and Deform -

ation Monitoring Computation

ETideLoad4.5

201607031230 2.520833 19.1056 92.9935 98.9097 94.9732 - &%
2016070313 2.541667 19.3684 87.3082 93.3513 73.8155 ) i o iy et
201607031330 2.562500 18.5889 75.2272 81.0302 46.9827 -34.5.
2016070314 2.583333 16.9764 59.0082 64.2757 17.0406 -17.3244 4
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 -9.
201607031530 2.645833 9.1478 6.5005 9.0940 -62.7336 31.2263 -15.
2016070316 2.666667 6.1441 -8.4724 -6.9279 -80.1315 42.2972 -19.
201607031630 2.687500 3.2513 -21.7064 -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 -102.6922 54.9758 -25.
2016070318 2.750000 -3.1233 -48.9039 -50.8939 -99.6325 51.8924 -24.
201607031830 2.770833 -4.1468 -52.1827 -54.6682 -90.0559 45.1189 -21.
2016070319 2.791667 -4.5510 -51.9099 -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 9.1827 -5.
201607032030 2.854167 -1.9043 -31.7056 -33.8271 3.0449 -4.6859 1.
2016070321 2.875000 0.2195 -19.522¢ -20.9191 30.1430 -17.9995 8.
201607032130 2.895833 2.8195 -4.7898 -5.2378 54.3698 -30.1088 14.
2016070322 2.916667 5.6968 12.3137 12.9811 74.4909 -40.4162 19.
201607032230 2.937500 8.5742 31.0290 32.8906 89.8553 -48.3088 23.
2016070323 2.958333 11.1175 49.7423 52.7596 100.0555 -53.1880 25.
201607032330 2.979167 12.9800 66.0822 70.0838 104.6045 -54.5511 26.
2016070400 3.000000 13.8632 77.4314 82.1208 102.8130 -52.0484 26.V
£ >
Set line thickness |3 = ~.| 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 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°

Normal or ortho-
metric height

e

4

4

4

4

17.830m

4

Forecast time series parameters
Start time 20160701

End time 20160704
Time interval | 30.00 min -

LIl 2

4

4

Maximum truncated degree

360 =

of the coefficients model

4 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.

-
@

9
ﬁl ' @ 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)

[] Sea surface tidal height (cm)

Tidal effect curve of surface geodetic variations

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

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

. . . . L. ETideLoad4.5
Tidal effect time series on all-element geodetic variations H

.520833 19.1056 92.9935 88.9097 94,9732 X 7=

201607031230 2 e
2016070313 2.541667 19.3684 87.3082 83,3513 73.8155 — 3L cm%xzﬁg:xﬁﬁgﬁ?ms
201607031330 2.562500 18.5889 15.2272 81.0302 46.9827 -34 .
2016070314 2.583333 16.97¢64 59.0082 6d4.2757 17.0406 -17.3244 A=
201607031430 2.604167 14.7415 41.0176 45_.5290 -12.9246 0.48¢67 -3.
2016070315 2.625000 12.0734 23.1412 26.7421 -40.1203 17.0683 -9.
201607031530 2.645833 9.1478 6.5005 G.0940 -62.7336 31.2263 -15.
2016070316 2.666667 6.1441 -8.4724 -6.9279 -80.1315 42,2972 -16.
201607031630 2.e87500 3.2513 -21.70¢4 -21.1969 -82.4837 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 -102.6922 54,9758 -25.
2016070318 2.750000 -3.1233 -48.,9039 -50.8938% -99.6325 51.8%24 24,
201607031830 2.770833 -4.1468 -52.1827 -54.6682 -80.0559 45,1189 -21.
2016070319 2.791667 -4.5510 -51.9099 -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 -1.6043 -31.705¢6 -33.8271 3.0449 -4.6859 1.
2016070321 2.875000 0.2195 -19.522¢6 -20.,9191 30.1430 -17.99495 8.
201070327130 7849887373 2 _A1408 -4 78408 & 23798 4 38408 —30 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|

&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 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 1 X

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

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

- Computation of surface atmosphere tidal - Computation of surface atmosphere tidal load -~ Computation of surface atmosphere tidal - Global forecast of surfa ETideLoad4.5
** load effect time series at a ground site “* effects at ground sites with given time ** load effects of satellite or outside Earth ' effects on various surfac e etiAtohe
‘., Open the geodetic site variation time series file >> Program Process ** Operation Prompts it Save :c'“?;‘mzoz’::';ff;gciﬁmg
Set the file parameters >> Select the computation function from the 4 control buttons on the top of the interface... ~
Column ordinal number of height relative >> [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),
to the surface in the header g 4 = | | 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),

A
N\

horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric height (mm), radial gravity gradient
Column ordinal number of time in the record | 1

(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.
X \ ** 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]...
Select the type of effects >>§ave the computed results as C:/ETideLoad4.5 win64en/examples/ATideloadharmsynth/Tmsqurst.txt.

'/
1)

Column ordinal number of starting

MJDO in the header 0

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

geoid or height anomaly (mm)

- >> Setting\parameters have been imported into the program!
ground gravity (uGal) (=) ** Click thedgontrol button [Start computation], or the tool Hutton [Start computation]....
gravity disturbance (uGal) ** The computa{jon process needs to wait... During the camputation period, you can open the output file C:/ETideLoad4.5 win64en/examples/ATideloadharmsynth/
- - Tmsqurst.txt, to look at the computation progress!

ground tilt (SW, mas) (=) > Computation start¥ge: 2024-10-18 11:31:01 .

vertical deflection {SW, mas) >% Complete the computation of the atmosphere tidal load leffects! Columns 2 and 3 of the file header are agreed as the

et AT e e (Y, ) >>\Computation end time: 2084-10-18 11:33:10 longitude and latitude of the ground site 5

round radial displacement (mm) (e i =

J P _( _)O i Mamﬁ\i}m tru_ncated HEIIEE 120 \ ﬂ Save the computed results as =~ Import setting parameters @ Start computation

ground normal or ¢rthometric height (mm) (®) of the dpefficient model

radial gravity gradient (10pE) Displayk{the input-output filei| 4.7 Save data in the text box as

horizontal gravity gradient (NW, 10.E) Forcast] \121.240000 _ 29.428100 ]| 0.000] 58419.000000 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 -10.1846 -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 -8.7509 7.3411 5.7475 0.6801 -0.4441 0.3106 -0.1753 0.2793
2078010221 1.875000 =10.07&0 -6 _0N0633 7460949 F.R2473 Nn_&902 —N_.RBRR 0.30872 -N.2824 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 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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Expand and improve surface atmosphere tidal load effect algorithm Earth Tide, Load Efect and Deform
in the IERS conventions (2010) to adapt to all-element geodetic vy
variations in the whole Earth space. P

1

15 (E124.24o’ N29.4281°) || i | ...........
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[ E 5 Month/day/year

;' | ] |
01/01/18 07/02/18 01/01/71% 07/03/19

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 Earth ] X

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

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

.. Computation of surface atmosphere tidal .- Computation of surface atmosphere tidal load - Computation of surface atmosphere tidal .- Global forecast of surfa ETideLoad4.5
" load effect time series at a ground site ' effects at ground sites with given time " load effects of satellite or outside Earth " effects on various surfac SWe vt ione®
£
_ﬂ, Open the location and time file of the calculation points | >> Program Process ** Operation Prompts 4. Save =°h"ﬁm§:§f¥7§gcim":mg
Set the file parameters >> Computation end time: 2024-10-18 11:33:10 A

Column ordinal number of height relative 4 =

to the surface in the record \\ he
Column ordinal number of time in the record | 1 N \ -
Column ordinal number of starting 5 % \\ \\
MJDO in the header )

>> [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 (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, 10uUE)
>> Open the location and time file of the calculation points C:/ETideLoad4.5_win64en/examples/ATideloadharmsynth/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 the output file name,
cihek the control button [Import setting parameters]...

Select the type of effects

>> S‘as(e the computed results as C:/ETideLoad4.5 win64en/examples/ATideloadharmsynth/Postmrst.txt.

“*Behmng 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 (pGal)

ground tilt (SW, mas) ()

>> Setting pqrameters have been imported into the program!
trol button [Start computation], or the tool button [Btart 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
of the atmosphere tidal load effects| Columns 2 and 3 of the record are agreed as the

vertical deflection {SW, mas) > Complete the computati
. . = >% Computation end time: 202 -18 11:35:17
horizontal displacement (EN, mm) ® p longitude and latitude of the calculation point 5
ground radial displacement (mm) (® Ma}g‘um truncated degree \Y L = _ :
_ _ . . 120 | ~ t_} Save the computed results as * Import setting parameters @ Start computation

ground normal or grthometric height (mm) () of the, coefficient model

radial gravity gradient (10pE) Displa\of the input-output filel\ 4.7 Save data in the text box as

horizontal gravity gradient (NW, 10pE) 101.230800  29.910000 0.9 58484.00000% A
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 —
201901010200 | | 101.230000 29.910000|] 0.0 -4.7521 0.8807 0.1210 0.3615 -0.0105 0.1772 0.0250 —
201901010300 | | 101.230000 29.910000|] 0.0 -4.2262 0.3464 -0.3177 0.3492 0.1680 0.1768 0.0865 —
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 —
201901010600 | | 101.230000 29.910000|] 0.0 -3.8423 0.2432 -0.3317 0.2288 0.6068 0.1388 0.2357 —
201901010700 | | 101.230000 29.910000|] 0.0 -3.9239 0.4320 -0.1474 0.1710 0.6745 0.1170 0.2562 —
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 —
201901011000 | | 101.230000 29.910000|] 0.0 -3.7117 0.3775 -0.1510 0.0394 0.7000 0.0702 0.2586 —
201901011100 | | 101.230000 29.910000|] 0.0 -3.4571 0.1485 -0.3407 0.0293 0.6920 0.0707 0.2582 —
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 -0.5396 0.0665 0.6861 0.0974 0.2705 —
201901011400 | | 101.230000 29.910000|] 0.0 -3.2011 0.1248 -0.3610 0.1056 0.6747 0.1184 0.2770 —
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 —
201901011800 | | 101.230000 29.910000|] 0.0 -5.8605 3.2583 2.2667 0.2611 0.3145 0.1742 0.1801 —lw

< >
@ When calculating theTdiTeCt MTUETCES Of SUTfate atmosSpHere tiiatoad, the prograrT asSsurTe At the atmosSphere 10ads are Concentrated o e Ea arface, and the fieight h of the calculation point is the height of the

point relative to the surface. When calculating the direct infl
surface atmosphere Ps, namely P,=P. (1-h/44330)°22°,

uences 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

@ 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 — d

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

e

Column ordinal number of height relative 4 =
to the surface in the record \\ 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 %.r 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?/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,
lick the control button [Import setting parameters]...
>XGave the computed results as C:/ETidelLoad4.5 win64en/examples/ATideloadharmsynth/outerprst.ixt.

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

gravity vector (ENU, uGal)

[ ] gravity gradient (XlYZ, 10uE)
[ gravity gradient (ENU, 10E)

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

** Behind the input file record _add one or several ¢ of the tidal effects as the output file record.
>> Setting parameters have been imported into the prograﬁ! ‘
control button [Start computation], or the tool buitton [Start computation]....

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

outerprst.txt, to I8Qk at the computation progress!
>> Computation stag time: 2024-10-18 11:36:34

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

gadharmsynth/

\>> Computation end timé\2024-10-18 11:38:11 the longitude and latitude of the satellite
v
aximum truncated degree N =
c&}\[he coefficient mo delg 1)&‘\\ = t,,' Save the computed results as & Import setting parameters @ Start computation
Dis\lay of the input-output file | \ > GRACE satellite altitude % Save data in the text box as
For&ast 121.2400  29.4281 45oabq.o 58119.09 2
2018010100f| 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 -0.6198 -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 -0.9146 0.4846 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 v

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 Ps, namely P,=P. (1-h/44330)°22°,

@ 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
“* load effect time series at a ground site

Set the file parameters

Column ordinal number of height relative 4 N
to the surface in the record

4

4
LI

Column ordinal number of time in the record |1

Column ordinal number of starting 5 % \ =
MJDO in the header

Select the type of effects

- 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

>> Program Process ** Operation Prompts

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

4.7 Save program process as

click the control button [Import setting pa

>XNSave the computed results as C:/ETideLoad4.5 win64en/examples/ATideloadharmsynth/satptmrst.txt.

>> Computation start time: 2024-10-18 11:36:34

>> Complete the computation of the atmosphere tidal load effects!
>> Computation end time: 2024-10-18 11:38:11
>> [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?),
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/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,

rameters]...

*E

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

[] gravity vector (ENU, uGal)
[ gravity gradient (X[fZ, 10uE)
gravity gradient (ENU, 10pE)

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

>> Complete the com
\>> Computation end time\

of the tidal effects as the output file record.

putation period, you can open the output file C:/ETideLoad4.5_win64en/exa = & 5 * paTarmsynth/

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

aximum truncated degree
of\the coefficient model

AN
Dis\lay of the input-output file | \

M S

ave the computed results as

't Import setting parameters

@ Start computation

Y

GOCE satellite altitude

4.7 Save data in the text box as

For&ast 121.2400

29.4281 2506@@.0

58119.0¢
2018010100 121.2400 29,4281 250000.0 -0.6861 0.8041 -0.9135 -2.7813
2018010104 121.2400 29.4281)) 250000.0 -0.6128 0.9141 -0.59044 -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 -2.947¢6
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
20180102121 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 -0.38988 -2.7610

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 Ps, 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 450km altitude: geopotential (0.1m?3/s?), gravity vector (E, N: along the GRACE orbit/SST-II, U, pGal)
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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

ETideLoad4.5

&

-

&

g

: — = Forcast 121.240000 29.428100 0.000 58119.000000 =N
Longitude 121.240000° '~ 2018010100 0.000000 ~7.9164 6.2615 4.7978 0.8678 ~0. 553 eseAcspmny fyming 2
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 63074
_ _ 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 Mg Wy —— 2018010204 1.166667 ~7.0779 5.9156 4.5921 0.8258 —0.1716 0.3560
End time 20200101 - el =l=cz oozt 2018010208 1.333333 ~7.2577 6.5328 5.2003 0.6780 ~0.1786 0.3022
o : - [] 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 - ravitv disturbance (uGal 2018010224 2.000000 ~7.8136 6.1450 4.6993 0.8416 ~0.5319 0.3598
of the coefficients mode?l 180 = L gravity (M _ ) 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
slellzs et sz oz es [ vertical deflection (SW, mas) 2018010316 2.666667 ~7.5907 6.3671 4.9576 0.7368 ~0.2434 0.3342
_ B e e e B i 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) (o) 2018010404 3.166667 -6.9672 5.7931 4.4890 0.7986 ~0.1496 0.3449
: . . i 2018010408 3.333333 ~7.1459 6.4094 5.0966 0.6507 ~0.1565 0.2911
atmosphere ftidal load effects. Please .
1osph _ , normal (orthometric) height (mm) (= 2018010412 3.500000 _6.3369 5.5284 4.3337 0.7485 _0.1791 0.3345
wait until the button [E}_(tract time series ) ragial gravity gradient (10uE) 2018010416 3.666667 ~7.5319 6.3032 4.9041 0.7229 ~0.2323 0.3285
to be plot] becomes available. _ _ _ < i e ——— i st . e .
[ | horizontal gravity gradient (NW, 10pE)
surface atmosphere (hPa/mbar) Set line thickness |1 z .| Extract time series to be plot Plot|

Tidal effect curve of surface geodetic variations

4. Save the current plot as

13

10

W}'W |

1 1 1

——— Chround gravily (jpal)

— Ground rulial displacement (mm)
Hnrmalinrthametric beight (rom)
Sarface armeaphers (WFafmbar)

{I']."H.UI!-I- LU ey B 01011 LI ET B

@ 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 Tidal effect time series on all-element geodetic variations

&

-

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

. — = Forcast 121.240000 29.428100 0.000 58119.000000 =\
Longitude |121.240000° - 2018010100 0.000000 -7.9164 6.2615 4.7978 0.8678 -0.553y o~ M;b;zogiﬁ;gs;;i“
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 83074
_ _ 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
_ _ . 2018010204 1.166667 ~7.0779 5.9156 4.5921 0.8258 ~0.1716 0.3560
End time ' 20200101 - Tidal effects to be plot 2018010208 1.333333 ~7.2577 6.5328 5.2003 0.6780 ~0.1786 0.3022
o , - : : 2018010212 1.500000 ~6.4498 5.6527 4.4381 0.7759 ~0.2012 0.3456
Time interval |240.00 min - L] geoid or he|ghtanoma|_y (mm) 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
- S 2018010224 2.000000 ~7.8136 6.1450 4.6993 0.8416 ~0.5319 0.3598
m%[};gnsorgéir;r;iz;eri::gree 180 - LI gravity disturbance (“gal) 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
F Calculate and save as ] vertical defiection (SW, mas) 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
[\ The program needs some time to horizontal displacement (EN,mm)C_) 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) (s 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
atrr?osph.ere tidal - load Eﬂec;t_s' Plegse [J 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 - 4| gravity gradient (10pE) 2018010416 3.666667 ~7.5319 6.3032 4.9041 0.7229 -0.2323 0.3285
to be plot] becomes available. _ _ _ < Ui oo S oo i - e et e SN
[ | horizontal gravity gradient (NW, 10pE)
[] surface atmosphere (hPa/mbar) Set line thickness |1 = .| Extract time series to be plot Plot|
Tidal effect curve of surface geodetic variations 5.1 Save the current plot as

il

— Gironnd Gl (8, mae)
— Ground Gt (B, mas)
Hiarizanial displocsment (FErm)
Harizonesl displacement (N mm}
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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

s

Longitude 121.240000° ~

Latitude 29.428100° =

Forecast time series parameters

Start time |20180101 =

End time 20200101 =

Time interval | 240.00 min =
Maximum truncated degree =

180 =

of the coefficients model

¥ 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 (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)

[ ] surface atmosphere (hPa/mbar)

Tidal effect curve of surface geodetic variations

Tidal effect time series on all-element geodetic variations

-
=
»
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&

g

Forcast 121.240000 29.428100 0.000  58119.000000

2018010100 0.000000 -7.9164 6.2615 4.7978 0.8678 —0 . 553Q_ Ciemeicpiey Atymie L8
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 B304
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 -7.25717 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
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Set line thickness |1 = <. | Extract time series to be plot Plot|

4. 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 1/
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Computation of the rotation polar shift or ocean pole tidal effect time series at a ground site BT
ation Monitoring Computation
ETideLoad4.5
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Chinese Academy of Surveying & mapping
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4 Open the geodetic site variation time series file « , Computation of figure polar shift effects from the measured AC. and AS:; %I Save program process as = Algoi . 3s

Set the file parameters _ _ . . . . . .
>> [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 [, 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 (pGal), gravity disturbance (puGal), 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 3 X \ \ displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric height (mm), radial gravity gradient (10yE) 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) coniQl button [Impor‘[ setting parameters]

ground gravity (uGal) (=) >~ Savg the computed results ae C/ETidel oad ing & Roleshifteffectscalc/Tmsqurst.txt. |

i Behln the |nput flle record, add one or several columns of the tldal ects as the output file record.

gravity disturbance (uGal)

ground tilt (SW, mas) (® >> Prepare toxgompute Earth's rotation polar shift effects ...
vertical deflection (SW, mas) ** Click the con¥pl button [Start computation], or the tool button [Start computation]....
- >> Computation st time: 2024-10-18 12:02:48 )

horizontal displacement (EN, mm) (2 > Complete the comBytation of Earth's rotation polar shift effects! Columns 2 and 3 of the file header are agreed as the

ground radial displacement (mm) (¢ > Computation end|timy; 2024-10-18 12:02:49 longitude and latitude of the ground site

ground normal or drthometric height (mm) (=)

v 2 -

rad?al gravity gradl nt -(10uE) Selég(t 1S G Rotaion pol}eQift effects ~ | Save the computed results as & Import setting parameters & Start computation

horizontal gravity gradient (NW, 10uE) to bé\computed

Disple&of the input-putput file| \ 4. Save data in the text box as
AsB|__N07.230000 29.910000/] 72.4 | 56658.000000 A

201201010000 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 €.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 -1.080¢9 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 elnd 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.




i Computation of Earth's rotation polar shift effects on geodetic variations and tidal effects on EPR %/ ‘
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4 Open the geodetic site variation time series file « , Computation of figure polar shift effects from the measured AC. and AS:; &I Save program process as = Algoi.: 3s
Set the file parameters ** Click the control button [Start computation], or the tool button [Start computation].... A
Column ordinal number of ellipsoidal 4 < || | >> Computation start time: 2024-10-18 12:02:48
height in the header \\ i 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 \ N— | > [Function] From the geodetic 5_ite \{ariation time series file, compute the time series of the Earth's rotation pol_ar shift or ocean pole tidal effects on the geoid or height anomaly
MJDO in the header 5 X \ \ (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 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) ®

>> Save e computed results as C:/ETideLoad4.5_win64en/examples/Holeshifteffectscalc/Tmsquotdrst. txt. |
** Behind e input file record, add one or several columns of the tidal gffects as the output file record.

gravity disturbance (uGal)

ground tilt (SW, mas) (» >> Setting palgmeters have been imported into the program!
. , >> Prepare to coqupute ocean pole tidal effects ...
HEEE CHIECHET (S, WEE) - ** Click the contro\ button [Start computation], or the tool button [Start computationj—
horizontal displacefnent (EN, mm) (®) >> Computation stalNjme: 2024-10-18 12:03:33 Columns 2 and 3 of the file header are agreed as the
ground radial displacement (mm) (&) > Complete the Comrﬁvg{m' 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) Selégit 1S G Ocean poleNeﬁects v |‘:,,' 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. Save data in the text box as
AsB|__N07.230000 29.910000/] 72.4 | 56658.000000 A
201201010000 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 €.786 0.0287 0.0428 0.0536 0.0026 0.0419 0.0003 0.0174 -0.0136 0.
201401031200 2.500000 €.445 0.0284 0.0429 0.0536 0.0026 0.0420 0.0003 0.0174 -0.0136 0.1
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 €.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 €.529 0.0264 0.0430 0.0535 0.0026 0.0423 0.0003 0.0176 -0.0139 0.1
201401070000 6.000000 €.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 €.570 0.0247 0.0432 0.0536 0.0026 0.0427 0.0003 0.0177 -0.0142 0.
201401090000 8.000000 €.935 0.0244 0.0433 0.0536 0.0026 0.0428 0.0003 0.0178 -0.0142 0.
201401091200 8.500000 €.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.




(E121.240°, N29.428° H17.83m)

Month/day/year

1

01/30/14 06/19/14 11/06/14 03/26/15 08/13/15 12/31/15

Earth’s rotation polar shift (Ax,m, Ay, m in ITRS) effects: height anomaly (mm) ground gravity (uGal)
orthometric height (mm) radial gravity gradient (10.E)

(E121 240°, N29.428°H17. 83m)

5 5 neh/day/yea
01/30/14 06/19/14 11/06/14 03/26/15 08/13/15 12/31/15

Earth’s rotation polar shift effects: ground tilt (S, W, mas) horizontal displacement (E, N, mm) horizontal gravity gradient (N, W, 10uE)



-

Earth’s rotation polar shift Ax,m, Ay,m in ITRS height anomaly (mm) ground gravity (uGal) orthometric height (mm) radial gravity gradient (1O|1E);

b f e e,

0.4
021"
o}
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0.6

Monthyday/year

1 1 1 | 1 1 1 1 1 1 1 1 i 1 1 1
01/01/18 01/01/19 (01501720 01/01/21 AN 22

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 gGal 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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Height anomaly (mm) ground tilt (S, W, mas) ellipsoidal height(mm) orthometric height (mm)
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Ground gravity(uGal) graV|ty disturbance (|.|Gal)7J<S|Zhor|zontaI dlsplacement (E, N mm)

Month/day/year .

U1/01/18

0LL1Y

0101720 01121 01/01/22

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 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

‘& Open the location and time file of the calculation points | . computation of figure polar shift effects from the measured ACx» and AS:: %} Save program process as - Algorithm formulas

Set the 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 ~ >> Complete the computation of ocean pole tidal effects!
Column ordinal number of time in the record 1 - >>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),
\t:zrizontal 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 (NVV, 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.

i

Column ordinal humber of starting 5 %
MJDO in the header

Select the type of effects

@ 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 theNqomputed results as C:/ETideLoad4.5 win64en/examples/Poleshifteflectscalc/Postmrst.txt. |
@ gravity disturbance (uGal) ** Behind the \put file record, add one or several columns of the tidal effects as the output file record.
@ ground tilt (SW, mas) (2 >> Setting parameters have been imported into the program!

. . >> Prepare to compu¥¢ Earth's rotation polar shift effects ...
el L lRe s TEE) ** Click the control buttsq [Start computation], or the tool button [Start computation]....

@ horizontal displacefnent (EN, mm) (® > Computation start time\2024-10-18 21:33:05 Columns 2 and 3 of the record are
@ ground radial displicement (mm) (& > Complete the computation s{ Earth's rotation polar shift effects! agreed as the longitude and latitude
) _ ) >X Computation end time: 2024-N{-18 21:33:06
@ ground normal or drthometric height (mm) (=) \
=1
— rad?al gravity gradl i _(10uE) Seléﬁéthe BIEEE Rotaion polar shift e%ct\s N f:,,' 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 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 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.



i 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

_,_,P Open the location and time file of the external points

Set the file parameters

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

E

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

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

Calculation of rotation polar shift effects on

various geodetic variations anywhere “

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

= ~: :
4.7 Save program process as += Algorithm formulas

Column ordinal number of ellipsoidal 4 =
height in the record x 2
Column ordinal number of time in the record '\ -

Column ordinal number of starting
MJDO in the header

5 %\ N\ *

Select the type of effects

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

>> 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 12:05:42

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

Naravity(uGal). or gravity gradient(10uE) outside the solid Earth

geopotential (0.1m?%/s?)

[] gravity vector (XYZ, uGal)

gravity vector (ENU, uGal)

[] gravity gradient (XIZ, 10E)

[] gravity gradient (EINU, 10uE)

pen the Tocation and ume file of the external points C7ETI
‘B%I:f file format parameters according to the text box below
control Batton [Import setting parameters]...

F*k

oad4.5 win64en/examples/Poleshifteffectscalc/outerptm.txt. :
, and then select the type of the geodetic variation to be computed. After giving the output file narg

otential (0.1m?/s2),

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

mples/Poleshifteffectscalc/outsatrst. txt. |

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

** Click the controMNutton [Start computation], or the tool button
>> Computation start thge: 2024-10-18 12:08:30

[Start computation]....

Columns 2 and 3 of the record are

> Computation end time: 20R4-10-18 12:08:31

\{> Complete the computaX

of Earth’'s rotation polar shift effects

5!

agreed as the longitude and latitude

W
Siect 1S G Rotaion polar smiﬁects . | Save the computed results as = Import setting parameters » Start computation
to be computed
DisNay of the input-output file | \ > GRACE satellite altitude %.f Save data in the text box as
For&ast 121.240000 ¥29.428100 450[%@000 58119. 000000 4
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 respectively 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.




i Computation of Earth's rotation polar shift effects on geodetic variations and tidal effects on EPR - O

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

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 Open the location and time file of the external points | .~ computation of figure polar shift effects from the measured AC:: and AS:: &I Save program process as = Algorithm formulas
Set the file parameters >> Save the computed results as C:/ETideLoad4.5_win64en/examples/Poleshifteffectscalc/outsatrst.txt. A
Column ordinal number of ellipsoidal 4 - || | >> Setting parameters have been imported into the program!
height in the record ~ ~ | >> Prepare to compute Earth's rotation polar shift effects ...
Column ordinal number of time in the record = ** Click the control button [Start computation], or the tool button [Start computation]....
_ _ N >> Computation start time: 2024-10-18 12:08:30
ﬁ’j%rgn B 5 ) 4 \ \ s> Complete the computation of Earth's rotation polar shift effects!
in the header . r m
>> Computation end time: 2024-10-18 12:08:31
Select the type of effects \ \ >> [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?/s?),
- Naravity(uGal). or gravity gradient(10uE) outside the solid Earth
geopotential (0.1m?/s?) PEn the Tocation and tme Tile of the external points C/E Tideload4.5 winé4en/examples/Poleshifteffectscalc/satptm. txt. s
[] gravity vector (XYZ, uGal) e ‘B%I:f file format parameters according to the text box below, and then select the type of the geodetic variation to be computed. After giving thales K the
_ control Batton [Import setting parameters]...
[ gravity vector (ENU, uGal) >> Save thicomputed results as C:/ETideLoad4.5_win64en/examples/Poleshifteffectscalc/satorbrst.txt. |
[ ] gravity gradient (XYZ, 10uE) >> Setting paraeters have been imported into the program!
. . >> Prepare to copute Earth's rotation polar shift effects ...
draiy e (SN, T9HE) ** Click the controMNutton [Start computation], or the tool button|[Start computation]....
>> Computation start thqe: 2024-10-18 12:09:09 Columns 2 and 3 of the record are agreed
>> Complete the computadgQn of Earth's rotation polar shift effects! as the Iongitude and latitude
\<> Computation end time: 2(R4-10-18 12:09:10
W
tsiect LD E IR Rotaion polar smiﬁects v | Save the computed results as = Import setting parameters @ Start computation
0 e computed
DisNay of the input-output file | \ g GOCE satellite altitude 4. Save data in the text box as
For&ast 121.240000  ¥29.428100 250[N.000 58119000000 A
2018010100(| 121.240000  29.428100(|250000.0 -0.9427 0.2824 0.8597 -2.5791
2018010104|| 121.240000  29.428100(|250000.0 -0.9443 0.2829 0.8611 -2.5833
2018010108]| 121.240000  29.428100(|250000.0 -0.9458 0.2834 0.8625 -2.5875
2018010112|| 121.240000  29.428100(|250000.0 -0.9474 0.2838 0.8639 -2.5917
2018010116|| 121.240000  29.428100(|250000.0 -0.9489 0.2843 0.8653 -2.5959
2018010120|| 121.240000  29.428100(|250000.0 -0.9504 0.2847 0.8667 -2.6001
2018010124(| 121.240000  29.428100(|250000.0 -0.9520 0.2852 0.8681 -2.6043
2018010204(| 121.240000  29.428100(]|250000.0 -0.9534 0.2856 0.8694 -2.6083
2018010208]| 121.240000  29.428100(|250000.0 -0.9549 0.2861 0.8708 -2.6123
2018010212|| 121.240000  29.428100(|250000.0 -0.95€3 0.2865 0.8721 -2.6162
2018010216|| 121.240000  29.428100(|250000.0 -0.9578 0.2869 0.8734 -2.6202
2018010220|| 121.240000  29.428100(|250000.0 -0.9592 0.2874 0.8747 -2.6242
2018010224(| 121.240000  29.428100(|250000.0 -0.9607 0.2878 0.8761 -2.6282
2018010304|| 121.240000  29.428100(]|250000.0 -0.9620 0.2882 0.8772 -2.6317
2018010308]| 121.240000  29.428100(|250000.0 -0.9633 0.2886 0.8784 -2.6353
2018010312|| 121.240000  29.428100(|250000.0 -0.9646 0.2890 0.8796 -2.6388
2018010316|| 121.240000  29.428100(|250000.0 -0.9659 0.2894 0.8808 -2.6423
2018010320|| 121.240000  29.428100||250000.0 -0.9671 0.2897 0.8819 -2.6458
2018010324(| 121.240000  29.428100(|250000.0 -0.9684 0.2901 0.8831 -2.6493
2018010404]| 121.240000  29.428100|]250000.0 -0.9697 0.2905 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 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.
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Earth’s rotation polar shift effects at 450km altitude: geopotential (0.1m?3/s?), gravity vector (E, N:
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1‘2._ ......................................... g AIE A E G A R E R Bl e T S B ) B B B R BB B BB A B HE B HE A HEE A B R A B H B B H B HE L B AR R R ) BB B E B BB BB A G E A ) 5 S B A B A A B E A B Aa8aE

U‘E_ ................................................................................................................................................ H HH HHH HEH HHE HH O HHH HHH HHH HEH HHH HHH HHH HHH HHH BH B 580 H S o HEHH HH B HHH HHH HHH HHHHHHHHH HH

U‘ﬁ_. ............................................. 2 P88 EE: 6B E §46 §8d BB BB BEEEEEEGE EibEiiEEEE b 8 EETEE EEd BB BEE BB BEE EEEoEEE T b E § 46§84 B8 BB 8 BB EE§EE§EE 888 §TEad B8 B G BB 8 g E o828 £8% 668 bE;:o§EE o fEE B f:iE:si:ieEisEiiEiis =

0.4 7

{}2 B \/-__\

0.2 .

0.4 F -
1 Month/day/year

0.6k : - - - - - : ' - - : -
01/01/18 O07/02/18 01/01/19 O07/03/19

Earth’s rotation polar shift effects at 250km altitude: geopotential (0.1m?2/s?), gravity gradient (E, N:
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' Calculation of Earth's rotation polar shift effects on geodetic variations anywhere /

-

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

Location of surface point to be forecast M\/ Pole shift effect time series on all-element geodetic variations ETidi"?é“fs

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

: = Forcast 121.240000 29.428100 17.830 58119.000000 )
Longitude ° 5 18.6yr _ £ .
g 121.240000 & 2018010100 0.000000 0.0000 0.0000 0.0000 0.0000 0. QOO e o ma T
Latitude |29 428100° s . 2018010104 0.166667 -0.0176 -0.0072 -0.0081 0.0003 0.0002 0
_ 2018010108 0.333333 ~0.0352 -0.0143 ~0.0162 0.0006 0.0004 G-0012
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
Time series parameters 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
. N 2018010204 1.166667 ~0.1222 -0.0497 ~0.0564 0.0022 0.0014 0.0042
Start time 20180101 v
Effects to 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 : ground gravity (uGal) ® 2018010220 1.833333 ~0.1890 -0.0769 ~0.0871 0.0034 0.0021 0.0065
o F 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
FIUE S HEEE SR s Biss e S ' ® 2018010324 3.000000 -0.2943 -0.1198 ~0.1357 0.0054 0.0030 0.0102
ground radial displacement (mm) 2018010404 3.166667 ~0.3085 ~0.1256 ~0.1422 0.0056 0.0031 0.0107 ,
/] normal (orthometric) height (mm) (=) < i oot D i Tt D T oo Y
[_| radial gravity gradient (10uE)
. . i - - Y .-l_ - Il
(] horizontal gravity gradient (NW, 10LE) Set line thickness | 3 = _ Extract time series to be plot Plot|
Pole shift effect curve of surface geodetic variations %7 Save the current plot as

—— Cemidheight anomaly (men)
: — O] gravity (pCanl)

-3 ' = Grond rodial displaccment (mm)
: e Wemial/orthometric height (mm)

a1/m01148 O7NR2418 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.




' Calculation of Earth's rotation polar shift effects on geodetic variations anywhere /

-

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

Location of surface point to be forecast M\/ Pole shift effect time series on all-element geodetic variations ETidi"?é“fs

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

: = Forcast 121.240000 29.428100 17.830 58119.000000 )
Longitude ° 5 18.6yr _ £ .
g 121.240000 & 2018010100 0.000000 0.0000 0.0000 0.0000 0.0000 0. QOO e o ma T
Latitude |29 428100° s . 2018010104 0.166667 -0.0176 -0.0072 -0.0081 0.0003 0.0002 0
_ 2018010108 0.333333 ~0.0352 -0.0143 ~0.0162 0.0006 0.0004 G-0012
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
Time series parameters 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
. N 2018010204 1.166667 ~0.1222 -0.0497 ~0.0564 0.0022 0.0014 0.0042
Start time 20180101 v
Effects to 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 : (] ground gravity (uGal) ® 2018010220 1.833333 ~0.1890 -0.0769 ~0.0871 0.0034 0.0021 0.0065
o F 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
FIUE S HEEE SR s Biss O e S ' ® 2018010324 3.000000 -0.2943 -0.1198 ~0.1357 0.0054 0.0030 0.0102
ground radial displacement (mm) 2018010404 3.166667 ~0.3085 ~0.1256 ~0.1422 0.0056 0.0031 0.0107 ,
] normal (orthometric) height (mm) (=) < i oot D i Tt D T oo Y
[_| radial gravity gradient (10uE)
. . i - - Y .-l_ - Il
(] horizontal gravity gradient (NW, 10LE) Set line thickness | 3 = _ Extract time series to be plot Plot|
Pole shift effect curve of surface geodetic variations %7 Save the current plot as

T
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e (round Gl (S, mas)
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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.
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' Calculation of Earth's rotation polar shift effects on geodetic variations anywhere /

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

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

: : : . , : - ETideLoad4.5
Location of surface point to be forecast M\/ Pole shift effect time series on all-element geodetic variations ' .
. 7S Forcast 121.240000 29.428100 17.830 58119.000000 &
Longitude ° |3 18.6yr / - et -
g 121.240000 & @\J 2018010100 0.000000 0.0000 0.0000 0.0000 0.0000 0. QOO e o ma T
Latitude |29 428100° - : 2018010104 0.166667 -0.0176 -0.0072 -0.0081 0.0003 0.0002
: e _ v 2018010108 0.333333 -0.0352 -0.0143 -0.0162 0.0006 0.0004 0. 0012
Ellipsoidal height | 17.830m B B 2018010112 0.500000 -0.0528 -0.0215 -0.0243 0.0010 0.0006 0.0018
: 4 2018010116 0.666667 -0.0704 -0.0286 -0.0324 0.0013 0.0008 0.0024
Time series parameters AT 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 to 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 - [ ground gravity (uGal) 2018010220 1.833333 -0.1890 -0.076¢ -0.0871 0.0034 0.0021 0.0065
: T 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
PElE rluEEtEe SRl s BTl ] d radial disol ¢ ® 2018010324 3.000000 -0.2943 -0.1198 -0.1357 0.0054 0.0030 0.0102
ground radial displacement (mm) 2018010404 3.166667 ~0.3085 ~0.1256 ~0.1422 0.0056 0.0031 0.0107 ,
[ 1 normal (orthometric) height (mm) (¢ P ST T N T T TT T 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 %7 Save the current plot as
: —— mudial grvity pradienti 10pE}
AN I = Horizowntal pradicot 9.10pE)
. L . . ! , . . . m—— Hirizontal gradient (W,100E)
010118 070218 01119 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.

Forecast time series parameters

Time interva

Start time 20180101

1

End time 20200101

»

240.00 min

select the type
of tidal effect

Long period tidal effect

¥ 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)

Earth Tide, Load Effect and Deform -

&

_-

g

g

ation Monitoring Computation

ETidelLoad4.5

8 o TSP

£,

date day ml m2 (uas) dLOD(us/day) dUT1 (ms) dX1 (mas) dX2 (mas) dw(e-l4rad/s) Chinese Academy of Surveying & mapping
2018010100 0.000000 176.3364 -80.0140 -16.4154  -109.4040 -0.8817 -0.5187 1.308] Tt P
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
2018010208 1.333333 200.5310 -49.5001 -55.7085  -109.3419 -1.744¢ -1.7007 4.7015
2018010212 1.500000 204.8709 ~44,7585 ~-51.5258 -109.3330 -1.7781 -1.7798 4,3485
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
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
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
2018010316 2.666667 237.0211 -12.1049 26.2411  -109.3109 -1.5022 -1.7903 -2.2148
2018010320 2.833333 241.2979 -8.0327 42.5072 -109.3166 ~-1.3945 -1.7137 ~3.5876
2018010324 3.000000 245.3568 —-4.2284 59.5107 -109.3251 -1.2720 -1.6188 ~-5.0227
Set line thickness 2 = <. Extract time series to be plot Plot|

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

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 Conventlons (201 0) web5|te
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-9 Forecast of the tidal effect time series on Earth’s

Forecast time series parameters

rotation

Time interval

Start time 20180301

1

End time 20180501

»

15.00 min

select the type
of tidal effect

Short peroid tidal effect

¥ 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 g)

2018030100

201803010015
201803010030
201803010045
2018030101

201803010115
201803010130
201803010145
2018030102

201803010215
201803010230
201803010245
2018030103

201803010315
201803010330
201803010345
2018030104

201803010415
201803010430

15.
16.
13.
65.
54,
39.
20.
-2.
=27.
-54,

-84.
-115.

6890
5366
2414
8178
3589
0358
0944
1483
3092
9455
5620
6193

204.
190.
172.
150.
125.
a7.
7.
35.
2.
-30.
-63.
-94,

1958
3564
3248
5021
3551
4075
2315
4381
6667
4258
1759
9249
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.2690
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Chinese Academy of Surveying & mapping

October 2024, Beijing, China

|

-The excitation effect .of short-period ocean tides on
-the rotation polar shift will be greatly attenuated, and

) dLOD(us/day) dUT1 (u
0.000000 -23.1557
0.010417 -99,7346
0.020833 -174.2225
0.031250 -245,5903
0.041¢e67 -312.8575
0.052083 -375.1085
0.062500 -431.5059
0.072917 -481.3044
0.083333 -523.8619
0.093750 -558.6499
0.104167 -585.2612
0.114583 -603.41¢66
0.125000

0.135417

0.145833 -
0.156250

0.166667 -
0.177083

0.187500 -

Set line thickness 2

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

L]

~. Extract time series to be plot

Plot|

~the effect is less than'1 % of the rotation polar shift.

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 - O 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

« s Computation of figure polar shift effects from the measured AC.: and AS:: 4.1 Save program process as ::; 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 ASz: monthly time series file C21_821_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 (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).
[>> 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_winb4en/iers/C21_521_RLO6.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

E} 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 -0.01e8 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 -0.0165 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 -0.0162 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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In the Earth-fixed coordinate system with arbitrary positioning and orientation, the
mechanical figure polar coordinates of the deforming Earth can be uniquely determined by
the degree-2 tesseral harmonic geopotential coefficients (C,q,5,1). Therefore, the various
tidal and non-tidal effects on figure pole can be accurately obtained in geodesy.

EA621(0.5X10_10) A§21(O.5X1O_10) Axsfp(m) Aysfp(m)ln ITRS Month/day/year
T | | 010119 | 00120 | | o2l | ooz | | |

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.




- Vertical deflection (S, W, mas) horizontal displacement (E, N, mm) horizontal gravity gradient (N, W, 10pE) Month/day/year

LY 1 L 1
0110118 01/01/19 01/01/20 01/01/21 01/01/22

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.




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

Computation of permanent tidal effects on various geodetic variations

Computation of permanent tidal effects

on various geodetic variations

_gp Open the geodetic point record file

Set the file parameters

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

4.1 Save program process as

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

e

b

ETideLoad4.5

-

Forecast of atmosphe &

on Earth's mass centric .

QOctober 2024, Beijing, China

3 Effects of the Earth's mass centric variations and figure polar shifts

The number of rows of the file header |0

4

Column ordinal number of ellipsoidal

4

>> [Function] According to the location in the point record file, compute the permanent tidal effects on the geoid or height anomaly (mm),
ground gravity (uGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south
and to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Chinese Academy of Surveying & mapping

urmn 4 < | | 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. xt.
_ ** 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) ~>—=avethe e /Permanentdgeocenter/permrst.txt. |
ground gravity (uGal) (® L Behind the input file record, add several columns of the computed results as the output file record.
ting parameters have been imported into the program!
gravity disturbance (pGal) e control button [Start computation], or the tool button [Start|computation]

ground tilt (SW, mas) (=)

vertical deflection (SW, mas)

horizontal displacement (EN, mm) (®)

Columns 2 and 3 of the record are agreed as the

>> Complete the

LR . N YCRT FN H N SN |

mputation of the permanent tidal effects!

"-.-u-... ANNA AN A0 AA.NT. AT

longitude and latitude of the calculated point.

Type of permanent

Tutw

™ Save the computed resultd as

3 Import setting parameters @ Start computation

ground radial displacement (mm) (¢) tidal effects
: - g
e e Display of the input-oufput file|| \ 4.1 Save the data in the text box as
disturbing grayity gradient (radial, 10uE)
horizontal gravity gradient (NE, 10yE) 2 |1102.546777 458002 |[1659, 0410 -0.1046 63.30095 26.1954 12.5279 4.9793 0.000C
’ 4 1102.725921 24.460578 2111.3872 | -0.0612 £63.2920 26.1863 12.5236 4.9790 0.000C
6 |102.528697 24.562786||1936.4260| -0.04091 62.7782 25.9745 12.4223 4.9949 0.000C
9 [102.832641 24.575505(|1977.4949| -0.1223 62.7136 25.9476 12.4094 4.9968 0.000C
10 |102.345532 24.668953(]1919.7825| -0.0782 62.2412 25.7525 12.3161 5.0111 0.000C
11 |102.423972 24.652933(]1959.3369| -0.0548 62.3220 25.7857 12.3320 5.0086 0.000C
13 |102.631063 24.657055(]1906.3415| -0.1185 £2.301¢6 25.7775 12.3281 5.0093 0.000C
14 |102.742718 24.652871(]1935.7882 | -0.0767 62.3226 25.7860 12.3322 5.0086 0.000C
15 |102.843573 24.642787(|1880.7707 | -0.1319 62.3742 25.8076 12.3425 5.0072 0.000C
16 |103.137778 24.658224(11838.4387| -0.0730 62.2964 25.7756 12.3272 5.0096 0.000C
17 |102.426305 24.743284(]1929.0475| -0.0771 61.8640 25.5964 12.2415 5.0223 0.000C
20 |102.729945 24.734909|]1856.2213| -0.1356 £1.9073 25.6146 12.2502 5.0212 0.000C
21 |102.840819 24.752018||2117.8582 | -0.0459 61.8178 25.5765 12.2320 5.0233 0.000C
< >

@ The permanent tide does not change with time. [t is the zero-frequency tide ACx in the fong-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 — ] 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 4.1 Save program process as 7% 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
in the record 1 N\ ~ | | anomaly (mm), ground gravity (pGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection
AN (SW, to the south and to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement

4

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

4

(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_ SIrelITEl) VST S S B0 5 X \\ - | >> Open the location and time file of calculation points C:/ETideLoad4.5 win64en/examples/Permanentdgeocenter/Postiontm. txt.
oI e ** 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 “sefting parameters]... _ _
>> Sa«\@ the computed results as C:/ETideLoad4.5 win64en/examples/Permanentdgeocenter/geocenterst.txt. |

1

geoid or height anomaly (mm) ** BehintNthe 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) () centric variatiomgffects selected as the output file record.. Columns 2 and 3 of the record are agreed as the

o >> Setting parame have been ipported-into-the-programt—— : . ; .
gra“”ty disturbance (“Gal) ** lick tha ~antral hat Rtart ~amniitatinnl  nAr tha tanl hiittnn 1<t IongltUde and IatItUde Of the Ca|CUIat|0n pOInt i

ground tilt (SW, mas) (®
vertical deflection (SW, mas)
horizontal displacement (EN, mm) Display of the input-output file | 4.f Save the data in the text box as

= | Save the computed result 2 4 Import setting parameters @ Start computation

e _ 107.230000 _ 29.910000 7%.4 56658. MU A
1 ground normal or orthometric height (mm) (& 201401010000| [107.230000  29.910000][72.4 0.9547 0.1535 1.5946 2.1684 0.2837
ST, . . . 201401011200| |107.230000  29.910000|| 12. 0.9543 0.1384 4.6096 2.1634 0.2831
disturbing gravity gradient (radial, 104E) 201401020000| [107.230000  29.910000]] 72.4 0.9539 0.1232 1.6244 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
2071401051200 107 .230000 29._9100001172.4 0.9490 0.0151 4 77222 2.1182 0n.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 ACx in the long-period solid tide. The permanent tide produces a permanent additional oblateness that varies with
latitude to the Earth, and its effects on the geodetic quantities have nothing to do with the longitude of its location. The Love numbers in the program are k=0.29525, h2=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.




oS

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

- Month/day/year |

01/01/18

15F

E
01/0118

; : . i
010119 01/01/20 o1/01/21 01/01/22

Earth's mass centric variation and their effects on the height anomaly geoid and orthometric height

L

Gravity disturbance (uGal) horizontal displacement (E, N, mm)-radial gravity gradient (1L0ME).~

“Month/daylyear |

01/01/19 01/01/20 01/01/21 01/01/22

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 — ] X

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

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
A S G o0 Pl el A %1 Save program process as 3 Effects of the Earth's mass centric variations and figure polar shifts
Start time 20160701 - || [>> Computation end time: 2024-10-18 14:40:01 A
End ti = >> [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
hd time 120160715 hd mm) from the first-degree ocean tidal load spherical harmonic coefficient file OtideOne.dat output by the function [Spherical harmonic analysis on ocean
Time interval |60 00 min - 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

E Save the computed results as = Import setting parameters @ Start computation
Display of the input-output file | 4.1 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 3.6263 -5.0214

2016070103 0.125000 -1.9306 2.4942 -6.0838

2016070104 0.166667 -2.6848 0.9966 -6.4140

2016070105 0.208333 -3.0220 -0.5533 -5.9776

2016070106 0.250000 -2.9774 -1.8460 -4.9099

2016070107 0.291667 -2.6381 -2.7016 -3.3494

2016070108 0.333333 -2.1152 -3.0653 -1.4945

2016070100 0.375000 -1.5704 -2.9291 0.3139

Improve the algorithm of Earth's mass cent-ric variation 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 ACx in the long-period solid tide. The permanent tide produces a permanent additional oblateness that varies with
latitude to the Earth, and its effects on the geodetic quantities have nothing to do with the longitude of its location. The Love numbers in the program are k=0.29525, h2=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 — ] X

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

on various geodetic variations

Forecast time series parameters

Start time

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

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

E Save the computed results as = Import setting parameters @ Start computation
Display of the input-output file | 4.1 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 0.166667 0.9395 1.0633 3.1041
2016070105 0.208333 0.6616 0.9921 3.1033
2016070106 0.250000 0.3779 1.0148 3.1005
2016070107 0.291667 0.1185 1.1292 3.0981
2016070108 0.333333 -0.0884 1.3234 3.0993
2016070100 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 ACx in the long-period solid tide. The permanent tide produces a permanent additional oblateness that varies with
latitude to the Earth, and its effects on the geodetic quantities have nothing to do with the longitude of its location. The Love numbers in the program are k=0.29525, h2=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 centric variation
|
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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. !
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The ocean tidal load effect time series (m) on Earth's figure polar shifts in ITRS

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 7~

Computation of solid Earth tidal effects on geodetic networks

Y

- <

ETMeLoad45

« 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 5.7 Save program process as

— Open the GNSS baseline network file
including time attribute

Set the file parameters

Column ordinal number of starting

MJDO in the header

Column ordinal number of time

in the record

Display of the input-output file|

>> [Function] Compute the solid Earth, ocean tidal load or surface atmosphere tidal load effects on the GNSS baseline or level height ~
difference according to the location and observation time in the input geodetic control network record file.

** 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
the level route network file are the same in ETideLoad format.

- | >> Select the type of the control network firstly, and select the computation function from the 3 control buttons on the top of the interface...
3 X ~ | | >> Compute the solid Earth tidal effects (mm)...
— | »> Compute the tidal effects on 3-D GNSS baseline vectors...
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]...
>> Save~the 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 butto art computation], or the tool button [Start computation]....
>> Computation start time: 20 -18 15:28:48 v

g Start computation

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

| ¢ 4 57022
CANN DONT | 120.
CANN FDIQ | 120.
CANN JHYW | 120.
CANN JINH | 120.
CANN JINX | 120.
CANN JNJZ | 120.
CANN JSAN | 120.
CANN LHAT | 120.
CANN LISH | 120.
CANN LONQ | 120.
CANN LUOY | 120.
CANN PANA | 120.
CANN PCHQ | 120.
CANN PCJM | 120.

424700
424700
424700
424700
424700
424700
424700
424700
424700
424700
424700
424700
424700
424700

\ ~
27.522580 21.8 121.150270 27.834630 28.6  79493.9 | 1.5 [2016072412] 1.2202 0.9021 0.1274 —2.7422
27.522580 21.8 120.207320 27.335310 32.5 29876.4 | 1.5 | 2016072412 1.2721 ~0.2673 ~0.0267 1.0012
27.522580 21.8 120.078380 29.272690 32.5 196899.1 | 1.5 | 2016072412 1.3927 ~0.4186 ~0.2735 ~1.9788
27.5225@0 21.8 119.642580 29.217830 32.5 202930.8 | 1.5 | 2016072412 1.6668 ~0.0439 0.3836 0.5250
522580 21.8 119.379220 29.070950 32.5 199897.1 | 1.5 | 2016072412 1.3931 —’Jl'he solid tidal effects- o'
----- 5 92473.9| 1.5 | 2016072412 1.2143 _0.9635 6815
PﬂgltUdér Iat[t"]de and elhpsoldaflg 222881.6 | 2.5 | 2016072512 | 1.2766 —:.z:,:::GNSS_b_@Sﬂe“ne .8778
4he1ght’ Of Startmg endmg statrons—-f 170695.1 | 2.5 | 2016072512 | 1.3588 7490 displacement —¢.937¢
0826490 126 5 114864.2 | 2.5 | 2016072512 1.6040 0.1649 . 3540 ~1.1000
27.522580 21.8 119.133000 28.080720 32.5 141500.7 | 2.5 | 2016072512 | 1.3241 0 7oes (ENUimm) 5 loooc
27.522580 21.8 119.705090 27.552460 32.5 71164.3 | 2.5 | 2016072512 1.1005 ~0.4621 0.3085 2.5352
27.522580 21.8 120.436660 29.054190 32.5 169743.8 | 2.5 | 2016072512 1.8985 0.2692 ~0.2575 ~4.7458
27.522580 21.8 118.542210 27.923210 32.5 190867.4 | 2.5 | 2016072512 1.4645 ~1.1110 ~0.8864 5.6815
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 Earth and load tidal effects on geodetic networks ;‘/ .
| . . r - @
Computation of solid Earth tidal effects on geodetic networks Earth Tido, Load Effct and Deform.-
L ! L ! ETideLoad4.5
« Computation of solid Earth tidal effects .+ Computation of ocean tidal load effects s+ Computation of atmosphere tidal 10 o sseveying s mpsins
Select the type of Levelling control network ~ | > Program Process ** Operation Prompts % 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.
Erir | e e e 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 . =] | 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!

> Cli e control button [Start computation], or the tool button [Start computation]...

— -l - A A laTalal.] A M AN A MM M

The sblla 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

| ¢ 4 57022 o~ ~
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 L s
CANN JNJZ | 120.424700 H Eﬂ:ld latltudé_idelh'”’ iéld t.E- 92473.9 | 1.5 | 2016072412 | 1.2143 ~2.1936 The_ SO“d_ tidal effects on
CANN JSAN | 120.424700 3—0 gl 97 N psQ a .5 222881.6 | 2.5 | 2016072512 1.2766 ~3.8987 height difference of the
CANN LHAT | 120.424700 2 : .5 170695.1 | 2.5 | 2016072512 | 1.3588 7.8461 : :
CANN LISH | 120.424700 éhgggbf of_S"farglj\géepdmg'stqﬁon:2'5 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

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

ETndeLoad4 5

« Computation of solid Earth tidal effects 3+ Computation of ocean tidal load effects = Computation of atmosphere tidal i cmmtfgfmng&_.mng
Select the type of | o\ aq paseline network  ~ | >> Program Process ** Operation Prompts % Save program process as
control network : :
>> Computation start time: 2024-10-18 15:30:03 A~
-, Open the GNSS baseline network file >> Complete the computation of the tidal effects!
[ 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/Controlnetworktidef/
MJDO in the header 3 X ~ | | GNSSbaseline levelingroutine. txt.
Erir | e e e 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 . ~ | | parameters]...
\ >> Save the computed results as C:/ETideLoad4.5 win64en/examples/Controlnetworktidef/ GNSShaselotideload.txt. |
Maxi t ted d ** Behind the input file record, add the tidal effects as the output file record.
fz::r:lmumﬁ_ru_ncetl © ;glree 120 - | | >>Setting parameters have been imported into the program!
of the coetiicients mode > 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: 4-10-18 15:32:13
W
Display of the input-output file| ﬂ Save the computed rehw\:;- 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 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 .4014 -21.1547
CANN JINX | 120.424700 27.522580 21.8 119.379220 29.070950 32.5 199897.1| 1.5 |2016072412| 1.3931 —E.The ocearin@lal |@ad 3150
CANN JNJZ | 120.424700 320, 5280004 218, Seeal 19 637040y 270876350 5 92473.9 | 1.5 |2016072412| 1.2143 333 1695
CANN JSAN | 120.424700 LongitUde 1at'tUde and o_rthometrrcE 222881.6 | 2.5 | 2016072512 | 1.2766 .., effects on;, GNSSr .4190
CANN LHAT | 120.424700 4height Of Sfartmg endmg statrons— .5 170695.1 | 2.5 | 2016072512 | 1.3588 bage“ne dlsptacementa
CANN LISH | 120.424700 ) 9229490 : 126 2.5 114864.2 | 2.5 | 2016072512 | 1.6040 -3.5675 El\fU 2 -16.062
CANN LONQ | 120.424700 27.522580 21.8 119.133090 28.080720 32.5 141509.7 | 2.5 | 2016072512 | 1.3241 -5.2100 ( mm) 4411
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 -34.20959 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

- -
Earth Tide, Load Effect and Deform -
ation Monitoring Computation
ETideLoad4.5
A

« Computation of solid Earth tidal effects 3+ Computation of ocean tidal load effects = Computation of atmosphere tidal ic Chinoso Acadenty of Surveying & mapping
Select the type of Levelling control network ~ | >~ Program Process ** Operation Prompts % Save program process as
control network : :
>> Computation start time: 2024-10-18 15:31:11 A~
Open the levelling network routes file >> Complete the computation of the tidal effects!
_&' including time attribute >> Computation end time: 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 — | >> Open the levelling network routes file including time attribute C:/ETideLoad4.5_win64en/examples/Controlnetworktidef/
MJDO in the header 3 X ~ | | GNSSbaseline levelingroutine. txt.
Erir | e e e 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 . ~ | | parameters]...
\ >> Save the computed results as C:/ETideLoad4.5 win64en/examples/Controlnetworktidef/levelroutineotideload.txt. |
Maxi t ted d ** Behind the input file record, add the tidal effects as the output file record.
fz::r:lmumﬁ_ru_ncetl © ;glree 120 - | | >>Setting parameters have been imported into the program!
of the coetiicients mode > Cli e control button [Start computation], or the tool button [Start computation]....
Thedoad-effect on-orthometric height difference is about
1.75 times of that on ellipsoidal height difference. =2
Display of the input-output file| ﬂ Save the computed resw- 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 27,5280000 270y Seerl10p 637540 5 92473.9 | 1.5 |2016072412| 1.2143 -14.7665 :
CANN JSAN | 120.424700 LQn:gﬁ;Ude 1at'tUde and orthome“m 5 222881.6 | 2.5 | 2016072512 1.2766 | -49.4794 effects on height
CANN_LHAI | 120.424700 Z2height Of Sfartmg endmg stafio 2.5 170695.1 | 2.5 2016072512 1.3588 -16.2967 difference of the
CANN LISH | 120.424700 27.5255-5::: 21.8 11929490 JAel260  32.5 1148e4.2 | 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 2016072512 | 1.4645 -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 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 — ] 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 | o\ aq paseline network  ~ | >> Program Process ** Operation Prompts %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 the GNSS baseline network file including time attribute C:/ETideLoad4.5_win64en/examples/Controlnetworktidef/
MJDO in the header 3 X ~ | | GNSSbaseline levelingroutine. txt.
Erir | e e e 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 . =] | parameters]. .
\ >> Save the computed results as C:/ETideLoad4.5 win64en/examples/Controlnetworktidef/GNSSbaselatideload.txt. |
: ** Behind the input file record, add the tidal effects as the output file record.
Maximum t_ru_ncated degree 120 - | | >>Setting parameters have been imported into the program!
S LE FoETE s fEE > Cli 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:

Display of the input-output file| ﬂ Save the computed rehw\:;- 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¢ .3743
CANN JINX | 120.424700 27 522580 21.8 119.379220 29.070950 32.5 199897.1| 1.5 [2016072412| 1.3931 Th@ atmosphere t|da|§
CANN JNJZ | 120.424700 2734522504k 20 0 g JleleQ 647540 29 . G7c820 2.5 92473.9 1.5 | 2016072412 | 1.2143 | 0.012C
CANN JSAN | 120.424700 Lohg[tu;te IautUder~and sgrface 2.5 222881.6 | 2.5 | 2016072512 1.2766 IQald effects, on GNSQ-
CANN LHAT | 120.424700 ‘héighf Of Startmg endmg statrons—-5 170695.1 | 2.5 | 2016072512 | 1.3588 - base“ne dlsplfacemenlt 186
CANN LISH | 120.424700 0.929490 Z2.46126 2.5 114864.2 | 2.5 | 2016072512 | 1.6040 -0.004 ENU .1988
CANN LONQ | 120.424700 27.522580 21.8 119.133090 28.080720 32.5 141509.7 | 2.5 | 2016072512 | 1.3241 0.0209 ( 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 2016072512 | 1.4645 0.0348 0.01e61 -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

= Computation of atmosphere tidal load effects

Select the type of
control network

Levelling control network >> Program Process ** Operation Prompts

4.7 Save program process as

>> Computation start time: 2024-10-18 15:36:16 A~
— Open the levelling network routes file >> Complete the computation of the tidal effects!
_&' including time attribute >> Computation end time: 2024-10-18 15:36:19
>> Compute the atmosphere tidal load effects (mm)....
Set the file parameters >> Compute the tidal effects on levelling height differences...
Column ordinal number of starting 3 % — | >> Open thg Ievelllng netwqu routes file including time attribute C:/ETideLoad4.5 win64en/examples/Controlnetworktidef/
MJDO in the header _ G*P:ISSI::asellng levelingroutine.txt. _ . _ _ _
Erir | e e e e 0 _ Entetr 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 A -] | parameters].. . . . —
\ >> 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.
Maximum truncated degree =T ti ters h b : rted into th I
f the coefficients model 120 = etting parameters have been imported into the program! _
© > Cli e control button [Start computation], or the tool button [Start computation]....
e e 1k oAbt Fmes aANTA AN A0 AE.O7.MA
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.ma\?,- 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 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
CANN JINX | 120.424700 27.522580 21.8 119.379220 29.070950 32.5 199897.1| 1.5 |2016072412| 1.3931 -0.6227 The atmosphere tidal
CANN JNJZ | 120.424700 27 ¢52258¢s 2§ 0 g lJeq 647540 2y 07¢800 32.5 92473.9 | 1.5 | 2016072412 1.2143 -0.2327 .
CANN JSAN | 120.424700 27 ng':g[tugez Ian_t]iude:q,angsqrfacemj 222881.6 | 2.5 | 2016072512 | 1.2766 —0.6146 | load effects on height
CANN LHAT | 120.424700 2héigfh'f: ofLSfartihgiéi'fdinﬁ stations2-5 170695.1| 2.5 2016072512 1.3588 -0.2838 difference of the
CANN LISH | 120.424700 27.522580 21.8 119720490 22.4¢1260 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
relative to the surface (set as zero in the program) when calculating the atmosphere tidal load effects.

should not exceed 2 hours to compute validly the

calculating the ocean load effects, and the height




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

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETideLoad4.5

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

... Gomputation of residual atmosphc id m:;)‘,‘ -
~ load effects by Green's Integral T Ockkar 2024, Boging. Chice | |

October 2024, Beijing, China

=1 Open any residual ocean tidal
“=! harmonic constant grid file

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

4.1 Save program process as

>> Program Process ** Operation Prompts

>> Select the computation function from the two control buttons on the upper right of the interface... A
>> [Function] From the regional residual ocean tide harmonic constant grids, compute the residual ocean tidal load effects on the geoid or height

Set the format of input fil

Col dinal b tarti =
omn ordinal NUmber of Stafting | 4 ~ | |anomaly (mm), ground gravity (uGal), gravity disturbance (pGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to
MJDO in the header . : 7
. : the south and to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground
Column ordinal number of time -

1 =

normal or orthometric height (mm), indirect effect of disturbing gravity gradient (mE) or horizontal gravity gradient (NE, to the north and to the
east, mE), radial gravity gradient (mE) or horizontal gravity gradient (NE, to the north and to the east, mE) by Green's function integral.

** The valid files of the residual ocean tidal harmonic constants:
C:/ETideLoad4.5_win64en/residOTide/K1got4.8 _FES2004.dat
C:/ETideLoad4.5_win64en/residOTide/K2got4.8 _FES2004.dat
C:/ETideLoad4.5 win64en/residOTide/M2got4.8 FES2004.dat
C:/ETideLoad4.5_win64en/residOTide/N2got4.8 FES2004.dat
C:/ETideLoad4.5_win64en/residOTide/O1got4.8 _FES2004.dat
C:/ETideLoad4.5_win64en/residOTide/P1got4.8 _FES2004.dat
C:/ETideLoad4.5_win64en/residOTide/Q1got4.8_FES2004.dat
C:/ETideLoad4.5_win64en/residOTide/S2got4.8_FES2004.dat

in the record

Column ordinal number of the normal -
or orthometric height in record

Select the type of effects

geoid or height anomaly (mm)

8 residual ocean tidal constituent
harmonic constants from difference
between GOT4.8 and FES2004

ground gravity (uGal) (®

[] gravity disturbance (pGal)
[] ground tilt (SW, mas) (*)

W
[] vertical deflection (SW, mas) — _
| F i ey i
[ horizontal displacement (EN. mm) @ |‘:_, 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 A 0.000 14.520 8.360 1
_ _ _ ; ~4.420 0.100 9.510 0.000 0.000 0.000 0.000 0.000 0.000 0
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
~6.130 -6.230 ~6.310 —5.200 =4 £00 =3 260 -2.210 -1.950 -2.380 -3
Green's integral radius | 400 km - i 0.950 1.000 -0.610 | 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
-3.190 0.410 6.660 0.000 0.000 0.000 0.000 0.000 0.000 0
5 0.000 0.000 0.000 0.000 0.000 0.000 -9.290 -4.210 -1.530 -1
0.000 0.000 0.000 0.000 -3.860 -2.070 -1.050 -1.130 -2.230 -3
-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
-3.120 -0.560 2.900 0.000 0.000 0.000 0.000 0.000 0.000 0
S 0:900 s 0:900 i 0:900 i 02000 s 0:900 s 0:900 . 0.900 ... 22080, 71:520 ol
L4 >

@ 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

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

=1 Open any residual ocean tidal
“=! harmonic constant grid file

Computation of r

asidual ocean tidal

load effects by Gyeen's Integral

_ﬁ. Open the location and time file of near-Earth points

Set the format of input file

>> Program Process ** Operatioanrompts

...» Computation of residual atmosphc
"~ load effects by Green's Integral

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

ETideLoad4.5

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

C:/ETideLoad4.5_win64en/residOTide/P1got4.8_FES2004.dat
C:/ETideLoad4.5 win64en/residOTide/Q1got4.8 FES2004.dat
C:/ETideLoad4.5 win64en/residOTide/S2got4.8 FES2004.dat

>> Open the location and time file of near-Earth points C:/ETideLoad4.5 win64en/examples/Tdloadgreenintegral/Postiontm.txt.
** 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,

click the control button [Import setting parameters]...

8 residual

ocean tidal

constituent

harmonic constants from difference
between GOT4.8 and FES2004

gram process as

>> Save the computed results as C:/ETideLoad4.5 win64en/examples/Tdloadgreenintegral/otdloadchdais.txt.

** 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...

INER S limle flm mmndea] b adbon TO et mminmn g b mdimn]  aae dhoom $om] by dbmn TOH

Column ordinal number of starting 4 Y =
MJDO in the header a
Column ordinal number of time 1 -
in the record X a
Column ordinal number of the nczurnkK‘4 -
or orthometric height in record > 2
Select the type of effects \
geoid or height anomaly (mm)

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

ground tilt (SW, mas) (=)

vertical deﬂecjon (SW, mas)
horizontal displacement (EN, mm) (®)
ground radial displacement (mm) (=)
ground normallor orthometric height (mm) (»)
radial gravity gradient (mE)

horizontal gravity gradient (NW, mE)

Green's integral radius 400 km =

@ 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 ¢

>

>> Compl
** There are
>> Computation en

e: 2024-10:

AT L AT TR T LT L\Jl.i'.al.ll. UUIIIHULI}ILIUIIJ, AT LN T LU LT LUL

utation start time: 2024-10-18 15:48:40

the Green's integral for residual ocean tidal load effects
idual tidal constituent harmonic constants grid mo

art computation]....

jels involved in the computa

18 15:48:41

€olumns 2 and 3 of the record are
agreed as the longitude and latitude

| Save the computed ré

y of the input-output file |

{s as

:;- Import

setting parameters

@ Start computation

-

4.1 Save data in the text box as

121.2§bQOO 29.910000 471218 58484.0 00
201901010000 121.230000 29.910000(] 2.218 1.08¢64
201901010100 121.230000 29.910000(] 2.218 -1.2644
201901010200 121.230000 29.910000(] 2.218 -3.0046
201901010300 121.230000 29.910000(] 2.218 -3.7807
201901010400 121.230000 29.910000(] 2.218 -3.4908
201901010500 121.230000 29.910000(] 2.218 -2.3067
201901010600 121.230000 29.910000(] 2.218 -0.6276
201901010700 121.230000 29.910000(] 2.218 1.0228
201901010800 121.230000 29.910000(] 2.218 2.1328
201901010900 121.230000 29.910000(] 2.218 2.3361
201901011000 121.230000 29.910000(] 2.218 1.5110
201901011100 121.230000 29.910000(] 2.218 -0.1807
201901011200 121.230000 29.910000(] 2.218 -2.3281
201901011300 121.230000 29.910000(] 2.218 -4.,3682
201901011400 121.230000 29.910000(] 2.218 -5.7260

<

0.8426
.0431
.4359
.0520
.8097
.8476
.4875
0.8491
1.7497
1.9195
1.2600
.0992
.8278
.4733
.5735

0.2789
L3716
.8496
.0574
. 9679
.6301
.1563
0.3073
0.6179
0.6740
0.4424
.0311
.6316
.2019
.5823

. 9590
.9073
.3699
.2214
.4900
. 3505
0.9193
2.0076
Z2.06458
2.6751
2.0860
1.0200
.2658
.4624
.2855

A
0.9069 0.93
-0.5875 1.72
-1.7401 2.0¢8
-2.3151 1.92
-2.2277 1.24
-1.5640 0.22
-0.5567 -0.90
0.4746 -1.8¢
1.2069 -2.42
1.3981 -2.44
0.9530 -1.92
-0.0480 -0.9¢
-1.3641 0.13
-2.6509 1.18

-3.5458 1.91Vv
>

@ 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.

oefficients model.
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' Solid Earth tide Ocean tidal load Atmosphere tidal load Import parameters  Forcast  Follow example

(nsw)
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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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\ I ﬂ\‘-. ] . - |
Longitude 121.240000° = »/“’\j/\/“\«f//\ ~ ETideLoad. E.g, 20181224122642 represents 12:26:42 on December 24,
7\ N7\ T X 2018.
Latitude 29.428100° - @ The spherical harmonic coefficient model of the ocean tidal load or |
Height 17.830m - surface atmosphere tidal load can be updated with the program [System |
Configs for the geophysical models and numerical standards].
Maximum truncated 360 A
degree of model hd Sea surface tidal height (cm) -77.433
Input the forecast time 201607010130 = & Import setting parameters @ Start to forcast...

Forecast with the given location and time

geoid or height anomaly (mm)| -12.547 ground gravity (uGal) -38.621 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 (10pE) -1622.769

normal or orthometric height (mm) 30.073 horizontal gravity gradient (N, 10uE) -1084.238 horizontal gravity gradient (W, 10uE) -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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| 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\ N7\ T X 2018.
Latitude 29.428100° - @ The spherical harmonic coefficient model of the ocean tidal load or |
| Height 17.830m - surface atmosphere tidal load can be updated with the program [System |
Configs for the geophysical models and numerical standards].
Maximum truncated 360 A
degree of model hd 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, 10uE) 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 3 Earth’s tidal potential (force) time series from Moon and Sun (2 years)
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E airptideS1 cs. dat ._” E proS1 . ini ._”E Airtdloadcs. dat £ E Otideloadcs. dat E

- -

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 iy oy
3 Doodson name n m Csin+ Ccos+ Csin- Ccos- C+ eps+ @}
4 2477.455 2ZN2 1 0 0.00458562 0.00231038 0.00458562 0.00231038 0.005135 63.2596 0.00013Q e o
5 2477 .455 2ZN2 1 1 -0.00773380 0.00473565 0.01063946 -0.00152991 0.009069 301.4805 0.010749 i 3
6 2477.455 2ZN2 2 0 0.01415077 -0.00470716 0.01415077 -0.00470716 0.014913 108.3994 0.014913 108.3994
7 2477.455 2N2 2 1 -0.01749377 0.01964053 -0.02057617 0.01244109 0.026302 318.3086 0.024045 301.1587
8 2477.455 2N2 2 2 -0.05076973 0.15409810 0.03408330 -0.00708020 0.162246 341.7648 0.034811 101.7353
9 2477.455 2ZN2 3 0 -0.00345932 -0.05402235 -0.00345932 —-0.05402235 0.054133 183.6639 0.054133 183.6639
10 2477.455 2ZN2 3 1 0.00459468 0.02860553 0.08674509 0.04125120 0.028972 9.1250 0.096054 64.5668
11 2477 .455 2ZN2 3 2 -0.01359111 -0.04803085 0.00043095 0.01917460 0.049917 195.7997 0.019179 1.2875
12 2477.455 2ZN2 3 3 0.11576000 0.04745531 0.10043379 -0.03897379 0.125109 67.7090 0.107731 111.2090
13 2477.455 2N2 4 0 -0.04607076 0.02579335 -0.04607076 0.02579335 0.052800 299.2429 0.052800 299.2429
14 2477.455 2N2 4 1 0.03322584 0.01467790 0.01394749 0.02945707 0.036324 66.1660 0.032592 25.3369
15 2477.455 2ZN2 4 2 0.06616682 -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 2ZN2 4 4 -0.07108370 0.11911427 -0.03283587 0.04029420 0.138712 329.1726 0.051979 320.8233
18 2477 .455 2ZN2 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
I=| 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 3168.7714

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 -0.00266684 -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 0.03554801 -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 0.016472 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 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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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 improving of IERS convers-
ations, relevant geodetic concepts clarified, algorithm
formulas 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

i

Computation of various tidal 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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ETideLoad4.5 organization structure

Processing and analysis on non-tidal
geodetic variation time series

vz Includes the basic principles, main formulas and
important methods of geodesy on the deforming Earth to
improve higher education environment.

vr Can be employed to construct scientifically the
technology environment for the deep fusion of multi-
source heterogeneous earth data and collaborative
monitoring of multiply heterogeneous geodetic system.

vz 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

(b 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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