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& Spherical Harmonic Analysis on Global Surface Load Time Series — L] X
Construction of global surface data grid in spherical coordinates
4~ Construction of Global Surface Data a Spherical Harmonic Analysis on Global -~ opherical Harmonic Analysis on Global Spherical Harmonic Analysis on
“# Grid in Spherical Coordinates Surface Atmosphere Variations “** Terrestrial water Variations Global Sea Level Variations
‘& Open any global surface discrete point data file %.f Save program process as = Load Spherical Harmonic Analysis and Synthesis of Load Effects

Set the wildcards of the file names

Ordinal number of first wildcard in the file nande 1 \ <

Number of consecutive wildcards in file nam 9 /\

The discrete point file format

Number of rows of the file header 1 -
Column ordinal number of target atrr&ute in record ‘4A -
Target grid resolu}‘on 30.0° =

>> [Purpose] To construct a normalized surface load Spherical Harmonic (SH) coefficient model from global grid
data (e.g., atmosphere, terrestrial water, sea level). This model facilitates the computation of non-tidal load effects
on geodetic elements via spherical harmonic synthesis.

>> Select the computation function from the 4 control buttons on the top of the interface...

nction] Generate a spherical coordinate grid model from global discrete point data using the simple average

method. alid discrete points exist within a grid cell, the cell value is set to zero.
>> Open any glob ace discrete point data file C:/ETideLoad4.5_wint4en/examples/Loadspharmonanalys/
gridate/landwater.txt.

** The window below only shows n e than 3000 rows of data in the file!
>> Create or select the result file folder C:/ ad4.5_wint4en/examples/Loadspharmonanalys/gridate.
** The discrete point data files searched by wildcar tiation:
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/gridateflandwatey.txt
C:/ETideLoad4.5 winb4en/examples/Loadspharmonanalys/gridate{sealvichgltxt
>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2026-06-22 11:34:57

>> Computation end time: 2026-06-22 11:35:22

f'::,' Set the result file folder 3 Import setting parameters ¢ Start computation
A ¥
!D.OOODDOOO 360.00000000 -90.00000000 90.0000000 0.250000 0.250000 2018011512 | (2
1 0.1250000 -89.8750000 0.000
2 0.3750000 -89.8750000 0.000 Local Disk (C:) » ETidelLoad4.5 winb4en > examples » Loadspharmonanalys » gridrst
3 0.6250000 -89.8750000 0.000 -
4 0.8750000 -89.8750000 0.000 ) o o -
5 1.1250000 -89.8750000 0.000 =t e H =& 7N
6 1.3750000 -89.8750000 0.000 .
7 1.6250000 -89.8750000 0.000 sphlandwater.dat 2022/12/26 12:54 DAT 3244 2,557 KB
8 1.8750000 -89.8750000 0.000 sphsealvichg.dat 2022/12/26 12:55 DAT 344 2,557 KB
9 2.1250000 -89.8750000 0.000
10 2.3750000 -89.8750000 0.000
11 2.6250000 -89.8750000 0.000

@ The maximum degree n of the load spherical harmonic coefficient model corresponds to the number of grid cells in the latitude direction. For instance, a 0.25° x 0.25° grid

resolution corresponds to n = 720.




& Spherical Harmonic Analysis on Global Surface Load Time Series
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Import parameters  Start computation
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Save process
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Follow example

r. Construction of Global Surface Data
“# @Grid in Spherical Coordinates

E Spherical Harmonic Analysis on Global .
Surface Atmosphere Variations '

. Spherical Harmonic Analysis on Global
i . v .
Terrestrial water Variations

_._.g Open any surface atmosphere spherical coordinate grid file

Set the wildcards of the file names

%1 Save program process as

Spherical Harmonic Analysis on
Global Sea Level Variations

= Load Spherical Harmonic Analysis and Synthesis of Load Effects

»

7)

Ordinal number of first wildcard in the file na

4

C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/atmos60m/grdchgl020102112 dat

C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/atmos60m/grdchgR02010281

2|dat

C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/atmos60m/grdchg020110412 dat

Number of consecutive wildcards in file name

10 v

Set termination condition of the iteration

Residual standard deviation threshold (a) 1.0 %o =

3

3

Termination condition of residual decrease (b) 1.0 % -

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

CTETdeteadd
C:/ETideLoad4.5 win64en/examples/toadspharmananalys/atmos60m/grdchgl0201115
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/atmosoU g2020148
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/atmos60m/grdchgR02( .
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/atmos60m/grdchgR02
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/atmos60m/grdchg0
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/atmos60m/grdchgR0
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/atmos60m/grdchgl0

>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]...
>> Computation start time: 2026-06-22 11:37:34

>> Complete the spherical harmonic analysis for 157 surface atmosphere variation grids!

=—winé4en/examples/Loadspharmonanalys/atmos60m/grdchg2020111112.4

** The program outputs Atmosphere Load SH Model|(airpress***cs.dat)] lteration Statistics

and

(pro***.ini),

Residual Grids (rt***.dat) *** is the instance of the given wildcards.

** The file header of the airpress***cs.dat: Geocentric Gravitational Constant GM (x10" m3/s?), Equatorial

Radius a (m), Zero-degree term aACo (hPa), Relative Error® (%).

** The program also outputs COM variation Time Series (geocenterairpr.txt) induced by atmosphere vaiations:

Epoch time (Decimal Year), AXcm (mm), AYcm (mm), AZcm (mm
>> Computation end time: 2026-06-22 12:04:06

)), Date (long integer agreed by ETideLoad).

] airpress2018010312cs. dat E4
I [3.986004418 6378137, ool -0.1761 1.061

0.000000 360,000000 -90.000000 90.000000 1.00000000 [1.00000000 2018010312.[ 251FE—11. 0.0000000000000000

B 2irore=s2018010312¢s. dat £ [ pro2018010312. ini 621 7.0751 1.0883 7.1017 5 GM(X 1'014 3/sz) a(m§ ,zero degreg term (hPa/kﬁbaE)' r'elagiy;e:erroc%;
g ggggf f;‘fié —fjggzg 232§§§ 621 7.2770 1-2929 7.30093 4 2 0 | 7.8613630135597577E-10 0.0000000000000000E+00
5 5 0 0000 0 5371 3 5268 5 ocee 766 7.6052 7. 6h44 7.6643 5 2 1 |1.7411917335316819E-09 6.3115303687721207E-10
4 3 0.0000 0.1235 -2.1964 1.7883 2381 8.0552 8.0802 8.1046 6 2 2.¥0,.7232154858684680E-10 7.9180695456711246E-10
5 g ggggg gggzg :iggig jigg; 160 g . ; = 7 j the scale parameter 70_8626]3—_09 0.0000000000000000E-I-QO
16 oloooo  olosos  -ilzess 11281 (525 5. |« 180-degree load spherical. . g | S 2 5.21596190415019708 00 1 9123244146487042E 06

7 0.0000 0.0765 ~1.2514 1.1263 028 5 .| harmonic coefficient model |» N _ o _ _ _

g 0. 0000 0. 0738 1 510 1 125 S 10 3 3 1.0241012445219900E-09 -1.3600733390246473E-10
10 9 0.0000 0.0720 ~1.2512 1.1244 006 8.3015 8.3025 8.3034 11 4 0 1.7710699105592897E-09 0.0000000000000000E+00
1 10 0.0000 0.0706 -1.2514 1.1238 031 8.3024 8.3030 8.3041 12 4 1 -7.4645748011628615E-10 -3.5148375300150040E-10
f; 00000 0.0696 ‘}'gfﬂ f'%gf? 413 8.3489 8.3565 8.3635 13 a 2 -2.9791370856184055E-09 9.4854855513647826E-10
""""" o . . 14 a 3 1.4524769188989309E-09 7.6354360426909201E-10
number of iterations, mean, SD, minimum, maximun | 15 1 4 5.7974053889694342E-10 8.4635300136399749E—11

@ The maximum degree n of the load spherical harmonic coefficient model corresponds to the number

resolution corresponds to n = 720.

of grid cells in the latitude direction. For instance, a 0.25° x 0.25° grid




& Spherical Harmonic Analysis on Global Surface Load Time Series — L] X

Spherical Harmonic Analysis on Global Terrestrial water Variations

- Construction of Global Surface Data a Spherical Harmonic Analysis on Global -~ opherical Harmonic Analysis on Global Spherical Harmonic Analysis on
“# Grid in Spherical Coordinates Surface Atmosphere Variations = Terrestrial water Variations Global Sea Level Variations
&) Open any land water variation spherical coordinate grid file 4.7 Save program process as = Load Spherical Harmonic Analysis and Synthesis of Load Effects
Set the wildcards of the file names _ C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/landw60m/grdchgP020072212dat A

Ordinal number of first wildcard in the file na 7 \ = C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/landw60m/grdchgp020072912|dat
_ _ o C:/ETideLoad4.5_ win64en/examples/Loadspharmonanalys/landw60m/grdchgp020080512|dat

Number of consecutive wildcards in file name\ |10 / - | | CITETderoadd-5—winbden/examples/L oadspharmonanalys/landw60m/grdchgP020081212|dat
Set termination condition of the iteration C:/ETideLoad4.5_win64en/examples/Loadsphar 020081912)dat
C:/ETideLoad4.5 winb4en/examples/Loadspharmonanalys/landwe0m/grdchgp020082612 Jdat

. - = C:/ETideLoad4.5_win64en/examples/Loadspharmonanalys/landw60m/grdchgR020090212dat
B S o 1.0 %o ' C-/ETideLoad4.5_win64en/examples/Loadspharmonanalys/landw60m/grdchgR020090912 dat
Termination condition of residual decrease (b) 1.0 ¥ = C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/landw60m/grdchgp020091612dat

C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/landw60m/grdchgp020092312 Jdat
>> Setting parameters have been imported into the program!
[} Open the land-sea terrain spherical coordinate grid file ** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2026-06-22 12:06:26

>> Complete the spherical harmonic analysis for 143 land water variation grids!
** The program outputs Terrestrial Water Load SH Model|(Indwater***cs.dat)] lteration Statisticg (pro***.ini), and

_ _ : _ Residual Grids (rnt***.dat) *** is the instance of the given wildcards.
The surface harmonic functions in the spherical ** The file header of the Indwater***cs.dat: Geocentric Gravitational Constant GM (%10 m?/s2), Equatorial
haerWC coefficient model e _deflned on the Radius a (m), Zero-degree term aACqw (hPa), Relative Error® (%).
spherical surface whose radius is equal to the ** The program also outputs COM variation Time Series (geocenterlandw.txt) indue
equatorial radius a of the Earth. vaiations: Epoch time (Decimal Year), AXcm (mm), AYcm (mm), AZcm (mm)), Da’
ETideLoad).
>> Computation end time: 2026-06-22 12:37:40 4
|":'uI Set the result file folder 3 Import setting parameters
= 1ndwater2018010312cs. dat E3 E 1ndwater2018010312cs. dat £3 [ 1Jr020180103141’1
T [ 3.986004418 637813700 0.3233  6.980 2.500000000E-01 2.500000000E-01 i 5 T 3801 S 980¢ —18|.67r'38 Tt el
2 1 0 15.4161495494517116E-10 0.0000000000000000E+00 0000 2774.0000 2774.0000 2774.0000 27 - 1 0.1031 0.9422 ~5.7645 7.8790
3 GM(x 10m 3/32) ‘a(m) zero-degree term (em), relativeerro(%) -~ {0000 2774.0000  2774.0000  2774.0000 27 = 2 0.0417 0.4895 -4.7948 6.8285
& S.ed40 /1151750081 37E-10 0.00000000000000UOE+LD 4 3 0.0260 0.3601 -4.3988 6.3837
0000  2774.0000 2774.0000 2774.0000 27 _
5 > 1 4.5844404050751017E~11 2.0240200564244726E-11 5 4 0.0209 0.3156 ~4.4585 6.2287
2 2 ¥8.1098570416071924E-11 1.5085062944512367E-10 0000 2774.0000 2174.0000 2774.0000 20 e 5 0.0188 0.2980 -4.5210 5.9999
737971E-10 0.0000000000000000E+00 0000 2794.0000 2794.,.0000 2794.0000 27 7 6 0.0176 0.2900 -4.5657 5.7698
the scale parameter: js1620328-10 2.2122230227494451E-10 {0000  2794.0000  2794.0000 2794.0000 27 ! b B i 2roate
1 4 0 —2.14268042857826605:11 oooooooooooooooooogioo 0000 2794.0000 2794.0000 2794.0000 27 - 001 0-220 AR 2o
- . . 12 11 0.0157 0.2797 -4.6221 5.58¢66
12 4 1 3.9997109881976516E-10 3.8079722829269770E-10 (0000 ~ 2794.0000  2754.0000  2794.0000 27 12 0.0156 0.2791 _4.6229 c c872
13 4 2 7.2734785934906625E-11 3.7420446091482942E-10 0000  2794.0000  2794.0000  2794.0000 27 14 13 0.0156 0.2786 ~4.6233 5.5875
14 4 3 3.0098589960811890E-11 7.6495297040055588E-11 15 number oflteraflons meah gD mmmm maxm%un
15 4 4 -1.7097207839997709E-10 2.1562251557914367E-10 0155 6235 ]

@ The maximum degree n of the load spherical harmonic coefficient model corresponds to the number of grid cells in the latitude direction. For instance, a 0.25° x 0.25° grld
resolution corresponds to n = 720.




& Spherical Harmonic Analysis on Global Surface Load Time Series

Spherical Harmonic Analysis on Global Sea Level Variations

«+ Construction of Global Surface Data
“# Grid in Spherical Coordinates

&

_!.p Open any sea level variation spherical coordinate grid file

Set the wildcards of the file names
Ordinal number of first wildcard in the file na

Number of consecutive wildcards in file name

Set termination condition of the iteration

Residual standard deviation threshold (a)

Termination condition of residual decrease (b)

1', Open the land-sea terrain spherical coordinate grid file

Spherical Harmonic Analysis on Global .
Surface Atmosphere Variations

il . .
Terrestrial water VVariations

4.7 Save program process as

. Spherical Harmonic Analysis on Global

Spherical Harmonic Analysis on
Global Sea Level Variations

= Load Spherical Harmonic Analysis and Synthesis of Load Effects

o
7\ 2

C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/seal60m/grdchg2020102112
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/seal60m/grdchg2020102812
C: !ETldeLoad4 o) W|n64enfexampIeleoadspharmonanalysfsealﬁOmigrdchg2020110412

10 :

3

1.0 %o

4

3

1.0 ~

The surface harmonic functions in the spherical

Cr
C:

C:/ETideLoad4.5 winb4en/examples/Loadspharmonanalys/seal
C:/ETideLoad4.5_win64en/examples/Loadspharmonanalys/seal60m/grdchg2020120212
C:/ETideLoad4.5 winb4en/examples/Loadspharmonanalys/seal60m/grdchg2020120912
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/seal60m/grdchg2020121612
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/seal60m/grdchg2020122312

C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/seal60m/grdch

>> Setting parameters have been imported into the program!

i 64en/examples/Loadspharmonanalys/seal60m/grdchg2020111112.
/ETideLoad4.5_ _win64en/example lys/seal60m/grdchg2020111812.
B m 2020112512

2020122912

dat
dat
dat
dat

dat
dat
dat
dat
dat
dat

dat

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

>> Computation start time: 2026-06-22 12:54:39

>> Complete the spherical harmonic analysis for 157 sea level variation grids!

** The program outputs Sea Level Variation Load SH Mode

(seachg***cs.dat),

and Residual Grids (rt***.dat) *** is the instance of the given wildcards.

lteration Statistics

(pro™*.ini),

harmonic coefficient model are defined on the ** The file header of the seachg™~cs.dat: Geocentric Grg =7 &5 o™= o _ ,&—»wg?";,;gii; j
spherical surface whose radius is equal to the Radius a (m), Zero-degree term aACow (hPa), Relative Err( s . Q—“j(,fz-ééfr f‘?‘k& = dg
equatorial radius a of the Earth. ** The program also outputs COM variation Time Series ze5.5F° ~ e e \Y ~ V/A"‘}L A
Epoch time (Decimal Year), AXcm (mm), AYcm (mm), AZ¢ ""‘*f% S a,..?;f e \\ \r‘]% &
. . I v b < & - - 9
>> Computation end time: 2026-06-22 13:42:40 L ® R G S S 2
R L N Y
0 = . ) NS o o A -
(=] Set the result file folder ' Import setting pg |\ 7= ~ “\} T
= sealevel2018010312cs. dat E "'L;é‘""‘"‘r - 5 ﬂm”{ié S ,}' L—’”!" e
1 [3.986004418  6378137.00] 0.1482 12.259 ) 2.500000000E-01 2.500000000E-01 T S D Twa3
2 1 0 +47.1099714241030070E-10 0.0000000000000000E+00 e - s PSS ,
. 14,32 ' S L 0000 2774.0000 2774.0000 2774.0000 2"7 — - G
i GMO 1075 /37 ‘a(m) zero-degreeterm (cm), refative effo(%)” L0000  2774.0000 2774.0000 2774.0000  27s—mm oo s
- -©751159675450446E-10 0.0000000000000UCUE+OQ B scalevel2018010312¢s. dat £ =] pro2018010312. ini E
5 > 1 |1 0298691240132240E-10 —4.83540275498180125-10 0000  2774.0000  2774.0000  2774.0000  27/8 - EEIT R — oot
2 2 ¥.4627313483801362E-10 -1.0376661124700542E-09 [ 0000 2774.0000 2774.0000 2774.0000 27 1 0.0437 3.0110  -41.€793 39.1393
7 J109673E-10 0.0000000000000000E+00 [ 0000  2794.0000 2794.0000 2794.0000 27| 3 2 0.0098 2.0946  -29.0016 34.5860
the scale parameter | ;cqq465-00 -3.64432459559885225-10 N 3 0.0047 1.6552  -21.2292 31.1485
— _ ) ) -2 10000 2794.0000 2794.0000 2794.0000 27 _ _ _ _
3 2 4.0530961810871272E-10 9.1666926888445966E-11 [ @ oo, o000 oo, 0000 Sa0a 0000 o7l 4 0.0040 1.3967  -15.6018 28.7731
1 3 3 -1.1197190742285947E-10 -4.8811906702259529E-10 [ . - - 5 0.0034 1.2288 -15.6526 27.1106
11 4 0 -8.4235286957811616E-11 0.0000000000000000E+00 }f0000 2794.0000 2794.0000 2794.0000 27 7 6 0.0028 1.1125  -16.6297 25.8610
12 2 1 -5.1282309415176720E-11 2.5307177529937340E-10 L0000  2794.0000  2794.0000  2794.0000 27 . ! bronaz PP K S S
13 4 2 -3.4627064648576430E-10  7.18112395704725558-10 19000  2794.0000 2794.0000  2794.0000 27| 10 o 0.0013 0.0180  -17.5730 534037
14 4 3 -1.5836119076575140E-10 -1.4013498597540113E-10 1 e
15 4 4 2.0672494020177201E-10 2.3876308632158088E-10 , number of iterations, mean, SD, mlﬁlmum maximun

@ The maximum degree n of the load spherical harmonic coefficient model corresponds to the number of grid cells in the latitude direction. For instance, a 0.25° x 0.25° grid

resolution corresponds to n = 720.
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~» Spherical Harmonic Analysis of Tidal Harmonic Constants and Construction of Tidal Load Model — L] X
Construction of Tidal Harmonic Constant Grid in Spherical Coordinates
- Construction of Tidal Harmonic Constant - @ Spherical Harmonic Analysis on Surface Spherical Harmonic Analysis on Ocean r;‘? Algorithm formulas
Grid in Spherical Coordinates Atmosphere Tidal Harmonic Constants Tidal Constituent Harmonic Constants
_.5_. Open any discrete tidal constituent harmonic constant file >> Program Process ** Operation Prompts 4.1 Save program process as
Set the wildcard of the file names ** The degree number maxn of the tidal load spherical harmonic coefficient model corresponds to the number of harmonic  »
: . : . : ’((_\ = | | constant spherical coordinate cell-grids in the latitude direction. For example, a 0.25° x 0.25° tidal harmonic constant
Ordinal number of the first wildcard in the file name |1 — : . : N
spherical coordinate grid corresponds to maxn = 720.
Number of consecutive wildcards in file name 3 / - | | >> Select the computation function from the 3 control buttons on the top of the interface...
NS —~~__  >> [Function] o generate a spherical coordinate grid model of tidal constituent harmonic constant vectors (In-Phase and Out-
Number of rows of the file header |1 - [TefPhase amplitudes) from discrete point data using the simple average method.
Column ordinal number of the component 1 of < File Header Requirement: The program requires at least one header row containing the Tidal Constituent Name and
harmonic parameters in the record 4 - _ _ _ N _ . _ _
Column ordinal number of the component 2 of ; — t: A unique integer identifier (e.g., for the M: tide) used to identify the tidal type and frequency. Note:
harmonic parameters in the record A - ; _ be correct. _ — _ _
_ _ . — | >> Open any discrete tidal con ent harmonic constant file C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/
Spatial resolution of the target grid [30.0"' V v | |sphgridate/S1_airp.txt. \SMU\
The form of harmonic parameters  amplitude, ardument v ** The window below only shows no more 3000 rows of data in the file!
: : : X >> Create or select the result file folder C:/ETideLoad4.5 win64en/examples/Loadtidespharmsynth/sphgridate.
Columl_w ordlna_al number of the tide constituent 1 \ - ™ The discrete tidal constituent harmonic constant files™searched by wildcard instantiation:
nhame in the file header pud \ C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynthiaphgridate/S1 Jairp.txt
Column ordinal number of the Doodson \ - C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/sphgridtatefS2_|airp.txt
constant in the file header C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/sphgridate{Sa_fairp.txt
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/sphgridatejSsaairp.txt
>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2026-06-22 15:20:52
>> Complete the spherical coordinate griding for 4 discrete tidal constituent harmonic constant files!
** The program outputs the spherical coordinate grid files sph***.dat of the tidal constituent harmonic constants into the
output folder. *** is the tidal constituent's name.
>> Computation end time: 2026-06-22 15:21:56 v
E:,' Set the result file folder &~ Import setting parameters @ Start computation
|5J1- [L64556] Heosg Hsing in hPa \ examples » Loadtidespharmsynth|> gridrst v b A
1 0.000000 -90.000000 0.0539¢ 0.16694
2 0.250000 -90.000000 0.05396 0.16694 ~
3 0.500000 -90.000000 0.05396 0.16694 [] &R {EXHER
4 0.750000 -90.000000 0.0539¢ 0.16694
5 1.000000 -90.000000 0.05396 0.16694 [] sphS1 .dat 2022/1/11 10:30
6 1.250000 -90.000000 0.05396 0.16694 :
7 1.500000 -90.000000 0.05396 0.16694 || sphS2_dat 2022/1/11 10:31
8 1.750000 -90.000000 0.05396 0.16694 | | sphSa_.dat 2022/1/11 10:31
9 2.000000 -90.000000 0.05396 0.16694
10 2.250000 -90.000000 0.05396 0.16694 .| sphS5sa.dat 2022/1/11 10:31
11 2.500000 -90.000000 0.0539¢ 0.16694

@ The units for the tidal constituent harmonic constants are identical to those of the derived tidal load spherical harmonic coefficients: Surface Atmosphere: hPa or mbar; and Ocean Tides: cm.




~» Spherical Harmonic Analysis of Tidal Harmonic Constants and Construction of Tidal Load Model

Spherical Harmonic Analysis on Surface Atmosphere Tidal Harmonic Constants

Construction of Tidal Harmonic Constant

Grid in Spherical Coordinates

_gp Open any tidal constituent harmonic constant grid file

Set the wildcard of the file names

Ordinal number of the first wildcard in the file

Number of consecutive wildcards in file name

Column ordinal number of the tide constituent
name in the file header

Column ordinal number of the Doodson
constant in the file header

me

1)

4 »

>

L]

2

1)

Set termination condition of the iteration \ \

Residual standard deviation threshold (a)

1.

%o

L]

Termination condition of residual decrease (b)

3

Degree 360 tidal load spherical
harmonic coefficient model

— [] X
Spherical Harmonic Analysis on Surface Spherical Harmonic Analysis on Ocean ) Algorithm formulas
Atmosphere Tidal Harmonic Constants Tidal Constituent Harmonic Constants v A
>> Program Process ** Operation Prompts %7 Save program process as
** The program outputs the spherical coordinate grid files sph***.dat of the tidal constituent harmonic constants into the output A
folder. *** is the tidal constituent's name.
>> Computation end time: 2026-06-22 15:21:56 bharmsynth > airptidecs o
>> [Function] To transform the surface atmosphere tidal constituent harmonic constant sph R
a surface atmosphere tidal load spherical harmonic coefficient model (units: hPa/mbar)[] &k [EX HER
stituent harmonic constant grid file C:/ETideLoad4.5_win64en/examy .| airptides] _cs.dat 2022/1/11 10:40
| | airptideS2_cs.dat 2022/1/11 10:44
|| airptideSa cs.dat 2022/1/11 10:47
oad4 5 W|n64en!exampleleoadtldespha | airptideSsacs.dat 2022/1/11 10:49
hed by wildcard instantiation: ] Airtdloadcs.dat 2022/1/11 10:49
: : S1_|.dat - _

- -] b S1. 2022/1/11 10:40
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/sphgri s2 | dat - p“’ﬂ—{“{ 2022;' ]j o
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/sphgridate/spHSa_|.dat wl pros2_ini -
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/sphgridate/spHSsd.dat | prosa_ini 2022/1/1110:47

>> Setting parameters have been imported into the program! «:| proSsa.ini 202271711 10:49
** Click the control button [Start computation], or the tool button [Start computation].... ] mtS1_datOutput files: - /1711 10:40
>> Computation start time: 2026-06-22 15:24:14 | ] mitS2 .dat 2022/1/11 10:44

constituent

>>\Computation end time: 2026-06-22 15:45:54

>> Complete the spherical harmonic analysis for 4 surface atmosphere tidal constituent harmonic constant grids!

** The program outputs the surface atmosphere tidal load spherical harmonlc coefficient model file Airtdloadcs.dat, all the tidal
spherical harmonic coefficient model files airptide™"cs.datH
harmonic constant grid files rnt~*.dat into the output folder, *** is the tidal constituent's name|.

** The program also outputs the first-degree atmosphere tidal load spherical harmonic coefiicient file AtideOne.dat to the current

irectory. Header: Geocentric Gravitational Constant GM (x10'* m?3/s?), Equatorial Radius a (m); and Records (Row 4+): Doodson
Constant, Constituent Name, C+" (In-Phase), C.«. (Out-of-Phase), G+, Cii7, Si", Sir.

tics files pro***.ini and residual

E proSl_. ini

|_J irptideSl_cs. dtt:!|

\g:] Set the result file folder - Img
| 0.0 360.0 -90.0 &k=o—8 0.50000000 0.50000000 Jle4d556|51
0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.06 0.06
0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.05
0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
<

@ The units for the tidal constituent harmonic constants are identical to those of the derived tidal load spherical harmo

1 \1n phase amplitude spherical harmonic coefficients model
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E airptideS1 cs. dat k3 E proS1 . ini k3 B Airtdloadcs. dat E4

1 Surface atmospheric tidal load normalized spherical harmonic coefficient model in hPa or mbar.
2 Created by ETideLoad, 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 -0.01044593 0.00562824 -0.01044593 0.00562824 0.01186e6 298.3157 0.011866 298.3157
5 164.556 S1 1 1 -0.02016686 -0.30983778 -0.02700702 0.03082551 0.310493 183.7240 0.040983 318.7776
6 164.556 Sl 2 0 -0.00880807 0.02708492 -0.00880807 0.02708492 0.028481 341.9854 0.028481 341.9854
7 164.556 Sl 2 1 -0.00267857 -0.06099820 -0.02133360 0.03899757 0.061057 182.5144 0.044451 331.3192
8 164.556 Sl 2 2 0.04746516 -0.07024418 -0.05104501 -0.01871795 0.084777 145.9525 0.054369 249.8623
9 164.556 Sl 3 0 0.0242442¢6 0.01222005 0.02424426 0.01222005 0.027150 63.2501 0.027150 63.2501
10 164.556 S1 3 1 -0.00065416 0.08663644 0.01517276 0.03225602 0.086639 359.5674 0.035646 25.1916
11 164.556 S1 3 2 0.05672425 -0.01538354 0.00625213 -0.04261689 0.058773 105.1736 0.043073 171.6539
12 164.556 S1 3 3 0.01546691 0.03548381 -0.06617256 0.00859525 0.038708 23.5517 0.066728 277.4008
13 164.556 S1 4 0 0.01956420 -0.01827060 0.01956420 -0.01827060 0.026769 133.04186 0.026769 133.04186
14 164.556 S1 4 1 -0.01459744 0.00148107 0.03555613 -0.00398511 0.014672 275.7935 0.035779 96.3950
9] 164.556 Sl 4 2 0.01934232 0.02790035 0.01483035 -0.01817240 0.033949 34.7322 0.023456 140.7824
16 164.556 Sl 4 3 0.05868605 0.05584202 0.02090025 -0.06381922 0.081009 46.4225 0.067154 1e6l.8668
17 164.556 Sl 4 4 0.05071872 -0.00993816 -0.02940598 0.00988633 0.051683 101.0865 0.031023 288.5827
18 164.556 Sl 5 0 0.00535373 -0.01557249 0.00535373 -0.01557249 0.016d467 161.0273 0.016d467 161.0273
9 164.556 S1 5 1 [ ) . . 0, 0968 0.033920 186.7247
o0 164.556¢ s1 5 2 Atmosphere tidal:load spherical harmonic coefficient model ss79  0.016359 286.6570
o e o ) ECMWF2006cs360.dat constructed by ETideload4.5 Ot b e
23 164.556 S1 5 5 0.06196212 -0.00041678 -0.00316231 0.00014887 0.061964 90.3854 0.0031lee 272.6952
24 164.556 Sl 6 0 -0.01902007 -0.00031063 -0.01902007 -0.00031063 0.019023 269.0643 0.019023 269.0643
25 164.556 Sl 6 1 0.01292417 0.05007315 -0.01614491 -0.03693554 0.051714 14.4725 0.040310 203.6106
26 164.556 Sl 6 2 -0.02124270 0.00967981 -0.00563026 0.008281¢66 0.023344 294.4977 0.010014 325.7903
E airptideS1l cs. dat k4 E proS1l . ini k3 E Airtdloadcs. dat k3 E Otideloadcs. dat kd B AirtdOne. dat EJ
1 | 3.986004418 6378137.00
2z name Doodson Cl0+ Cl0- Cll+ Cl1l- S11+ S11-
3 S1 164.556 -0.32755435E-08 0.17648553E-08 -0.73961840E-08 -0.43745105E-07 -0.53411096E-07 -0.10724379E-08
4 S2 273.555 -0.63049967E-09 0.13744707E-08 0.80115817E-10 0.52363295E-08 0.33900139E-08 -0.10865938E-08
5 Sa 56.565 0.82105514E-07 -0.16159915E-06 -0.35243498E-07 -0.82919083E-08 0.35037721E-07 -0.12165101E-06
6 Ssa 57.555 0.65256321E-08 0.64837464E-07 -0.35845502E-07 -0.25039833E-07 0.12771654E-07 0.24911463E-07

First-degree atmosphere tidal load spherical harmonic coefficient file from ECMWF2006cs360.dat. Which
could be employed to forecast of atmosphere tidal load effects on Earth's center of mass (COM) or COM
variation effect on all geodetic elements due to surface atmosphere tide.




“.» Spherical Harmonic Analysis of Tidal Harmonic Constants and Construction of Tidal Load Model

Spherical Harmonic Analysis on Ocean Tidal Constituent Harmonic Constants

«. Construction of Tidal Harmonic Constant

Grid in Spherical Coordinates

E Open any tidal constituent harmonic constant grid file

Spherical Harmonic Analysis on Surface =+ Spherical Harmonic Analysis on Ocean

Atmosphere Tidal Harmonic Constants Tidal Constituent Harmonic Constants

>> Program Process ** Operation Prompts

"ﬂ Algorithm formulas

4.1 Save program process as

Set the wildcard of the file names C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphAAs2Z dat A
SRiEl LT e S s aaers e e e = C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphAAs4 dat
— C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphAAsal dat
Number of consecutive wildcards in file name 4 / ™~ J/ETidelLoad4.5 win64en/examples/Loadtidespharmsynth/FES2014 _60m/sphAAt2 jdat
Column ordinal number of the tide constituent N~ C:/ETideLoad@d-5—wirbden/examples/Loadtidespharmsynth/FES2014_60m/sphAmn4.dat
name in the file header 8 = C:/ETideLoad4.5_win64en/examplesteadiidespharmsynth/FES2014_60m/sphAms4.dat
Col dinal ber of the Dood C:/ETideLoad4.5_win64en/examples/Loadtidesphar 014 60m/sphAmsfldat
° ”;“” t‘?r t'ﬂa f'.‘luni;‘ egc’ € boodson : || CuETidelLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_BOmspF
constant in the fiie header - C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphAmu2.dat
Set termination condition of the iteration C:/ETideLoad4.5 win64en/examples/Loadtidespharmsynth/FES2014_60m/sphAnu2|dat
Residual standard deviation threshold (a) | 1.0 %, : C:IET!deLoad4.5_w!n64en!exampIeleoadt!deSpharmsynth!FES2014_60mfsp Assaldat
o B . — C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/spheps2idat
Termination condition of residual decrease (b) 1.0 = C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphjam2dat
_ _ _ o C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sp
2} Open the land-sea terrain spherical coordinate grid file C:/ETideLoad4.5 win64en/examples/Loadtidespharmsynth/FES2014_60m/sphmsqrp.dat
>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2026-06-22 15:55:19
>>| Complete the spherical harmonic analysis for 34 ocean tidal constituent harmonic constant grids!
** The program outputs the ocean tidal load spherical harmonic coefficient model file Otideloadcs.dat, all the tidal constituent
spherical harmonic coefficient model files Otidetide™*cs.dat, iteration process statistics file pro***.ini and residual harmonic
constant grid file rnt***.dat into the output folder, *** is the tidal constituent’'s name.
** The program also outputs the first-degree ocean tidal load spherical harmonic coefficient file OtideOne.dat to the current
directory. Header: Geocentric Gravitational Constant GM (x10'* m?3/s?), Equatorial Radius a (m); and Records (Row 4+):
Doodson Constant, Constituent Name, Cio" (In-Phase), C.«o (Out-of-Phase), Ci+*, Civ,
= PRS- 1 PP >> Computation end time: 2026-06-22 16:27:29 T
% ||ig_gggggﬁﬁhtgisTgl;egécall haémigig cf‘zfggients nedes — oot SR L=~ ====epaars Otideloadcs.dat 2022/1/24 20:08 67,264 KB
3 i 30 2* 4085955207264692E-08 0.0000000000000000E+00 : oceantidemsgmcs.dat 2022/1/24 20:08 1,995 KB
i
! M0t ms?) atm) zero:deqree term (C1n) elANE STTO0H) o0 - o
6 2 1 -1.8692151140697192E-07 -1.5099193342176944E-07 (] 74 .(C 774.000 rmtmsqgm.dat 2022/1/24 20:08 1,536 KB
! 2 2 ‘i 20530330022800 IR 0T peoal0aIn0n0s I Iele 0l T74Lc " 774.000| = oceantidemks2cs.dat 2022/1/24 20:08 1,995 KB
9 the scale parameter - {498538-07 ~2.6089831232089852£-07 [/ 74-C 774.000| L] promks2.ini 2022/1/24 20.08 5 KB
:_l.'f] = - L oxe v rop ey 6835_6E—08 .4846879781068044E-07 774 .0 o 74,000 rntmks2.dat 2022/1/24 20:08 1,536 KB
11 3 3 8.0449640224242131E-07 .9758095836942275E-07 794 (|1 1794 .000 . _ ) _
12 4 0 -2.2682335734447000E-07 0.0000000000000000E+00 oceantidelamZcs.dat 2022/1/24 20:07 1,995 KB
13 4 1 1.3715974585179605E-07 6.5462420096423725E-08 [/ 94.C (| 794000 17 prolam2.ini 2022/1/24 20:07 4KB
14 4 2 5.6729562392776139E-07 .9749298897800718E-07 [794.(] 794,000 _ _ _
15 4 3 -5.72877206437538328-07 -7.42171070219830838-07 Lo, 154 000 mtlam2.dat 2022/1/24 20:07 1,536 KB
16 4 4 -7.6789761138093624E-07 5.6224223764210645E-07 : ‘ ’ oceantideeps2cs.dat Output files 1,995 KB
17 5 0 -1.5887618918450042E-07 0.0000000000000000E+00 [/ 94.C 794.000 5] proeps2.ini 2022/1/24 20:06 4KB
18 5 1 -5.5606626280901892E-07 .5928786409610682E-07 [794.( = 704 . 000 ' '
19 5 2 —6.7325675390925060E-07 .6715642647917952E-07 =~ n - ‘—m A nen rnteps2.dat 2022/1/24 20:06 1,536 KB
20 5 3 -2.6396483930740691E-07 .7714000718129907E-07 Ham oceantideAssacs.dat 2022/1/24 20:05 1,995 KB
rntAssa.dat 2022/1/24 20.05 1,536 KB
@ The units for the tidal constituent harmonic constants are identical to those of the derived tidal load spherical harmonic coefficients: Surface Atmos L) proAssa.ni 2022/1/24 20:05 3 KB
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Ocean tidal height load normalized spherical harmonic coefficient model in cm.
Chinese Academy of Surveying and Mapplng.

Created by ETideLoad,
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Csin+

.00458562
.00773380
.01415077
01749377
.05076973
.00345932
.00459468
.01359111
.11576000
.04607076
.03322584
.06616682
04323293
.07108370
.00423674

06599377

Ccos+
0.00231038
0.00473565

-0.0047071e
0.01964053
0.15409810

-0.05402235
0.02860553

—-0.04803085
0.04745531
0.02579335
0.014e7790

-0.16308472

-0.0871224¢6
0.11911427
0.05025371
0.02863740

Lo I e e s A e s s s o Y s e (s B s [

)

Csin-

.00458562
.0106394¢6
.01415077
02057617
.03408330
.00345932
.08674509
.00043095
.10043379
.04607076
.01394749
.08023800
.08031745
.03283587
.00423674
-0.

06611923

Ccos-—
0.00231038
-0.00152991
-0.00470716
0.01244109
—-0.00708020
—-0.05402235
0.04125120
0.01917460
-0.03897379
0.02579335
0.02945707
0.03608357
0.08%908738
0.04029420
0.05025371
-0.08775797

C+
0.005135
0.009069
0.014913
0.026302
0.162246
0.054133
0.028972
0.049917
0.125109
0.052800
0.036324
0.17599¢6
0.097259
0.138712
0.050432
0.071939

Ocean tidal load spherical harmonic coefficient model

FES2014b360cs.dat constructed by ETideload4.5

.03847937
.03340601
.01502432
00272363
.05940714
06310363
.06505389
.03231974
.01740544
.05289712
.04490640
.02847534
.03444464
.03370577
.03170557
.00128965
.02942979

-0.0279423%9
-0.04901155
0.05093430
0.04846491
-0.01371178
-0.02281638
0.01875362
0.00130979
-0.02827998
0.01334177
0.03300070
-0.01480133
-0.04692621
-0.00088833
-0.04712240
0.01929829
-0.03337153

.03947937
.00654233
.00472606
.00102382
.069571189
.02184442
.0508247¢6
.03231974
.01240391
.03482823
.01170604
.0429843¢6
.05161881
.04456603
.03534061
.00128965
.00149069

-0.027942359
-0.02479353
-0.04361353
0.02626808
0.00812134
0.02667029
0.11432385
0.00130979
0.00333515
-0.08565262
0.00335994
-0.00024406
0.01841567
-0.02386590
0.04767806
0.01929829
-0.01387328

0.048367
0.059314
0.053104
0.048541
0.060969
0.067102
0.067703
0.03234¢
0.033207
0.054554
0.055728
0.032092
0.058211
0.034402
0.056796
0.019341
0.044495

eps+
63.2596
301.4805
108.3994
318.3086
341.7648
183.6639
9.1250
195.7997
67.7090
299.2429
66.1660
157.9166
200.3921
329.1726
4.8190
293.4580
.2099
.6324
.5042

. 6528
125.2898
214.2781
16.4347
3.2165
102.9%969
250.1215
73.9189
87.6793
148.38590
284.1559
306.3113
117.4652
143.7207
101.5503
146.0660
3.8232
138.5915

o T e I e T e Y T e Y e Y e (Y s e (e Y s O e Y s Y e T s (Y e O e Y s D e Y e e Y s e QN e Y s O e e e s [ e e Y s s O s Y i

-

.005135
.010749
.014913
.024045
.034811
.054133
.096054
.019179
.107731
.052800
.032592
.087978
.119948
.051979
.050432
.109878
.157262
.039828
.082186
.095534
.048367
.025642
.043869
.026288
.070044
.034474
.1251172
.032346
.012844
.092463
.012179
.043436
. 054805
. 050554
.059348
.019341
.013953

63

111
299

125
165

eps—

.2596

98.
108.
301.
101.
183.

64d.
.2875
.2090
L2429

25.

65.
317.
320.
.8190
216.
308.
234.
282.
152.
.2898
.2182
186.
357.

83.

39.

23.

87.

14.
157.
286.
20l.
289.
241.

36.
.8232
173.

1828
3994
1587
71353
6639
5668

3369
1862
9635
8233

9954
5896
1757
1617
5364

1846
7680
3418
3193
9684
6793
9503
8723
0149
71348
6345
8302
5471

8671




E oceantideAZnZcs. dat k3 E proA2n2

.ini k4 B OtideOne. dat EJ

1
2 name
3 2N2
4 J1l
5 K1
6 K2
7 L2
8 M2
9 M3
10 M4
11 M6
12 M8
13 Mt
14 Mm
15 N2
16 N4
17 01
18
20
21
27
23 S4
24 Sa
25 T2
26 MN4
27 MS4
28 Mst
s Mtm
30 muz
31 nuz
32 Ssa
33 epsZ
34 lam2
5 MKS2
36  Msgm

L
iy

| 3.986004418

Doodson

2477
175
165
275
263
253
355
455
655
855

75

65

435
145.

491
26
272

473
713
85

237

37

297
93

.455
.455
.233
.233
.455
.935
.935
.955
.955
.955
.255
.455
245.
. 755

655

355

.933
.054
.256
445.
.955
.955
.455
.255
245.
.255
227 .
263.
.2933
.233

655

635

635
635

6378137.00

|
G':":":'C":":'C":":":":":":":'

0

-

LS T T s T T T R s T e R T N T A Y

Cl10+

.14379190E-08
.228035763E-08
.65903198E-07
.08820344E-08
.99527541E-09
.64086749E-07
.251159035E-10
.12877739E-09
.18174228E-08
.59854172E-10
.239945338E-07
.12211587E-07
.16604395E-07
.11170849E-09

.23239277E-07

.32089047E-09
.21793187E-09
.13719484E-08
. 70793273E-09
.32582237E-09
.52032006E-09
.38057222E-08
.27230195E-08
.31512988E-08
.85592993E-08
.15232320E-08
. 77975910E-09
. 76338045E-11
.17382639E-09

ClO-

. 712446933E-09
.14599680E-07
.23618735E-06
. 18223673E-09
.43369491E-10
.33741274E-07
.26216133E-10
.82078020E-09
.30921490E-09
.29503418E-11
.23160661E-08
.10619733E-08
.24692742E-08
.41029169E-10

.16830188E-06

.14407638E-09
.12972260E-09
. 713425584E-09
.76823301E-10
.10684852E-08
.12958178E-08
.89028662E-09
.5454383861E-09
.13274377E-08
.21041028E-09
.04284574E-09
.46145888E-09
.81694611E-10
.21085098E-11

LS G R e [ o J e N e e T o [ N D e 4 T

S R O s [ e O e O G e o T O G )

-]

-

Cll+

.45556662E-09
.11146859E-07
.15240517E-06
.82634785E-08
.27208849E-08
.82092113E-07
.20622631E-10
.21241775E-09
.36600543E-09
.41858427E-10
.14961765E-07
.13680094E-08
.10060051E-07
.37178942E-10
.86481239E-07

First-degree ocean tidal load spherical harmonic coefficient file from FES2014b360cs.dat. Which =~

|
LS N e I e T T U G T e T A T N O A )

|
o O O

Cll-

.00261431E-09
.31354016E-08
.04510351E-07
.17098158E-07
.18838893E-08
. 76976307E-08
.16737336E-10
.89312487E-09
.36841599E-09
.58809710E-10
.19050356E-07
.93454574E-08
.75631673E-09
.10703469E-09
.11802879E-07

.14038268E-09
-.49927099E-10
.29614380E-08
.66374018E-09
.38092589E-09
.69234415E-09
.16109463E-08
.28475772E-08
.77176190E-09
.10849053E-08
.17678032E-09
.81098933E-09
.23313693E-09
.18391545E-09

S11+

.98234968E-09
.49073923E-08
.27951321E-07
.28274727E-08
.93316186E-09
.39331272E-07
. 74054752E-10
.11238411E-09
.712147727E-09
.34465624E-10
.2 7231952E-08
.34149364E-08
.49125733E-09
.53442667E-10

.28555768E-07

.10308541E-09
.42733149E-10
.13767437E-09
.14062685E-09
.40703836E-09
.16108594E-08
.13034435E-08
.30945151E-08
.34369557E-09
.38854237E-09
.14037532E-08
.68691816E-09
.22931064E-09
.15315104E-09

I
LS O G e [ o T T G )

S11-

.28806626E-08
.00239288E-08
.91115166E-07
.95641986E-09
.31242492E-09
. 714234937E-07
.32502465E-10
.11882183E-08
.13743491E-09
.81925459E-11
.38155669E-08
.61740212E-09
.20845840E-07
.19926918E-10
.3472667TE- D?

—08

could: be -employed to forecast of ocean tidal load effects -on Earth's center of mass (COM) or e-09

COM variation effect on all geodetic elements due to ocean tide.

.12925319E-11
. 71714382E-10
.20944307E-08
.242779253E-09
.10873236E-08
.20898774E-09
.47545363E-08
.80856645E-09
.16643629E-08
.85777470E-08
.18709319E-08
.29230225E-08
.81955321E-10
.98864729E-10

E-09
E-08

.11742749E-09
.03422994E-10
.10318216E-08
.16716883E-09
.28009461E-09
.36734674E-09
.46197838E-10
-.39961507E-08
.49489633E-08
. 73333943E-09
.64291979E-09
.10714953E-08
.23733568E-09
.66456652E-11
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"% Computation of Load Model Values via Spherical Harmonic Synthesis

Computation of Various Load Effects via Spherical Harmonic Synthesis

—«= Computation of Surface Load Equivalent
Water Height Model Values

... Computation of Tidal Constituent Harmonic
Constant Model Values

Select the calculation point file format >> Program Process ** Operation Prompts

= Computation of Load Equivalent Water
e Height Model Value Time Series

%0 Save program process as

The discrete computation point file v

4

Number of rows of the file header |1 =

j Open surface load harmonic coefficient model file Synthesis (SHS).

Type of surface load Surface atmosphere (hPa/mbar) -~

>> [Purpose] To compute the model values of tidal harmonic constants or non-tidal surface loads via Spherical Harmonic
Synthesis (SHS) from the provided tidal load or surface non-tidal load spherical harmonic coefficient models.

>> Select the computation function from the 3 control buttons on the top of the interface...
>> [Function] To compute the surface atmosphere (hPa/mbar), terrestrial equivalent water height (cm), or sea level variation
(cm) at specified locations from the normalized spherical harmonic coefficient model (unit: m) via Spherical Harmonic

>> Open the surface computation point file C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/calcpnt.txt.
** Look at the file information in the window below and set the row number of the file header...

Maximum truncated degree of
the coefficients model

airpress2016020312cs.dat.

180 < | |>> Open surface load harmonic coefficient model file C:/ETideLoad4.5_win64en/examples/Loadspharmsynthesis/

** The window below only shows no more than 3000 rows of data in the file!

[>> Save the results as C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/airpmdirst.txt.

>> Setling parameters have been imported into the program!

>> Computation start time: 2026-06-23 14:11:19

>> Complete the computation!
>> Computation end time: 2026-06-23 14:11:28

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

™ Save the results as

B Import setting parameters

g Start computation

Y
i [ airpress2016020312cs. datg‘
point records 1]]3.986004418  6378137.00 | -0.0970  0.940

1 104.041667 25.041667 0.000 5.1460 2 T 4. 30 21-8412756756963265E-10 0.0000000000000000E+00 .
2 104.125000 25.041667 0.000 5.3054 s GM(10°*m?>/s?)  a(m)zero-degreeterm (hRa/mbar); relative erro(%)
5 1041200533 25 08667 0000 | lesar Bz o praismiensiceces-to o.oo0umnoo0naoooansios
4 104.291ee7 25.041ee7 0.000 2.9115 6 2 2 41.0298699208011155E-09 3.9778819980241900E-11
5 104.375000 25.041lee7 0.000 6.1746 7 1273103E-09 0.0000000000000000E+00
6 104.458333 25.041667 0.000 6.4384 8 the scale parameter, |o3815005-10 2.5989454828063558E-10
7 104 .541667 25 _041667 0.000 6.7009 9 3 2 —3.5135784095054722E-10 —-9.8307496726666285E-10

10 3 3 6.7975067084791942E-10 -1.5506806360999531E-10
5 104.625000 25.041ee7 0.000 6.9603 11 4 0 -1.3500990624598282E-09 0.0000000000000000E+00
9 104.708333 25.041lee7 0.000 7.2146 12 4 1 -2.6751068548153390E-09 -1.8704081553144181E-09
10 104.791667 25.041667 0.000 7.4619 13 4 2 -2.1920121450288522E-09 -5.9632881355913724E-10
11 104.875000 25.041667 0.000 7.7006 14 4 3 9.2399791292550230E-10 -1.3797018418177622E-10

15 4 4 -4.6878373744373565E-10 6.9608812443930559E-11

a : 9

12 104.958333  25.04le67 0.000 z.,zgg 16 5 0 2.9811603734448944E-09 0.0000000000000000E+00
13 105.041667 25.041le67 0.000 8.1458 17 5 1 -6.5942693396055756E-10 5.0634794014008111E-10

@ This module supports the Remove-Restore technique. It can be employed for: Regional tidal load effect refinement using a tidal load spherical harmonic coefficient model as the
reference tidal field; and Regional load deformation field refinement using a surface load spherical harmonic model as the reference load field.
@ Due to spectral leakage and aliasing inherent in high-degree spherical harmonic synthesis: Computed values for Sea Level Variation and Ocean Tidal Harmonic Constants may be non-

zero in coastal land areas; and Computed values for Terrestrial Equivalent Water Height may be non-zero in coastal sea areas.




"% Computation of Load Model Values via Spherical Harmonic Synthesis

Computation of Tidal Constituent Harmonic Constant Model Values

- Computation of Surface Load Equivalent
Water Height Model Values

Number of rows of the file header |1

Computation of Tidal Constituent Harmonic = Computation of Load Equivalent Water

i Constant Model Values e Height Model Value Time Series

>> Program Process ** Operation Prompts %0 Save program process as

1

:, Open tidal load harmonic coefficient model file

>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2026-06-23 14:11:19

>> Complete the computation!

e e 1 o)) 2| >> Computation end time: 2026-06-23 14:11:28
NS RE ERE R >> [Function] To calculate the harmonic constant model values (units: hPa or cm) for all tidal constituents contained in a
tidal load spherical harmonic coefficient model at specified locations, using the normalized spherical harmonic coefficient
model.
>> Open the surface computation point file C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/calcpnt.txt.
** Look at the file information in the window below and set the row number of the file header...
>> Qpen tidal load harmonic coefficient model file C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/
Airtdloadcs.dat.
** The window below only shows no more than 3000 rows of data in the file!
|>> Save the results as C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/airptiderst.txt. —
>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2026-06-23 14:13:18
|>> Complete the computation of the harmonic constant model values for 4 tidal constituents! |
>> Computation end time: 2026-06-23 14:14:13
v
f'::,' Save the results as &~ Import setting parameters i Start computation
boint records [ S1 164556 S2 273555 Sa oSbebeb Ssa 57555 ~
1 104.041667 25.041667 0.000 -1.776 1.309 0.240 1.303 -0.514 -5.819 0.317 1.364
2 104.125000 25.041667 0.000 -1.755 1.300 0.240 1.304 -0.459 -5.935 0.298 1.347
3 104.208333 25.041667 0.000 -1.737 1.289 0.239 1.304 -0.401 -6.054 0.278 1.330
4 104.2916€7 25.041e67 0.000 -1.720 1.274 0.238 1.305 -0.338 -6.17¢ 0.257 1.312
5 104.375000 25.041e67 0.000 -1.706 1.257 0.235 1.306 -0.272 -6.300 0.235 1.295
& 104.458333 25.041667 0.000 -1.694 1.238 0.232 1.307 -0.204 -6.425 0.214 1.278
7 104.541667 25.041667 0.000 -1.685 1.217 0.. airptiderst.txt -6.5409 0.193 1.262 |
8 104.625000 25.041667 0.000 -1.679 1.194 0.222 1.310 -U.Uel -6.673 0.171 1.24¢€
9 104.708333 25.041667 0.000 -1.675 1.170 0.216 1.311 0.013 -6.794 0.151 1.230
10 104.791667 25.041667 0.000 -1.674 1.146 0.210 1.312 0.087 -6.913 0.131 1.216
11 104.875000 25.041667 0.000 -1.675 1.121 0.203 1.313 0.161 -7.027 0.112 1.202
12 104.958333 25.041667 0.000 -1.679 1.096 0.196 1.315 0.235 -7.137 0.094 1.190
13 105.041667 25.041667 0.000 -1.684 1.071 0.188 1.316 0.308 -7.241 0.077 1.178 o

@ This module supports the Remove-Restore technique. It can be employed for: Regional tidal load effect refinement using a tidal load spherical harmonic coefficient model as the
reference tidal field; and Regional load deformation field refinement using a surface load spherical harmonic model as the reference load field.
@ Due to spectral leakage and aliasing inherent in high-degree spherical harmonic synthesis: Computed values for Sea Level Variation and Ocean Tidal Harmonic Constants may be non-
zero in coastal land areas; and Computed values for Terrestrial Equivalent Water Height may be non-zero in coastal sea areas.




"% Computation of Load Model Values via Spherical Harmonic Synthesis

Computation of Load Equivalent Water Height Model Value Time Series

- Computation of Surface Load Equivalent

Select the calculation point file format

Water Height Model Values

The discrete computation point file

Number of rows of the file header |1

4

j Open any load harmonic coefficient model file

Set the wildcard of the file names

Ordinal number of the first

wildcard in the file name

Number of consecutive wil
in file name

5

ards 10 /

Type of surface load Land water EWH (cm)

Maximum truncated degree of
the coefficients model

180

i

Computation of Tidal Constituent Harmonic
Constant Model Values

>> Program Process ** Operation Prompts

Computation of Load Equivalent Water
Height Model Value Time Series

% Save program process as

C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/landwcstm/swsd2018011012|coe
C:/ETideLoad4.5 winb4en/examples/Loadspharmsynthesis/landwcstm/swsd2018011712|coe

C:/ETideLoad4.5 winb4en/examples/Loadspharmsynthesis/landwcstm

iIdeLoad4.5 win64en/examples/Loadspharmsynthesis/Indwmdlrst.ixt, to look at the

open the output file C:/
computation progress!

** The last column attribute of each output file header is the instance of the wildcards of the file name of surface load
harmonic coefficient model file, which represents the sampling epoch time of the output file.

>> Computation start time: 2026-06-23 14:16:58

>> Complete the computation of the load EWH model values of 6 sampling epoch timie!

>> Qutput Internal Test File (Loadfmcmsfptm.txt) to the current directory.
** Header: The first row is the file header.
** Records: Starting from the second row, each record stores the sampling epoch time, 8 columns of surface load effects
on the first and second degree normalized geopotential coefficients ACio, ACi11, AS+i, AC20, AC21, AS21, ACs22, AS22 (Xx107'9), 3
columns of surface load effects on Earth's center of mass Axcm, Aycm, Azcm (units: rfnm), and 2 columns of surface load
effects on Earth's figure pole Axsfp, Aysfp (in ITRS, m).

>> Computation end time: 2026-06-23 14:18:11

™ Save the results as

B Import setting parameters

g Start computation

boint records [ 2018010312 2018011012
1 104.041e67 25.041l667 0.000
2 104.125000 25.041667 0.000
3 104.208333 25.041667 0.000
4 104.291667 25.041e6¢7 0.000
5 104.375000 25.041e667 0.000
6 104.458333 25.041667 0.000
7 104.541667 25.041667 0.000
8 104.625000 25.041lee7 0.000
9 104.708333 25.041l6e7 0.000

10 104.79le67 25.041667 0.000
11 104.875000 25.041ee7 0.000
12 104.958333 25.041lee7 0.000
13 105.041e67 25.041667 0.000

2018011712

.3446
.4105
L4723
.5303
.5849
.6371
.6883
. 7400
. 7939
.8518
.9154
.98¢61
.0653

2018012412
-0.2313
-0.2578
-0.2826
-0.3064
-0.3304
-0.3562
-0.3854
-0.4199
-0.46l6
-0.5122
-0.5731
-0.6457
-0.7306

2018013112 018020712 |

.0282 -2,
. 0650 -2,
.1008 -2.
.1360 -2,
L1717 -2,
.2089 -2.
.2490 -2.
.2938 -2,
.3446 -2,
.4031 -2.
.4706 -2.
.0481 -2,
.6363 -2,

1012 —3.1517 —3.5899
1316 ~-3.1786 ~-3.6312
1612 ~-3.2043 ~-3.6732
1905 ~-3.2293 ~-3.7161
2202 ~-3.2540 -3.7600
2513 ~-3.2793 -3.80553
2850 ~-3.3065 -3.8532
3227 ~-3.3366 ~3.9039
3657 ~-3.3710 ~-3.9584
4153 ~-3.4110 -4.0179
4727 ~-3.4576 -4.0827
5388 ~-3.5118 ~4.1534
6142 ~-3.5741 -4.2307

v

@ This module supports the Remove-Restore technique. It can be employed for:

zero in coastal land areas; and Computed values for Terrestrial Equivalent Water Height may be non-zero in coastal sea areas.

Regional tidal

load effect refinement using a tidal load spherical harmonic coefficient model as the
reference tidal field; and Regional load deformation field refinement using a surface load spherical harmonic model as the reference load field.
@ Due to spectral leakage and aliasing inherent in high-degree spherical harmonic synthesis: Computed values for Sea Level Variation and Ocean Tidal Harmonic Constants may be non-




#& Computation of Load Deformation Field via Spherical Harmonic Synthesis — O

Computation of Various Load Effects via Spherical Harmonic Synthesis

Computation of Various Load Effects :
via Spherical Harmonic Synthesis Satellites or External to the Solid Earth * via Spherical Harmonic Synthesis

- Computation of Various Load Effects for Earth Computation of Load Effect Time Series = Global Load Spherical Harmonic Analysis
- and Synthesis of Load Effects

Select the computation point file format
The discrete computation point file v

The type of surface load Land water EWH v 4.7 Save program process as

- Atmosphere or Terrestrial Water Variation loads, the height of the computation point refers to the height relative to the Earth's surface.

' Open the space computation point file >> Select the computation function from the 3 control buttons on the top of the interface...

>> [Function] This function computes the non-tidal load effects on a comprehensive set of geodetic elements from the input surface atmosphere, terrestrial water, or sea
level variation load spherical harmonic coefficient model (m) via spherical harmonic synthesis. The target elements include: Geoid or height anomaly (mm), ground gravity
Column ordinal number of the height in record |4 (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

Number of rows of the file header |1

4dr| 4

(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, 10uE).

Select the type of effects \ >> Open the space computation point file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/calcpnt.txt.

“* Look at the file information in the window below and set the row humber of the file header...

en surface load harmonic coefficient model file C:/ETideLoad4.5 win64en/examples/Loadeformharmsynth/landwcs/swsc2018011012.coe. |

ground gravity (uGal) () *The.window below only shows no more than 3000 rows of data in the file!

[ | gravity disturbance (pGal) >> Save results as C:/ETideLoad4.5 win64en/examples/Loadeformharmsynth/loaddfmrst.txt.
[ ground tilt (SW, mas) & >> Setting paxameters have been imported into the program!

[] vertical deflection (SW, mas)

[] horizontal displacement (EN, mm) (=)

ground radial displacement (mm) () >> Computation end time2026-06-23 16:30:57

uﬂ Open surface load harmonic coefficient model

geoid or height anomaly (mm)

[] ground normal or orthometric height (mm) (»)
[ ] radial gravity gradient (10uE)

Minimum starting degree
of the coefficient model

360 v E Save the results as :5 Import setting parameters & Start computation

[ ] horizontal gravity gradient (NW, 10uE)
104.0 114.0 25.0 35.0 0.08333333™\Q.08333333

1 104.041667 25.041667 | 0.000 -0.7492 0.3235 1.4184

2 104.125000 25.041667 | 0.000 -0.7479 0.2727 1.4232

3 104.208333 25.041667 | 0.000 -0.7470 0.2064 1.4295

4 104.291667 25.041667 | 0.000 -0.7464 0.1325 1.4368

5 104.375000 25.041667 | 0.000 -0.7458 0.0603 1.4441

6 104.458333 25.041667 | 0.000 -0.7451 -0.0016 1.4507

7 104.541667 25.041667 | 0.000 -0.7440 -0.0463 1.4561

8 104.625000 25.041667| 0.000 -0.7426 -0.0699 1.4598

9 104.708333 25.041667 | 0.000 -0.7408 -0.0718 1.4618

B - 10 104.791667 25.041667 | 0.000 -0.7386 -0.0553 1.4623

Extract deformation field to be plot = Plot 11 104.875000 25.041667 | 0.000 -0.7361 -0.0262 1.4619

106° 108 1 12 106"

.8 (L6 0,4 0.2 0 0.2 0.4
I : '

geoid / height anomaly (mm) ground gravity (uGal) radial displacement (mm)




“= Computation of Load Deformation Field via Spherical Harmonic Synthesis

Computation of Various Load Effects via Spherical Harmonic Synthesis

Computation of Various Load Effects
via Spherical Harmonic Synthesis

Select the computation point file format

The computation surface height grid file

_5"; Open the computation surface height grid file
uﬂ Open surface load harmonic coefficient model file

Select the type of effects
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) (®)
] ground normal or orthometric height (mm) (®)
[ | radial gravity gradient (10uE)
[ | horizontal gravity gradient (NW, 10uE)

Extract deformation field to be plot = Plot]

104° 1067 10E | 14y
M

- Computation of Various Load Effects for Earth Computation of Load Effect Time Series = Global Load Spherical Harmonic Analysis

Satellites or External to the Solid Earth * via Spherical Harmonic Synthesis and Synthesis of Load Effects

The type of surface load Surface atmosphere v 4.7 Save program process as

>> Computation start time: 2026-06-23 16:28:57

>> Complete the computation of the model values of load effects!
>> Computation end time: 2026-06-23 16:30:57
>> [Function] This function computes the non-tidal load effects on a comprehensive set of geodetic elements from the input surface atmosphere, terrestrial water, or sea
level variation load spherical harmonic coefficient model (m) via spherical harmonic synthesis. The target elements include: Geoid or height anomaly (mm), ground gravity
(MGal), 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 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, 10uE).
>> Open the computation surface height grid file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/zero15m.dat.
>> Open surface load harmonic coefficient model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/airwhCS20170315.txt.

** The window below only shows no more than 3000 rows of data in the file!
|>> Save the results as C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/loadfmdigrd.txt. |
>> Setting parameters have been imported into the program!

** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2026-06-23 16:33:51

>> Complete the computation of the model values of load effects!

>> Computation end time: 2026-06-23 16:34:10

Minimum starting degree = | Maximum truncated N o =, . :
of the coefficient model 1 * | degree 360 v t‘, Save the results as * Import setting parameters & Start computation

nx

C:/ETideload4.5 winé64en/examples/Loadeformharmsynth/loadfmdlgrd.ksi
C:/ETideload4.5 winé64en/examples/Loadeformharmsynth/loadfmdlgrd.gra
C:/ETideload4.5 winé64en/examples/Loadeformharmsynth/loadfmdlgrd.dpr

14"
M

104" 106" 108 110 119" 114" 10M° 106 log° 1 1 114 10 10& 108 11 1z 14
39 2 18 16 1.4 L& 1.3 2 22 2.4 26 L6 1.3 2 22 24 26
I | I , _—— ] I B |
geoid / height anomaly (mm) ground gravity (uGal) radial displacement (mm)




% Computation of Load Deformation Field via Spherical Harmonic Synthesis

Computation of Various Load Effects for Earth Satellites or External to the Solid Earth

Computation of Various Load Effects
via Spherical Harmonic Synthesis

- Computation of Various Load Effects for Earth
Satellites or External to the Solid Earth

Select the computation point file format

The type of surface load Sea level variation v

‘ The discrete computation point file

E Open the space computation point file

v |

Computation of Load Effect Time Series

" via Spherical Harmonic Synthesis

= Global Load Spherical Harmonic Analysis
- and Synthesis of Load Effects

4.7 Save program process as

>> Computation start time: 2026-06-23 16:33:51

Number of rows of the file header |1

>> Computation end time: 2026-06-23 16:34:10

Column ordinal number of the height in record |4

uﬂ Open surface load harmonic coefficients model

fi) 4

Select the type of effects
geopotential (0.1m?/s?)

[ | gravity vector (XYZ, uGal)

[ | gravity vector (ENU, pGal)

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

Extract deformation field to be plot

>> Complete the computation of the model values of load effects!

>> [Function] This function computes the non-tidal load effects on the geopotential (0.1m?/s?), gravity (uGal), or gravity gradient (10uE) at points located in space external to
the solid Earth (e.g., ocean space, near-Earth space, or satellite altitudes) external to the solid Earth from the input surface atmosphere, terrestrial water, or sea level
variation load spherical harmonic coefficient model (m) via spherical harmonic synthesis..

** Here the space point external to the solid Earth generally refers to the point that is not fixed with the solid Earth in ocean space, near-Earth space, or satellite altitude.
\~{> Open the space computation point file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/outpnt.txt.
ook at the file information in the window below and set the row number of the file header

surface load harmonic coefficient model file C:/ETideLoad4.5 win64en/examples/Loadeformharmsynth/sealevel2018010312cs.dat.

>> Computation start time: 2026-06-23 16:38:59
>> Complete the computati

of the model values of load effects!

>> Computation end time: 2026°06-23 16:40-37 = GOCE satellite altitude
Minimum starting degree = imum truncated N ; = : = f :
of the coefficient model 1 = ?;%& 360 = bﬂ Save the results as =~ Import setting parameters 4 Stalt computation
1 135.041667 5.041667 2533;0.000
2 135.125000 5.041667 | 240000.000 0.5445 -12.7285 -28.4375 -41.9023
3 135.208333 5.041667 | 240000.000 0.5514 -12.6973 -27.9109 -41.3091
4 135.291667 5.041667 | 240000.000 0.5584 -12.6025 -27.3734 -40.6392
5 135.375000 5.041667 | 240000.000 0.5654 -12.4454 -26.8260 -39.8946
6 135.458333 5.041667 | 240000.000 0.5727 -12.2278 -26.2698 -39.0785
7 135.541667 5.041667 | 240000.000 0.5800 -11.9521 -25.7057 -38.1944
8 135.625000 5.041667 | 240000.000 0.5874 -11.6215 -25.1351 -37.2466
9 135.708333 5.041667 | 240000.000 0.5949 -11.2394 -24.5590 -36.2400
10 135.791667 5.041667 | 240000.000 0.6026 -10.8098 -23.9789 -35.1800
11 135.875000 5.041667 | 240000.000 0.6103 -10.3371 -23.3961 -34.0726
12 135.958333 5.041667 | 240000.000 0.6181 -9.8259 -22.8120 -32.9238

|||iiiiiii|||||||||

gravity gradient (E, 10uE)

gravity gradient (N, 10uE)

gravity gradient (U, 10uE)




©& Computation of Load Deformation Field via Spherical Harmonic Synthesis

Computation of Various Load Effects for Earth Satellites or External to the Solid Earth

Computation of Various Load Effects
via Spherical Harmonic Synthesis

- Computation of Various Load Effects for Earth

Satellites or External to the Solid Earth

Select the computation point file format

‘ The discrete computation point file

E Open the space computation point file

The type of surface load Sea level variation v

v |

Computation of Load Effect Time Series

* via Spherical Harmonic Synthesis

= Global Load Spherical Harmonic Analysis
and Synthesis of Load Effects

4.f Save program process as

Number of rows of the file header |0

Column ordinal number of the height in record |4

uﬂ Open surface load harmonic coefficients model

%) 4

Select the type of effects
geopotential (0.1m?/s?)
[ | gravity vector (XYZ, uGal)
gravity vector (ENU, pGal)
[ ] gravity gradient (XYZ, 10uE)
[ | gravity gradient (ENU, 10uE)

Extract deformation field to be plot “= Plot]

N

>> Computation start time: 2026-06-23 16:38:59

>> Complete the computation of the model values of load effects!
>> Computation end time: 2026-06-23 16:40:37
>> [Function] This function computes the non-tidal load effects on the geopotential (0.1m?/s?), gravity (uGal), or gravity gradient (10uE) at points located in space external to
the solid Earth (e.g., ocean space, near-Earth space, or satellite altitudes) external to the solid Earth from the input surface atmosphere, terrestrial water, or sea level
variation load spherical harmonic coefficient model (m) via spherical harmonic synthesis..

** Here the space point external to the solid Earth generally refers to the point that is not fixed with the solid Earth in ocean space, near-Earth space, or satellite altitude.
> Open the space computation point file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/satpnt.txt.
L ook at the file information in the window below and set the row number of the file header...

>> Qpen _surface load harmonic coefficient model file C:/ETideLoad4.5 win64en/examples/Loadeformharmsynth/sealevel2018010312cs.dat.

>> Save ther

Its as C:/ETideLoad4.5 win64en/examples/Loadeformharmsynth/satdfmrst.txt.

GRACE satellite altitude

@

Minimum starting degree
of the coefficient model

= MWmncated
~| degree

360

4

ﬁ Save the results as

'?;r Import setting parameters

1 135.041667 5.041667 450630.000 0.5600 4.5071 5.2700 -0.7925
2 135.125000 5.041667 | 450000.000 0.5653 4.5585 5.3123 -0.8456
3 135.208333 5.041667 | 450000.000 0.5705 4.6085 5.3547 -0.9002
4 135.291667 5.041667 | 450000.000 0.5759 4.6601 5.3973 -0.9562
5 135.375000 5.041667 | 450000.000 0.5812 4.7103 5.4399 -1.0137
6 135.458333 5.041667 | 450000.000 0.5866 4.7601 5.4825 -1.0726
7 135.541667 5.041667 | 450000.000 0.5921 4.809¢6 5.5250 -1.1329
8 135.625000 5.041667 | 450000.000 0.5976 4.8587 5.5672 -1.194¢6
9 135.708333 5.041667 | 450000.000 0.6031 4.9074 5.6092 -1.2577
10 135.791667 5.041667 | 450000.000 0.6087 4.9559 5.6509 -1.3221
11 135.875000 5.041667 | 450000.000 0.6143 5.0040 5.6922 -1.3878
12 135.958333 5.041667 | 450000.000 0.6199 5.0518 5.7331 -1.4547

136" 138

R | LR ]

gravity vector (E, uGal)

gravity vector (N, pGal)

gravity vector (U,

MGal)




“= Computation of Load Deformation Field via Spherical Harmonic Synthesis

Computation of Load Effect Time Series via Spherical Harmonic Synthesis

Computation of Various Load Effects
via Spherical Harmonic Synthesis

Select the computation point file format
The computation surface height grid file v

- Computation of Various Load Effects for Earth

Satellites or External to the Solid Earth

Computation of Load Effect Time Series
" via Spherical Harmonic Synthesis

The type of surface load Sea level variation v

=: Global Load Spherical Harmonic Analysis
- and Synthesis of Load Effects

4.7 Save program process as

_.j, Open the land surface height grid file

Uﬂ Open any load harmonic coefficient model file

)\

Set the wildcard of the file names
Ordinal number of first wildcard in file name/| 9

(3 Rl

¥

Number of consecutive wildcards in file nanme
Select the type of effects

geoid or height anomaly (mm)

ground gravity (uGal) (®

[ ] gravity disturbance (pGal)

[] ground tilt (SW, mas) (¢

[] vertical deflection (SW, mas)

[] horizontal displacement (EN, mm) (=)

10

C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/sealvcs/sealevel
C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/sealvcs/sealevel
C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/ evel

2019060512
2019061212
2019061912

C:/ETideLoad4.5_win64en/examples/Lo synth/sealvcs/sealevel

2019062612

cs.dat
cs.dat
cs.dat

cs.dat

ported into the program!

>> Setting parameters h

b CI

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

seaload,to look at the computation progress!!

the output file.
>> Computation start time: 2026-06-23 16:49:33

** The computation process needs to wait... During the computation period, you can open the output files folder C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/

** The last column attribute of each output file header is the instance of the wildcards of the file name of the model time series, which represents the sampling epoch time of

>> Comelete the comeutation of the model values for 26 load deformation field!
utput Internal Test File (Loadfmcmsiptm.ixt) to the current directory.

** Header: The first row is the file header.

and 2 columns of surface load effects on Earth's figure pole Axsfp, Aysfp (in ITRS, m).

** Records: Starting from the second row, each record stores the sampling epoch time, 8 columns of surface load effects on the first and second degree normalized
geopotential coefficients ACio, AC11, AS+1, ACz20, AC21, AS21, AC2, AS2 (¥107'?), 3 columns of surface load effects on Earth's center of mass Axcm, Aycm, Azcm (units: mm),

ground radial displacement (mm) (®)
] ground normal or orthometric height (mm) (»
[ | radial gravity gradient (10uE)

Minimum starting degree <
of the coefficient model

oNoNONONONONONONONO NN

= (Camnitatinn and tima- 2006_NA_22 15-RN-R2

Maximum truncated
degree

:/ETideLoad4d
:/ETideLoad4d
:/ETideLoad4d
:/ETideLoad4d
:/ETideLoad4d
:/ETideLoad4d
:/ETideLoad4
:/ETideLoad4
:/ETideLoad4
:/ETidelLoad4
:/ETidelLoad4
:/ETideLoad4

»

1 = 180

4

| Set the result folder

'7:,- Import setting parameters & Start computation

.5 winéden/examples/Loadeformharmsynth/seaload/loadfmd12019010212.
.gra
.dpr
.5 winéden/examples/Loadeformharmsynth/seaload/loadfmd12019010912.
.gra
.dpr
.5 win6den/examples/Loadeformharmsynth/seaload/loadfmd12019011612.
.gra
.dpr
.5 winé6den/examples/Loadeformharmsynth/seaload/loadfmd12019012312.
.gra
.dpr

.5 winéden/examples/Loadeformharmsynth/seaload/loadfmd12019010212
.5 winéden/examples/Loadeformharmsynth/seaload/loadfmd12019010212

.5 winéden/examples/Loadeformharmsynth/seaload/loadfmd12019010912
.5 winéden/examples/Loadeformharmsynth/seaload/loadfmd12019010912

.5 win6den/examples/Loadeformharmsynth/seaload/loadfmd12019011612
.5 winé6den/examples/Loadeformharmsynth/seaload/loadfmd12019011612

.5 winéden/examples/Loadeformharmsynth/seaload/loadfmd12019012312
.5 winéden/examples/Loadeformharmsynth/seaload/loadfmd12019012312

ksi

ksi

ksi

ksi

[ | horizontal gravity gradient (NW, 10uE)
Extract deformation field to be plot = Plot]
126° 128 |30 132

124°
347

Eﬁ_—
-. I ! I . 1 ! ] _
124° 126° 128 1340 132 134° 124
.5 <014 .2 L] 0,2 0.4 5 4 -2 ] 2 4 L] L]
e — T — e : G —

134"
M
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32

12a° 128 130 132 13
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geoid / height anomaly (mm)

ground gravity (uGal)

radial displacement (mm)




“& Computation of Load Deformation Field via Spherical Harmonic Synthesis

Computation of Load Effect Time Series via Spherical Harmonic Synthesis

Computation of Various Load Effects
via Spherical Harmonic Synthesis

- Computation of Various Load Effects for Earth Computation of Load Effect Time Series
Satellites or External to the Solid Earth

" via Spherical Harmonic Synthesis

Select the computation point file format

The type of surface load Land water EWH v

The computation surface height grid file v

= Global Load Spherical Harmonic Analysis

and Synthesis of Load Effects

4.7 Save program process as

'_; Open the land surface height grid file

uﬂ Open any load harmonic coefficient model file

C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/landwcs/swscp018011712Jcoe
C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/landwcs/swscp018012412|coe

C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth
C:/ETideLoad4.5_win64en/examples/Lo

018013112)coe

synth/landwcs/swscP018020712|coe

Set the wildcard of the file names >> Setting parameters h ported into the program!
Ordinal number of first wildcard in file name/ 5 \ - > Cli ol button [Start computation], or the tool button [Start computation]....
_ _ _ = " The computation process needs to wait... During the computation period, you can open the output files folder C:/ETidelLoad4.5_win64en/examples/Loadeformharmsynth/
Number of consecutive wildcards in file nanye |10 } | | tmgrdfmdl,to look at the computation progress!!
Select the type of effects ** The last column attribute of each output file header is the instance of the wildcards of the file name of the model time series, which represents the sampling epoch time of
geoid or height anomaly (mm) the output file.

>> Computation start time: 2026-06-23 16:57:56

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

>> Complete the computation of the model values for 6 load deformation field!

~ = Output Internal Test Flle (Loadimcmsiptm. ixt) to the current directory.

[] ground tilt (SW, mas) (» ** Header: The first row is the file header.

[] vertical deflection (SW, mas) ** Records: Starting from the second row, each record stores the sampling epoch time, 8 columns of surface load effects on the first and second degree normalized
geopotential coefficients ACo, AC11, AS11, AC20, ACz1, AS21, AC22, AS22 (¥10719), 3 columns of surface load effects on Earth's center of mass Axcm, Aycm, Azcm (units: mm),
and 2 columns of surface load effects on Earth's figure pole Axsfp, Aysfp (in ITRS, m).

[] horizontal displacement (EN, mm) (¢)

ground radial displacement (mm) (¢

] ground normal or orthometric height (mm) (¢ Minimum starting degree

[ ] radial gravity gradient (10pE)

of the coefficient model

= T Amniutatinn and tima- 200RA_NA_ 27 1A-Ra-27

1

= | Maximum truncated =

degree

= 180 = ﬂ Set the result folder :5 Import setting parameters

4 Start computation

[] horizontal gravity gradient (NW, 10uE)

Extract deformation field to be plot = Plot]

oNsNeoNeoNeNs NN Ne NG

:/ETideLoad4
:/ETideLoad4
:/ETideLoad4
:/ETideLoad4
:/ETideLoad4
:/ETideLoad4
:/ETideLoad4
:/ETideLoad4
:/ETideLoad4
:/ETideLoad4
: /ETideLoad4
: /ETideLoad4

.5 win64en/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018010312.ksi
.5 win64en/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018010312.gra
.5 win64den/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018010312.dpr
.5 win64en/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018011012.ksi
.5 win64en/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018011012.gra
.5 win64den/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018011012.dpr
.5 winé4den/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018011712.ksi
.5 winé4den/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl2018011712.gra
.5 winéden/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018011712.dpr
.5 win6den/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018012412. ksi
.5 win64den/examples/Loadeformharmsynth/tmgrdfmdl/loadfmd12018012412.gra
.5 wineden/examples/Loadeformharmsynth/tmgrdfmdl/loadfmd12018012412.dpr
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radial displacement (mm)




Month/day/year

07/02/18 T omws omsne 010120 00220
Sea level variation load effect weekly time series on the geoid (mm) at 12 tide gauges along Chinese coast
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Sea level variation load effect weekly time series on the ground gravity (uGal) at 12 tide gauges along Chinese coast
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07/02/18 T owowe om0 010120 Tor0220
Sea level variation load effect weekly time series on the ellipsoidal height (mm) at 12 tide gauges along Chinese coast
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Sea level variation load effect weekly time series on the radial gradient (10yE) at 12 tide gauges along Chinese coast
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070218 01/01/19

073ne QL1720 07220

Surface atmosphere variation load effect weekly time series on the geoid (mm) at 14 CORS stations in

mainland China

070218 01/01/19

0703719 01/01720 07702720

Surface atmosphere variation load effect weekly time series on the ground gravity (uGal) at 14 CORS

stations in mainland China
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Month/day/year

07218 01/01/19 07319 0101720 072120

Surface atmosphere variation load effect weekly time series on the ellipsoidal height (mm) at 14 CORS
stations in mainland China
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Surface atmosphere variation load effect weekly time series on the radial gradient (10pdE) at 14 CORS stations

In mainland China




Month/day/year |

(07/02/20

070218 “owoe | 0703719 | | o020
Global land water variation load effect weekly time series on the geoid (mm) at 14 CORS stations in mainland China
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00218 | 01/01/19 0703719
Global land water variation load effect weekly time series on the ground gravity (uGal) at 14 CORS stations in mainland China
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Global land water variation load effect weekly time series on the ellipsoidal height (mm) at 14 CORS stations in mainland China
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Global land water variation load effect weekly time series on the radial gradient (10pE) at 14 CORS stations in mainland China
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== Regional Refinement of Load Deformation Field via Green's Integration — d

Computation of Regional Residual Surface Load Effects via Green's Integration

.. Computation of Regional Residual Surface .. Computation of Lakes, Glaciers, and Snow .. Computation of Regional Load Effect

-~ .
**= |Load Effects via Green's Integration ** Load Effects via Green's Integration *“* Time Series via Green's Integration += Algorithm formulas

Select the computation point file format
The discrete computlation point file v

The type of surface load Surface atmosphere -~ 4.7 Save program process as

- grid (represented as Equivalent Water Height, EWH) from which the global reference model has been removed. This process refines the regional load
'\ Open the space computation point file deformation field and temporal gravity field.
** Note on Computation Point Height: For Sea Level Variation loads, use Normal or Orthometric Height; and For Surface Atmosphere or Terrestrial Water
Variation loads, use height relative to the Earth's surface.
Column ordinal number of height in record |4 >> Select the computation function from the 3 control buttons on the top of the interface...
r\ >> [Function] From the Regional Residual Equivalent Water Height (EWH) Variation Grid (cm), this function computes the residual load effects on Geoid or

Number of rows of the file header |1

LI IR IN 2

uﬂ Open the residual equivalent wate

height variation grid file 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
Select the type of effects \ orthometric height (mm), radial gravity gradient (mE), or horizontal gravity gradient (NW, mE) via load Green's function integration.

geoid or height anomaly (mm) >> Open the space computation point file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/calcpnt.txt.

- - “* Look at the file information in the window below and set the row number of the file header...

grouhd gra"'ty (WGal) ® >20pen the residual equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/swscSEP2018041112.dat.
[] gravity disturbance (uGal) >> Save the results as C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/rtdfmrst.txt.
[] ground tilt (SW, mas) (=) >> Setting parameters have been imported into the program!

[] vertical deflection (SW, mas) ** Click the control button [Start computation], or the tool button [Start computation]....

[] horizontal displacement (EN, mm) (=)

>> Complete the refinement computation!

ground radial displacement (mm) (®) >> Computation &qd time: 2026-06-24 09:58:54
["] ground normal or orthometric height (mm) (») -
[] radial gravity gradient (mE) Green's integral radius.\»g(}Okm | Save the results as - Import setting parameters & Start computation
[] horizontal gravity gradient (NW, mE) N\
104.0 114.0 25.0 35.0 ON08333333 0.08333333
1 104.041667 0.000 ~4.8869 ~3.7365 10.3277
2 104.125000 0.000 ~4.8332 ~3.7064 10.261¢
3 104.208333 0.000 ~4.,1772 ~3.2158 8.7561
4 104.291667 0.000 ~4.0208 ~3.1012 §.4475
5 104.375000 25.041667| 0.000 ~4.5213 ~3.4739 9.6114
_ 6 104.458333 25.041667| 0.000 ~4.3950 ~3.3692 9.2881
Extract the effects to be plot = Plot] 7 104.541667 25.041667| 0.000 _4.3121 ~3.2968 9.099]

iy 10 11 1z

geoid / height anomaly (mm) ground gravity (uGal) radial displacement (mm)




&= Regional Refinement of Load Deformation Field via Green's Integration - d X

Computation of Regional Residual Surface Load Effects via Green's Integration

.. Computation of Regional Residual Surface .. Computation of Lakes, Glaciers, and Show .. Computation of Regional Load Effect L .
** Load Effects via Green's Integration ** Load Effects via Green's Integration *“* Time Series via Green's Integration += Algorithm formulas
Select the computation point file format The type of surface load Surface atmosphere - %7 Save program process as
‘ The computation surface height grid file v : : :
; >> Save the results as C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/rntdfmrst.txt. A
3 Open the land surface height grid file >> Setting parameters have been imported into the program!

** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2026-06-24 09:58:31

>> Complete the refinement computation!

uﬂ Open the residual equivalent water
height variation grid file

Select the type of effects >> Computation end time: 2026-06-24 09:58:54
geoid or height anomaly (mm) >> [Function] From the Regional Residual Equivalent Water Height (EWH) Variation Grid (cm), this function computes the residual load effects on Geoid or
ground gravity (uGal) ® height anomaly (mm), ground gravity (pGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the

L south and to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or
[] gravity disturbance (anI) orthometric height (mm), radial gravity gradient (mE), or horizontal gravity gradient (NW, mE) via load Green's function integration.

] ground tilt (SW, mas) (= >> Open the computation surface height grid file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/zero3m.dat.

[] vertical deflection (SW, mas) >> Open the residual equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/swscSEP2018042512.dat.
>> Save the results as C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/rntdfmgrd.txt.
>> Setting parameters have been imported into the program! ) ) B

] horizontal displacement (EN, mm) (»)

ground radial displacement (mm) (&) ** Click the control button [Start computation], or the tool button [Start computation]....

ground normal or orthometric height (mm) (» >> Computation start time: 2026-06-24 10:01:17

radial gravity gradient (mE) >> Complete the refinement computation!

[ horizontal gravity gradient (NW, mE) >> Computation end time: 2026-06-24 10:01:20 .
Green's integral radius |200km < f:;| Save the results as :;.- Import setting parameters & Start computation

:/ETideload4.5 win64en/examples/Loadfmrntgreenintg/rntdfmgrd.ksi
:/ETideload4.5 win64en/examples/Loadfmrntgreenintg/rntdfmgrd.gra
:/ETidelLoad4.5 win6den/examples/Loadfmrntgreenintg/rntdfmgrd.dpr
:/ETideload4.5 winé4en/examples/Loadfmrntgreenintg/rntdfmgrd.nmh
:/ETideload4.5 winé6den/examples/Loadfmrntgreenintg/rntdfmgrd.grr

QOO0

Extract the effects to be plot = Plot]

Ll 1 nz 114
34

geoid / height anomaly (mm) ground gravity (uGal) radial displacement (mm)




== Regional Refinement of Load Deformation Field via Green's Integration

Computation of Lakes, Glaciers, and Snow Load Effects via Green's Integration

... Computation of Regional Residual Surface
" Load Effects via Green's Integration

Select the computation point file format

o Computation of Lakes, Glaciers, and Show
" Load Effects via Green's Integration

.. Computation of Regional Load Effect

% Algorithm formul
** Time Series via Green's Integration o LG TR £

4.7 Save program process as

The discrete computlation point file

_& Open the space computation point file

>> Complete the refinement computation! A
>> Computation end time: 2026-06-24 10:01:20

Number of rows of the file header |1

>> [Function] This function computes the load effects of inland water bodies (rivers, lakes, reservoirs), glaciers, and snow-covered mountains on 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

Column ordinal number of height in record |4

LIRS

south and to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or

=1 Open water-body equivalent water
= height variation grid file

orthometric height (mm), radial gravity gradient (mE), or horizontal gravity gradient (NW, mE) via load Green's function integration. The input is the Load
Equivalent Water Height (EWH) Variation Grid (cm) specific to these hydrological features.

Select the type of effects
geoid or height anomaly (mm)
ground gravity (uGal) (®
[ ] gravity disturbance (uGal)
[] ground tilt (SW, mas) (»)
[_| vertical deflection (SW, mas)
["1 horizontal displacement (EN, mm) (=)
ground radial displacement (mm) (s)
ground normal or orthometric height (mm) (=)
radial gravity gradient (mE)
[] horizontal gravity gradient (NW, mE)

** The height in the computation point file refers to the height of the computation point relative to the water/ice surface.

** The EWH grids of multiple water bodies at the same epoch can be merged directly to compute the total load effect via a single integration.
"2> Open the space computation point file C:/ETideLoad4.5_win64en/examples/Loadfmmtgreenintg/lakecalcpnt.txt.

ook at the file information in the window below and set the row number of the file header...

N

>> n water-body equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/lakechgcm.dat.
>> Savenhe results as C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/lakedfmrst.txt. - e e s e
>> Setting parameters have been imported into the program! s ' ' ' ' e

** Click the ©
>> Computation

>> Complete the refi
>> Computation end ti

trol button [Start computation], or the tool button [Start computation].... b
rt time: 2026-06-24 10:04:17 T

ment computation! arf
: 2026-06-24 10:12:29 ’

200En\: |

N\

-1328°

-132.75

nr anr

Green's integral radius | Save the results as 8 | e

111.00000000 111.80000000 2.40000000 33.00000000 0.00416667 0.00416€ ‘”?
1 111.0020833 32.4020833 0.000 0.0130 0.0102 -0.03 I
2 111.0062500 32.402083 0.000 0.0131 0.0102 -0.03 ¢ '
3 111.0104167 32.4020833 0.000 0.0132 0.0103 -0.03 '
4 111.0145833 32.4020833 0.000 0.0133 0.0104 —0.03  —————— 3 T —
5 111.0187500 32.4020833 0.000 0.0134 0.0104 -0.0318 -0.0452 -0.1216
. 6 111.0229167 32.4020833 0.000 0.0134 0.0105 -0.0321 ~-0.0456 -0.1245
Extract the effects to be plot “%a Plot] 7 111.0270833 32.4020833 0.000 0.0135 0.0106 -0.0324 -0.0459 -0.1273 v
1112° 11147 111.6° 111.7 111.4° 1114 111.7 11147 111.8°
zu ny
12K 2R
BT 0T
126 e
125 5
1112 1114 111.5° 111.Y 111.4° 1114 111.7 1114° 111.6°
o 04 006 0 002 008 006 008 01 012 014 0le 04 03 02 ol
I " B ] I T o : B ] | ! B |

geoid / height anomaly (mm)

ground gravity (uGal) radial displacement (mm)




== Regional Refinement of Load Deformation Field via Green's Integration

Computation of Lakes, Glaciers, and Snow Load Effects via Green's Integration

.. Computation of Lakes, Glaciers, and Snow

.. Computation of Regional Load Effect

... Computation of Regional Residual Surface
" Load Effects via Green's Integration

Select the computation point file format

s Algorithm formulas

** Load Effects via Green's Integration ** Time Series via Green's Integration

4.7 Save program process as

The computation surface height grid file

_ﬂ-_. Open the land surface height grid file

>> Computation start time: 2026-06-24 10:04:17 A
>> Complete the refinement computation!

=1 Open water-body equivalent water
= height variation grid file

>> Computation end time: 2026-06-24 10:12:29
>> [Function] This function computes the load effects of inland water bodies (rivers, lakes, reservoirs), glaciers, and snow-covered mountains on Geoid or

Select the type of effects
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) (e)
ground normal or orthometric height (mm) (=)
radial gravity gradient (mE)
[ ] horizontal gravity gradient (NW, mE)

~.| Extract the effects to be plot - Plot|

111z 111.4° 111.5°

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 (mE), or horizontal gravity gradient (NW, mE) via load Green's function integration. The input is the Load
Equivalent Water Height (EWH) Variation Grid (cm) specific to these hydrological features.

** The height in the computation point file refers to the height of the computation point relative to the water/ice surface.

** The EWH grids of multiple water bodies at the same epoch can be merged directly to compute the total load effect via a single integration.
>> Open the computation surface height grid file C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/lakecalcpnt.dat.
>> Open water-body equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/lakechgcm.dat.
>> Save the results as C:/ETideLoad4.5 winb4en/examples/Loadfmrntgreenintg/rntdfmgrd.txt.
>> Setting parameters have been imported into the program!

** Click the control button [Start computation], or the tool button [Start computation].... - - - - ”
>> Computation start time: 2026-06-24 10:16:38 W - ' i —

>> Complete the refinement computation! ;
>> Computation end time: 2026-06-24 10:23:51 =

3275

328"

- 32,75

Green's integral radius [200km < ‘l | Save the results as

n7 nr

C:/ETideLoad4.5 winéden/examples/Loadfmrntgreenintg/rntdfmgrd.ksi
C:/ETideLoad4.5 winé6den/examples/Loadfmrntgreenintg/rntdfmgrd.gra
C:/ETideLoad4.5 winéden/examples/Loadfmrntgreenintg/rntdfmgrd.dpr
C
C

- 32.65

-132.6°

:/ETideload4.5 win64en/examples/Loadfmrntgreenintg/rntdfmgrd.nmh
:/ETideload4.5 wineden/examples/Loadfmrntgreenintg/rntdfmgrd.grr

-132.55"

111.2° 1114 1114 111.7 114" 111.6°

nw any
2R ngy
nr nT
vl ne
25 ns

1112 1114 111.5° 1112 1114 1114 111.7 1114 111.6°
o o 0406 0.0 002 O04 006 008 0l 012 014 016 4 03 02 il
[ . ] . g E - I 4 ]

geoid / height anomaly (mm)

ground gravity (uGal) radial displacement (mm)




&= Regional Refinement of Load Deformation Field via Green's Integration - d X

Computation of Regional Load Effect Time Series via Green's Integration

.. Computation of Regional Residual Surface .. Computation of Lakes, Glaciers, and Snow .. Computation of Regional Load Effect

-~ .
** Load Effects via Green's Integration ** Load Effects via Green's Integration ** Time Series via Green's Integration += Algorithm formulas

Select the computation point file format
The discrete computlation point file v

The type of surface load  Land water EWH v 4.7 Save program process as

) ** The program outputs the residual load effect record time series files rntGreen™**.txt. Each output file header is identical to the input file. One or several ~

'\ Open the surface computation point file columns of the selected surface load effects are appended to the input file record as the output file record.

: *** represents the wildcards of the variation grid time series file names, whose instance identifies the sampling epoch time of the load effects.

Number of rows of the file header |1 - I e . . e
The load EWH variation grid files searched by wildcard instantiation:

Column ordinal number of height in record 4 C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/swscSEH2018041112]dat

I C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/swscSEH2018041812{dat

C:/ETideLoad4.5 win64en/examples/Loadfmrntgreeni H2018042512|dat

C:/ETideLoad4.5 win64en/exampl htgreenintg/swscSER2018050212|dat

LI IR IR S

uﬂ Open any residual equivalent water
height variation grid file

Set the wildcard of the file names >> 4 equivalent wat ariation grid time series files are found by wildcard instantiation.
Ordinal number of first wildcard in file name//8 \ s | >>Seld rameters have been imported into the program!
NuUmber of . iidcards in il /-—f ** Click the control button [Start computation], or the tool button [Start computation]....

e R ey 10 = ** The computation process requires time.... During this period, you can open the output file directory C:/ETideLoad4.5_win64en/examples/

Select the type of effects Loadfmrntgreenintg/loadtms,to look at the computation progress!!
geoid or height anomaly (mm) ** The last attribute of each output file header is the instance of the wildcards of the residual EWH grid time series file name, which represents the
round gravity (uGal) ® sampling epoch time of the output file.

ground g H >> Computation start time: 2026-06-24 10:34:13

[J gravity disturbance (anI) >> Complete the refinement computation of 4 load deformation field!
[] ground tilt (SW, mas) (») >> Computation end time: 2026-06-24 10:34:22
[] vertical deflection (SW, mas) e
["1 horizontal displacement (EN, mm) (=) Green's integral radius |[200km < | f:; Set the results folder :;.- Import setting parameters 4 Start computation

ground radial displacement (mm) (&)

) . } C:/ETideLoad4.5 winét4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112.txt
ground normal or orthometric height (mm) (=) C:/ETideload4.5 winéden/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041812.txt
radial gravity gradient (mE) C:/ETideLoad4.5 winéden/examples/Loadfmrntgreenintg/loadtms/rntGreen2018042512.txt
horizontal gravity gradient (NW, mE) C:/ETideLoad4.5 winéden/examples/Loadfmrntgreenintg/loadtms/rntGreen2018050212.txt

geoid / height anomaly (mm) ground gravity (uGal) radial displacement (mm)




== Regional Refinement of Load Deformation Field via Green's Integration

Computation of Regional Load Effect Time Series via Green's Integration

.. Computation of Regional Residual Surface
** Load Effects via Green's Integration

Select the computation point file format

]

.. Computation of Regional Load Effect
** Time Series via Green's Integration

.. Computation of Lakes, Glaciers, and Show

3 Algorithm formul
Load Effects via Green's Integration w# Algorithm rormulas

b

The type of surface load  Land water EWH %7 Save program process as

The computation surface height grid file

_.j. Open the land surface height grid file

respectiifely_, represénting the grid file of load effects on the height anomaly, ground gravity, gravity disturbance, ground tilt, vertical deflection, horizontal A

displacement, radial displacement, normal or orthometric height, radial gravity gradient, or horizontal gravity gradient.

Open any residual equivalent water
height variation grid file

)

“** represents the wildcards of the variation grid time series file names, whose instance identifies the sampling epoch time of the load effects.
** The load EWH variation grid files searched by wildcard instantiation:

dat

Set the wildcard of the file names -

C:/ETideLoad4.5 winb4en/examples/Loadfmrntgreenintg/swscSEH2018041112

C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/swscSEH2018041812|dat

C:/ETideLoad4.5 winé4en/ ninig/swscSEH2018042512|dat

4 IR

4

Ordinal number of first wildcard in file name 13 \
Number of consecutive wildcards in file namie 10 }

C7ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/swscSER2018050212 dat
>> 4 equivalent water height variation grid time series files are found by wildcard instantiation.

Select the type of effects
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) (=)
ground normal or orthometric height (mm) (®)
radial gravity gradient (mE)
horizontal gravity gradient (NW, mE)

Extract the effects to be plot “#a Plot]

106

e

] LIy
534

>> Setting parameters have been imported into the program!

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

** The computation process requires time.... During this period, you can open the output file directory C:/ETideLoad4.5_win64en/examples/
Loadfmrntgreenintg/loadtms,to look at the computation progress!!

** The last attribute of each output file header is the instance of the wildcards of the residual EWH grid time series file name, which represents the
sampling epoch time of the output file.
>> Computation start time: 2026-06-24 10:44:14

>> Complete the refinement computation of 4 load deformation field!
>> Computation end time: 2026-06-24 10:44:26

Green's integral radius [200km = ‘l ﬂ Set the results folder '7:, Import setting parameters & Start computation

: /ETideLoad4
: /ETideLoad4
:/ETidelLoad4
: /ETidelLoad4
: /ETideLoad4
: /ETideLoad4
: /ETideLoad4
: /ETideLoad4

.5 winéden/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112.ksi
.5 winéden/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112.gra
.5 winétden/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112.dpr
.5 winéden/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112.nmh
.5 wineden/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112.grr
.5 winéden/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112.hgd
.5 winé6den/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041812.ksi
.5_win64en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041812.gra

o aaan

114
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106
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geoid / height anomaly (mm)

ground gravity (uGal) radial displacement (mm)




i 5 month/day/year
-EI].: ....... o | |||| ....... st e [ g R LA LA I e T | P || ................. | || ........ i ....... S e =
070218 01/01L/19 WFLTETHRY QL0120 070220

30'x30’ residual soil water variation load effects on ground gravity (uGal) in Chinese mainland (Green's integral )
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30'x30’ residual soil water variation load effects on radial gradient (mE) in Chinese mainland (Green's integral )
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30'x30’ residual soil water variation load effects on horizontal gradient (N, mE) in Chinese mainland (Green's integral )
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30'x30’ residual soil water variation load effects on horizontal gradient (W, mE) in Chinese mainland (Green's integral )



\t

A I
L . i'. i '.I:I- § .. .IF f

4

2

0

-2 | YO ONTY I.
i

-6

UQAK
HRBN
NXHY
DAIS
LHAS
YANG

month/day/year

O7/02/18 01/01/19 01/01/20 07/02/20
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. Regional Approximation of Load Deformation Field Using SRBFs

Approximation of Residual Loads and Synthesis of Residual Load Effects Using SRBFs

.. Approximation of Residual Loads and Synthesis
of Residual Load Effects Using SRBFs

... Approximation of Residual Surface Load and
Load Effect Time Series Using SRBFs

Select the computation point file format

The discrete computation point file

Solution of normal equation LU triangular decompo: ¥ Cumulative SRBF approach times |1 =

= Regional Surface Load SRBF Approximation and Load effect SRBF Synthesis

4.7 Save program process as

E Open the space computation point file

Number of rows of the file header

Column ordinal number of height in record 4

>> Save the results as C:/ETideLoad4.5 win64en/examples/loadfmtewhSRBFs/SRBFrntdfm.txt.

1

4 r| 4

Ilﬂ Open the residual equivalent water
height variation grid file

>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2026-06-24 15:49:02

The Oth iterated residual EWH (cm): Mean 0.0052 standard deviation 4.4537 minimum -37.6941 maximum 25.5549.

The 1th iterated residual EWH (cm): Mean 0.0025 standard deviation 3.5260 minimum -28.3254 maximum 22.1524.

Parameters of the first SRBF appoach

Select SRBF

order number m

minimum degree

maximum degree

burial depth of Bjerhammar sphere
action distance of SBRF center
Reuter network level Q

radial multipole kernel

<

0

15

900

5.0km

150km

>> Computation end time: 2026-06-24 15:56:05

>> The program also outputs the SRBF spatial curve file *spc.rbf and spectral curve file *dgr.rbf for 11 kinds of:r i

** *spc.rbf file header format: SRBF type (0 = radial multipole kernel function, 1 = Poisson wavelet kernel fun¢ |
Legendre expansion, buried depth (km). The record format: Spherical distance (km), the normalized SRBF val| |
gravity, gravity disturbance, ground tilt, vertical deflection, horizontal displacement, radial displacement, orthon; ;L
variations. Ll

** The file header of * dgr.rbf is the same as * spc.rbf. The record format:Degree n of SRBF Legendre expang of
load EWH, height anomaly, ground gravity, gravity disturbance, ground tilt, vertical deflection, horizontal displaf
gradient, and horizontal gradient variations. >
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Eﬂ Save the results as

Select SRBF

order number m

minimum degree

maximum degree

burial depth of Bjerhammar sphere
action distance of SBRF center
Reuter network level Q

radial multipole kernel

<

0

45

1800

10.0km

90km

1800

A B[ A A DA A

1l 1

98.000 102.000 25.0000 28.000 0.01666667 0.01666667 = mm s s m e mm o —m o m—— o —— o ——— = === e
1 98.008333 25.008333 0.000 -50.5230 -1.5456 -20.2522 -20.9465 0.0110 -0.0079 0.0015 -0.001
2 98.025000 25.008333 0.000 -45.9740 -1.3242 -18.4557 -19.0682 0.0092 -0.0089 0.0011 -0.001
3 98.041667 25.008333 0.000 -42.7539 -1.2380 -17.1549 -17.7312 0.0078 -0.0095 0.0009 -0.001
4 98.058333 25.008333 0.000 -42.9815 -1.4841 -17.1478 -17.8004 0.0080 -0.0104 0.0011 -0.001
5 98.075000 25.008333 0.000 -37.7942 -1.2010 -15.1123 -15.6618 0.0061 -0.0108 0.0008 -0.001
6 98.091667 25.008333 0.000 -37.0927 -1.3542 -14.7584 -15.3525 0.0055 -0.0113 0.0008 -0.002
7 98.108333 25.008333 0.000 -36.7076 -1.5304 -14.5265 -15.1730 0.0036 -0.0116 0.0005 -0.002
8 98.125000 25.008333 0.000 -35.1771 -1.5832 -13.8705 -14.5278 00,0022 -0,0112 0,0002 -0.002
L4 >
Extract the effects to be plot = Plot|
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geoid / height anomaly (mm)

ground gravity (uGal) radial displacement (mm)

radial gradient (mE)

@ The optimization principles for these parameters aim to ensure that the estimated load EWH variations and load effects in space are continuous and differentiable, while minimizing the standard deviation and driving the residual statistical
mean toward zero for residual EWH variations.




. Regional Approximation of Load Deformation Field Using SRBFs

Approximation of Residual Loads and Synthesis of Residual Load Effects Using SRBFs

.. Approximation of Residual Loads and Synthesis
of Residual Load Effects Using SRBFs

.. Approximation of Residual Surface Load and

Load Effect Time Series Using SRBFs = Regional Surface Load SRBF Approximation and Load effect SRBF Synthesis

Select the computation point file format

The computation surface grid file

»

Solution of normal equation LU triangular decompo: ~

Cumulative SRBF approach times | 1 -

4. Save program process as

'3. Open the computation surface height grid file

>> Save the results as C:/ETideLoad4.5 win64en/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.txt. A

height variation grid

uﬂ Open the residual equivalent water

file

Parameters of the first SRBF appoach

Select SRBF

order number m

minimum degree

maximum degree

burial depth of Bjerhammar sphere
action distance of SBRF center
Reuter network level Q

radial multipole kernel

<

0

15

900

5.0km

150km

1800

LI R I I T AR L L TR

Parameters of cumulative SRBF a

ppoach

>> éetting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2026-06-24 15:59:10

>> Complete the computation for approximation of residual load and synthesis of residual load effects!
The source EWH observations (cm): Mean -40.4567 standard deviation 31.3639 minimum -191.3139 maximum 75.7880.

The Oth iterated residual EWH (cm): Mean 0.0087 standard deviation 5.5002 minimum -43.6331 maximum 39.0007.
The 1th iterated residual EVWWH (cm): Mean 0.0011 standard deviation 4.5873 minimum -40.7119 maximum 30.1390.
>> Computation end time: 2026-06-24 16:04:47

>> The program also outputs the SRBF spatial curve file *spc.rbf and spectral curve file *dgr.rbf for 11 kinds of geodetic variations into the current directory.

** *spc.rbf file header format: SRBF type (0 = radial multipole kernel function, 1 = Poisson wavelet kernel function), order of SRBF, minimum and maximum degree of SRBF
Legendre expansion, buried depth (km). The record format: Spherical distance (km), the normalized SRBF values derived from the load EWH, height anomaly, ground
gravity, gravity disturbance, ground tilt, vertical deflection, horizontal displacement, radial displacement, orthometric height, radial gravity gradient, and horizontal gradient
variations.

** The file header of * dgr.rbf is the same as * spc.rbf. The record format:Degree n of SRBF Legendre expansion, the degree-n normalized SRBF values derived from the
load EWH, height anomaly, ground gravity, gravity disturbance, ground tilt, vertical deflection, horizontal displacement, radial displacement, orthometric height, radial gravity
gradient, and horizontal gradient variations.

Select SRBF

order number m

minimum degree

maximum degree

burial depth of Bjernammar sphere
action distance of SBRF center

radial multipole kernel

<

0

r:.a Save the results as

45

1800

10.0km

90km

Reuter network level Q

1800

AL ML AR A M A 4] 4>

:/ETidelLoad4.5 wineden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
:/ETideLoad4.5 winé4en/examples/loadfmtewhsSRBFs/SRBFrntdfmgrd.
:/ETidelLoad4.5 win6d4en/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
:/ETideload4.5 winé4en/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.rga
:/ETideLoad4.5 win64en/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.dft
:/ETidelLoad4.5 win64en/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.vdf
:/ETideload4.5 wineden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.dph
:/ETideLoad4.5 win64en/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.dpr
:/ETidelLoad4.5 win6den/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.nmh
:/ETidelLoad4.5 wineden/examples/loadfmtewhSRBEs/SRBFrntdfmgrd.grr

ewh
ksi
gra

NN ONONONONONONONS!

Extract the effects to be plot = Plot|
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geoid / height anomaly (mm)

ground gravity (uGal) radial displacement (mm) radial gradient (mE)

@ The optimization principles for these parameters aim to ensure that the estimated load EWH variations and load effects in space are continuous and differentiable, while minimizing the standard deviation and driving the residual statistical

mean toward zero for residual EVWH

variations.




. Regional Approximation of Load Deformation Field Using SRBFs

Approximation of Residual Surface Load and Load Effect Time Series Using SRBFs

.. Approximation of Residual Loads and Synthesis
" of Residual Load Effects Using SRBFs

Select the computation point file format

The discrete computation point file v

.. Approximation of Residual Surface Load and
" Load Effect Time Series Using SRBFs

Solution of normal equation LU triangular decompo: -~

Cumulative SRBF approach times

i

"= Regional Surface Load SRBF Approximation and Load effect SRBF Synthesis

© Save program process as

3. Open the surface computation point file

Number of rows of the file header |1

4 k|| 4] »

Column ordinal number of height in record |4

uﬂ Open any residual equivalent water
height variation grid file

Ordinal number of first wildcard in file nam '8

Number of consecutive wildcards in file na 8 =

Parameters of the first SRBF appoach

<

Select SRBF | radial multipole kernel

order number m (Q

minimum degree 15

maximum degree 900

burial depth of Bjerhammar sphere |5.0km

action distance of SBRF center | 150km

ave been imported into the program!
control button [Start computation], or the tool button [Start computation]... F
he computation process requires time.... During this period, you can open the outputflle directory G*’sf
SRBFrmtdfmtmpnt,to look at the computatlon progress!!

** The last attribute in the header of each output file records this epoch time to ensure temporal COﬂSIStI

>> Computation start time: 2026-06-24 16:10:10

C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/soilewh20180328 dat
C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/soilewh20180530

dat
dat
dat
dat

The Oth iterated residual EWH (c
The 1th |terated reS|duaI EWH (c

The 1th iterated residual EWH (cm
>> SRBF approximation statistics of 20180328 load EWHs:
The source EWH observations (cm): Mean -40.4567 standard deviation 31.3639 minimum -191.3139 maximum 75.7880.

>> SRBF approximation statistics of 20180131 load EWHSs:
The source EWH observations (cm): Mean -22.9259 standard deviation 22.8930 minimum -146.8799 maximum 87.2602.
The Oth iterated residual EWH (cm

): Mean 0.0052 standard deviation 4.4537 minimum -37.6941 maximum 25.5549.
): Mean 0.0025 standard deviation 3.5260 minimum -28.3254 maximum 22.1524.

m): Mean 0.0087 standard deviation

5.5002 minimum

) Mean 00011 standard deviation 4.5873 minimum

-43.6331 maximum 39.0007.
-40.7119 maximum 30.1390.

LI I I R I R I IR I S

Reuter network level Q [1800

Parameters of cumulative SRBF appoach

| Set the result folder

:{.-- Import setting parameters

4 Start Computation

<

Select SRBF | radial multipole kernel

order number m [0

minimum degree 45

maximum degree | 1800

burial depth of Bjerhammar sphere | 10.0km

action distance of SBRF center |90km

LI R I IR R IR N

Reuter network level Q [1800

= IF

+..'
% o .
‘ ! . s
‘:J .
1 1
T . L

1 2 3
X C I—

98.000 102.000 25.0000 28.000 0.01666667 0.01666667 A

1 98.008333 25.008333 0.000 10.6549 —0.4212 4.5657 4.4966 -0.0087 0.0071 —0.0009 0.001

2 98.025000 25.008333 0.000 9.0048 -0.4191 3.8803 3.8066 -0.0063 0.0079 -0.0005 0.001

3  98.041667 25.008333 0.000 8.7419 -0.2702 3.7099 3.6800 -0.0046 0.0077 -0.0002 0.001

4 98.058333  25.008333 0.000 10.2489 0.0459 4.2051 4.2776 -0.0046 0.0086 -0.0005 0.001

5 98.075000 25.008333 0.000 8.1877 0.0163 3.3624 3.4190 -0.0028 0.0088 -0.0002 0.001

6 98.091667 25.008333 0.000 €.3786 0.0031 2.6178 2.6642 -0.0008 0.0001 0.0001 0.001

7 98.108333  25.008333 0.000 6.7264 0.2004 2.6815 2.7888 0.0012 0.0086 0.0004 0.001

8 98.125000 25.008333 0.000 6.1897 0.2883 2.4235 2.5552 0.0030 0.0078 0.0008 0.001p
£ >

Extract the effects to be plot “a Plot]
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geoid / height anomaly (mm)

ground gravity (uGal)

radial displacement (mm)

radial gradient (mE)

|_. The optimization principles for these parameters aim to ensure that the estimated load EWH variations and load effects in space are continuous and differentiable, while minimizing the standard deviation and driving the residual statistical

mean toward zero for residual EWH variations.




. Regional Approximation of Load Deformation Field Using SRBFs

Approximation of Residual Surface Load and Load Effect Time Series Using SRBFs

.. Approximation of Residual Loads and Synthesis
" of Residual Load Effects Using SRBFs

Select the computation point file format

The computation surface grid file

.. Approximation of Residual Surface Load and

&= oad Effect Time Series Using SRBFs "= Regional Surface Load SRBF Approximation and Load effect SRBF Synthesis

3. Open computation surface zero value grid file

height variation grid

uﬂ Open any residual equivalent water

file

Ordinal number of first wildcard in fi

ile namef/| 8 \/

Number of consecutive wildcards in file na y

Parameters of the first SRBF appoach

Solution of normal equation LU triangular decompo: ¥ Cumulative SRBF approach times |1 = %7 Save program process as
C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/soilewh20181003 dat A
C:/ETideLoad4.5_win64en/examples/loadfmtewhS ewh20181205 dat

>> 6 equivalent water height variation series files are found by wildcard instantiation.
>> Setting parameters imported into the program!
** Click utton [Start computation], or the tool button [Start computation]....
e computation process requires time.... During this period, you can open the output file directory C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/
SRBFrntdfmtmgrd,to look at the computation progress!!
** The last attribute in the header of each output file records this epoch time to ensure temporal consistency.
>> Computation start time: 2026-06-24 16:55:23

Select SRBF

order number m

minimum degree

maximum degree

burial depth of Bjerhammar sphere
action distance of SBRF center
Reuter network level Q

radial multipole kernel

<

0

15

900

5.0km

150km

>> SRBF approximation statistics of 20180131 load EWHSs:
The source EWH observations (cm): Mean -22.9259 standard deviation 22.8930 minimum -146.8799 maximum 87.2602.
The 0Oth iterated residual EWH (cm): Mean 0.0052 standard deviation 4.4537 minimum -37.6941 maximum 25.5549.
The 1th iterated residual EWH (cm): Mean 0.0025 standard deviation 3.5260 minimum -28.3254 maximum 22.1524.
>> SRBF approximation statistics of 20180328 load EWHs:
The source EWH observations (cm): Mean -40.4567 standard deviation 31.3639 minimum -191.3139 maximum 75.7880.
The Oth iterated residual EWH (cm): Mean 0.0087 standard deviation 5.5002 minimum -43.6331 maximum 39.0007.
The 1th iterated residual EWH (cm): Mean 0.0011 standard deviation 4.5873 minimum -40.7119 maximum 30.1390. v

1800
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Parameters of cumulative SRBF a

ppoach

ﬂ Set the result folder :{. Import setting parameters 4 Start Computation

I P

C:/ETideLoad4.5 winéd4en/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.ewh :
Select SRBF | radial multipole kernel v | ||C:/ETideLoad4.5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.ksi |, A
order number m |0 = C:/ETideLoad4.5 winé64en/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.gra CoL
o e C:/ETideLoad4.5 winéd4en/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.rga :o_s;_
minimum degree 45 ~ | ||C: /ETideLoad4.5 winé64en/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.dft |, |
. = " ; ; [
maximum degree | 1800 - C: /ET}deLoacM . 5_w1l_n64en/examples/loadfmtewhsRBFS/SRBFrntdfmtmgrd/rntSRBFS201812 05.vdf |, o
_ _ = C:/ETideLoad4.5 winé64en/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.dph ||
burial depth of Bjerhammar sphere | 10.0km ~| ||c:/ETideLoad4.5 winé4en/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.dpr | F
action distance of SBRF center | 90km - C:/ETideLoad4.5 winé64en/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.nmh : ot
= C:/ETideLoad4.5 winéden/examples/loadfmtewhSRBFs/SRBEFrntdfmtmgrd/rntSRBFs20181205.grr |' |
Reuter network level Q | 1800 = U
Extract the effects to be plot “a Plot] =
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@ The optimization principles for these parameters aim to ensure that the estimated load EWH variations and load effects in space are continuous and differentiable, while minimizing the standard deviation and driving the residual statistical

mean toward zero for residual EWH

variations.
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« Load Deformation Field Recovery from Heterogeneous Variations via Green's Integral Constraint

Load Deformation Field Estimation from Heterogeneous Variations via Green's Integral Constraint

'__.!'i. Open the geodetic variation record time series file

Column ordinal number of the first

epoch time in header

Column ordinal number of the first

variation in record

The column ordinal number of the

variation type in record

The column ordinal number of the

weights in record

The column ordinal number of the
current variations in record

.. Load Deformation Field Estimation from Heterogeneous
™ Variations via Green's Integral Constraint

2

Solution of normal equation LU triangular decomposition v

7

... Approximation of EWH variation and Load Effect
Grid Time Series via Green’s integral constraint

4:f Save program process as

i >> [Function] Utilizing ground-based geodetic variations observed by heterogeneous networks (e.g., GNSS leveling height anomaly, gravity disturbance,

6

5

v ellipsoidal height (mm), normal height (mm), gravity gradient (mE), and horizontal gravity gradient (NW, mE).

>> Open the geodetic variation record time series file C:/ETideLoad4.5_win64en/examples/LoadestimateGreen/CORSad;.txt.

7

= ** Look at the file information in the window below and set the file parameters of the record time series...

Mean distance between geodetic sites {15.0 km

>> Open the computation surface height grid file C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/dtm3m.dat.

M >> Create or select the result folder C:/ETideLoad4.5_win64en/examples/LoadestimateGreen/CORSrst.

'__.'._o'; Open the computation surface height grid file

Set algorithm parameters

** The program generates the estimated terrestrial EWH variation grid files ewh™**.dat, corresponding load effect grid files, and residual analysis files
rnt***.ixt. Here, *** is the sampling epoch time which is also saved as the last column attribute of the load effect grid file header.

** All-Element Load Effect Grids:

Edge effect suppression parameter n|2
Cumulative approach times| 3

Load Green's integral radius| 150km

ground gravity, ellipsoidal height, or normal height) as input constraints, and employing Load Green's Function Integration as a dynamic operator, this function
= estimates the regional terrestrial water EWH variation and its load effect grids on Height anomaly (geoid, mm), ground gravity (pGal), gravity disturbance
(MGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south and to the west, mas), horizontal displacement (mm),

Greengeoid***.dat: Height anomaly / Geoid variation (mm) I 12015011612, txt B |

Laplace operator weight p| 1.0000

Greenterrgrav***.dat: Ground gravity variation (pGal) | Ellipsoidal height: 4

Select type of the
adjustable variations
Contribution rate k of the

adjustable variations

height anomaly variation (mm)

1.00

1 114

T T T T T T T I T T uyr
B & @ .
241 e ® sl

B i ™ ™
i = i = @ L
"'IF."_ = 5
& 5 ga = 8 :
M = e ]
: EE@ o @
2 i
& DORS ar Mes |
2 | - (| ] (| L1 | L1 I 1 5
118 11w 14 121° 1z

= . . : - 2 0 1.7766 3.2313  -8.9800 7.4500
= Greengravdist***.dat: Gravity disturbance variation (nGal) 3 1 0.0470  1.5335 -4.1846  4.4676
- Greengrndtilt***.dat: Ground tilt variation vector (SW, mas) : 2 70.0250 - 1.2653  -4.1085  4.2485
5 3 -0.0276 1.1473  -4.2036 4.1187
- ' - . 4 -0.0236 1.0787  -4.2537 4.0383
M .| Set the result folder & Import setting paral CORS 121.3725 28.1708  1.00 4 2.3100 0.0611 ~0.0322
: CORS 121.2459  28.3706 1.00 4 1.2300 0.1266 0.0791
o C:/ETidelLoad4.5 winéden/examples/LoadestimateGreen/CORSrst\Greenhorz 9 CORS 121.1122  28.5421 1.00 4 -1.3400 -0.2021 -0.0768
] - . . | 10 CORS 121.0901  27.5005 1.00 4 ~4.5000 ~0.0760 0.0174
C:/ETidelLoad4.5 winé64en/examples/LoadestimateGreen/CORSrst\Greenelli |/ CoRS  121.0033 28 1351 100 4 5> 0800 0 tsa1 0 0390
- C:/ETideload4.5 winéden/examples/LoadestimateGreen/CORSrst\Greenorth 12 CORS 120.4708  28.5056  1.00 4 0.6900 0.7964 0.5206
i C:/ETideload4.5 winé4en/examples/LoadestimateGreen/CORSrst\Greengrad '’ CORS  120.4557  28.5258  1.00 4 -0.0100 0.4642 0.3275
) - ) 14 CORS 120.4330  28.2659 1.00 4 0.1800 ~1.27717 -1.0993
C:/ETideload4.5 winéd4en/examples/LoadestimateGreen/CORSrst\Greenhorz is CORS 120.4128  28.0002 1.00 4 5.0600 1.0729 0.5665
= 16 CORS 120.3856  27.4700 1.00 4 3.5100 0.9558 0.2376
17 CORS 120.373%  27.2529 1.00 4 1.6900 1.3661 1.0752
18 CORS 120.2754  27.1035 1.00 4 ~1.3800 -0.8403 -0.5624
The monitoring epoch time 2015011612 ~_| Extract the effects to be plot = Plot|
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Spatial distribution of geodetic sites

Land water EWH variations (cm) Ground gravity variations (pGal)

Orthometric height variations (mm)

@ Acceptable Geodetic Variation Types: (1) Height Anomaly Variation (mm) - Derived from GNSS-leveling networks; (2) Gravity Disturbance Variation (uGal) - Derived from GNSS-gravity networks or CORS-gravity tide stations; (3)
Ground Gravity Variation (uGal) - Derived from absolute or relative gravity monitoring networks; (4) Ellipsoidal Height Variation (mm) - Derived from CORS or GNSS monitoring networks; or (5) Normal/Orthometric Height Variation
(mm) - Derived from precision leveling networks.

@ The optimization principles aim to produce spatially continuous and differentiable EWH variation fields while minimizing the standard deviation and driving the statistical mean toward zero for residual observation variations.




« Load Deformation Field Recovery from Heterogeneous Variations via Green's Integral Constraint — ] X

Load Deformation Field Estimation from Heterogeneous Variations via Green's Integral Constraint

'__j. Open the geodetic variation record time series file .. Load Deformation Field Estimation from Heterogeneous ... Approximation of EWH variation and Load Effect
_ i " Variations via Green's Integral Constraint ™ Grid Time Series via Green’s integral constraint
Column ordinal number of the first 5 =
epoch time in header Solution of normal equation LU triangular decomposition v 4.r Save program process as
Column ordinal number of the first 7 = - —— _ — : . E—
variation in record i >> [Functlon_] Utlll_Zlng_grounc_i-based geodetic yarlatlon_s observed py heterogeneou; networks (e.g.', GNSS_Ievellng he_lght anomaly, g_rawty dlsturba_nce, _ ~
The column ordinal number of the — gro.und gravity, eII_lpsmdaI he|g.ht, or normal helght). as |npu_t constraints, anq employl_ng Load Green's Ifunchon Integration as a dynamic operaFor, this function
variation type in record 6 = estimates the regional terrestrial water EWH variation and its load effect grids on Height anomaly (geoid, mm), ground gravity (pGal), gravity disturbance
: (MGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south and to the west, mas), horizontal displacement (mm),
The column ordinal number of the - o . . : : i : :
: : S v ellipsoidal height (mm), normal height (mm), gravity gradient (mE), and horizontal gravity gradient (NW, mE).
weights in record - — - — . - .
) >> Open the geodetic variation record time series file C:/ETideLoad4.5_win64en/examples/LoadestimateGreen/heterobstm.txt.
The column ordinal number of the = T . gy v . .
current variations in record 7 = Look at the file information in the window below and set the file parameters of the record time series...
_ — — >> Open the computation surface height grid file C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/dtm3m.dat.
Mean distance between geodetic sites | 15.0 km ~| |[>> Create or select the result folder C:/ETideLoad4.5_win64en/examples/LoadestimateGreen/Htrgrst.

** The program generates the estimated terrestrial EWH variation grid files ewh™**.dat, corresponding load effect grid files, and residual analysis files
rnt***.txt. Here, *** is the sampling epoch time which is also saved as the last column attribute of the load effect grid file header.
Set algorithm parameters ** All-Element Load Effect Grids:
Load Green's integral radius| 150km Greengeoid***.dat: Height anomaly / Geoid variation (mm)
. Greenterrgrav***.dat: Ground gravity variation (pGal)
LR 1.0000 Greengravdist***.dat: Gravity disturbance variation (uGal)
Greengrndtilt***.dat: Ground tilt variation vector (SW, mas)

'__.,_1'; Open the computation surface height grid file

Edge effect suppression parameter n|2

A P A e[[[A]®] 4P

Cumulative approach times| 3 E Set the result folder :; Import setting parameters

Select type of the C:/ETideload4.5 winéden/examples/LoadestimateGreen/Htrgrst\Greenhorzdisp2015011612.
adjustable variations C:/ETideLoad4.5 winéden/examples/LoadestimateGreen/Htrgrst\Greenelliphgt2015011612.
Contribution rate kK of the = C:/ETideload4.5 winéd4en/examples/LoadestimateGreen/Htrgrst\Greenorthohgt2015011612.
C
C

<

height anomaly variation (mm)

adjustable variations 1.00 = :/ETidelLoad4.5 win6d4en/examples/LoadestimateGreen/Htrgrst\Greengradient2015011612.
:/ETidelLoad4.5 winé6d4en/examples/LoadestimateGreen/Htrgrst\Greenhorzgrad2015011612.

The monitoring epoch time 2015011612
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@ Acceptable Geodetic Variation Types: (1) Height Anomaly Variation (mm) - Derived from GNSS-leveling networks; (2) Gravity Disturbance Variation (uGal) - Derived from GNSS-gravity networks or CORS-gravity tide stations; (3)
Ground Gravity Variation (uGal) - Derived from absolute or relative gravity monitoring networks; (4) Ellipsoidal Height Variation (mm) - Derived from CORS or GNSS monitoring networks; or (5) Normal/Orthometric Height Variation
(mm) - Derived from precision leveling networks.

@ The optimization principles aim to produce spatially continuous and differentiable EWH variation fields while minimizing the standard deviation and driving the statistical mean toward zero for residual observation variations.




& lLoad Deformation Field Recovery from Heterogeneous Variations via Green's Integral Constraint

Approximation of EWH variation and Load Effect Grid Time Series via Green'’s integral constraint

_.._i,-, Open the geodetic variation record time series file

Column ordinal number of the first
epoch time in header

Column ordinal number of the first
variation in record

The column ordinal number of the
variation type in record

The column ordinal number of the
weights in record

.. Load Deformation Field Estimation from Heterogeneous
“ Variations via Green's Integral Constraint

2

7

Solution of normal equation LU triangular decomposition v

.. Approximation of EWH variation and Load Effect
Grid Time Series via Green’s integral constraint

4.7 Save program process as

6

5

>> [Function] Utilizing time-series of heterogeneous geodetic variations as observations and Load Green's Integral as a geodynamic constraint, this module

estimates the Terrestrial EWH Variation and All-Element Load Effect Grid Time Series. This is typically used to reconstruct a regional time-varying gravity field.

>> Open the geodetic variation record time series file C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/CORSad;.txt.
** Look at the file information in the window below and set the file parameters of the record time series...

>> Qpen the computation surface height grid file C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/dtm3m.dat.

Mean distance between geodetic sites

15.0 km

_g-, Open the computation surface height grid file

Set algorithm parameters

>> Create or select the result folder C:/ETideLoad4.5_win64en/examples/LoadestimateGreen/CORSrst.
** The program generates the estimated terrestrial EWH variation grid files ewh****.dat, corresponding load effect grid files, and residual analysis files
rnt***.txt. Here, *** is the sampling epoch time which is also saved as the last column attribute of the load effect grid file header.

** All-Element Load Effect Grids:

Load Green's integral radius
Laplace operator weight p

Edge effect suppression parameter n
Cumulative approach times

150km

1.0000

2

3

A M| A P[4 >[4

Select type of the
adjustable variations

height anomaly variation (mm)

<

Greengeoid™*.dat: Height anomaly / Geoid variation (mm)
Greenterrgrav***.dat: Ground gravity variation (pGal)

Greengravdist™*.dat: Gravity disturbance variation (uGal)
Greengrndtilt***.dat: Ground tilt variation vector (SW, mas)
Greenvertdefl™*.dat: Vertical deflection variation vector (SW, mas)
Greenhorzdisp***.dat: Horizontal displacement vector (EN, mm)
Greenelliphgt***.dat: Ellipsoidal height variation (mm)

>

= Set the result folder

'::,- Import setting parameters

& Start Computation

Contribution rate K of the

1.00

adjustable variations

Qa0

:/ETidelLoad4.5 winé6d4en/examples/LoadestimateGreen/CORSrst\Greenhorzdisp2016021512.
:/ETidelLoad4.5 winé6d4en/examples/LoadestimateGreen/CORSrst\Greenelliphgt2016021512.
:/ETidelLoad4.5 winé6d4en/examples/LoadestimateGreen/CORSrst\Greenorthohgt2016021512.
:/ETidelLoad4.5 winé6den/examples/LoadestimateGreen/CORSrst\Greengradient2016021512.
:/ETideLoad4.5 win6den/examples/LoadestimateGreen/CORSrst\Greenhorzgrad2016021512.

dat
dat
dat
dat
dat

The monitoring epoch time 2016021512
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@ Acceptable Geodetic Variation Types: (1) Height Anomaly Variation (mm) - Derived from GNSS-leveling networks; (2) Gravity Disturbance Variation (pGal) - Derived from GNSS-gravity networks or CORS-gravity tide stations; (3)
Ground Gravity Variation (uGal) - Derived from absolute or relative gravity monitoring networks; (4) Ellipsoidal Height Variation (mm) - Derived from CORS or GNSS monitoring networks; or (5) Normal/Orthometric Height Variation
(mm) - Derived from precision leveling networks.

|_. The optimization principles aim to produce spatially continuous and differentiable EWH variation fields while minimizing the standard deviation and driving the statistical mean toward zero for residual observation variations.




« Load Deformation Field Recovery from Heterogeneous Variations via Green's Integral Constraint — ] X

Approximation of EWH variation and Load Effect Grid Time Series via Green'’s integral constraint

3 Open the geodetic variation record time series file .. Load Deformation Field Estimation from Heterogeneous .. Approximation of EWH variation and Load Effect
_ i ™ Variations via Green's Integral Constraint **  Grid Time Series via Green’s integral constraint
Column ordinal number of the first 5 =
epoch time in header Solution of normal equation LU triangular decomposition v 4.r Save program process as
Column ordinal number of the first = - ——— _ - — : 2 _ _
variation in record 7 i >> [Function] Utilizing time-series of heterogeneous geodetic variations as observations and Load Green's Integral as a geodynamic constraint, this module ~
The column ordinal number of the — estimates the Terres_trial EWH Variation_and AII.-EIernent Load Effect Grid '_I'ime Series. This is typicallly used to reconstruct a regional time-varying gravity field.
variation type in record 6 = >> Open the geodetic variation record time series file C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/heterobstm.txt.
- ** Look at the file information in the window below and set the file parameters of the record time series...
Lg?gﬁ?;ui??ezg:gal humber of the 5 = >> Open the computation surface height grid file C:/ETideLoad4.5_winé4en/examples/LoadestimateGreen/dtm3m.dat.
_ — R >> Create or select the result folder C:/ETideLoad4.5_win64en/examples/LoadestimateGreen/Htrgrst.
Mean distance between geodetic sites | 15.0 km % ** The program generates the estimated terrestrial EWH variation grid files ewh****.dat, corresponding load effect grid files, and residual analysis files
rt™*.txt. Here, ™ is the sampling epoch time which is also saved as the last column attribute of the load effect grid file header.

E Open the computation surface height grid file

** All-Element Load Effect Grids:
Set algorithm parameters Greengeoid***.dat: Height anomaly / Geoid variation (mm)
Load Green's integral radius 150km Greenterrgrav***.dat: Ground gravity variation (nGal)
. Greengravdist***.dat: Gravity disturbance variation (uGal)

Laplace operator weight p| 1.0000 Greengrndtilt***.dat: Ground tilt variation vector (SW, mas)
Greenvertdefl***.dat: Vertical deflection variation vector (SW, mas)
Greenhorzdisp***.dat: Horizontal displacement vector (EN, mm)
Greenelliphgt***.dat: Ellipsoidal height variation (mm)

Edge effect suppression parameter n|2

A r|| A ]| [ A >] 4

Cumulative approach times|3

Select type of the
adjustable variations
Contribution rate K of the =
. . 1.00 =
adjustable variations

<

height anomaly variation (mm) = Set the result folder = Import setting parameters

C:/ETideload4.5 winéden/examples/LoadestimateGreen/Htrgrst\Greenhorzdisp2016021512.
C:/ETideload4.5 win€éd4en/examples/LoadestimateGreen/Htrgrst\Greenelliphgt2016021512.
C:/ETideload4.5 winéden/examples/LoadestimateGreen/Htrgrst\Greenorthohgt2016021512.
C
C

:/ETidelLoad4.5 win6d4en/examples/LoadestimateGreen/Htrgrst\Greengradient2016021512
:/ETidelLoad4.5 winé6d4en/examples/LoadestimateGreen/Htrgrst\Greenhorzgrad2016021512
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@ Acceptable Geodetic Variation Types: (1) Height Anomaly Variation (mm) - Derived from GNSS-leveling networks; (2) Gravity Disturbance Variation (uGal) - Derived from GNSS-gravity networks or CORS-gravity tide stations; (3)
Ground Gravity Variation (uGal) - Derived from absolute or relative gravity monitoring networks; (4) Ellipsoidal Height Variation (mm) - Derived from CORS or GNSS monitoring networks; or (5) Normal/Orthometric Height Variation
(mm) - Derived from precision leveling networks.

@ The optimization principles aim to produce spatially continuous and differentiable EWH variation fields while minimizing the standard deviation and driving the statistical mean toward zero for residual observation variations.




& SRBF Approximation of Land Water Variations and Load Effects from Heterogeneous Variations — (I X

SRBF Approximation of Land Water Variations and Load Effects from Heterogeneous Variations

~ Load Effects from Heterogeneous Variations

~ SRBF Approximation of Land Water Variations and

'3 Open the geodetic variation record time series file

Column ordinal number of the first
epoch time in header

Column ordinal number of the first
variation in record

The column ordinal number of the
observation weights in record

The column ordinal number of the

variation type in record

The column ordinal number of the
system weights in record

The column ordinal number of the
current variations in record

sampling epoch time which is also saved as the last column attribute of the load effect grid file header.

Average Station Spacing |5.0 km

Parameters of the first SRBF appoach

Select SRBF | radial multipole kernel

<

order numberm |0

minimum degree 9

maximum degree | 900

LI IR LIRS

burial depth of

Bjerhammar sphere 1.00km

4

SRBF Center Action Distance | 120km

»

~ SRBF Approximation of EWH Variation and Load = Regional Approximation of Load Deformation Field
Effect Time Series from Heterogeneous Variations from heterogeneous variations using SRBFs
'3. Open the computation surface height grid file E Set the result folder L7 Save program process as
>> [Function] Utilizing heterogeneous ground-based observable variations — including GNSS-leveling height anomaly (mm), gravity disturbance (uGal), ground gravity (uGal), A

ellipsoidal height (mm), normal height (mm), or equivalent water height (cm) — as input constraints, and employing the SRBF approximation algorithm, this function estimates the
regional terrestrial Equivalent Water Height (EWH) variation (cm) and associated load effects on the 10 geodetic elements: Height anomaly (geoid, mm), ground gravity (uGal), gravity
disturbance (pGal), ground tilt (SW, mas), vertical deflection (SW, mas), horizontal displacement (EN, mm), geodetic height (mm), normal height (mm), gravity disturbance gradient
(mE), and horizontal gravity gradient (NW, E).
>> Open the geodetic variation record time series file C:/ETideLoad4.5_win64en/examples/LoadestimateSRBF/CORSad].txt.

** Look at the file information in the window below and set the file parameters of the record time series...
>> Open the computation surface height grid file C:/ETideLoad4.5 win64en/examples/LoadestimateSRBF/dtm3m.dat.
>> Create or select the result folder C:/ETideLoad4.5_win64en/examples/LoadestimateSRBF/CORSrst.

* The program generates the estimated terrestrial EWH variation grid files ewh™* dat, corresponding load effect grid files, and residual analysis files rt***.txt. Here, *** is the

** All-Element Load Effect Grids:

SRBFgeoid***.dat: Height anomaly / Geoid variation (mm) |
SRBFterrgrav***.dat: Ground gravity variation (uGal)
SRBFgravdist**.dat: Gravity disturbance variation (uGal)
SRBFgrndtilt***.dat: Ground tilt variation vector (SW, mas)
SRBFvertdefl*™* dat: Vertical deflection variation vector (SW, mas)
SRBFhorzdisp***.dat: Horizontal displacement vector (EN, mm)
SRBFelliphgt**.dat: Ellipsoidal height variation (mm)
SRBForthohgt***.dat: Normal height variation (mm)
SRBFgradient™*.dat: Radial gravity gradient variation (mE)
SRBFhorzgrad***.dat: Horizontal gravity gradient vector (NW, mE) i
** The program also outputs the SRBF spatial curve file *spc.rbf and spectral curve files *dgr.rbf anc , (==

o ——

Parameters of cumulative SRBF appoach

Select SRBF | Poisson wavelet kernel

<

Cumulative SRBF approach times Solution of normal equation LU triangular decomposii Az

order number m |Q

minimum degree (720

maximum degree [1800

LI IR IR

C:/ETidelLoad4.5 wintden/examples/LoadestimateSRBF/CORSrst\SRBFhorzdisp2015011612.

C:/ETidelLoad4.5 winéden/examples/LoadestimateSRBF/CORSrst\SRBFelliphgt2015011612.

C:/ETideload4.5 winéden/examples/LoadestimateSRBF/CORSrst\SRBForthohgt2015011612.aaT """ |
C

C

:/ETideload4.5 winé6den/examples/LoadestimateSREBEF/CORSrst\SRBFgradient2015011612.dat
:/ETideload4.5 winé64en/examples/LoadestimateSREBEF/CORSrst\SRBFhorzgrad2015011612.dat

burial depth of 5 00km

»

L]

Bjerhammar sphere

SRBF Center Action Distance |60km

»

Extract the effects to be plot “a Plot] | The monitoring epoch time 2015011612
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@ Acceptable Geodetic Variation Types: (1) Height Anomaly Variation (mm) - Derived from GNSS-leveling networks; (2) Gravity Disturbance Variation (uGal) - Derived from GNSS-gravity networks or CORS-gravity tide stations; (3) Ground Gravity
Variation (uGal) - Derived from absolute or relative gravity monitoring networks; (4) Ellipsoidal Height Variation (mm) - Derived from CORS or GNSS monitoring networks; (5) Normal/Orthometric Height Variation (mm) - Derived from precision leveling

networks; or (6) Equivalent Water Height (EWH) Variation (cm) - Derived from hydrological monitoring stations.

@ The optimization principles aim to produce spatially continuous and differentiable EWH variation fields while minimizing the standard deviation and driving the statistical mean toward zero for residual observation variations.




& SRBF Approximation of Land Water Variations and Load Effects from Heterogeneous Variations

SRBF Approximation of Land Water Variations and Load Effects from Heterogeneous Variations

~ SRBF Approximation of Land Water Variations and
Load Effects from Heterogeneous Variations

_._d Open the geodetic variation record time series file

Column ordinal number of the first
epoch time in header

Column ordinal number of the first
variation in record

The column ordinal number of the
observation weights in record
The column ordinal number of the
variation type in record

_.!'i. Open the computation surface height grid file

~ SRBF Approximation of EWH Variation and Load
Effect Time Series from Heterogeneous Variations

(= Set the result folder

= Regional Approximation of Load Deformation Field
gl 3_.nc c
from heterogeneous variations using SRBFs

4.1 Save program process as

The column ordinal number of th

system weights in recor

>> [Function] Utilizing heterogeneous ground-based observable variations — including GNSS-leveling height anomaly (mm), gravity disturbance (uGal), ground gravity (uGal), A
ellipsoidal height (mm), normal height (mm), or equivalent water height (cm) — as input constraints, and employing the SRBF approximation algorithm, this function estimates the

regional terrestrial Equivalent Water Height (EWH) variation (cm) and associated load effects on the 10 geodetic elements: Height anomaly (geoid, mm), ground gravity (pGal), gravity
disturbance (pGal), ground tilt (SW, mas), vertical deflection (SW, mas), horizontal displacement (EN, mm), geodetic height (mm), normal height (mm), gravity disturbance gradient

(mE), and horizontal gravity gradient (NVV, E).

>> Open the geodetic variation record time series file C:/ETideLoad4.5_win64en/examples/LoadestimateSRBF/heterobstm.txt.
** Look at the file information in the window below and set the file parameters of the record time series...

>> Open the computation surface height grid file C:/ETideLoad4.5 win64en/examples/LoadestimateSRBF/dtm3m.dat.

>> Create or select the result folder C:/ETideLoad4.5_win64en/examples/LoadestimateSRBF/htrgrst.

The column ordinal number of the
current variations in record

Average Station Spacing |5.0 km

Parameters of the first SRBF appoach

Select SRBF

radial multipole kernel

<

order number m

0

minimum degree

9

maximum degree

900

LI IR LIRS

burial depth of
Bjerhammar sphere

1.00km

4

SRBF Center Action Distance

120km

»

**The program generates the estimated terrestrial EWH variation grid files ewh™* dat, corresponding load effect grid files, and residual analysis files rt***.txt. Here, *** is the
sampling epoch time which is also saved as the last column attribute of the load effect grid file header.

** All-Element Load Effect Grids:

SRBFgeoid***.dat: Height anomaly / Geoid variation (mm)
SRBFterrgrav***.dat: Ground gravity variation (uGal)
SRBFgravdist**.dat: Gravity disturbance variation (uGal)
SRBFgrndtilt***.dat: Ground tilt variation vector (SW, mas)
SRBFvertdefl*™* dat: Vertical deflection variation vector (SW, mas)
SRBFhorzdisp***.dat: Horizontal displacement vec*

SRBFelliphgt**.dat: Ellipsoidal height variation (r

am)

SRBForthohgt***.dat: Normal height vathlon mnn-,\_/-d
SRBFgradient™*.dat: Radial gravity gra(|=nt variation (mE)

SRBFhorzgrad*.dat: Horizo ravi

Parameters of cumulative SRBF

appoach

Select SRBF

Poisson wavelet kernel

<

order number m

0

minimum degree

720

maximum degree

1800

LI IR IR

c.rbf and spectgal chgye files *dgr.rbf and-0.5[™

** The program also outputs the F spatiil curve

Cumulative SRBF approach times J1 N Solyflonof norm
C:/ETidelLoad4.5 win6den/examples/Lpe imatks trgr
C:/ETidelLoad4.5 winéden/examples/Lpg i
C:/ETideload4.5 wintden/examples/[McfesNmares rg
C:/ETidelLoad4.5 winéden/exanple testl es r
C:/ETideLoad4.5 wineden/exa s/Loefegtim&es

burial depth of

5.00km

»

L]

Bjerhammar sphere

SRBF Center Action Distance

60km
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@ Acceptable Geodetic Variation Types: (1) Height Anomaly Variation (mm) - Derived from GNSS-leveling networks; (2) Gravity Disturbance Variation (uGal) -
Variation (uGal) - Derived from absolute or relative gravity monitoring networks; (4) Ellipsoidal Height Variation (mm) - Derived from CORS or GNSS monitoring networks; (5) Normal/Orthometric Height Variation (mm) -

networks; or (6) Equivalent Water Height (EWH) Variation (cm) - Derived from hydrological monitoring stations.
@ The optimization principles aim to produce spatially continuous and differentiable EWH variation fields while minimizing the standard deviation and driving the statistical mean toward zero for residual observation variations.

Land water EWH variations (cm)

Ground gravity variations (uGal)

Derived from GNSS-gravity networks or CORS-gravity

Orthometric height variations (mm)

tide stations; (3) Ground Gravity
Derived from precision leveling




& SRBF Approximation of Land Water Variations and Load Effects from Heterogeneous Variations — [l X

SRBF Approximation of EWH Variation and Load Effect Time Series from Heterogeneous Variations

SRBF Approximation of Land Water Variations and SRBF Approximation of EWH Variation and Load = Regional Approximation of Load Deformation Field
Load Effects from Heterogeneous Variations Effect Time Series from Heterogeneous Variations from heterogeneous variations using SRBFs
E Open the geodetic variation record time series file 3 Open the computation surface height grid file tﬂ Set the result folder 4.1 Save program process as
Column ordinal number of the first ‘2 - ‘ >> [Function] Utilizing time-series of heterogeneous ground-based observable variations, this function computes the time series of grids for terrestrial EWH variation (cm) and A
epoch time in header ~ | associated load effects on the 10 geodetic elements: Height anomaly (geoid, mm), ground gravity (uGal), gravity disturbance (uGal), ground tilt (SW, mas), vertical deflection (SW,

Column ordinal number of the first - ‘ mas), horizontal displacement (EN, mm), geodetic height (mm), normal height (mm), gravity disturbance gradient (mE), and horizontal gravity gradient (NW, E) using SRBF load
variation in record deformation field approximation algorithm.
The column ordinal number of the

‘ 5 = ‘ >> Open the geodetic variation record time series file C:/ETideLoad4.5_win64en/examples/LoadestimateSRBF/CORSad].txt.
observation weights in record ae ** Look at the file information in the window below and set the file parameters of the record time series...
The column ordinal number of the = ‘ >> Qpen the computation surface height grid file C:/ETideLoad4.5 win64en/examples/LoadestimateSRBF/dtm3m.dat.
variation type in record ~ I>> Create or select the result folder C:/ETideLoad4.5_win64en/examples/Loadestimate SRBF/CORSrst.
The column ordinal number of the 7 = ‘ ** The program generates the estimated terrestrial EWH variation grid files ewh**** dat, corresponding load effect grid files, and residual analysis files rt***.txt. Here, *** is the
system weights in record | llsampling epoch time which is also saved as the last column attribute of the load effect grid file header.
Average Station Spacing |5.0 km - ‘ ** All-Element Load Effect Grids: |

SRBFgeoid***.dat: Height anomaly / Geoid variation (mm)
SRBFterrgrav**.dat: Ground gravity variation (uGal)
SRBFgravdist***.dat: Gravity disturbance variation (uGal)
SRBFgrndtilt***.dat: Ground tilt variation vector (SW, mas)
SRBFvertdefl*™*.dat: Vertical deflection variation vector (SW, mas)
SRBFhorzdisp**.dat: Horizontal displacement vector (EN, mm)
SRBFelliphgt***.dat: Ellipsoidal height variation (mm)

Parameters of the first SRBF appoach
SRBForthohgt*™*.dat: Normal height variation (mm)
i

Select SRBF | radial multipole kernel
order number m |0

<

minimum degree 9

LI IR I IS

maximum degree | 900
burial depth of

»

Bjerhammar sphere 1.00km = SRBFgradient***.dat: Radial gravity gradient variation (mE)
SRBF Center Action Distance | 120km B SRBFhorzgrad***_dat: Horizontal gravity gradient vector (NW, mE)
Parameters of cumulative SRBF appoach Cumulative SRBF approach times Solution of normal equation LU triangular decomposi
Select SRBF | Poisson wavelet kernel - |
— C:/ETideload4.5 winéden/examples/LoadestimateSRBF/CORSrst\SRBFgravdist2016021512.
order number m |0 - C:/ETidelLoad4.5 winéden/examples/LoadestimateSRBE/CORSrst\SRBFgrndtilt2016021512. lim e 7 —
minimum degree |720 = C:/ETidelLoad4.5 wintden/examples/LoadestimateSRBF/CORSrst\SRBFvertdefl2016021512 . "ugc---- 2 e
i — C:/ETidelLoad4.5 wintden/examples/LoadestimateSRBF/CORSrst\SRBFhorzdisp2016021512.dat
maximum degree | 1800 hd C:/ETidelLoad4.5 winéden/examples/LoadestimateSRBF/CORSrst\SRBFelliphgt2016021512.dat
burial depth of 5 00k = C:/ETidelLoad4.5 winé6d4en/examples/LoadestimateSRBF/CORSrst\SRBForthohgt2016021512.dat
Bjerhammar sphere ™= m d C:/ETidelLoad4.5 winéd4en/examples/LoadestimateSRBF/CORSrst\SRBFgradient2016021512.dat -
SRBF Center Action Distance |60km = — :
Extract the effects to be plot “a Plot] The monitoring epoch time 2016021512
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Spatial distribution of geodetic sites Land water EWH variations (cm) Ground gravity variations (pGal) Orthometric height variations (mm)

@ Acceptable Geodetic Variation Types: (1) Height Anomaly Variation (mm) - Derived from GNSS-leveling networks; (2) Gravity Disturbance Variation (uGal) - Derived from GNSS-gravity networks or CORS-gravity tide stations; (3) Ground Gravity
Variation (pGal) - Derived from absolute or relative gravity monitoring networks; (4) Ellipsoidal Height Variation (mm) - Derived from CORS or GNSS monitoring networks; (5) Normal/Orthometric Height Variation (mm) - Derived from precision leveling

networks; or (6) Equivalent Water Height (EWH) Variation (cm) - Derived from hydrological monitoring stations.

@) The optlmlzatlon principles aim to produce spatially continuous and dlfferentlable EWH varlatlon flelds while minimizing the standard deviation and drl\nng the statistical mean toward zero for residual observation variations.




& SRBF Approximation of Land Water Variations and Load Effects from Heterogeneous Variations

SRBF Approximation of EWH Variation and Load Effect Time Series from Heterogeneous Variations

SRBF Approximation of Land Water Variations and
Load Effects from Heterogeneous Variations

SRBF Approximation of EWH Variation and Load
Effect Time Series from Heterogeneous Variations

= Regional Approximation of Load Deformation Field
from heterogeneous variations using SRBFs

‘.1 Open the geodetic variation record time series file ‘.1 Open the computation surface height grid file = Set the result folder 4.1 Save program process as

Column ordinal number of the first - ‘ >> [Function] Utilizing time-series of heterogeneous ground-based observable variations, this function computes the time series of grids for terrestrial EWH variation (cm) and A
epoch time in header = | associated load effects on the 10 geodetic elements: Height anomaly (geoid, mm), ground gravity (uGal), gravity disturbance (uGal), ground tilt (SW, mas), vertical deflection (SW,
Column ordinal number of the first - ‘ mas), horizontal displacement (EN, mm), geodetic height (mm), normal height (mm), gravity disturbance gradient (mE), and horizontal gravity gradient (NW, E) using SRBF load
variation in record ~ | | deformation field approximation algorithm.

The column ordinal number of the = ‘ >> Open the geodetic variation record time series file C:/ETideLoad4.5 win64en/examples/LoadestimateSRBF/heterobstm.txt.

observation weights in record - ** Look at the file information in the window below and set the file parameters of the record time feriee oo
The column ordinal number of the - ‘ >> Open the computation surface height grid file C:/ETideLoad4.5 winf4en/examples/Loadestimé Oy T i o~V OOOS SOV SO

variation type in record >> Create or select the result folder C:/ETideLoad4.5_win64en/examples/LoadestimateSRBF/htrg [
** The program generates the estimated terrestrial EWH variation grid files ewh****.dat, correspo

The column ordinal number of the 7 = ‘
system weights in record he

Average Station Spacing |5.0 km -
Parameters of the first SRBF appoach

Select SRBF | radial multipole kernel

order number m |Q

<

minimum degree |9

CINE I RN S

maximum degree (900

burial depth of
Bjerhammar sphere

»

1.00km

1

»

SRBF Center Action Distance | 120km -

sampling epoch time which is also saved as the last column attribute of the load effect grid file he

** All-Element Load Effect Grids:
SRBFgeoid*** dat: Height anomaly / Geoid variation (mm)
SRBFterrgrav***.dat: Ground gravity variation (pGal)
SRBFgravdist*™*.dat: Gravity disturbance variation (uGal)
SRBFgrndtilt***.dat: Ground tilt variation vector (SW, mas)
SRBFvertdefl***.dat: Vertical deflection variation vector (SW, mas)
SRBFhorzdisp***.dat: Horizontal displacement vector (EN, mm)
SRBFelliphgt**.dat: Ellipsoidal height variation (mm)
SRBForthohgt*™*.dat: Normal height variation (mm) | S

SRBFgradient**.dat: Radial gravity gradient variation (mE)
SRBFhorzgrad**.dat: Horizontal gravity gradient vectos

Parameters of cumulative SRBF appoach

Cumulative SRBF approach times Solution of no m‘;@ﬂh ’v";. .0'4
7O - -

g 1

05

<

Select SRBF | Poisson wavelet kernel

:/ETideLoad4.

5 winé6den/examples/LoadestimateSRB]

'?;r Import setting parameters 4¥ Start Computation

C
order number m |0 v | 1C:/ETideload4.5 winéden/examples/LoadestimateSRBI
minimum degree 720 : C:/ETideload4.5 win6d4en/examples/LoadestimateSRB
i — C:/ETideload4.5 win64en/examples/LoadestimateSRB
maximum degree 1800 = C:/ETideload4.5 win64en/examples/LoadestimateSRB
burial depth of 5 00k : C:/ETideLoad4.5 winé4en/examples/LoadestimateSRB
Bjerhammar sphere . m = C:/ETideload4.5 win6d4en/examples/LoadestimateSy v
SRBF Center Action Distance | 60km - . ,
Extract the effects to be plot a Plot] The monitoring epoch time 2016021512
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@ Acceptable Geodetic Variation Types: (1) Height Anomaly Variation (mm) - Derived from GNSS-leveling networks; (2) Gravity Disturbance Variation (uGal) -

Derived from GNSS-gravity networks or CORS-gravity tide stations; (3) Ground Gravity

Variation (uGal) - Derived from absolute or relative gravity monitoring networks; (4) Ellipsoidal Height Variation (mm) - Derived from CORS or GNSS monitoring networks; (5) Normal/Orthometric Height Variation (mm) - Derived from precision leveling
networks; or (6) Equivalent Water Height (EWH) Variation (cm) - Derived from hydrological monitoring stations.

@ The optimization principles aim to produce spatially continuous and differentiable EWH variation fields while minimizing the standard deviation and driving the statistical mean toward zero for residual observation variations. I




.1 Geodynamic Calculation on Geodetic Field Grid Time Series

Time Difference Operation on Variation (Vector) Grid Time Series

Time Difference Operation on Variation
(Vector) Grid Time Series

Set the wildcard of the grid file names

Ordinal number of the first wildcard in the file yfame
Number of consecutive wildcards in file nam \6

[] Vector grid time series

Horizontal Gradient Calculation
on Batch Variation Grids

>> Program Process ** Operation Prompts

. Inner Product Operation on Two Groups
of Vector Grid Time Series

%1 Save program process as

- diftmgrd.

** The vector grid time series files searched by wildcard instantiation:

C-/ETide

Set the differential time scale factor k

7 per day

C:/ETideLoad4.5_win
M C:/ETideLoad4.5_win64en/examples

™ Save the result folder

C:/ETideLoad4.5_win64en/examples/Loadfmgri
C:/ETideLoad4.5_win64en/examples/Loadfmgridimdyncalc/tm

C:/ETideLoad4.5_win6b4en/examples/Loadfmgridtmdyn
C:/ETideLoad4.5_wint4en/examples/Loadfmgridtmdyn
C:/ETideLoad4.5_win6b4en/examples/Loadfmgridtimdyn
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyn
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyn
C:/ETideLoad4.5_win6b4en/examples/Loadfmgridtmdyn

>> Setting parameters have been imported into the progran!
** Click the control button [Start computation], or the tool
>> Computation start time: 2026-06-26 09:27:03

ideLoad4.5 win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmzl
5_winb4en/examples/Loadfmgridtmdyncalc/tmgrid/dmzl
les/Loadfmgridtmdyncalc/tmgrid/dmzl
ridtmdyncalc/tmgrid/dmzl
lc/tmgrid/dmz|

lc/tmgrid/dmz|
lc/tmgrid/dmzl
lc/tmgrid/dmz|
lc/tmgrid/dmz|
lc/tmgrid/dmaz|
lc/tmgrid/dmz|
>> There are 12 grid time series files searched by wildcard| instantiation.

201501
201502
201503
201504
201505
201506
201507
201508
201509
201510
201511

201512

txt
txt
txt
txt
txt
txt
txt
txt
txt
txt
txt
txt

putton [Start computation]....

>> Complete the computation!{There are 11 variation rate grid time series files diff***.dat.

Lk

represents the sampling epoch time of the variation rate gr|d

>> Create or select the result folder C:/ETideLoad4.5_ win64en/examples/Loadfmgridtmdyncalc/ A

file, and is also 7th atrribute of the file

|_'.
|_'.

|
el Vo B Vo B Vo S o B X R 0

|
0

.50000000
.27 -9
.12 -9
.02 -9
.08 -9
.21 -9
.99 -8
.26 -8
.14 =
.00 -5
.24 -5
.92 -4

.27
.11
.02
.10
.21
.96
.17
.08
.94
.22
. 90

-9

|
[seip Vo RRteRETs RN e

|
0

121.50000000
.29
.10
.01
.10
.23
.92
.13
.99
.88
.17
.89

27.00000000

.24
.10
.00
.11
.21
.90
.06
.89
.82
.15

.89

-9.24
.09
.01
.12
.21
.85
.99
.82
77
.13

.88

|
oD w0 w0

|
o

header. ‘ v
4.5 winb4cn > examples > Loadfmgridtmdyncalc v D O ¥ Loadfmgridtmdyncalc Fi%Z= > Loadfmgridtmdyncalc » diftmgrd
Y ¥ Sta
FER {EXTHEA
2G .0 diff2015013106.dat 2022/12/1 9:31
diff2015030118.dat 2022/12/1 9:31
.24 -9.15 ‘ @ 12/
diff2015033112.dat 2022/12/1 9:31
.08 9.03 diff2015050100.dat 2022/12/1 9:31
.02 / / ) -9.07 diff2015053112.dat 2022/12/1 9:31
.14 s i et o Lo 22 diff2015061700.dat 2022/1/26 15:53
20 L9.05 diff2015070100.dat 2022/12/1 9:31
) N " diff2015080100.dat 2022/12/1 9:31
.82 -8.37 diff2015083112.dat 2022/12/1 9:31
.91 ~= = -7.29 diff2015100100.dat 2022/12/1 931
= 1 , 12/1 6:3
.75 L 6.15 diff2015103112.dat 2022/12/1 9:31
diff2015120100.dat 2022/12/1 9:31
.71 -5.32
.10 -4 .94 -4.93
. 8 g vtmgrid 01.png 02.png 03.png | 4 ) 8 3 _4 . 82 )




.1 Geodynamic Calculation on Geodetic Field Grid Time Series — O pr4

Horizontal Gradient Calculation on Batch Variation Grids

... Time Difference Operation on Variation . . Horizontal Gradient Calculation . Inner Product Operation on Two Groups
(Vector) Grid Time Series " on Batch Variation Grids of Vector Grid Time Series
‘44 Open any of variation grid time series file >> Program Process ** Operation Prompts %.f Save program process as
Set the wildcard of the grid file names >> Create or select the result folder C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/  »

gradtm.
** The vector grid time series files searched by wildcard instantiation:
JETideLoad4.5 win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmz

The form of horizontal gradient vector ' Plane polar coordinates - C:/ETidetoada.g winb4en/examples/L oadimgridtmdyncalc/tmgrid/dmz

Ordinal number of the first wildcard in the file sfame

Number of consecutive wildcards in file nam

C:/ETideLoad4.5 win64en/examples/Loadfmgridtmeycalc/tmgrid/dmz
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmdrididm
C:/ETideLoad4.5_winb4en/examples/Loadfmgridtmdyncalc/tmgrid/dmz
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmz
C:/ETideLoad4.5_win6b4en/examples/Loadfmgridtmdyncalc/tmgrid/dmz
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmz
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmz
C:/ETideLoad4.5_winb4en/examples/Loadfmgridtmdyncalc/tmgrid/dmz

>> There are 12 grid time series files searched by wilddard instantiation.

>> Setting parameters have been imported into the program!

** Click the control button [Start computation], or the tqgol button [Start computation]....
>> Computation start time: 2026-06-26 09:30:06

>> Complete the computation! There are 12 variation hrizontal gradient vector grid time series
files grad**.dat. *** represents the sampling epoch timeg of the variation horizontal gradient vector

grid file, is also 7th atrribute of the file header. v
E::: Save the result folder 4.5 win64cn > examples > Loadfmgridtmdyncalc v b O £ Loadfmgridtmdyncalc 83 }4.5 win64cn > examples > Loadfmgridtmdyncalc > gradtm
&R B CGL:
118.50000000 121.50000000 27.00000000 29.0 grad2015011612.dat 2022/12/1 9:33
-9.27 -9.,27 -§.25 -9.24 -9.24 -0.,24 LQ grad2015021500.dat 2022/12/1 9:33
~g_12 ~9.11 ~G.10 ~9.10 ~9.009 ~9.08 I i » g | grad2015031612.dat 2022/12/1 9:33
) ) ) grad2015041512.dat 2022/12/1 9:33
-9.02 -9.02 -9.01 -9.00 -9.01 -9.02 " " . 9. grad2015051612.dat 2022/12/1 9:33
-9.08 -9.10 -9.10 -9.11 -9.12 -9.14 diftmgrd gradtm inner tmagrid -9. grad2015061512.dat 2022/12/1 9:33
-0.21 -9.21 -9.23 -9.21 -9.21 -9.20 LQ grad2015071612.dat 2022/12/1 9:33
_8.99 _8.96 _8.92 _8.90 _8.85 _8.82 =g ; . =& : '8+ grad2015081612.dat 2022/12/19:33
= e g = i grad2015091512.dat 2022/12/1 9:33
-8.26 -8.17 -8.13 —8.06 —7.99 -7.91 === 1 7. grad2015101612.dat 2022/12/1 9:33
-7.14 -7.08 -6.99 -6.809 -6.82 -6.7hb ' 6. grad2015111512.dat 2022/12/1 9:33
-6.00 -5.94 -5.88 -5.82 =-5.77 -5.71 5. grad2015121612.dat 2022/12/1 9:33
-5.24 -5.22 -5.17 -5.15 -5.13 -5.10 . -4, 94 -4 .43 1
vtmgrid 01jpng 02.png 03.png P L
-4.,92 -4.,90 -4.,869 -4.,89 -4.88 -4.88 03 T2 v




.1 Geodynamic Calculation on Geodetic Field Grid Time Series

Inner Product Operation on Two Groups of Vector Grid Time Series

... ime Difference Operation on Variation
(Vector) Grid Time Series

_gp Open any of the group 1 of vector grid time series file

Set the wildcard of the grid file names

Ordinal number of the first wildcard in the file prame |5

Number of consecutive wildcards in file nam

Horizontal Gradient Calculation
on Batch Variation Grids

>> Program Process ** Operation Prompts

_ Inner Product Operation on Two Groups
of Vector Grid Time Series

%1 Save program process as

Y

-

C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/gradtm/grac
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/gradtm/grac
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/gradtm/grac

10

-

The form of horizontal gradient vector Plane polar coordinates ~

:, Open any of the group 2 of vector grid time series file

Set the wildcard of the grid file names

Ordinal number of the first wildcard in the file p|ame |5
Number of consecutive wildcards in file nam \1{}

[ ] One stationary vector grid file

™ Save the result folder

Y

T

v

C:/ETigeteaddo_win64en/examples/Loadfmgridtmdyncalc/gradtm/grac
C:/ETideLoad4.5 win64en/examples/toadfmgridimdyncalc/gradtm/grac

20150215001 dat
2015031612dat
2015041512 dat
2015051612dat
2015061512dat

C:/ETideLoad4.5_win64en/examples/Loadfmgridimdyncalc/gradtm/graq2015071612{dat

C:/ETideLoad4.5_win6b4en/examples/Loadfmgridtmdyncalc/gradtm/grac
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/gradtm/grac
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/gradtm/grac
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/gradtm/grac
C:/ETideLoad4. 5 _win64en/examples/Loadfmgridtmdyncalc/gradtm/grac

>> There aré

2015081612dat
2015091512} dat
2015101612 dat
2015111512]dat
2015121612|dat

eries files searched by wildcard instantiation.
** The vector grid time series files S
C:/ETideLoad4.5_win64en/examples/Loadfmgridimdynca
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/vtmgrid/cxpcbhl201509151 2] txt
>> There are 2 vector grid time series files searched by wildcard instantiation.
>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2026-06-26 09:37:49

ildcard instantiation:

hi2015041512 txt

>> Complete the computation! There are 2 vector inner product grid time series files innerp™.dat.
** represents the sampling epoch time of the vector inner product grid file, is also 7th atrribute of

the file header.

118.500000

.9881E+01
.0200E+01
.9262E+01
. 7087E+00
.2636E+00
. 1935E+01
.1160E+00
.2336E+01
.2615E+01
L.4452E+01

121.500000

.5869E+01
.5320E+01
.2855E+00
.0968E+01
.3444E+01
.5131E+00
.0679E+01
.0459E+01
.4651E+01
.4911E+01

27.000000
.9432E+01
.2817E+00 |
.8523E+01 |
.8365E+00

.5051E+00
.8074E+01
. 4254E+00
.2765E+01
.2905E+01
.4382E+01

diftmgrd

vtmgrid

4.5 winb4cn > examples » Loadfmgridtmdyncalc

v D

O 7£ Loadfmgridtmdyncalc $hi83

inner

01.png

tmgrid

¢ Start computation
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grid in the computation area
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Jhgiht anomaly (mm) ground gravity (uGal) groundtilt (mas)

The 1'x1' land water load deformation field residual value grid using load SRBF approximation
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The 1'x1’ land water variation load deformation field grid refined using SRBFs in the result area
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% Load Deformation Field Approximation and Monitoring from Heterogene-ous Variations

Load Deformation Field Approximation and
Monitoring from Heterogeneous Variations

® Non-tidal load variations originating from the atmosphere, ocean bottom
pressure, soil moisture, groundwater, lakes, and glaciers induce temporal
variations in the Earth's geopotential. These variations excite solid Earth
deformation, resulting in time-variable signals observable across all geodetic

. i . elements. Spherical Harmonic Analysis of
Spherical Harmonic Analysis on . .
Global Surface Load Time Series Tidal Harmonic Constants and
Functional architecture of the subsystem Construction of Tidal Load Model
O w
- ”\\\u ) ‘k .
i, | . e
v |
~ f h, G{y)dS
v o
" :_: S
-
| |
Computation of Load Model Values Computation of Load Deformation Field Regional Refinement of Load Deform- Regional Approximation of Load
via Spherical Harmonic Synthesis via Spherical Harmonic Synthesis ation Field via Green's Integration Deformation Field Using SRBFs

~ Appoximation Processes of High-
Resolution Regional Load Deform-
ation Field Time Series using SRBFs

ik

~ Collaborative Monitoring Process
of Groundwater Variations and
Load Deformation Field with SRBFs

Load Deformation Field Recovery SRBF Approximation of Terrestrial
from Heterogeneous Variations Water Variations and Load Effects
via Green's Integral Constraint from Heterogeneous Variations Deformation Field with SRBFs

Appoximation Processes for Surface

Geodynamic Calculation on Loads and All-element Load

Geodetic Field Grid Time Series




