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Load deformationfiéld approach and
monitoring from heterogeneous variations

© Analytically compatible geodetic and geodynamic algorithm package using
the numerical standards unified and geophysical models coordinated

© Compute and approach the global and regional non-tidal surface load
effects on all-element geodetic variations

© Constrain and assimilate the deep fusion of multi-source heterogeneous
geodetic data according to the principles of geodesy and geodynamics

© Realize the collaborative monitoring of the land water variations and time-
varying gravity field from heterogeneous geodetic techniques

Chuanyin Zhang, zhangchy@casm.ac.cn



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

Spherical harmonic analysis on
global surface load time series

Computation of the load model value
by spherical harmonic synthesis

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

Load deformation field approach and
monitoring from heterogeneous variations

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

=- Functional architecture of the subsystem
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Computation of load deformation field Regional refinement of load
by spherical harmonic synthesis deformation field by Green's Integral

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

Geodynamic calculation on geodetic
field grid time series

Spherical analysis on tide constants
and construction of tidal load model

Regional approach of load
deformation field using SRBFs

. Complete computation processes
-ﬁ’_ of high-resolution regional load
deformation field time series

- Collaborative monitoring process
of groundwater variations
and load deformation field

Surface load and load deformation field
monitoring computation processes




Construction of global surface Construction tidal harmonic

data grid in spherical coordinates contant grid in spherical
coordinates

Spherical harmonic analysis on

glo!)a_l surface atmosphere Spherical harmonic analy- % Spherical analysis on tidal Spherical harmonic analysis
yanauons sis on global surface load harmonic constants and con- (— on surface atmosphere tidal
Spherical harmonic analysis on time series struction of tidal load model harmonic constants
global land water variations : : :
Spherical harmonic analysis
Spherical harmonic analysis on on ocean tidal constituent
global sea level variations harmonic constants
Computation of model Computation of various
value of surface load equi- load effects using spherical
valent water height hamonic synthesis

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

Com ion of |
Ompuision of ‘pad Computation of various

deformation  field | |, . s of Earth sateliite

using spherical har-\ - o, o, gige solid Earth
monic synthesis

Computation of model
values of tidal constituent
harmonic constants

Computation of model
value time series of load BS
equivalent water height i AN RS N

-
= A
BN

Computation of load effect
time series using spherical
harmmonic synthesis

Computation of regional ‘

residual surface load N

: Load deformation field
effects by Green's Integral

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

Computation of lakes, Regional refinement of
glaciers and snow load—) load deformation field
effects by Green's Integral by Green's Integral
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Computation of regional
load effect time series by
Green's Integral

Approach of residual load

and synthesis of residual

load effects using SRBFs Regional approach
of load deformation

Computation of residual field using SRBFs

surface load and load effect

time series using SRBFs

Time difference operation on
variation (vector) grid time series

#.%\ Geodynamic calculation
a3y, |on geodetic field grid
; time series

Horizontal gradient calculation on
batch variation grids

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

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

ous variations using spherical regional load deformation field time series

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

variation time series using SRBFs

Heterogeneous collaborative monitoring process of
groundwater variations and load deformation field




‘S Spherical harmonic analysis on global surface load time series ;g/ .
- -
Construction of global surface data grid in spherical coordinates o Woonttoio Gongtiion.
I I I I ETideLoad4.5
4 Construction of global surface data a Spherical harmonic analysis on global — Spherical harmonic analysis on Spherical harmonic cmm‘i%;,_mg&,mng
“* grid in spherical coordinates surface atmosphere variations “*= global land water variations global sea level variator e

- ﬂ_'.' . " " .
“:I Save program process as = Surface load spherical harmonic analysis and load effect synthesis

Set the wildcards of the file names >> [Purpose] From the global grid model of the surface loads such as land/sea surface atmosphere, land water and

Ordinal number of first wildcard in the file namé¢ 1 - sea level variation, construct a normalized surface load spherical harmonic coefficient model by spherical harmonic
9 j\A analysis. Using the model, the non-tidal load effects on various geodetic variations outside the solid Earth can be
computed by the spherical harmonic synthesis.

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

Number of consecutive wildcards in file name

The discrete point file format

_ _ >> [F ion] From the global land/sea surface discrete point value data, according to the simple average method
Number of rows of the file header 1 - and given spatialresolution, construct the spherical coordinate grid model. When there is no valid discrete point
Column ordinal number of target ath\ibute in record 4 + | datain the cell-grid a the value at the cell-grid is set to zero.
_ ] ﬂ - >> Open any global surfacedhiscrete point data file C:/ETideLoad4.5_win64en/examples/Loadspharmonanalys/
Target grid resolktlon 300’ ~ | | gridate/landwater.txt.

** The window below only shows no more 3000 rows of data in the file!
>> Create or select the result file folder C:/ETideL .9_Wwinb4en/examples/Loadspharmonanalys/gridate.
** The discrete point value files searched by wildcard in jation:
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/gr andwatef.txt
C:/ETideLoad4.5_win64en/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: 2024-10-19 22:44:37

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

E:,' Set the results folder 3 Import setting parameters @ Start computation

(| 0.00000000 360.00000000 -90.00000000 _90.00000000 0.250000 0.250000 2018011512 |

1 0.1250000 -89.8750000 0.000 I
2 0.3750000 -89.8750000 0.000

3 0.6250000 -89.6750000 0.000 Local Disk (C:) » ETideload4.5 winb4en » examples » Loadspharmonanalys > gridrst

4 0.8750000 -89.8750000 0.000 -

5 1.1250000 -89.8750000 0.000 ) s

6 1.3750000 -89.8750000 0.000 =L} (ALY -3t KN

7 1.6250000 -89.8750000 0.000

q 1.8750000 -89.8750000 0.000 sphlandwater.dat 2022/12/26 12:54 DAT 344 2,557 KB
7 2.1250000 -89.8750000 0.000 sphsealvichg.dat 2022/12/26 12:55 DAT 3044 2,557 KB
10 2.3750000 -89.8750000 0.000

11 2.6250000 -89.8750000 0.000

12 2.8750000 -89.8750000 0.000

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



& Spherical harmonic analysis on global surface load time series

Spherical harmonic analysis on global surface atmosphere variations

4+ Construction of global surface data
# grid in spherical coordinates

Spherical harmonic analysis on global .
surface atmosphere variations

&

_g Open any surface atmosphere spherical coordinate grid file 4.} Save program process as

- Spherical harmonic analysis on
" global land water variations

&

-
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et P

Spherical harmonic cmm".;‘ﬁf;)u’:mgm,,.,-ng

global sea level variauor = o

% Surface load spherical harmonic analysis and load effect synthesis

Set the wildcards of the file names C:/ETideLoad4.5_win64en/examples/Loadspharmonanalys/atmos60m/grdchgR020112512| dat

Ordinal number of first wildcard in the file namé 7 = C: fETldeLoad4 5 wm64enfexampIestoadspharmonanaIysfatmosGOmfgrdchg2020120212.dat

_ _ o = - atmos60m/grdchg?020120912.dat

Number of consecutive wildcards in file name \ 10 - C:/ETideLoad4.5_ _win64en/examples/Loadspharmonanalys/atmos60m/grdchgp020121612.dat

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

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

. o = >> Setting parameters have been imported into the program! :
Residual standard deviation threshold (a) 1.0 %o e ** Click the control button [Start computation], or the tool button [Start computation]....
Termination condition of residual decrease (b) 1.0 % = >> Computation start time: 2024-10-19 22:47:06

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

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

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

>> Complete the spherical harmonic analysis for 157 surface atmosphere variation grig
** The program outputs the surface atmosphere load spherical harmonic coefficient }5
iteration process statistics files|pro***.ini and residual atmosphere grid files mt***.dat. §

the geocentric gravitational constant GM \
) of the Earth, zero-degree term aACw (hPa) and relative error © (%). Where © is théi.

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

%! Set the results folder

3 Import setting parameters

@ Start computation

1.061

-|_-||

' 2018010312¢s. dat
0.000000 360.000000 -90.000000  90.000000 [1.00000000 2018010312.00'3“”’;‘”55 o B _ | —
7.0242 7.0360 7.0490 7.0621 7.0751 7.1017 1 L 3.280004418 ©378137.00 —0.17el |
[ aispress20180103126s. dat £ [ pro2018010312. ini (3 521 7.2770 7.3093 S GM(x 10™m 3/s2) a(mﬁ;ero degregterrm mPaIMbaE)'rEIative'eTIOQ%\;
1 0 0.7495 6.4294 -26.2276 24.8602 166 7.6052 7.6643 j
3 2 0.0000 0.2271 ~3.2268 2.2565 81 =t _ 2—1odh 5 2 1 |1.7411917335316819E-09
3 0.0000 0.1235 -2.1964 1.7883 60 180-degree spherical harmonic 6 2 2 +9.7232154858684680E-10
5 4 0.0000 0.0982 -1.528¢6 1.3247 L .. N 7 708626F—009
6 5 0.0000 0.0869 _1.3249 1.1328 25 coefficient model D ! the scale parameter _ :
| ¢ vum gme e il ojae wwwo o e RN TS ormoemanse
7 0.0000 0.0765 -1.2514 1.1263 S —L. -
- 8 8. i : i _
g 0.0000 0.0738 -1.2512 1.1252 06 -3015 §.3025 - 3034 11U 3 3 1.0241012445219900E-09
B 0-0000 0:0720  -1.2512 L1244 31 8.3024 6.3030 8.3041 11 4 0 1.7710699105592897E-09
11 : : -1. . 113 8.3489 5.3565 8.3635 _ 1 15E—
12 11 0.0000 0.0696 —1.2517 1.1234 o _f 4 1 T'464f5748011_6286l5E 10
number of iterations, mean °SD, mlmﬁnum, maxrm’un e —] 4 3 1.4524769188989309E-09
, | 15 4 4 5.7974053889694342E-10

0.0000000000000000E+OO
6.3115303687721207E-10
71.9180695456711246E-10
0.0000000000000000E+00
71.9652739354309352E-10
-1.3123244146487042E-09
-1.3600733390246473E-10
0.0000000000000000E+00
-3.5148375300150040E-10
9.4854855513647826E-10
71.6354360426909201E-10
8.4635300136399749E-11

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

surface load grid corresponds to n=720.




& Spherical harmonic analysis on global surface load time series

Spherical harmonic analysis on global land water variations

4+ Construction of global surface data a Spherical harmonic analysis on global ~— opherical harmonic analysis on

# grid in spherical coordinates surface atmosphere variations

i . .
global land water variations

‘U Open any land water spherical coordinate grid file 4.} Save program process as

Set the wildcards of the file names

Ordinal number of first wildcard in the file namg 7

4

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

ETideLoad4.5

—

Spherical harmMonie_ARBIKSiS6iFim ey s mewns
3 October 2024, Beijing, China
global sea level variauic

‘= Surface load spherical harmonic analysis and load effect synthesis

C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/landw60m/grdchgl020081912|dat
a C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/landw60m/grdchgl020082612|dat
C+HEHdeloadd. 5 winbden/examples/| oadspharmonanalys/landw60m/grdchgi020090212| dat

3

Number of consecutive wildcards in file name \ 10
N

1

Set termination condition of the iteration

C:/ETideLoad4.5_win64en/examples/Loadspharmonanalys/landw60m/grdchg020090912|dat
C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/landw60m/grdchg020091612|dat

C:/ETideLoad4.5 win64en/examples/Loadspharmonanalys/landw60m/grdchgp020092312|dat

4

Residual standard deviation threshold (a) 1.0 %o =

3

Termination condition of residual decrease (b) 1.0 % = >> Computation start time: 2024-10-19 23:12:37
>> Complete the spherical harmonic analysis for 143 land water variation grids! \

= : _ _ e ** The program outputs the land water load spherical harmonic coefficient mode! ~ration
(= Open the land-sea terrain spherical coordinate grid file process statistics files[pro™*.iniland residual land water variation grid files mt* .~ , Jiven

wildcards.

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

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

** The file header of the|Indwater***cs.dat| the geocentric gravitational cons
a(m) of the Earth, zero-degree term aACow (cm) and relative error © (%). Whe
deviation of the last step iteration as a percentage of the standard deviation of th 3 A N .
are also known as the scale parameter of the spherical harmonic coefficient model - = Tiarmonic

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

us

E:,' Set the results folder 3 Import setting parameters @ Start computation
=l Indvater2018010312cs. dat E3 2.500000000E-01 2.500000000E-01 B 1hdate2018010312¢= dat ki [H pro2018010312. ini 3
f_ [ _3.986004418 6378137.00] 0.3233 6.980 DOo00 2774.0000 2774.0000 2774.0000 2774 1 0 1.3801 3.9806 ~18.6738 16.7511
2 1 y 03|524l61495;§46517116E 10 0.0000000000000000E+00 |50 2774.0000 2774.0000 2774.0000 5774 2 1 0.1031 0.9422 _t. 7645 7.8790
3 GM ><10 S afm ro-d éErterm em), refativeerro(%) - 3 2 0.0417 0.4895 -4.7948 6.8285
4 3 /u.);wgguwwfyjm 10 (.oo)ouooooooooougﬁwu poo0  2774.0000  2774.0000  2774.0000 2774 3 0.0260 0.3601 _4.3988 6.3837
5 2 1 4.5844404050751017E-11 2.0240200564244726FE-11 D000 2774.0000 2774.0000 2774.0000 2774 5 4 0.0209 0.3156 -4.4585 6.2287
2 2 18.1098570416071924E-11 1.5085062944512367E-10 D000 2794 .0000 2704 .0000 2704 .0000 2794 6 5 0.0188 0.2980 -4.5210 5.9999
7 7737971E-10 0.0000000000000000E4+00 7 6 0.017e6 0.2900 -4.5657 5.7698
. the Sca|e parameter 3162932E-10 5 2122230227494451E-10 D000 2794 .0000 2794 . 0000 2794 .0000 2794 9 7 0.0169 0.2857 _4.5930 5.5886
3 5 2.5003285450561679E-11 2.5858637236562612E—10 DOO00 2794.0000 2794.,.0000 27464 ,.0000 2794 8 0.0:l6_4 0.28_32 —4.6_083 5.5846
10 3 3 1.5662015629820256E-12 3.1453510330532493e-10 P000  2794.0000  2794.0000  2794.0000 2794 'Y " e bonie e S ool
11 4 0 -2.1426804285782660E-11 0.0000000000000000E+00 POOO 2794.0000 2794.0000 2794.0000 2799 1> 11 0.0157 0.2767 46291 5 5866
12 3 é ?2321#2232313322;2?13 ggg;gﬁégéﬁgggzgg-ig D000 2794.0000 2794.0000 2794 _.0000 2794 13 12 0.0156 0.2791 _4.6229 5.5872
12 . - . - 14 13 0.0156 0.2786 -4.6233 5.5875
14 4 3 3.0098589960811890E-11 7.6495297040055588E-11 000 2794.0000 2794.0000 2794.0000 2794 number oflterai:lons méaﬁ SD mmrmufm maxiriuie?’
15 4 4 -1.7097207839997709E-10 2.1562251557914367E-10 | | 0155 7 6235 5.5877

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

surface load grid corresponds to n=720.



¥ 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

&

_ﬁ Open any sea level variation spherical coordinate grid file

Set the wildcards of the file names

Ordinal number of first wildcard in the file namg 7

Number of consecutive wildcards in file name

Set termination condition of the iteration

Residual standard deviation threshold (a)

Termination condition of residual decrease (b)

:, Open the land-sea terrain spherical coordinate grid file

4

Spherical harmonic analysis on global .
surface atmosphere variations

%:f Save program process as

- Spherical harmonic analysis on
" global land water variations

Spherical harmonic analysis on

global sea level variations

C:/ETideLoad4.5_ win64en/examples/Loadspharmonanalys/seal60m/grdchg
C:/ETideLoad4.5_win64en/examples/Loadspharmonanalys/seal60m/grdchg

3

10 :
N
1.0 %o =
1.0 %n :

C-ETideloadd 5 winBden/examples/l oadspharmonanalys/seal60m/grdchg

2020112512|dat
2020120212\ dat
2020120912\ dat

C:/ETideLoad4.5_win64en/examples/Loadspharmonanalys/seal60m/grdchg
C:/ETideLoad4.5_ win64en/examples/Loadspharmonanalys/seal60m/grdchg
C:/ETideLoad4.5_win64en/examples/Loadspharmonanalys/seal60m/grdchg

>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-19 23:36:37

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

given wildcards.

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.

2020121612|dat
2020122312 dat

2020122912 dat

** The program outputs the sea Ievel variation load spherical harmonic coefficient model files seachgr***cs.dat,
iteration process statistics files [oro***.ini and residual sea level variation grid files rnt***.dat. *** is the instance of the

‘= Surface load spherical harmonic analysis and load effect synthesis

** The file header of the [seachg***cs.dat{ the geocentric gravitational constant GM (x10'*m3/s?), equatoriaradius

|‘__‘,| sealevel2018010312¢cs. dat B4

(i Y =S T

[ I =S S I

[3.986004418

6378137.00] 0.1482

1

0 +7.1099714241030070E-10

GM(x 1014 3[52) dgm) zero-degreeterm (cm) relative erro (%)~ "

2
2

- O \J_L_Lu_/ﬁ_.' _/"_t\_)\_J':t".tUl_l FRY

0298691240132240E-10 -
4627313483801362E-10 -

U
1 l.
2 .

the scale parameter

/109673E-10
B058446E-09 -

3

W s s L

2 4.,0530961810871272E-10
-1.1197190742285947E-10 -
-8.4235286957811616E-11
-5.1282309415176720E-11
-3.4627064648576430E-10
-1.5836119076575140E-10 -
2.0672494020177201E-10

=l N = D

a(m) of the Earth, zero-degree term aACq (Cm) and relative error © (%). Where O is the residual standard
deviation of the last step iteration as a percentage of the stz Sk S '_&,g{,; 5
are also known as the scale parameter of the spherical harr %é;:} ’ (y (‘?, bz; P TERE ST =
functions are defined on the spherical surface whose radius{_,_bf%{g‘o - = \1 ~ V/{—E
>> Computation end time: 2024-10-20 00:11:21 F*’“—w‘é\ 5 s \ %
E // ‘u‘ ;-\\_.. < ~ \r]“*r g
- - N ' ,s-ﬁs SN
%! Set the results folder & Import setting parame| ", ¢ @ ‘::::‘f,—;’;?;\m . { ”‘7
{ ¢ ("'f - ‘/1’ k'-\. e - 4
2.500000000E-01 2.500000000E-01 s A P
12759 000 2774.0000 2774.0000 2774.0000 279 T % £ S Seia e T
0.0000000000000000E+00 POOO 2774.0000  2774.0000  2774.0000 27f T TR
_____________ 0000 2774.0000 2774.0000 2774.0000 27 Fe—ooux rm e e
p é;;:é;;;:;;j;;j;;jé N000 2774 .0000 2774.0000 2774.0000 27715 sealevel2018010312¢s. dat £ = pro2018010312. ini E3
. 1 0 0.2248 6.0022 —-72.5365 62.0915
1.0376661124700542F_09 P0O0OO 2794.0000  2794.0000  2794.0000 2794 | N 0 9137 3 0110 41 e393 35 1393
0.0000000000000000E+00 POOO 2794.0000 2794.0000 2794.0000 2794 5 2 0.0098 2.0946  -29.0016 34.5860
3.6443245955988522E-10 DOOO 2794.0000 2794.0000 2794.0000 2794 ¢ 3 0.0047 1.6552 -21.2292 31.1485
- - 5 4 0.0040 1.3967 -15.6018 28.7731
iégffgggggggggggggié D000  2794.0000  2794.0000  2794.0000 2794 c 0 0032 L oae8 it esoe 7 l10e
0.0000000000000000E+OO D000 2794.0000 2794.0000 2794.0000 2794 7 6 0.0028 1.1125 -16.6297 25.8610
) - 10 pPOOO 2794.0000 2794.0000 2794.0000 2794 °© 7 0.0022 1.0285  -17.1866 24.8697
2.5307177529937340E-10 9 8 0.0017 0.9659  -17.4713 24.0634
7.1811239570472555E-10 POOO 27%94.0000 2794.0000 2794.0000 27794 '_.-'. g9 0.0013 0.9180 ~17.5730 23.4037
1.4013498597540113E-10

2.3876308632158088E-10

—

L

. number of iterations, mean, SD,mlﬁlmum maximun

a./.8"f

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




AXcn(mm) Ay cn(mm) Az, (mm) Month/day/year
0702718 GLOL1S 070318 OLOLZ0 0702720
The surface atmosphere load effect time series (mm) on Earth's mass centric variations

The atmospheric load effect on the figure polar shift is the largest, and the
difference between the maximum and minimum values is more than 15m.

|

CAxgm) Aygpm LN Monthidayiyear

i L LA S S S
The surface atmosphere variation load effect time series (m) on Earth’s figure polar shift in ITRS




Axem(mm) Ay en(mMm) AZ gy,
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Mont;h/d aylyear

00218 01/01/19 70319

1 ]
01401720

07/02f20

The global land water variation load effect time series (mm) on Earth's mass centric variations

The land water load effect on the figure polar shift can reach 1.2m.

04r

{}1-2 N

04}

0.6

0.8

Axsfp(m) Aysfp(m)

Montléqlday/y afa

1 1 1 1 ] 1 ]
070218 01/01/19 07/03/19

01A1/20

0702420

The global land water variation load effect time series (m) on Earth’s figure polar shift in ITRS
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Axem(mm) Ay ep(mm) Az, (mm) Month/day/year

(702718 01/01/19 070319 01701720 0702720
The global sea level variation load effect time series (mm) on Earth's mass centric variations

The difference between the maximum and minimum values of the sea
level variation load effects on the figure polar shift is more than 4m.

: | | | | ; | Axsfp(lm) IAYSpr(n?) | | .
OTA2/18 01/0119 07/03/19 0101720
The global sea level variation load effect time series (m) on Earth’s figure polar shift in ITRS

Month/day/year

I 1 1
070220



“.¢ Spherical analysis on tidal parameters and construction of tidal load mode 7

Construction tidal harmonic constant grid in spherical coordinates s

ation Monitoring Computation

ETideLoad4.5

-

- Construction tidal harmonic constant -@ Spherical harmonic analysis on surface - Spherical harmonic analysis on ocean -~ : \ £,
o . . . . ! . . : v AlgOrithm fOI() Ll hiese cademy of surveying & mapping
grid in spherical coordinates atmosphere tidal harmonic constants tidal constituent harmonic constants October 2024, Bejing, China
_5 Open any discrete tidal constituent harmonic constant file >> Program Process ** Operation Prompts %:I Save program process as
Set the wildcard of the file names hPa or mbar, and the unit of the ocean tidal harmonic constants and the load spherical harmonic coefficients are cm.

-« >»>» Select the computation function from the 3 control buttons on the top of the interface...
>> [Function] From the surface atmosphere tidal constituent harmonic constant (in unit of hPa or mbar) spherical coordinate
- Number of consecutive wildcards in file name\ 3 /\3 grid, construct the surface atmosphere tidal load spherical harmonic coefficient model (in unit of hPa or mbar) in FES2004

| Ordinal number of the first wildcard in the fileffame 1

: ~— rmat by the normalized spherical harmonic analysis.
Number of rows of the file header 1 wequires at least one row of file header in the tidal constituent harmonic constant file, and there are the name
" Column ordinal number of the component 1 of 4 . and Doodso stant of the tidal constituent in the file header.
|l harmonic parameters in the record ¥ | >> Open any dischent harmonic constant file C:/ETideLoad4.5 win64en/examples/Loadtidespharmsynth/
' Column ordinal number of the component 2 of | | .Sphgridate/S1_airp.txt. :
harmonic parameters in the record P\ = ** The window below only shows noaqre than 3000 rows of data in the file!
" Spatial luti fthe t t arid , \ . >> Create or select the result file folder C:/ETidel.oad4.5_win64en/examples/Loadtidespharmsynth/sphgridate.
patial resolution of the target grid  30.0 = ** The discrete tidal constituent harmonic constant Tites instantiation:

' | The form of harmonic parameters amplitude, 3 rgu)vent v C:/ETideLoad4.5_win64en/examples/Loadtidespharmsyn ( irp.txt
- . : : C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/sphgrid irp.txt

Columr_1 °rd'”?' LTS ST TR EETS LI, 1 \ = C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/sphgridate{Sa_firp.txt
' name in the file header

C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/sphgridatef{Ssagirp.txt
>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-20 07:52:19

>> Complete the spherical coordinate griding for 4 discrete tidal constituent harmonic constant files!

** The program outputs the spherical coordinate grid files sph***.dat of the tidal constituent harmonic constants into the
output folder. *** is the tidal constituent's name.
>> Computation end time: 2024-10-20 07:53:13

i Column ordinal number of the Doodson \
| constant in the file header

4

E} Set the results folder & Import setting pafameters @ Start computation
s1][164556| Hcosg Hsing in hpa examples » Loadtidespharmsynth |> gridrst v X

1 0.000000 -90.000000 0.05396 0.16694 .
2 0.250000 -90.000000 0.05396 0.16694 [] &% (&% EEE
3 0.500000 -90.000000 0.05396 0.16694
i 0.750000 -90.000000 0.05396 0.16694 :
5 1.000000 -90.000000 0.05396 0.16694 || sphS1_dat 2022/1/1110:30
6 1.250000 -90.000000 0.05396 0.16694 ] sphS2 .dat 2022/1/11 10:31
7 1.500000 -90.000000 0.05396 0.16694 -
8 1.750000 -90.000000 0.05396 0.16694 .| sphSa_.dat 2022/1/11 10:31
9 2.000000 -90.000000 0.05396 0.16694 ] sphSsa.dat 2022/1/11 10:31
10 2.250000 -90.000000 0.05396 0.16694
11 2.500000 -90.000000 0.05396 0.16694

_ @ The unit of the tidal constituent harmonic constants is the same as the unit of the tidal load spherical harmonic coefficients. The unit of the surface atmosphere tidal harmonic constants and the
' atmosphere tidal load spherical harmonic coefficients are hPa or mbar, and the unit of the ocean tidal harmonic constants and the load spherical harmonic coefficients are cm.
@ The Doodson constant (integer, e.g. M. tidal Doodson constant is employed to identify the tidal type and frequency, thus which should be correct.
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Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETideLoad4.5

Spherical harmonic analysis on surface atmosphere tidal harmonic constants

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

Construction tidal harmonic constant
grid in spherical coordinates

@ Spherical harmonic analysis on surface
atmosphere tidal harmonic constants

Spherical harmonic analysis on ocean

T Algorithm fori
tidal constituent harmonic constants v A9 A

_.._i; Open any tidal constituent harmonic constant grid file

>> Program Process ** Operation Prompts L. Save program process as

Set the wildcard of the file names ** The program outputs the spherical coordinate grid files sph***.dat of the tidal constituent harmonic constants into the output

. folder. *** is the tidal constituent's name.

Ordinal number of the first wildcard in the file fame 4 ~ >> Computation end time: 2024-10-20 07:53:13 pharmsynth » airptidecs v
Number of consecutive wildcards in file name\ 3 —_ >> [Function] From the surface atmosphere tidal constituent harmonic constant (in unit of O & ~ &3 R
: : : ~— ruct the surface atmosphere tidal load spherical harmonic coefficient model (in unit ¢ . T
Column ordinal number of the tide constituent - : : : )
name in the file header 8 v theonorm ?dSDherICé:_ltharrtnr?mC analysis. e Tiael ondd & winGden) |7 airptideS1 cs.dat 2022/1/11 10:40
= : —_— PR
Column ordinal number of the Doodson . \ ; Sphsgendz;?y |Warmomc constant grid file C:/ETideLoad4.5_win64en/exan ] airptides2 cs.dat 2022/1/11 10:44
ozl b bus s lesiles ** The window below only shows ore than 3000 rows of data in the file! L] afrptfdesa—cs'dat 202271711 10:47
Set termination condition of the iteration >> Create or select the result file folder C7E¥ideload4.5_win64en/examples/Loadtidespl{ || @irptideSsacs.dat 2022/1/11 10:49
Residual standard deviation threshold (a) 1_0\%0 \ - ** The tidal constituent harmonic constant grid fi arched by wildcard instantiation || Airtdloadcs.dat 2022/1/11 10:49
o N _ - C:/ETideLoad4.5_win64en/examples/Loadtidespharms dat | proS1 _.ini 2022/1/11 10:40
Termination condition of residual decrease (b) 1\(] o \ - C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/gri S2_|dat 5] pros2 ini 2022/1/11 10:44
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/gridrst/sphSa_|dat ] proSa ini 2022/1/11 10:47
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/gridrst/sphSsajdat . - S
1 proSsa.ini 2022/1/11 10:49
Spherical harmonic analysis on surface atmosphere tidal harmonic constants and /11104
022/1/11 10:44

construction of global atmosphere tidal load spherical harmonic coefficient model.

** The program outputs the surface atmosphere tidal load spherical harmonic coefficient model file Airtdloadcs.dat, all the tidal

constituent|{spherical harmonic coefficient model files airptide***cs.dat]—i(era-t-iea—preeess—s(e-[iestics files pro***.ini and residual
armonic constant grid files rt***.dat into the output folder, *** is the tidal constituent's namg.

>% Computation end time: 2024-10-20 08:11:22

Degree 360 spherical harmonic
coefficient model

= B o:os1 inikd [ airptidesi_cs. datt:i|
| Set the results folder - Impc 1 | in—-phase amplitude spherical harmonic coefficients model
> [3. 986004418 6378137.00 | 0.1756 2.893

0.0 360.0 —90.0——&&—8——10 50000000] 0.50000000 [164556/[s1 2 0 13.2737818185410342E-09 0.0000000000000000E+00
0.06 0.0 0.06 0.06 0.06 0.06 0.06 0.06 0.06 L GM(l(ll4 3/5'2)761?(9119)2%67@&3@4990&{’@]9 (WameaT)l@JaEIWEIF(Dé%)

0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 5 2 0 H42.7587345011526482E-09 0.0000000000000000E+00

0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 6 2 1 13.7664414786858797E 09 -1.5679278417046221E-08

0. 06 0. 06 0. 06 0.06 0.06 0. 06 0.06 006 006 7 2 2 45.6259795454790081E-10 -8.0822938426465110E-09

8 007028E-09 0.0000000000000000E+00

o g v pm v e o | [hescaleparaneter Brissicioos ¢iossiciieniaiiearos

e 0 oe 0 oe 0 0e 0 0e 0 oe 0 oe S 0 oe 10 3 2 9.8749805288913024E-09 4.2697746192343320E-09

11 3 3 -7.9484869809999550E-09 4.2160451922288746E-09

0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 12 4 0 6.1325368377539217E-09 0.0000000000000000E+00

0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.05 13 4 1 3.2845793001559087E-09 8.5456114914643217E-10

0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 14 4 2 5.3621764434892774E-09 7.2233754311287918E-09

15 4 3 1.2484120370871218E-08 1.8764089211095401E-08

16 4 4 3.3403899087229966E-09 -3.1081614168687751E-09

@ The unit of the tidal constituent harmonic constants is the same as the unit of the tidal load spherical harmonif 17 5 0 1.6767502798578674E-09 0.0000000000000000E+00

atmosphere tidal load spherical harmonic coefficients are hPa or mbar, and the unit of the ocean tidal harmonic consl 18 5 1 -2.3752174015164590E-09  6.3407664854698723E-09

_ _ _ _ _ _ 19 5 2 -5.0350543830721095E-09 -5.7620363858752100E-12

@ The Doodson constant (integer, e.g. M. tidal Doodson constant is employed to identify the tidal type and frequend| -, 5 3 5.1976501472008727E-09 1.1153184597367160E-08




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. gt sl mbelototod il
2 Created by ETideLoad, ZHANG Chuanyin, Chinese Academy of Surveying and Mapping. ETideLoad4.5
3 Doodson name n m Csin+ Ccos+ Csin- Ccos- C+ eps+ L ¥ 58
4 164.556 S1 1 0 -0.01044593 0.00562824 -0.01044593 0.00562824 0.01186e6 298.3157 0.01186¢ cmﬁmmﬁ%%memw
5 164.556 sl 1 1 -0.02016686 -0.30983778  -0.02700702 0.03082551  0.310493 183.7240  0.040983 o = /&7
6 164.556 S1 2 0 -0.00880807 0.02708492 -0.00880807 0.02708492 0.028481 341.9854 0.028481 341.9554
7 164.556 S1 2 1 -0.00267857 -0.06099820 -0.02133360 0.03899757 0.061057 182.5144 0.044451 331.3192
8 164.556 S1 2 2 0.04746516 -0.07024418 -0.05104501 -0.01871795 0.084777 145.9525 0.054369 249.8623
9 164.556 S1 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
5 164.556 S1 4 2 0.01934232 0.02790035 0.01483035 -0.01817240 0.033949 34.7322 0.023456 140.7824
16 164.556 S1 4 3 0.05868605 0.05584202 0.02090025 -0.06381922 0.081009 46.4225 0.067154 1l6l.8668
17 164.556 S1 4 4 0.05071872 -0.00993816 -0.02940598 0.00988633 0.051683 101.0865 0.031023 288.5827
18 164.556 S1 5 0 0.00535373 -0.01557249 0.00535373 -0.01557249 0.01ed6e7 161.0273 0.01lede7 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
0o S 2 ECMWF2006¢s360.dat constructed by ETideload4.5 Cane o loaauon 2l
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 S1 6 0 -0.01902007 -0.00031063 -0.01902007 -0.000310863 0.019023 269.0643 0.019023 269.0643
25 164.556 S1 6 1 0.01292417 0.05007315 -0.01614491 -0.03693554 0.051714 14.4725 0.040310 203.6106
26 164.556 S1 6 2 -0.02124270 0.00967981 -0.00563026 0.00828166 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 C10+ Cl10- Cll+ Cll- S11+ S11-
3 S1 164.556 -0.32755435E-08 0.17648553E-08 -0.73961840E-08 -0.43745105E-07 -0.53411096E-07 -0.10724379E-08
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 mass centric variations or all-
element geodetic variation effects due to Earth's mass centric variation of atmosphere tide.




| "':-;.o Spherical analysis on tidal parameters and construction of tidal load model

Spherical harmonic analysis on ocean tidal constituent harmonic constants

[ « Construction tidal harmonic constant
" grid in spherical coordinates

_@ Spherical harmonic analysis on surface = Spherical harmonic analysis on ocean
~ atmosphere tidal harmonic constants

3 Open any tidal constituent harmonic constant grid file

Set the wildcard of the file names

5 Ordinal number of the first wildcard in the filefame 4
| Number of consecutive wildcards in file name\ 4

Column ordinal number of the tide constituent

' name in the file header 8

i Column ordinal number of the Doodson 7

, constant in the file header

I Set termination condition of the iteration

i | Residual standard deviation threshold (a) 1.0 %o =

.| Termination condition of residual decrease (b) 1.0 %

| [jﬂ Open the land-sea terrain spherical coordinate grid file

" tidal constituent harmonic constants

>> Program Process ** Operation Prompts

C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphjA
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphjA
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphjA

JLETidelLoad4.5 win64en/examples/Loadtidespharmsynth/FES2014_60m/sphj?
\ ' 4enlexampIeSILoadtldespharmsyntthES2014 _60m/sphi?

C: !ETldeLoa 4

C: fETldeLoad4 5_W|n64enlexampIestoadtldespharmsyntthE82014_60m/sph
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sph
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sph
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sph .
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphjam2.dat
C:/ETideLoad4.5_win64en/examples/Loadtidespharmsynth/FES2014_60m/sphimks2|dat

Spherical harmonic analysis on ocean tidal harmonic constants and construction
of global ocean tidal load spherical harmonic coefficient model

>> Complete the spherical harmonic analysis for 34 ocean tidal constituent harmonic constant grids!
** 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

16.593

se term (crm); felative erro(%)

0.0000000000000000E+00

5099193342176944E-07
5470270050811761E-07
0000000000000000E+00
6089831232089852E-07
4846879781068044E-07
9758085836942275E-07
0000000000000000E+00
5462420096423725E-08
9749298897800718E-07
4217107021983083E-07
6224223764210645E-07

.0000000000000000E+00
.5928786409610682E-07
.6715642647917952E-07
.7714000718129907E-07

!
i E oceantideAAmZcs. dat EJ E proAAm?. ini k3
1 |in—phase amplitude spherical harmonic coefficients model
2 | 3.986004418  6378137.00 | 0.1742
3 1 0 #.4085955207264692F-08 0,
¢ GM(10™*m3/s?) - a(im)'zero‘deqy
5 2 0 .572532180703318%E-08
o 2 1 -1.8692151140697192E-07 -1.
T 2 2 -$.2883633592280017E-07 5.
g = et S A Bt 0T 20E-07 0.
9 the scale parameterc_ 49883E-07 -2.
10 = TroraUrTraareu688356E-08 -2,
11 3 3 8.0449640224242131E-07 3.
12 4 0 -2.2682335734447000E-07 0.
13 4 1 1.3715974585179605E-07 6.
14 4 2 5.6729562392776139E-07 7.
15 4 3 -5.7287720643753832E-07 7.
16 4 4 -T7.6789761138093624E-07 5.
17 5 0 -1.5887618918450042E-07 0
18 5 1 -5.5606626280901892E-07 2
19 5 2 —-6.7325675390925060E-07 4
20 5 3 -2.6396483930740691E-07 2

constant grid file rnt***.dat into the output folder, *** is the tidal constituent’s name.

A&

-

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

L Sgr y ]
g e G

I :
ﬂl Algorithm fOri() Ui ehinese academy of surveying & mapping

October 2024, Beijing, China

4. Save program process as

@ The unit of the tidal constituent harmonic constants is the same as the unit of the tidal load spherical harmonic coefficients. The unit of the
i atmosphere tidal load spherical harmonic coefficients are hPa or mbar, and the unit of the ocean tidal harmonic constants and the load spherical ha
! @ The Doodson constant (integer, e.g. M. tidal Doodson constant is employed to identify the tidal type and frequency, thus which should be correci

A

>> Computation end time: 2024-10-20 08:37:44

= Otideloadcs.dat

& | promsgm.ini

= rntmsqm.dat

o | promks2.ini
= rntmks2.dat

o | prolamZ.ini
i rntlam2.dat

1.
1.
1.
1.
[
W .
1.
1.
1.

\c'IZ:I:" rntep52.dat

7 rntAssa.dat

fMEm S
2022/1/24 20:08 67,264 KB
7 oceantidemsqmcs.dat 2022/1/24 20:.08 1,995 KB
2022/1/24 20:08 3 KB
2022/1/24 20:08 1,536 KB
= oceantidemks2cs.dat 2022/1/24 20:08 1,995 KB
2022/1/24 20:08 5 KB
2022/1/24 20:08 1,536 KB
= oceantidelam?2cs.dat 2022/1/24 20:.07 1,995 KB
2022/1/24 20:07 4 KB
2022/1/24 20:07 1,536 KB
g oceantideeps2cs.dat 2022/1/24 20:06 1,995 KB
2022/1/24 20:06 4 KB
2022/1/24 20:06 1,536 KB
i oceantideAssacs.dat 2022/1/24 20:.05 1,995 KB
202271724 2005 1,536 KB
_ Output files o5 3KB
| oceantideAnuZ2cs.dat 2022/1/24 20:05 1,995 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,

Doodson
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Z2N2
2NZ2
2N2
2NZ2
2N2
2NZ2
2N2
Z2N2
2N2
2N2
2N2
Z2N2
2NZ2
2N2
2NZ2
Z2N2
2NZ2
2N2
2NZ2
2N2
2NZ2
2N2
Z2N2
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2N2
2N2
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2NZ2
2N2
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2N2
2NZ2
2N2
Z2N2Z
2N2
2NZ2
2N2
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ZHANG Chuanyin,

o T e I e Y e e T s Y e e Y i e (s e O s Y s O e T s

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

[P

.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

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

e, A
N
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108.3994
301.1587
101.7353
183.6639
64.5668
1.2875
111.2090
299.2429
25.3369
65.7862
317.9635
320.8233
4.8190
216.9954
308.5896
234.1757
282.76l17
152.5364
125.2898
165.2182
186.1846
357.7680
83.3418
39.3193
23.9684
87.0793
74.9503
157.8723
286.0149
261.7348
289.6345
241.8302
36.5471
3.8232
173.8671
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name
2N2
J1
K1
K2
L2
M2
M3
M4
M6
M8
Mf
Mm
N2
N4
01

2477
175
165
275
263
253
355
455
655
855

75

65

435
145.

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

655

355

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

6378137.00

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

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

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

-]

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

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

. 280
.002352

.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?

-
=
»

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5
= JE
£,

—08

could:be employed to forecast of ocean tidal load effects on Earth's mass centric-variations or e-09
all-element geodetic variation effects due to Earth's mass centric variation of ocean tide.

S4
Sa
T2
MN4
MS4
Mst
Mtm
muz
nuz
Ssa
eps2
lam2
MKS2

Msqm

491
26
272

473
713
85

237

37

297
93

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

655

635

635
635

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

0

-

.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

.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

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

-

.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

.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

.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 )

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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The atmosphere tidal load effect time series on Earth's mass centric variation

The annual amplitude is large, and the difference between
maximum and minimum values is more than 7m.
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The surface atmosphere tidal load effect time series (m) on Earth's figure polar shifts in ITRS
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The ocean tidal load effects on the Earth's figure polar shift are dominated by diurnal variation,
and the difference between maximum and minimum values can reach 40m in one month.




"% Computation of the load model value using spherical harmonic

Computation of model value of surface load equivalent water height

synthesis

. Computation of model value of surface

-4 load equivalent water height

Computation of model values of tidal

- constituent harmonic constants

Select the calculation point file format
The discrete calculation point file

_5 Open the surface calculation point file

Number of rows of the file header 1

1k

ﬂ, Open surface load harmonic coefficient model file

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

Maximum truncated degree of

rs

>> Program Process ** Operation Prompts

- Computation of model value tin:
of load equivalent water height

LS

e

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETideLoad4.5

-

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

S: Save program process as

>> [Purpose] From the tidal load spherical harmonic coefficient model or the surface non-tidal load spherical harmonic
coefficient model, compute the model values of the tidal harmonic constants or the non-tidal surface loads using spherical

harmonic synthesis.

>> Select the computation function from the 3 control buttons on the top of the interface...
>> [Function] From the surface atmosphere, land water, or sea level variation load normalized spherical harmonic coefficient

model (m
variation (cm) at the given location.

>> QOpen the surface calculation point file C:/ETideLoad4.5 wint4en/examples/Loadspharmsynthesis/calcpnt.txt.
** Look at the file information in the window below and set the row number of the file header...

), compute the model value of the surface atmosphere (hPa/mbar), land equivalent water height (cm) or sea level

_ 180 =
the coefficients model >> Open surface load harmonic coefficient model file C:/ETideLoad4.5_win64en/examples/Loadspharmsynthesis/
airpress2016020312cs.dat.
** The window below only shows no more than 3000 rows of data in the file!
[ >> Save the results as C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/airpmdirst.txt. |
>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-20 08:53:36
>> Complete the computation!
>> Computation end time: 2024-10-20 08:53:42
™ Save the results as 3 Import setting parameters @ Start computation
Y
. [ airpress2016020312cs. datg‘
polnt records 1[]3.986004418  6378137.00 | -0.0970  0.940
1 104.0416e7 25.041e67 0.000 5.1460 2 114, 30 2‘ _8412756758963265E-10 0.0000000000000000E+00 0
2 104.125000 25.041667 0.000 5.3954 5 GM(10*m3/s%) a(m)zero-degree term (hRa/mbar); relative erro(%)
3 104.208333  25.041667 0.000 5.6511 s 2 1 |5.00422145568093705 10 1.41768127672713998.09
. E- . E
g ' . e}
4 104.291e67 25.04lee’ 0.000 5.9115 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 y3515005-10 2.5989454828063558E-10
7 104.541667 25.041667 0.000 6.70009 9 3 2 -3.5135784095054722E-10 -9.8307496726666295E-10
8 104.625000 25.041667 0.000 6.9603 10 3 3 6.7975067084791942E-10 -1.5506806360999531E-10
11 4 0 -1.3500990624598282E-09 0.0000000000000000E+00
9 104.708333 25.041lee7 0.000 7.214¢€ 12 4 1 -2.6751068548153390E-09 -1.8704081553144181E-09
10 104.791ee7 25.041e67 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
12 104.958333 25.041667 0.000 7.92400 15 4 4 -4.6878373744373565E-10 6.9608812443930559E-11
13 105.041667 25.041667 0.000 5 1458 16 5 0 2.9811603734448944E-09 0.0000000000000000E+00
i i i - 17 5 1 -6.5942693396055756E-10 5.0634794014008111E-10

@ In the remove-restore process, the program can be employed for regional tidal load effect refinement based on the tidal load spherical harmonic coefficient model, and for regional load
deformation field refinement based on surface load spherical harmonic model.
@ Due to the mixing effects between the high-degree spherical harmonic coefficients, the model values of the sea level variation and ocean tidal harmonic constants are not zero in the

coastal land area, and the model values of the land equivalent water height are not also zero in the coastal sea area.



%y Computation of the load model value using spherical harmonic synthesis

Computation of model values of tidal constituent harmonic constants

- |

_g«,J Open the surface calculation point file

Number of rows of the file header 1

. Computation of model value of surface
load equivalent water height

i

constituent harmonic constants

Computation of model values of tidal

>> Program Process ** Operation Prompts

1 »

E, Open tidal load harmonic coefficient model file

>> Computation start time: 2024-10-20 08:53:36
>> Complete the computation!

Maximum truncated degree of
the coefficients model

polint records
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
104.
105.

1

O~ o U = W M

o

10
11
12
13

>> Computation end time: 2024-10-20 08:53:42

»

Computation of model value tin £,
of load equivalent water height

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

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

-
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S: Save program process as

180 ~| >> [Function] From the surface atmosphere or ocean tidal load normalized spherical harmonic coefficient model (hPa/cm),
calculate the harmonic constant model values (hPa/cm) of all tidal constituents in the harmonic coefficient model at the given
location.
>> QOpen the surface calculation point file C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/calcpnt.txt.

** Look at the file information in the window below and set the row number of the file header...
>> QOpen 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: 2024-10-20 08:55:45
| >> Complete the computation of the harmonic constant model values for 4 tidal constituents! |
>> Computation end time: 2024-10-20 08:56:19
™ Save the results as & Import setting parameters B/ Start computation
[ 51 164556 S2 273555 Sa 56565 Ssa 57555
041667 25.041667 0.000 -1.77¢€ 1.309 0.240 1.303 -0.514 -5.819 0.317 1.364 I
125000 25.041667 0.000 -1.755 1.300 0.240 1.304 -0.459 -5.935 0.298 1.347
208333 25.041667 0.000 -1.737 1.289 0.239 1.304 -0.401 —-€.054 0.278 1.330
291667 25.0416€7 0.000 -1.720 1.274 0.238 1.305 -0.338 -6.17¢€ 0.257 1.312
375000 25.041667 0.000 -1.706 1.257 0.235 1.306 -0.272 -6.300 0.235 1.295
458333 25.041667 0.000 -1.694 1.238 0.232 1.307 -0.204 —-€.425 0.214 1.278
541667 25.041667 0.000 -1.685 1.217 0.2 airptiderst.txt -6.549 0.193 1.262
625000 25.041667 0.000 -1.679 1.194 0.222 1.310 U.0eol -6.673 0.171 1.24¢6
708333 25.041667 0.000 -1.675 1.170 0.216 1.311 0.013 -6.794 0.151 1.230
791667 25.041667 0.000 -1.674 1.146 0.210 1.312 0.087 -6.913 0.131 1.216
875000 25.041667 0.000 -1.675 1.121 0.203 1.313 0.16el -7.027 0.112 1.202
958333 25.041667 0.000 -1.679 1.096 0.196 1.315 0.235 -7.137 0.094 1.190
041667 25.041667 0.000 -1.684 1.071 0.188 1.316 0.308 -7.241 0.077 1.178

@ In the remove-restore process, the program can be employed for regional tidal load effect refinement based on the tidal load spherical harmonic coefficient model, and for regional load
deformation field refinement based on surface load spherical harmonic model.
@ Due to the mixing effects between the high-degree spherical harmonic coefficients, the model values of the sea level variation and ocean tidal harmonic constants are not zero in the

coastal land area, and the model values of the land equivalent water height are not also zero in the coastal sea area.



%y Computation of the load model value using spherical harmonic synthesis — O

. Computation of model value time series of load equivalent water height

"y Computation of model value of surface -x Computation of model values of tidal = Computation of model value time series i
_ ~ load equivalent water height constituent harmonic constants ¥ of load equivalent water height ;
| : e
Select the calculation point file format >> Program Process ** Operation Prompts 5.1 Save program process as

! The discrete calculation point file v

>> [Function] From the surface atmosphere, land water, or sea level variation load normalized spherical harmonic coefficient
_ﬂ Open the surface calculation point file model (m) time series, compute the model value record time series of the atmosphere (hPa/mbar), land equivalent water
height (cm), or sea level variation (cm) on the given points in the input file.
>> QOpen the surface calculation point file C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/calcpnt.ixt.

** Look at the file information in the window below and set the row number of the file header... |
ﬂ, Open any load harmonic coefficient model file >> Open any load harmonic coefficient model file C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/landwcstm/ -
| Set the wildcard of the file names s‘:}isc2018_010312.coe_ . |
_ The window below only shows no more than 3000 rows of data in the file! |
| Ordinal number of the first 5 - >> Save the results as C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/IndwmdIrst.txt.

! wildcard in the file name e ** Behind the header (the last row) of the input computed point file, adds the wildcards of the instantiated spherical
I Number of consecutive wildcards armonic coefficient model files to identify the sampling epoch time of the record time series as the output file header.
| in file name ic coefficient model files searched by wildcard instantiation:
' C:/ETideLoad4.5 win64e [Loadspharmsynthesis/landwcstm/swscP018010312 coe
Type of surface load Land water EWH (cm) & C:/ETideLoad4.5 win64en/examples/Loads esis/landwcstm/swscP018011012|coe
Maximum truncated degree of C:/ETideLoad4.5_win64en/examples/Loadspharmsynthesis/lan 2018011712|coe
' the coefficients model 180 A C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/landwcstm/swscR018012412|coe
[ C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/landwcstm/swscP018013112|coe
C:/ETideLoad4.5 win64en/examples/Loadspharmsynthesis/landwcstm/swscR018020712| coe
>> Setting parameters have been imported into the program!

3

I Number of rows of the file header 1

4

10

™ Save the results as & Import setting parameters @ Start computation

point records [ 2018010312 2018011012 2018011712 2018012412 2018013112 2018020712 |« ;

1 104.041667 25.041667 0.000 ~0.344¢ -0.2313 -1.0282 -2.1012 —3.1517 —-3.5899 I

2 104.125000 25.041667 0.000 -0.4105 -0.2578 -1.0650 -2.1316 -3.1786 -3.6312 '

3 104.208333 25.041667 0.000 -0.4723 -0.2826 -1.1008 -2.1612 -3.2043 -3.6732 |

4 104.2916c67 25.041667 0.000 -0.5303 -0.3064 -1.1360 -2.1905 -3.2293 -3.7161

5 104.375000 25.041667 0.000 -0.5849 -0.3304 -1.1717 -2.2202 -3.2540 -3.7600

€ 104.458333 25.041667 0.000 -0.6371 -0.3562 -1.2089 -2.2513 -3.2793 —-3.8055

7 104.541e€7 25.041667 0.000 -0.6883 -0.3854 -1.2490 -2.2850 -3.3065 -3.8532

8 104.625000 25.041667 0.000 -0.7400 -0.4199 -1.2938 -2.3227 -3.3366 -3.9039

9 104.708333 25.041lee7 0.000 -0.7939 -0.4616 -1.344¢ -2.3657 -3.3710 -3.9586

10 104.791667 25.041667 0.000 -0.8518 -0.5122 -1.4031 -2.4153 -3.4110 -4.0179

11 104.875000 25.041ee7 0.000 -0.9154 -0.5731 -1.4706 -2.4727 -3.4576 -4.0827

12 104.958333 25.041667 0.000 -0.9861 -0.6457 -1.5481 -2.5388 -3.5118 -4.153¢

13 105.041667 25.041667 0.000 -1.0653 -0.7306 -1.6363 -2.6142 -3.5741 ~-4.2307

| @ In the remove-restore process, the program can be employed for regional tidal load effect refinement based on the tidal load spherical harmonic coefficient model, and for regional load
. deformation field refinement based on surface load spherical harmonic model.
@ Due to the mixing effects between the high-degree spherical harmonic coefficients, the model values of the sea level variation and ocean tidal harmonic constants are not zero in the

coastal land area, and the model values of the land equivalent water height are not also zero in the coastal sea area.
h




% Computation of load deformation field by spherical harmonic synthesis v

/«{

/ LY

Computation of various load effects using spherical harmonic synthesis «

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

using spherical harmonic synthesis

Select the calculation point file format

The discrete calculation point file

Computation of various load effects ® Computation of various load effects of Computation of load effect time series = Global surface load spheric L‘\ETide'-°ad4-5
Earth satellite or outside solid Earth " using spherical harmonic synthesis - analysis and load effect syn o
The type of surface load Land water EWH v L.t Save prograsenese LCtess/ Svving  macping

**When computing the load effects of sea level variations, the height of the calculation point is the normal or orthometric height. When computing the load effects ¢l ¢

&k Open the space calculation point file atmosphere or land water variations, the height of the calculation point is the height relative to the Earth’s surface.

| Number of rows of the file header 1

>> Select the computation function from the 3 control buttons on the top of the interface...
>> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m), compute the non-tidal load effects on the geoid or

Column ordinal number of the height in record 4

LIRS

height anomaly (mm), ground gravity (pGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south and to the

uﬂ Open surface load harmonic coefficient moda‘ﬂlg

west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric height (mm), radial gravity
gradient (10uE) or horizontal gravity gradient (NW, to the north and to the west, 10uE) using spherical harmonic synthesis.

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)

>> Open the space calculation point file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/calcpnt.txt.
** LooK at the file information in the window below and set the row number of the file header...

>>\Qpen surface load harmonic coefficient model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/landwcs/swsc2018011012 . coe. |
**The window below only shows no more than 3000 rows of data in the file!

|>> Save\th\e results as C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/loaddfmrst.txt. |

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

time: 2024-10-20 09:13:48

>> Complete the computation of the model values of load effects!
>> Computation end time2024-10-20 09:15:18

Minimum starting degree Maximum truncated < ; =, : :
of the coefficient model 1 \egree 360 = f:q Save the resulis as &~ Import setting parameters & Start computation

104.0 114.0 25.0 35.0 0.08333333 W.08333333

1 104.041667 25.041cc7 | 0.000 -0.7492 0.3235 1.4184 I
2 104.125000 25.041¢e7 | 0.000 -0.7479 0.2727 1.4232
3 104.208333 25.041cc7 | 0.000 -0.7470 0.20c4 1.4295
4 104.291667 25.041cc7 | 0.000 -0.7464 0.1325 1.4368
5 104.375000 25.041ee7 | 0.000 -0.7458 0.0603 1.4441
& 104.458333 25.0416ee7| 0.000 -0.7451 -0.001¢ 1.4507
7 104.541667 Aowlll - - -
¢ 104.62000 Unified analytical computation of various load effects on
9 104.708333 . . . .

Extract deformation field tobe plot | % Plot] 0 e all-element geodetic variations in whole Earth space.
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&

| ‘ “ = Computation of load deformation field by spherical harmonic synthesis /

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Computation of various load effects using spherical harmonic synthesis -

. ETideLoad4.5

| .. Computation of various load effects - Computation of various load effects of Computation of load effect time series = Global surface load spherical har 2 : e oa .

i using spherical harmonic synthesis Earth satellite or outside solid Earth " using spherical harmonic synthesis s analysis and load effect synthesis A
Select the calculation point file format The type of surface load  Surface atmosphere - & Save prodx: cmm::?m:gcixmg
‘ The calculation surface height grid file v ‘ N

= >> Computation end time: 2024-08-15 09:35:49
r 44 Open the calculation surface height grid file >> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m), compute the non-tidal load effects on the geoid or
height anomaly (mm), ground gravity (nGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south and to the
west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric height (mm), radial gravity

Select the type of effects gradient (10WE) or horizontal gravity gradient (NW, to the north and to the west, 10uE) using spherical harmonic synthesis.
geoid or height anomaly (mm) >> Open the calculation surface height grid file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/airwhCS20170315.txt.

. . >> The open file is not a grid file!
ground gravity (pGal) (=) >> Open the calculation surface height grid file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/zero15m.dat.

uﬂ Open surface load harmonic coefficient model file

[] gravity disturbance (uQaI) >> Open surface load harmonic coefficient model file C:/ETideLoad4.5 win64en/examples/Loadeformharmsynth/airwhCS20170315.txt.
[] ground tilt (SW, mas) (») ** The window below only shows no more than 3000 rows of data in the file!
[] vertical deflection (SW, mas) >> Save the results as C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/loadfmdigrd.txt. | i

>> Seffing parameters have been imported into the program!

[ horizontal displacement (EN, mm) () ** Click the control button [Start computation], or the tool button [Start computation]....

; ground radial displacement (mm) () >> Computation start time: 2024-08-15 09:38:14 |
Il ] ground normal or orthometric height (mm) (») >> Complete the computation of the model values! ’
[] radial gravity gradient (10uE) >> Computation end time: 2024-08-15 09:38:31 _
[ | horizontal gravity gradient (NW, 10uE) vl
Minimum starting degree = | Maximum truncated = Y =, : : |

of the coefficient model 1 * degree 360 = t‘, Save the results as £~ Import setting parameters 4 Start computation

C:/ETideload4.5 win6den/examples/Loadeformharmsynth/loadfmdlgrd.ksi
C:/ETideload4.5 winé6den/examples/Loadeformharmsynth/loadfmdlgrd.gra
C:/ETideload4.5 winé6den/examples/Loadeformharmsynth/loadfmdlgrd.dpr

Unified analytical computation of various load effects on
Extract deformation field to be plot - Plot] all-element geodetic variations in whole Earth space.
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% Computation of load deformation field by spherical harmonic synthesis

Computation of various load effects of Earth satellite or outside solid Earth

Computation of various load effects
using spherical harmonic synthesis

‘ Computation of various load effects of

Earth satellite or outside solid Earth

Select the calculation point file format
The discrete calculation point file

The type of surface load Sea level variation  ~

3 Open the space calculated point file

Number of rows of the file header 1

' Column ordinal number of the height in record 4

LIRS

@ Open surface load harmonic coefficients model

Select the type of effects

| @ geopotential (0.1m?/s2)

(] gravity vector (XYZ, pGal)
(J gravity vector (ENU, pGal)

' [ gravity gradient (XYZ, 10UE)

@ gravity gradient (ENU, 10uE)

N

>> Computation start time: 2024-10-20 09:18:15

>> Complete the computation of the model values of load effects!
>> Computation end time: 2024-10-20 09:18:29
>> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m), compute the non-tidal load effects on the
geopotential (0.1m?/s?), gravity (uGal), or gravity gradient (10pE) outside the solid Earth using spherical harmonic synthesis.

** Here the space point outside the solid Earth generally refers to the point that is not fixed with the solid Earth in ocean space, near-Earth space, or satellite altitude.

>> Open the space calculation point file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/outpnt.txt.
** LooK at the file iInformation In the window below and set the row number of the file header...

Computation of load effect time series
" using spherical harmonic synthesis

= Global surface load spheric

> analysis and load effect syn

4.1 Save prog

%\Open surface load harmonic coefficient model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/sealevel2018010312cs.dat. |

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

[>> Save'the results as C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/outdfmrst.txt. |

>> Setling p

>> Complete the comp
>> Computation end time:

4-10-20 09:22:29

meters have been imported into the program!

GOCE satellite altitude

1 imum truhcated
——~ degr

Minimum starting degree -

of the coefficient model
1 135.041667 5.041667
2 135.125000 5.041667
3 135.208333 5.041667
4 135.291667 5.041667
5 135.375000 5.041667
6 135.458333 5.041667

240000 .

000
000
000
000
000
000

240000.
240000.
240000.
240000.
240000.

360 - H Save the resulis as & Import setting parameters
0.5445 -12.7285 -28.4375 -41.9023
0.5514 -12.6973 -27.9109 -41.3091
0.5584 -12.6025 -27.3734 -40.6392
0.5654 -12.4454 -26.8260 -39.894¢6
0.5727 -12.2278 -26.2698 -39.0785

&

- Ly
Earth Tide, Load Effect and Deform -
ation Monitoring Computation
. ETideLoad4.5
Chinese Academyof Surveying & mapping
October 2024, Beijing, China

Can be employed to calibrate various parameters of the satellite’s key geo-
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Number of rows of the file header 0
' Column ordinal number of the height in record 4

@ Computation of load deformation field by spherical harmonic synthesis

Computation of various load effects of Earth satellite or outside solid Earth

&

g

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

Computation of various load effects
using spherical harmonic synthesis

Computation of various load effects of
Earth satellite or outside solid Earth

Computation of load effect time series
" using spherical harmonic synthesis

= Global surface load spheric

. [ETideLoad4.5
. analysis and load effect syn ’ :

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

E Open the space calculated point file

-
-
s
-

uﬂ Open surface load harmonic coefficients m

'| @ geopotential (0.1m?/s2)

Select the type of effects

(] gravity vector (XYZ, pGal)
@ gravity vector (ENU, pGal)

' [ gravity gradient (XYZ, 10UE)

B

() gravity gradient (ENU, 10uE)

Can be employed to calibrate various parameters
detic payloads, and effectively improve and check the quality, reliability and
accuracy of the tlme-varymg monitoring for satelllte grawty fleld

Extract deformation field to be

138

A
Chinese Academy of Surveying & mapping

The type of surface load Sea level variation  ~ B O s e

4. Save prog

>> Computation start time: 2024-10-20 09:21:16

>> Complete the computation of the model values of load effects!
>> Computation end time: 2024-10-20 09:22:29
>> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m), compute the non-tidal load effects on the
geopotential (0.1m?/s?), gravity (uGal), or gravity gradient (10pE) outside the solid Earth using spherical harmonic synthesis.

** Here the space point outside the solid Earth generally refers to the point that is not fixed with the solid Earth in ocean space, near-Earth space, or satellite altitude.
>> Open the space calculation point file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/satpnt.txt.

\ " Look at the file information in the window below and set the row number of the file header...

|>£pen surface load harmonic coefficient model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/sealevel2018010312cs.dat. |
window below only shows no more than 3000 rows of dafa in the fileT

[>> Save the results as C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/satdfmrst.txt. |

>> Setling parameters have been imported into the program!

button [Start computatlon] or the tool button [Start computation]...

@,

>> Computation end time: 2024-10-20 09:26:10

GRACE satellite altitude

AU s’ga_mng S 1 - MWruncated 360 - Eﬂ Save the resulis as & Import setting parameters Bt computation
of the coefficient model —— degree
1 135.041667 5.041667 [ 450000.000 0.5600 4.5071 5.2700 -0.7925
2 135.125000 5.041667 | 450000.000 0.5653 4.5585 5.3123 -0.8456 I
3 135.208333 5.041667 | 450000.000 0.5705 4.60095 5.3547 -0.9002
4 135.291667 5.041667 | 450000.000 0.5759 4.6601 5.3973 -0.9562
5 135.375000 5.041667 | 450000.000 0.5812 4.7103 5.4399 -1.0137
6 135.458333 5.041667 | 450000.000 0.5866 4.7601 5.4825 -1.0726

of the satellite’'s key geo-
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Number of rows of the file header 0
' Column ordinal number of the height in record 4

' [J gravity gradient (XYZ, 10pE) ** Click the con

&

% Computation of load deformation field by spherical harmonic synthesis v
A -
Computation of various load effects of Earth satellite or outside solid Earth =
Earth Tide, Load Effect and Deform -
ation Monitoring Computation
Computation of various load effects = Computation of various load effects of Computation of load effect time series = Global surface load spheric .A}ETide"°ad4'5_
using spherical harmonic synthesis Earth satellite or outside solid Earth " using spherical harmonic synthesis > analysis and load effect syn Stniive b oo

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

The type of surface load Surface atmosphere -

>> Computation start time: 2024-10-20 09:24:58

>> Complete the computation of the model values of load effects!
>> Computation end time: 2024-10-20 09:26:10

E Open the space calculated point file

A
B =k Chinese Academy of Surveying & mapping
'“"f‘ SaVe prc)b : October 2024, Beijing, China

: >> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m), compute the non-tidal load effects on the
~_ geopotential (0.1m?/s?), gravity (uGal), or gravity gradient (10uE) outside the solid Earth using spherical harmonic synthesis.

@ Open surface load harmonic coefficients m ** Here the space point ou_tside t_he golid Ean_h generally refers to the point that is not fixed with the solid Earth in ocean space, near-Earth space, or satellite altitude.
>> Open the space calculation point file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/satpnt.txt.
Select the type of effects N\ LooK at the file information in the window below and set the row number of the file header...

O gravity vector (XYZ, }JGB') window below only shows no more than 3000 rows of data in the fileT

@ geopotential (0.1m?/s?) |>£pen surface load harmonic coefficient model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/airwhCS20170315.txt. |

|>> Save\hqresults as C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/satdfmrst1.txt.

@ gravity vector (ENU, uGal) >> Setling parameters have been imported into the program!

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

(] gravity gradient (ENU, 10uE) >> Computation sta e: 2024-10-20 09:28:26

@,

>> Complete the computation of the model values of load effects!
>> Computation end time: 2024-10-20 09:29:56 . .
GRACE satellite altitude
Minimum starting degree + | MaXimum truncated - ; = : S
arting deg 1 = 360 = Eﬂ Save the resulis as &~ Import setting parameters Jrart computation
of the coefficient model —— degree
1 135.041667 5.041667 | 450000.000 0.0403 -0.0850 -0.0613 -0.4109
2 135.125000 5.041667 | 450000.000 0.0403 -0.0854 -0.0618 -0.4106 I
3 135.208333 5.041667 | 450000.000 0.0402 -0.0858 -0.0623 -0.4104
4 135.291667 5.041667 | 450000.000 0.0401 -0.0861 -0.0628 -0.4102
5 135.375000 5.041667 | 450000.000 0.0401 -0.0865 -0.0633 -0.4100
6 135.458333 5.041667 | 450000.000 0.0400 -0.0869 -0.0639 -0.4097

Can be employed to calibrate various parameters

Extract deformation field to be
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| &% Computation of load deformation field by spherical harmonic synthesis — O X

Computation of load effect time series using spherical harmonic synthesis

: Computation of various load effects ® Computation of various load effects of Computation of load effect time series = Global surface load spherical harmonic
i using spherical harmonic synthesis = Earth satellite or outside solid Earth " using spherical harmonic synthesis > analysis and load effect synthesis
e The type of surface load Sea level variation  ~ 4.7 Save program process as

The calculation surface height grid file v
>> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m) time series, compute the time series of the non-

‘W Open the land surface height grid file tidal load effects on various variations on the calculation points in the input file using spherical harmonic synthesis.
>> Open the land surface height grid file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/sea15m.dat.
>> Open any load harmonic coefficients model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/sealvcs/sealevel2019010212cs.dat.
** The window below only shows no more than 3000 rows of data in the file!
|>> Create or select the results folder C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/seaload. |
**The program oufputs the surface load effect grid time series files loadimdl.?727?, where ?27? = Ksl, gra, rga, dft, vdf, dph, dpr, nmh, grr or hgd, respectively, representing
id file of load effects on the height anomaly, ground gravity, gravity disturbance, ground {ilt, vertical deflection, horizontal displacement, radial displacement, normal or

uﬂ Open any load harmonic coefficient model file

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

' Number of consecutive wildcards in file n

Select the type of effects ight, radial gravity gradient or horizontal gravity gradient.
| @ geoid or height anomaly (mm) Here, *** are théwildcards of the model time series file name, whose instance can identify the sampling epoch time of the computed load effects. The number of output
z @ ground gravity (uGal) ® files is equal to the number o ime series files of the load spherical harmonic coefficient model.

L ** The load harmonic coefficient mode arched by wildcard instantiation:
| U gravity disturbance (uGal) C:/ETideLoad4.5_win64en/examples/Loadeform nth/sealvcs/sealeve[p019010213cs dat
. U ground tilt (SW, mas) ® C:/ETideLoad4.5_win64en/examples/Loadeformharmsyn cs/sealeve|201901091cs.dat
' [ vertical deflection (SW, mas) C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/sealvcs/s 2019011612cs.dat
C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/sealvcs/sealeve|2019012314cs.dat

| . _ i
| U horizontal displacement (EN, mm) () C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/sealvcs/sealeve|2019013014cs.dat

E @ ground radial displacement (mm) (&) C-/FTidel oad4 5 win64en/examnles/| oadeformharmsvnth/sealves/sealeve|201902061cs dat

d | or orthometric height . ini i = i = . = : |

| O ground normal or orthometric height (mm) ® Minimum starting degree e ETice N 150 . = Set the result folder * Import setting parameters # Start computation
' [ radial gravity gradient (10puE) of the coefficient model —— degree

(] horizontal gravity gradient (NW, 10uE) :/ETideLoad4.5 winélen/examples/Loadeformharmsynth/seaload/loadfmd12019010212.ks1
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/seaload/loadfmdl2019010212.gra
:/ETideload4.5 winéden/examples/Loadeformharmsynth/seaload/loadfmdl12019010212.dpr
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/seaload/loadfmdl2019010912.ksi
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/seaload/loadfmdl2019010912.gra
:/ETideload4.5 winéden/examples/Loadeformharmsynth/seaload/loadfmdl12019010912.dpr
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/seaload/loadfmdl2019011612.ksi
:/ETideload4.5 winé:

encereass. s wine: Unified analytical computation of various load effects on

:/ETideLoad4.5 winé:

inactoats.s vind: gfl.alement geodetic variations in whole Earth space.

.5 wint:

QOO0
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| Ordinal number of first wildcard in file na
' Number of consecutive wildcards in file n

@ Computation of load deformation field by spherical harmonic synthesis

Computation of load effect time series using spherical harmonic synthesis

Computation of various load effects
using spherical harmonic synthesis

Select the calculation point file format
The calculation surface height grid file

'_;j Open the land surface height grid file

uﬂ Open any load harmonic coefficient model file
Set the wildcard of the file names

ﬁ Computation of various load effects of

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

@ ground gravity (uGal) (®

Earth satellite or outside solid Earth

Computation of load effect time series
" using spherical harmonic synthesis

The type of surface load Land water EWH

W

= Global surface load spherical harmonic
> analysis and load effect synthesis

4.f Save program process as

>> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m) time series, compute the time series of the non-
tidal load effects on various variations on the calculation points in the input file using spherical harmonic synthesis.
>> Open the land surface height grid file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/zero15m.dat.
>> Open any load harmonic coefficients model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/landwcs/swsc2018010312.coe.
** The window below only shows no more than 3000 rows of data in the file!

|>> Create or select the results folder C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/tmgrdfmdl.

orthome
Here, *** are t
files is equal to the number o
** The load harmonic coefficient modée

searched by wildcard instantiation:

**The program oufputs the surface load effect grid time series files loadimdl.?727?, where ?27? = Ksl, gra, rga, dft, vdf, dph, dpr, nmh, grr or hgd, respectively, representing
rid file of load effects on the height anomaly, ground gravity, gravity disturbance, ground tilt, vertical deflection, horizontal displacement, radial displacement, normal or
' ight, radial gravity gradient or horizontal gravity gradient.
ildcards of the model time series file name, whose instance can identify the sampling epoch time of the computed load effects. The number of output
ime series files of the load spherical harmonic coefficient model.

| [J gravity disturbance (uGal)

| () ground tilt (SW, mas) (»

| [ vertical deflection (SW, mas)

| (] horizontal displacement (EN, mm) (=)
| @ ground radial displacement (mm) (»)

C:/ETideLoad4.5_ win64en/examples/Loadefor synth/landwcs/swscP018010312{coe
C:/ETideLoad4.5_win64en/examples/Loadeformharmsyn wcs/swscp018011012coe
C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/landwc 018011712 )oe
C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/landwcs/swscp018012412]coe

C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/landwcs/swscp018013112 Jcoe
C-/FTidel nad4 5 winB64en/examnles/| nadeformharmsvnth/landwes/swscpP018020712|coe

| [J ground normal or orthometric height (mm) (»)
! (] radial gravity gradient (10uE)
i (] horizontal gravity gradient (NW, 10uE)

Minimum starting degree + 1 Maximum truncated < ﬂ Set the result folder

of the coefficient model _ 360 >

" degree &~ Import setting parameters

& Start computation

:/ETideload4.5 winéden/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl2018010312.ksi
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018010312.gra
:/ETideload4.5 winéden/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl2018010312.dpr
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018011012.ks1
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018011012.gra
:/ETideload4.5 winéden/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018011012.dpr
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/tmgrdfmdl/loadfmdl12018011712.ks1

:/ETideload4.5 winé: =] 4 = -
:/erideneads. s_wine U Nified analytical computation of various load effects on
all-element geodetic variations in whole Earth space.

:/ETideload4.5 winé:
:/ETideload4.5 winé:«

“#x Plot
« Plot| . JETideLoad4.5 winé:

Extract deformation field to be plot
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| &% Computation of load deformation field by spherical harmonic synthesis - O ><

Computation of load effect time series using spherical harmonic synthesis

: Computation of various load effects ® Computation of various load effects of Computation of load effect time series = Global surface load spherical harmonic
f using spherical harmonic synthesis = Earth satellite or outside solid Earth " using spherical harmonic synthesis > analysis and load effect synthesis
t Soiseilis el lsiin Seliile L2 The type of surface load Surface atmosphere - 4.7 Save program process as

The calculation surface height grid file v
>> [Function] From the surface atmosphere, land water or sea level variation load spherical harmonic coefficient model (m) time series, compute the time series of the non-

; ‘W Open the land surface height grid file tidal load effects on various variations on the calculation points in the input file using spherical harmonic synthesis.
>> Open the land surface height grid file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/zero15m.dat.
>> Open any load harmonic coefficients model file C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/atmosphcs/airpress2020070112cs.dat.
** The window below only shows no more than 3000 rows of data in the file!
|>> Create or select the results folder C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/atmload. |
**The program oufputs the surface load effect grid time series files loadimdl~.?727?, where 227 = Ksl, gra, rga, dft, vdf, dph, dpr, nmh, grr or hgd, respectively, representing
id file of load effects on the height anomaly, ground gravity, gravity disturbance, ground {ilt, vertical deflection, horizontal displacement, radial displacement, normal or

! uﬂ Open any load harmonic coefficient model file

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

| Number of consecutive wildcards in file n

- Select the type of effects t, radial gravity gradient or horizontal gravity gradient.
| @ geoid or height anomaly (mm) Here, *** are the Wi ds of the model time series file name, whose instance can identify the sampling epoch time of the computed load effects. The number of output
| @ ground gravity (uGal) ® files is equal to the number of #ae series files of the load spherical harmonic coefficient model.

L ** The load harmonic coefficient model 1i

; [ gravity disturbance (anI) C:/ETideLoad4.5_win64en/examples/Loadeformh
[J ground tilt (SW, mas) (® C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/a cs/airpresg202007081cs.dat

| [ vertical deflection (SW, mas) C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/atmosphcs 2020071514cs.dat
' C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/atmosphcs/airpresg4202007221cs.dat
C:/ETideLoad4.5_win64en/examples/Loadeformharmsynth/atmosphcs/airpresg202007291Zcs.dat

rched by wildcard instantiation:
th/atmosphcs/airpresg2020070112cs.dat

| [ horizontal displacement (EN, mm) (»)

. @ ground radial displacement (mm) (& C-/FTidel oad4 5 winB64en/examnles/| oadeformharmsvnth/atmasnhes/airnresq2020080519cs dat

" d | rth tric height . ini ' = ' = ; = : :

| O groTJn nor.ma or? ometric height (mm) (=) Minimum starting degree »| Maximum truncated ¢ - k=l Set the result folder - Import setting parameters & Start computation
' (J radial gravity gradient (10pE) of the coefficient model —— degree

I [J horizontal gravity gradient (NW, 10uE) :/ETideLoad4.5 winélen/examples/Loadeformharmsynth/atmload/loadfmd12020070112.ks1
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/atmload/loadfmdl2020070112.gra
:/ETidelLoad4.5 winéden/examples/Loadeformharmsynth/atmload/loadfmdl12020070112.dpr
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/atmload/loadfmdl2020070812.ksi
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/atmload/loadfmdl2020070812.gra
:/ETideload4.5 winéden/examples/Loadeformharmsynth/atmload/loadfmdl12020070812.dpr
:/ETideload4.5 winé64en/examples/Loadeformharmsynth/atmload/loadfmdl2020071512.ksi
:/ETideload4.5 winé:

encereass. s wine: Unified analytical computation of various load effects on

:/ETideload4.5 winé:

e all-element geodetic variations in whole Earth space.

:/ETideLoad4.5 winé:

Extract deformation field to be plot s Plot|
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Sea level variation load effect should be taken into account for the
1cm/10uGal-level geodesy in the coastal zone.

Month/day/year
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Sea level variation load effect weekly time series on the geoid (mm) at 12 tide gauges along Chinese coast
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Sea level variation load effect weekly time series on the ground gravity (uGal) at 12 tide gauges along Chinese coast



:Sea level variation load effecf should be takén into account forthe @\ ﬁ """" |
s 1cm/10uGal-level geodesy in the coastal zone. Month/day/year |
o 07/02/18 oo o9 o010 oz

Sea level variation load effect weekly time series on the ellipsoidal height (mm) at 12 tide gauges along Chinese coast
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Sea level variation load effect weekly time series on the radial gradient (10yE) at 12 tide gauges along Chinese coast




3| Surface atmosphere variation load effect should be taken into
; account for the 1cm/10pGal-level geodesy.
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Surface atmosphere variation load effect should be taken into

i
Month/day/year
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Surface atmosphere variation load effect weekly time series on the ellipsoidal height (mm) at 14 CORS
stations in mainland China
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Surface atmosphere variation load effect weekly time series on the radial gradient (10pyE) at 14 CORS stations
In mainland China



The land water load effect should also be taken into account for the
1cm/10uGal-level geodesy in the land.

I‘ - '-: .
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Global land water variation load effect weekly time series on the geoid (mm) at 14 CORS stations in mainland China
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Global land water variation load effect weekly time series on the ground gravity (uGal) at 14 CORS stations in mainland China



The land water load effect should also be taken into account for the
s 1cm/1 OpGaI-Ievel geodesy in the land.
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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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30 l on 1 a)i year*_
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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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f ass Regional refinement of load deformation field by Green's Integral ‘h/
- Computation of regional residual surface load effects by Green's Integral .

ation Monitoring Computation
ETideLoad4.5

.. Computation of regional residual surface .. Computation of lakes, glaciers, and snow .. Computation of regional load effect
** load effects by Green's Integral ** load effects by Green's Integral ** time series by Green's Integral

mlu- . oy 8w -

«= Algorithm fc A

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

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

The type of surface load Surface atmosphere - 4.1 Save progi

: spherical harmonic coefficient model, calculate the residual load deformation field grid by load Green's function integral to refine the regional load
‘& Open the space calculated point file deformation field and temporal gravity field.
** When computing the load effects of sea level variations, the height of the calculation point is the normal or orthometric height. When computing the load
effects of surface atmosphere or land water variations, the height of the calculation point is the height relative to the Earth’s surface.
>> Select the computation function from the 3 control buttons on the top of the interface...
\ >> [Function] From the regional residual equivalent water height (EWH) variation grid (cm), compute the residual surface load effects on the geoid or height
anomaly (mm), ground gravity (MGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south

Number of rows of the file header 1

A r|[4]r

Column ordinal number of height in record 4

llﬂ Open the residual equivalent water

height variation grid file Xﬁ:}d to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric
Select the type of effects ight (mm), radial gravity gradient (mE) or horizontal gravity gradient (NW, to the north and to the west, mE) by load Green's function integral. '
@ geoid or height anomaly (mm) >>\Qpen the space calculation point file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/calcpnt.txt.

® ground gravity (uGal) ® ** Look at the file information in the window below and set the row number of the file header...
Y >> Open the residual equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/swscSEP2018041112.dat.
[J gravity disturbance (pGal) |>> Save the results as C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/mtdfmrst.txt. |
(] ground tilt (SW, mas) (= >> Setting parameters have been imported into the program!
) vertical deflection (SW, mas) * inCk tt![et_ ntrFI:;J_tton [2?;4 c;:(r}nggt:lgozr;],&r the tool button [Start computation]....
>> : -10- :23:
] horizontal displacement (EN, mm) (=) omprationyart ime

>> Complete the rafinement computation!

@ ground radial displacement (mm) (=) >> Computation end\time: 2024-10-20 10:24:04
] ground normal or orthometric height (mm) (¢ "
[ radial gravity gradient (mE) Green's integral radius }O\OKm - = save the results as = Import setting parameters & Start computation

(] horizontal gravity gradient (NW, mE)

104.0 114.0 25.0 35.0 0.WB8333333 0.08333333

1 104.041667 25. 0.000 -7.2004 -5.1017 14.1136 I
2 104.125000 25. 0.000 -7.0567 -5.0204 13.9065
3 104.208333 25. 0.000 -6.4733 -4.58009 12.5347
4 104.291e67 25.041667Y 0.000 -6.3577 -4.4923 12.2997
5 104.375000 25.041e667 | 0.000 -6.6807 -4.7545 13.1545
6 104.458333 25.0416e7 | 0.000 -6.5397 -4.6359 12.8022
7 104.541e67 25.041667 | 0.000 -6.4231 -4.5438 12.5544

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




| s Regional refinement of load deformation field by Green's Integral

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

Select the calculation point file format
The calculation surface height grid file

.. Computation of lakes, glaciers, and snow
** load effects by Green's Integral

The type of surface load Surface atmosphere -

3 Open the land surface height grid file

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

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

>> Save the results as C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/rntdfmrst.txt.

>> Setting parameters have been imported into the program!

llﬂ Open the residual equivalent water
height variation grid file

>> Computation start time: 2024-10-20 10:23:44
>> Complete the refinement computation!

Select the type of effects

@ geoid or height anomaly (mm)

@ ground gravity (uGal) ®

(] gravity disturbance (uGal)

[ ground tilt (SW, mas) ®

(] vertical deflection (SW, mas)

] horizontal displacement (EN, mm) (=)

@ ground radial displacement (mm) (e

@ ground normal or orthometric height (mm) (¢
@ radial gravity gradient (mE)

(] horizontal gravity gradient (NW, mE)

Extract the effects to be plot = Plot|

>> Computation end time: 2024-10-20 10:24:04

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

&

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

«= Algorithm fc A
Chinese Academy of Surveying & mapping
E-\.'_-"‘F Sa\fe progl October 2024, Beijing, China
T

>> [Function] From the regional residual equivalent water height (EWH) variation grid (cm), compute the residual surface load effects on the geoid or height
anomaly (mm), ground gravity (HGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south

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

height (mm), radial gravity gradient (mE) or horizontal gravity gradient (NW, to the north and to the west, mE) by load Green's function integral. |

>> Open the calculation surface height grid file C:/ETideLoad4.5_ win64en/examples/Loadfmrntgreenintg/zero3m.dat.

>> Open the residual equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/swscSEP2018042512.dat. |

|>> Save the results as C:./ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/rmtdfmgrd.txt.

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

>> Computation start time: 2024-10-20 10:26:50

>> Complete the refinement computation!
>> Computation end time: 2024-10-20 10:26:55

Green's integral radius  300km <

Eﬂ Save the results as

C:/ETideLoad4.5 winéden/examples/Loadfmrntgreenintg/rntdfmgrd.ksi
C:/ETideLoad4.5 winéden/examples/Loadfmrntgreenintg/rntdfmgrd.gra
C:/ETideLoad4.5 winé6den/examples/Loadfmrntgreenintg/rntdfmgrd.dpr
C:/ETideLoad4.5 winéden/examples/Loadfmrntgreenintg/rntdfmgrd.nmh
C:/ETideLoad4.5 winéd4en/examples/Loadfmrntgreenintg/rntdfmgrd.grr

:r..- Import setting parameters

4 Start computation

geoid / height anomaly (mm)

ground gravity (uGal)

radial displacement (mm)
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Earth Tide, Load Effect and Deform -
ation Monitoring Computation

- Computation of lakes, glaciers and snow load effects by Green's Integral

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

.. Computation of lakes, glaciers, and snow
" load effects by Green's Integral

.. Computation of regional load effect

.

“* time series by Green's Integral

- Algorithm fc

ETideLoad4.5

-

AL,

Select the calculation point file format
The discrete calculation point file

[~ ]

_5 Open the space calculation point file

Number of rows of the file header 1

A r|[4]r

Column ordinal number of height in record 4 N

N

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

4. Save prog:
>> Computation end time: 2024-10-20 10:26:55
>> [Function] From the load equivalent water height variation grid (cm) of the inland water-bodies such as the rivers, lakes, reservoirs, glaciers or snow-
capped mountains, compute the water-body load effects on the geoid or height anomaly (mm), ground gravity (uGal), gravity disturbance (uGal), ground tilt
(SW, to the south and to the west, mas), vertical deflection (SW, to the south and to the west, mas), horizontal displacement (EN, to the east and to the
north, mm), ground radial displacement (mm), ground normal or orthometric height (mm), radial gravity gradient (mE) or horizontal gravity gradient (NW, to

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

AN

the north and to the west, mE) by load Green's function integral.
** The height in the calculation point file refers to the height of the calculation point relative to the watarerfana

117 111.3° 111.4° 111.5 1.6
T T T T

** The equivalent water height variation grid of multiple water bodies at the same sampling epoch t x. an

3245 | |
1

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

total load effects by load Green's function integral. :
%2> Open the space calculation point file C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/la =

ook at the file information in the window below and set the row number of the file header... ;
>> Open water-body equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/ T
|>> Save\Qe results as C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/lakedfmrst.txt. |

328

3278

7 anr

3265 32.65°

26

32,55

™! Save the results as

111.00000000 111.80000000 40000000 33.00000000 0.00416667 0.00416667 0.0000
1 111.0020833  32. 0.000 0.0130 0.0102 —0.0308 0.0438 0.1105 i
2 111.0062500  32. 0.000 0.0131 0.0102 ~0.0311 _0.0442 _0.1133
3 111.0104167 32.4020833 0.000 0.0132 0.0103 ~0.0313 _0.0445 _0.1160
4 111.0145833  32.4020833 0.000 0.0133 0.0104 ~0.0316 0.0449 _0.1187
5 111.0187500 32.4020833 0.000 0.0134 0.0104 ~0.0318 _0.0452 _0.1216
N 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
111.F 111.4 111.6 111.7 111.4° 111.6 111.7 111.4 111.6°
2R F2.E 2R
BT R0 7T
e 8 0.6
25 32, 25
111.7 111.4° 111.6° 111.7 111.4° 111.6 111.7 111.4° 111.67
‘ 002 004 006 008 0A2 004 006 008 01 002 614 016 m 03 02 01
I - ] I E E——— ] [ . ]

geoid / height anomaly (mm)

ground gravity (uGal) radial displacement (mm)



| e

- Computation of lakes, glaciers and snow load effects by Green's Integral .

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

ation Monitoring Computation

]

ETideLoad4.5
Computation of lakes, glaciers, and snow .. Computation of regional load effect -:; Alaorithm f § ns
load effects by Green's Integral “* time series by Green's Integral - gomthm 7§ \‘/

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

_ﬁ Open the land surface height grid file

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

Select the type of effects
@ geoid or height anomaly (mm)
@ ground gravity (uGal) (»
(] gravity disturbance (uGal)
[ ground tilt (SW, mas) ®
(] vertical deflection (SW, mas)
] horizontal displacement (EN, mm) (=)

-';.“f' Save prog= October 2024, Beijing, China

>> Complete the refinement computation!

>> Computation end time: 2024-10-20 10:36:07

>> [Function] From the load equivalent water height variation grid (cm) of the inland water-bodies such as the rivers, lakes, reservoirs, glaciers or snow-

capped mountains, compute the water-body load effects on the geoid or height anomaly (mm), ground gravity (uGal), gravity disturbance (uGal), ground tilt

(SW, to the south and to the west, mas), vertical deflection (SW, to the south and to the west, mas), horizontal displacement (EN, to the east and to the

north, mm), ground radial displacement (mm), ground normal or orthometric height (mm), radial gravity gradient (mE) or horizontal gravity gradient (NW, to

the north and to the west, mE) by load Green's function integral. __
** The height in the calculation point file refers to the height of the calculation point relative to the water surface. ,
** The equivalent water height variation grid of multiple water bodies at the same sampling epoch time can be merged directly, and then you can get the ‘

total load effects by load Green's function inteqgral.

>> Open the calculation surface height grid file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/lakecalcpnt.dat.

>> Open water-body equivalent water height variation grid file C:/ETidel oad4.5_ win64en/examples/Loadfmrntgreenintg/lakechgcm.dat.

>> Save the results as C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/lakedfmagrd.txt.

) >> Setting parameters have been imported into the program! I
@ ground radial displacement (mm) (®) ** Click the control button [Start computation], or the tool button [Start computation].... - - . s e
(] grou nd normal or orthometric he|ght (mm) (-3 >> Computation start time: 2024-10-20 10:52:18 e ' ' ' ' {3285
@ radial gravity gradient (mE) >> Complete_the reﬂngment computation! F o
] ) ) >> Computation end time: 2024-10-20 10:57:59 b -
@ horizontal gravity gradient (NW, mE) [
3275 3278 |
Green's integral radius  300km | < ™! Save the results as !
2.7 nr
C:/ETideLoad4.5 win6den/examples/Loadfmrntgreenintg/lakedfmgrd.ksi r
C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/lakedfmgrd.gra " e
C:/ETideLoad4.5 win6den/examples/Loadfmrntgreenintg/lakedfmgrd.dpr
C:/ETideLoad4.5 winéden/examples/Loadfmrntgreenintg/lakedfmgrd.nmh e e
C:/ETideLoad4.5 winéd4en/examples/Loadfmrntgreenintg/lakedfmgrd.grr _
C:/ETideLoad4.5 winéd4en/examples/Loadfmrntgreenintg/lakedfmgrd.hgd » 2
Extract the effects to be plot = Plot] 0
|
i ML: 114 1116 Lr 1z 1114 s - 1LF 111.4° 1116
.y 1y
2y iy
BT T
ne i )
nr k)
3 A
111 111.2" 111.4° 111&" N 111 1z 111.4° 1116
0, M 0,06 0% -4 -0.3 | ¥ -1
: C —— S . C —
geoid / height anomaly (mm) ground gravity (uGal) radial displacement (mm)



| & Regional refinement of load deformation field by Green's Integral

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

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

Select the calculation point file format
The discrete calculation point file

&
/ =
Earth Tide, Load Effect and Deform -

ation Monitoring Computation
ETideLoad4.5

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

.. Computation of lakes, glaciers, and snow
** load effects by Green's Integral

mlu- . oy 8w -

«= Algorithm fc A

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

The type of surface load Land water EWH v 4.1 Save progi

>> [Function] From the regional residual equivalent water height (cm) grid time series, compute the time series of the residual value of the load effects on

'E. Open the surface calculation point file

Number of rows of the file header 1

Column ordinal number of height in record 4

A r|[4]r

various geodetic variations at the calculation points in the input file by load Green's function integral. The residual equivalent water height variation (cm) grid
time series files are extracted according to the given wildcards.

** The epoch time of the residual load effects is the sampling epoch time of the surface equivalent water height grid model.

**When calculating of the lakes, glaciers, or snow load effects, please select “Land water EWH” as the type of surface load.

Uﬂ Open any residual equivalent water
height variation grid file

>> Open the surface calculation point file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/calcpnt.txt.
** Look at the file information in the window below and set the row number of the file header... _,
>> Open any residual equivalent water height variation grid file C./ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/swscSEP2018041112.dat. .

Set the wildcard of the file names
Ordinal number of first wildcard in file name/ 8

Number of consecutive wildcards in file namig 10
Select the type of effects

@ geoid or height anomaly (mm)

@ ground gravity (uGal) ®

(] gravity disturbance (uGal)

[ ground tilt (SW, mas) ®

(] vertical deflection (SW, mas)

] horizontal displacement (EN, mm) (=)

@ ground radial displacement (mm) (e

@ ground normal or orthometric height (mm) (¢

@ radial gravity gradient (mE)

@ horizontal gravity gradient (NW, mE)

Extract the effects to be plot

1]y

M Plot|

[>> Create or select the result folder C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/loadtms. |

** The program outputs the residual load effect record time series files rntGreen*** txt. Each output file header is the same as the input file. Behind the
input file record, adds one or several columns of the surface load effects selected as the output file record.
wildcards of the variation grid time series file names, whose instance can identify the sampling epoch time of the load effects.

** The load EWH varrat id files searched by wildcard instantiation:
C:/ETideLoad4.5 win64en/example tgreenintg/swscSEH2018041112 dat
C:/ETideLoad4.5 win64en/examples/Loadfmrntgreeni 2018041812|dat
C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/swscSER2018042512|dat
C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/swscSEH2018050212|dat

>> 4 equivalent water height variation grid time series files are found by wildcard instantiation.
>> Setting parameters have been imported into the program!

Green's integral radius  300km < tﬂ Set the results folder '?;. Import setting parameters 4 Start computation

:/ETideLoad4.5 winé6d4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112.txt
:/ETideLoad4.5 winé6d4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041812.txt
:/ETideLoad4.5 winé6d4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018042512.txt
:/ETideLoad4.5 winé6d4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018050212.txt

C
C
C
C

geoid / height anomaly (mm)

ground gravity (uGal) radial displacement (mm)




| s Regional refinement of load deformation field by Green's Integral

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

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

Select the calculation point file format
The calculation surface height grid file

. Computation of lakes, glaciers, and snow
*“* load effects by

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

The type of surface load Land water EWH v

_js Open the land surface height grid file

Uﬂ Open any residual equivalent water
height variation grid file

Set the wildcard of the file names
Ordinal number of first wildcard in file nam

- Algorithm fc¢

4. Save prog:

&
~a

-

> @

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETideLoad4.5

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

>> [Function] From the regional residual equivalent water height (cm) grid time series, compute the time series of the residual value of the load effects on
various geodetic variations at the calculation points in the input file by load Green's function integral. The residual equivalent water height variation (cm) grid

time series files

are extracted according to the given wildcards.

** The epoch time of the residual load effects is the sampling epoch time of the surface equivalent water height grid model.
**When calculating of the lakes, glaciers, or snow load effects, please select “Land water EWH” as the type of surface load.
>> Open the land surface height grid file C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/zero3m.dat.

>> Open any residual equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/swscSEP2018041112.dat.

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

@ geoid or height anomaly (mm)

@ ground gravity (uGal) (®

(] gravity disturbance (uGal)

[ ground tilt (SW, mas) (®

(] vertical deflection (SW, mas)

] horizontal displacement (EN, mm) (®)

@ ground radial displacement (mm) (®)

@ ground normal or orthometric height (mm) ()

@ radial gravity gradient (mE)

@ horizontal gravity gradient (NW, mE)

Extract the effects to be plot = Plot|

L.y il 11r

1z

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

dlsplacement radia
*** are the wildcards of the

** The load EWH variation grid files sea
C:/ETideLoad4.5 win64en/examples/Loadfmrntg
C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/s

wildcard instantiation:
intg/swscSEH2018041112 Hat
2018041812|dat

C:/ETideLoad4.5_win64en/examples/Loadfmrntgreenintg/swscSER2018042512|dat
C:/ETideLoad4.5 win64en/examples/Loadfmrntgreenintg/swscSEH2018050212|dat

>> 4 equivalent

water height variation grid time series files are found by wildcard instantiation.

>> Setting parameters have been imported into the program!

ement normal or orthometric height, radial gra\nty gradient or horlzontal gravity gradlent
jon grid time series file names, whose instance can identify the sampling epoch time of the load effects.

€ program outputs the reS|duaI load effect grid time series files iGreen™ 7277, where 07 = KSI gra, rga, dft, vdf, dph dpr nmh, grr or hgd

Green's integral

radius 300km < ! Set the results folder

B Import setting parameters

NN NeNeeNORe!

:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4d.

5 wineéden/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112
5 wineéden/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112
5 wineéden/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112
5 winéd4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112
5 winéd4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112

5 wineden/examples/Loadfmrntgreenintg/loadtms,/rntGreen2018041812

5 winéden/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041112.
.gra
Ldpr
. nmh
.grr
hgd
5 winé4en/examples/Loadfmrntgreenintg/loadtms/rntGreen2018041812.
.gra

ksi

ksi

& Start computation
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geoid / height anomaly (mm)
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radial displacement (mm)




The change of surface gravity with time is generally more than 20uGal, while
.0 the change of gravity gradient with time is generally more than 5E. ! ' ]
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30'x30’ residual soil water load effects in Chinese mainland (Green integral): radial gradient variation (mE)



The change of surface gravity with time is generally more than 20uGal, while
the change of gravity gradient with time is generally more than 5E. 5
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30'x30’ residual soil water load effects in Chinese mainland (Green integral): horizontal gradient variation (N, mE)
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30'x30’ residual soil water load effects in Chinese mainland (Green integral): horizontal gradient variation (W, mE)



The calculated load effect signal by the direct load Green’'s integral is not
sufficient and thus is difficult to meet the high-precision geodesy.

8 : . . | '
Remove - load Green's function integral — restore scheme
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Surface atmosphere load effect time series on geoid (mm) at 6 CORS stations in mainland China using two scheme
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The calculated load effect signal by the direct load Green’'s integral is not
sufficient and thus is difficult to meet the high-precision geodesy.

scheme

Remove - load Greenis function integral — restore
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Surface atmosphere load effect time series on ellipsoidal height (mm) at 6 CORS stations in mainland China using two scheme
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Surface atmosphere load effect time series on radial gravity gradient (mE) at 6 CORS stations in mainland China using two scheme



& Regional approach of load deformation field using SRBFs / &

Approach of residual load and synthesis of residual load effects using SRBFs -

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

.. Approach of residual load and synthesis .. Computation of residual surface load and - B SES e
of residual load effects using SRBFs = Joad effect time series using SRBFs * Load deformation field approach from heterogeneous i %‘ i
i i Chinese Academy of Surveying & mapping
Select the calculation point file format Solution of normal equation LU triangular decompos ~ Cumulative SRBF approach times 1 = gt Save progrorhritt adinanGhina
The discrete calculation point file v ————— -

i >> Open the residual equivalent water height variation grid file C:/ETideLoad4.5 win64en/examples/loadfmtewhSRBFs/soilewh20180131.dat.
& Open the space calculation point file [>> Save the results as C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/SRBFmtdfm.txt. |
>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the tool button [Start computation]....
>> Computation start time: 2024-10-20 15:53:40

»>> Complete the computation for approach of residual load and svnthesis of residual load effects!

Number of rows of the file header 1

LIRS

Column ordinal number of height in record 4

i@ Open the residual equivalent water The source EWH observations (cm): Mean -22.9259 standard deviation 22.8930 minimum -146.8799 maximum 87.2602.
height variation grid file The Oth iterated residual EWH (cm): Mean 0.0052 standard deviation 4.4537 minimum -37.6941 maximum 25.5549.
Paﬁmeters of the first SRBF aggoach The 1t_h iteratﬂ residual EWWH (Cm): MeE_in 00025 standard deviation 35260 m|n|ml_lm -28.3254 m@ﬂmum 221824, | __ L ______ I

>> Computation end time: 2024-10-20 15:58:46 .
>> The program also outputs the SRBF spatial curve file *spc.rbf and spectral curve files *dgr.rbf of 11 kinds of
** "spc.rbf file header format: SRBF type (O-radial multipole kernel function, 1-Possion wavelet kernel functior
Legendre expansion, buried depth (km). The record format: spherical distance (km), normalized SRBF values .|
disturbance, ground tilt, vertical deflection, horizontal displacement, radial displacement, orthometric height, ra
** The file header of * dgr.rbf is the same as * spc.rbf. The record format: degree n of SRBF Legendre expans' 0
height anomaly, ground gravity, gravity disturbance, ground tilt, vertical deflection, horizontal displacement, rad
horizontal gradient variations. rosf

<

Select SRBF radial multipole kernel
order numberm 0

minimum degree 15

maximum degree 900

burial depth of Bjerhammar sphere 5.0km

action distance of SBRF center 150km
Reuter network level K 1800

A B[R] P24 4] >

r:J Save the results as

Parameters of cumulative SRBF appoach 98.000 102.000 25.0000 28.000 0.01666667 0.01666667 Laso o s 0w

Select SRBF radial multipole kernel ~ 1  98.008333  25.008333 0.000 ~50.5230 —1.5456 ~20.2522 ~20.9465 0.0110 —0.0079 0.0015 -0 0012]
order number m 0 = 2 98.025000 25.008333 0.000 ~45.9740 ~1.3242 ~18.4557 ~19.0682 0.0092 ~0.0089 0.0011 ~0.0014
hd 3 98.041667 25.008333 0.000 ~42.7539 ~1.2380 ~17.1549 ~17.7312 0.0078 ~0.0095 0.0009 ~0.0016
minimum degree 45 = 4  98.058333  25.008333 0.000 ~42.9815 ~1.4841 ~17.1478 ~17.8004 0.0080 ~0.0104 0.0011 ~0.0018
maximum degree 1800 s 5  98.075000 25.008333 0.000 ~37.7942 ~1.2010 ~15.1123 ~15.6618 0.0061 ~0.0108 0.0008 ~0.0019
_ _ - 6 98.091667 25.008333 0.000 ~37.0927 ~1.3542 ~14.7584 ~15.3525 0.0055 ~0.0113 0.0008 ~0.0021
burial depth of Bjerhammar sphere 10.0km = 7  98.108333  25.008333 0.000 ~36.7076 ~1.5304 ~14.5265 ~15.1730 0.0036 -0.0116 0.0005 -0.0022
action distance of SBRF center 90km 2 8 98.125000 25.008333 0.000 ~35.1771 ~1.5832 ~13.8705 ~14.5278 0.0022 ~0.0112 0.0002 ~0.0022
Reuter network level K 1800 =
Extract the effects to be plot = Plot|
oR.5" og” oo 5 1olr s 1ag” s oE5 o 995 1Ky 106157 1l 1al.5°
= LTI r-r—ri||||1|
. : »v. .
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=17 27
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r | |
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geoid / height anomaly (mm) ground gravity (uGal) radial displacement (mm) radial gradient (mE)

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the estimated load

EWHs is obviously reduced and the residual statistical mean tends to zero.




& Regional approach of load deformation field using SRBFs

&

Approach of residual load and synthesis of residual load effects using SRBFs -

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETidelLoad4.5

.. Approach of residual load and synthesis
of residual load effects using SRBFs

.. Computation of residual surface load and

load effect time series using SRBFs = Load deformation field approach from heterogeneous

SHusinO BRBES

Select the calculation point file format
The calculation surface grid file

3 Open the calculation surface height grid file

llﬂ Open the residual equivalent water
height variation grid file

Parameters of the first SRBF appoach

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

Solution of normal equation LU triangular decompos ~ Cumulative SRBF approach times 1 = &:f Save pi

>> [Function] From the regional residual equivalent water height (EWH) variation grid (cm), approach the regional residual surface loads using spherical radial basis functions
(SRBFs) and then calculate the residual EWH estimation and residual load effects on the geoid or height anomaly (mm), ground gravity (pGal), gravity disturbance (uGal),
ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south and to the west, mas), horizontal displacement (EN, to the east and to the north, mm),
ground radial displacement (mm), ground normal or orthometric height (mm), radial gravity gradient (mE) or horizontal gravity gradient (NW, to the north and to the west, mE)
using SRBF synthesis.

Select SRBF radial multipole kernel

<

order numberm 0

minimum degree 15

maximum degree 900

burial depth of Bjerhammar sphere 5.0km

action distance of SBRF center 150km

Reuter network level K 1800

A ML A] M (AP A>]]] 4] P

Parameters of cumulative SRBF appoach

>> Open the calculation surface height grid file C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/zero1m.dat.

>> Open the residual equivalent water height variation arid file C:/ETideLoad4.5 win64en/examples/loadfmtewhSRBFs/soilewh20180328.dat.
|>> Save the results as C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.txt. |

>> Setting parameters have been imported into the program!

>> Computation start time: 2024-10-20 16:09:06
>> Complete the computation for approach of residual load and synthesis of residual load effects!

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

The source EWH observations (cm): Mean -40.4567 standard deviation 31.3639 minimum -191.3139 maximum 75.7880.
The Oth iterated residual EWH (cm): Mean 0.0087 standard deviation 5.5002 minimum -43.6331 maximum 39.0007.
The 1th iterated residual EWH (cm): Mean 0.0011 standard deviation 4.5873 minimum

-40.7119 maximum 30.1390.

>> Computation end time: 2024-10-20 16:12:36
>> The program also outputs the SRBF spatial curve file *spc.rbf and spectral curve files *dar.rbf of 11 kinds of geodetic variations into the current directory.

Select SRBF radial multipole kernel

<

order numberm 0

r:J Save the results as

minimum degree 45

maximum degree 1800

burial depth of Bjerhammar sphere 10.0km

action distance of SBRF center 90km

Reuter network level K 1800

AL ML Af (A P[] P] A >]]] 4] P

QOO0

:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
:/ETideLoad4.
: /ETideLoad4.

5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 wineden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.
5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmgrd.

ewh
ksi
gra
rga
dft
vdf
dph
dpr
nmh
grr

'i— Import setting parameters

& Start Computation

Extract the effects to be plot

s Plot]
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geoid / height anomaly (mm)

ground gravity (uGal)

radial displacement (mm)

radial gradient (mE)

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the estimated load

EWHs is obviously reduced and the residual statistical mean tends to zero.
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& Regional approach of load deformation field using SRBFs ‘h/ ks
Computation of residual surface load and load effect time series using SRBFs ...

ation Monitoring Computation
ETideLoad4.5

.. Approach of residual load and synthesis = Computation of residual surface load and % Load deformation field approach from heterogeneous Whsing ERBES
of residual load effects using SRBFs load effect time series using SRBFs ' /.- )
A
1 i Chinese of Surveying & mappi
Select the calculation point file format Solution of normal equation LU triangular decompos -~ Cumulative SRBF approach times 1 = &7 Save pi Srtoter 2056, By G
The discrete calculation point file - I BRI — ==
, C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/soilewh20180530 dat i :
‘&b Open the surface calculated point file C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/soilewt20180801|dat

C:/ETideLoad4.5_win64en/examples/loadfmtewhSRB ewh20181003ldat

C:/ETideLoad4.5 W|n64enr’examplesfloadf BFs/soilewh20181205|dat
>> 6 equivalent water height variati ime series files are found by wildcard instantiation.
>> Setting parameters h n imported into the program!
llﬂ Open any residual equivalent water ** Click the ¢ utton [Start computation], or the tool button [Start computation]...

height variation grid file * putation process needs to wait... During the computation period, you can open the output flles

BFrntdfmtmpnt,to look at the computation progress!!
** The last column attribute of each output file header is the instance of the wildcards of the file name of th
~  the output file. N T I
>> Computation start time: 2024-10-20 16:15:52 . SNSRI, .. SSYENENS. - SN, S I S

Number of rows of the file header 1

LIRS

Column ordinal number of height in record 4

Ordinal number of first wildcard in file nam

(3R]

Number of consecutive wildcards in file na

Parameters of the first SRBF appoach

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

<

minimum degree 15

maximum degree 900

burial depth of Bjerhammar sphere 5.0km

action distance of SBRF center 150km

A P[] A P[] AP 4] P

Reuter network level K 1800 5l set the results folder * Import setting parameters & Start Computation

Parameters of cumulative SRBF appoach 98.000 102.000 25.0000 28.000 0.01666667 0.01666667

Select SRBF radial multipole kernel - 1  98.008333  25.008333 0.000 10.6549 ~0.4212 4.5657 4.4966 -0.0087 0.0071 ~0.0009 0.0012 I
A — - 2 98.025000 25.008333 0.000 9.0048 ~0.4191 3.8803 3.8066 -0.0063 0.0079 ~0.0005 0.0014
- 3 98.041667 25.008333 0.000 8.7419 ~0.2702 3.7099 3.6809 -0.0046 0.0077 ~0.0002 0.0013
minimum degree 45 S 4  98.058333 25.008333 0.000 10.2489 0.0459 4.2051 4.2776 -0.0046 0.0086 ~0.0005 0.0015
maximum degree 1800 s 5 98.075000 25.008333 0.000 8.1877 0.0163 3.3624 3.4190 -0.0028 0.0088 ~0.0002 0.0016
_ _ - 6 98.091667 25.008333 0.000 6.3786 0.0031 2.6178 2.6642 -0.0008 0.0091 0.0001 0.0017
burial depth of Bjerhammar sphere 10.0km = 7 98.108333  25.008333 0.000 6.7264 0.2004 2.6815 2.7888 0.0012 0.0086 0.0004 0.0016
Seten dfeEEE 3T SEEE cxre: 2 8 98.125000 25.008333 0.000 6.1897 0.2883 2.4235 2.5552 0.0030 0.0078 0.0008 0.0015
Reuter network level K 1800 =
Extract the effects to be plot = Plot|
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geoid / height anomaly (mm) ground gravity (uGal) radial displacement (mm) radial gradient (mE)

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the estimated load

EWHs is obviously reduced and the residual statistical mean tends to zero.
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& Regional approach of load deformation field using SRBFs /

; Computation of residual surface load and load effect time series using SRBFs =

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETideLoad4.5

- Approach of residual load and synthesis - Computation of residual surface load and % Load deformation field approach from heterogeneous Bsine ERAES
of residual load effects using SRBFs load effect time series using SRBFs ' ;- )
. . I__________I ________ e P t\fl' e
Select the calculation point file format Solution of normal equation LU triangular decompos ~ Cumulative SRBF approach times 1 = ‘ Ot 2024, B, o
The calculation surface grid file v —1 |
- C:/ETideLoad4.5_win64en/examples/loadfmtewhSRBFs/soilewh20181003|dat Lot
‘ ‘& Open calculation surface zero value grid file C:/ETideLoad4.5_win64en/examples/loadfmtewhS ewh20181205|dat 'osh
; - - >> 6 equivalent water height variation gridti eries files are found by wildcard instantiation. Lt
@ Open any residual equivalent water >> Setting parameters h imported into the program! ! of
height variation grid file . ** Click t utton [Start computation], or the tool button [Start computation].... !

Ordinal number of first wildcard in file name/ 8 e computation process needs to wait... During the computation period, you can open the output files 1“"

SRBFrntdfmtmgrd,to look at the computation progress!! I

Number of consecutive wildcards in file name_ 8 / ** The last column attribute of each output file header is the instance of the wildcards of the file name of th ..}

Parameters of the first SRBF appoach the output file. ) S S BN 5 i S S

Select SRBF radial multioole k | >> Computation start time: 2024-10-20 16:47:12 baso a0 s 0 s w10

’ radial mutlipole kemne >> SRBF approach statistics of 20180131 load EWHs:

' order numberm 0 The source EWH observations (cm): Mean -22.9259 standard deviation 22.8930 minimum -146.8799 maximum 87.2602.
The Oth iterated residual EWH (cm): Mean 0.0052 standard deviation 4.4537 minimum -37.6941 maximum 25.5549.
The 1th iterated residual EWH (cm): Mean 0.0025 standard deviation 3.5260 minimum -28.3254 maximum 22.1524. I

>> SRBF approach statistics of 20180328 load EWHs:

The source EWH observations (cm): Mean -40.4567 standard deviation 31.3639 minimum -191.3139 maximum 75.7880.
The Oth iterated residual EWH (cm): Mean 0.0087 standard deviation 5.5002 minimum -43.6331 maximum 39.0007.

<

minimum degree 15

maximum degree 900

burial depth of Bjerhammar sphere 5.0km

action distance of SBRF center 150km

A P[] P[] 2] 4] [4] >

Reuter network level K 1800 ﬂ Set the results folder 3 Import setting parameters & Start Computation

Parameters of cumulative SRBF appoach

Select SRBF radial multipole kernel
order numberm 0

:/ETideLoad4.5 winé6den/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.ewh
:/ETideLoad4.5 winé64en/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.ks1
:/ETideLoad4.5 winé6den/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.gra
:/ETideLoad4.5 winé6den/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.rga
:/ETideLoad4.5 winé64en/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.dft
:/ETideLoad4.5 winé6den/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.vdE
:/ETideLoad4.5 winé6den/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.dph
:/ETideLoad4.5 winéden/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.dpr
:/ETideLoad4.5 winé6den/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.nmh
:/ETideLoad4.5 winé6den/examples/loadfmtewhSRBFs/SRBFrntdfmtmgrd/rntSRBFs20181205.grr

<

minimum degree 45

maximum degree 1800

burial depth of Bjerhammar sphere 10.0km

Qo0

action distance of SBRF center 90km

A B[] A] P[] A2 A [4] >

Reuter network level K 1800

Extract the effects to be plot = Plot|

-0 -0 0 i p
I i - |
geoid / height anomaly (mm) ground gravity (uGal) radial displacement (mm) radial gradient (mE)

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the estimated load
EWHs is obviously reduced and the residual statistical mean tends to zero.

—




The high-degree oscillation and non-convergence troubles of load

440

Green’s function can be effectively solved by using SRBF instead.

[ Non-convergence
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Integral singularity
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The near-zone characteristics of several load Green's functions (Indirect influence)
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The near-zone characteristics of load effect SRBFs on several geodetic variations



& Load deformation field monitoring from heterogeneous variations with Green’s integral constraints
/ ~a
.’f’- q
Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETideLoad4.5

 Load deformation field estimation from heterogeneous variations with Green’s integral constra

.. Load deformation field estimation from heterogeneous .. Time-varying gravity field monitoring from heterogeneous

A

™ variations with Green’s integral constraints

** variations by Green’s integral constraints

_g Open the geodetic variation record time series file

Column ordinal number of the first

Solution of normal equation LU triangular decomposition

S

A Follow example A

Chinese Academy of Surveying & mapping

October 2024, Beijing, China

4.1 Save prograil

>> [Function] Using various heterogeneous geodetic variations as the observations and the load Green's function integral as the geodynamic constraints,

epoch time in header 2 ~_  estimate the regional surface load equivalent water height (EWH) and all-element load effects to obtain the land water EWH, geoid or height anomaly

Column ordinal number of the first . (mm), ground gravity (uGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW, to the south and to the

variation in record 7 b west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric height (mm),

The column ordinal number of the - radial gravity gradient (mE) and horizontal gravity gradient (NW, to the north and to the west, mE) variation grids.

variation type in record 6 v >> i)pe; tr;?hgeﬁdeti;: varie:tion ret(r:10rd tin;e seé)ri?s file (:j:!E'!['itcri]eLT?ladél.5_wir][64en;etﬁamples/dL?adestimateGreen!CORSadj.txt.
- ** Look at the file information in the window below and set the file parameters of the record time series...

E;(iagﬁ?sluirr??eiggal LirlEEr Criine 5 = >> Open the calculation surface height grid file C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/dtm3m.dat.

The column ordinal number of the N >> Create or select the results folder C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/CORSrst.

current variations in record 9 ~ ** The program outputs the land water EWH grid file ewh****.dat, residual geodetic variation file rnt***.txt and all-element load effect grid files into the

current directory. Here, *** is the sampling epoch time which is also saved as the last column attribute of the load effect grid file header.

Mean distance between geodetic sites 15.0 km - (D Greengeoid™*.dat is the load effect grid file on geoid or height anomaly [ aossorie12. o |
=3 . . e *HK i id fi i 1 | Ellipsoidal height: 4
Wk Open the calculation surface height grid file (&) Greenterrgrav™.dat is the load effect grid file on ground gravity (uGal), | 0 1.7766  3.2313 -8.9800  7.4500
: (3) Greengravdist***.dat is the load effect grid file on gravity disturbance (UG - 1 0.0470  1.5335 -4.1846  4.4676
Set algorithm parameters ) . N _ 4 2 -0.0250  1.2653 -4.1085  4.2485
(A Qreenarndtilt*** dat ie the Inad sffact vectar arid file an aranind tilt (SW tq - 3 _0.0276 1.1473  -4.2036 4.1187
Load Green's integral radius = : - : 6 4 -0.0236  1.0787 -4.2537  4.0383
g _ 150km = (%! Create or select the results folder & Import setting pi - CORS 121.3725  28.1708  1.00 4 2.3100 0.0611 -0.0322
Laplace operator weight p 1.0000 = : . _ : CORS 121.2459  28.3706  1.00 4 1.2300 0.1266 0.0791
_ X C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/CORSrst\Greel ¢ CORS 121.1122  28.5421  1.00 4 -1.3400 -0.2021 -0.0768
Edge effect suppression parameter n 2 ~| | C:/ETideLoad4.5 winé64en/examples/LoadestimateGreen/CORSrst\Greer cons ey Al s e ey bl
Cumulative approach times 3 2 C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/CORSrst\Greer iz CORS 120.4708  28.5056  1.00 4 0.6500 0.7964 0.5206
C:/ETideLoad4.5 winéden/examples/LoadestimateGreen/CORSrst\Greer - CORS 120.4557  28.5259 1.00 4 -0.0100 0.46439 0.3275
. - . : 14 CORS 120.4330  28.2659  1.00 4 0.1800 -1.2777 -1.0993
Select type of the _ vy C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/CORSrst\Greer i CORS 120.4128  28.0902 1.00 4 5.0600 1.0729 0.5665
i iati height anomaly variation (mm) N CORS 120.3856  27.4700  1.00 4 3.5100 0.9558 0.2376
adjustable variations - o : o 2 S b
e : . 17 CORS 120.3739  27.252%  1.00 4 1.6900 1.3661 1.0752
ontribution rate k of the n 1 CORS 120.2754  27.1035  1.00 4 -1.3800 -0.8403 -0.5624
. . 1.00 v
adjustable variations - . :
] The monitoring epoch time 2015031612 ~.| Extract the effects to be plot “a Plot]
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Spatial distribution of geodetic sites Land water EWH variations (cm) Ground gravity variations (pGal) Orthometric height variations (mm)

@ The geodetic variations here can be one or more of the following five types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-
gravity monitoring network or CORS-gravity tide stations, (3) ground gravity variations (pGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring
network, and (5) normal or orthometric height variations (mm) from leveling monitoring network.

® The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load deformation field in space are continuous and differentiable, and (2) the residual standard deviation
of the variations is obviously reduced, and the residual statistical mean tends to zero.




& Load deformation field monitoring from heterogeneous variations with Green'’s integral constraints — O X

- Time-varying gravity field monitoring from heterogeneous variations by Green’s integral constraints

B 02015011612 txt £ [H rnt2015041600. txtﬂ|

.. Load deformation field estimation from heterogeneous . Time-varying gravity field monitoring from heterogeneous i Gfdggggggty g?}g;f 0.cosh 20080

™ variations with Green’s integral constraints ** variations by Green’s integral constraints - S 0la027  03e24  oize26  1.1s73

‘i) Open the geodetic variation record time series file Solution of normal equation LU triangular decomposition - K z §§§§§ Zgggg %éég‘i %%E?E
Column ordinal number of the first . >>[Function] Using various heterogeneous geodetic variations as the observations and the load Greer i §m§§33§ht 3;333? e 2o
epoch time in header 2 ¢ estimate the regional surface load equivalent water height (EWH) and all-element load effects to obtair| - L iliale olseer  o.s0s 41718
Column ordinal number of the first . (mm), ground gravity (uGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, n 5 1ldsos 13 1loss 5235
variation in record 7 | west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacemen| - gigzigl'E?igggl3%5?;33306;22 S e s ooms
The column ordinal number of the - radial gravity gradient (mE) and horizontal gravity gradient (NW, to the north and to the west, mE) variad.z. .. __ gzaviey 121.4122 250421 1.00 3 1.4196 04408 0.3044
variation type in record 6 v >> i)pe;? trﬁhge]?ldeti? varie:tion retcr:10rd tirge seé)ri(?s file %:/E'[i%eLgadél.5_wir][64enﬁﬁamples.detoadestimateGreen/heterobstm.txt.

. ** Look at the file information in the window below and set the file parameters of the record time series...
Lg?gﬁ?;ﬂr:?eﬁﬁgal number of the 5 = >> Open the calculation surface height grid_ file C:IETideL_oad4.5_win64enlexample_stoadestim_ateGreenfdthm.dat. E
The column ordinal number of the N >> Create or select the results folder C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/Htrgrst. _
current variations in record 10 ~ ** The program outputs the land water EWH grid file ewh****.dat, residual geodetic variation file rnt***.txt and all-element 1n=A effect grid files into the
- — — | current directory. Here, *** is the sampling epoch time which is also saved as the last column attribute of the load effec ader.

Mean distance between geodetic sites 15.0 km < (D Greengeoid*_dat is the load effect grid file on geoid or height anomaly (mm), | e

@ Greenterrgrav***.dat is the load effect grid file on ground gravity (uGal),

(3 Greengravdist*** dat is the load effect grid file on gravity disturbance (uGal),
@) (reanarndtilt*** dat ie the Inad affart vactnr arid file an arnnnd tilt (S\W - tn the eniith and tn t

'_3 Open the calculation surface height grid file

Set algorithm parameters
Load Green's integral radius 150km
Laplace operator weight p 1.0000

rj Create or select the results folder _E'r Import setting parameters

A M| AL P[] A]M]]] 4>

. C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/Htrgrst\Greenhorzdisp2015041
Edge effect suppression parameter n 2 C:/ETideLoad4.5 winé6den/examples/LoadestimateGreen/Htrgrst\Greenelliphgt2015041
Cumulative approach times 3 C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/Htrgrst\Greenorthohgt2015041@00.daf
C:/ETideLoad4.5 winé6d4en/examples/LoadestimateGreen/Htrgrst\Greengradient2015041400.daj
i o C:/ETidelLoad4.5 winé64en/examples/LoadestimateGreen/Htrgrst\Greenhorzgrad2015041§00 .280%)
_Select type _of_the height anomaly variation (mm) v = £ 2 2 s’
adjustable variations
Contribution rate k of the 1.00 ~
adjustable variations - e — :
] The monitoring epoch time 2015041600
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Spatial distribution of geodetic sites Land water EWH variations (cm) Ground gravity variations (pGal) Orthometric height variations (mm)

@® The geodetic variations here can be one or more of the following five types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-
gravity monitoring network or CORS-gravity tide stations, (3) ground gravity variations (pGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring
network, and (5) normal or orthometric height variations (mm) from leveling monitoring network.

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load deformation field in space are continuous and differentiable, and (2) the residual standard deviation
of the variations is obviously reduced, and the residual statistical mean tends to zero.




& Load deformation field monitoring from heterogeneous variations with Green’s integral constraints = O X

- Time-varying gravity field monitoring from heterogeneous variations by Green’s integral constraints

.. Load deformation field estimation from heterogeneous - Time-varying gravity field monitoring from heterogeneous -
- L . . : = . - ) as= Follow example
variations with Green’s integral constraints variations by Green’s integral constraints
_g Open the geodetic variation record time series file Solution of normal equation LU triangular decomposition ~ &1 Save program process as
Column ordinal number of the first . >>[Function] Using various heterogeneous geodetic variation time series as the observations and the load Green's integral as the geodynamic
epoch time in header 2 ~_  constraints, estimate the regional surface load equivalent water height (EWH) and all-element load effect grid time series (usually employed to represent
Column ordinal number of the first . regional time-varying gravity field).
variation in record 7 b ** The file header contains the time series length and the sampling epoch time arranged with time. Record format: ID (the site name / no), longitude,
The column ordinal number of the - latitude, ..., weight, variation type, ..., variations arranged in time series length (default value is 9999.0000).
variation type in record 6 v >> Open the geodetic variation record time series file C:/ETideLoad4.5_win64en/examples/LoadestimateGreen/CORSad,.txt.
- ** Look at the file information in the window below and set the file parameters of the record time series...
E;(iagﬁ?sluirr??eiggal LirlEEr Criine 5 = >> Open the calculation surface height grid file C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/dtm3m.dat.
- — — >> Create or select the results folder C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/CORSrst.
Mean distance between geodetic sites 15.0 km & ** The program outputs the land water EWH grid file ewh****.dat, residual geodetic variation file rnt***.txt and all-element load effect grid files into the I
current directory. Here, *** is the sampling epoch time which is also saved as the last column attribute of the load effect grid file header.

& Open the calculation surface height grid file ** (1) Greengeoid*** dat is the load effect grid file on geoid or height anomaly (mm),

Set algorithm parameters @ Greenterrgrav***.dat is the load effect grid file on ground gravity (uGal),

Load Green's integral radius 150km = e = o
Laplace operator weight p 1.0000

ﬂ Create or select the results folder S Import setting parameters @ Start Computation

:/ETideLoad4.5 win64en/examples/LoadestimateGreen/CORSrst\Greenhorzdisp2016021512.dat
:/ETideLoad4.5 win64en/examples/LoadestimateGreen/CORSrst\Greenelliphgt2016021512.dat

Edge effect suppression parameter n 2 c
C
C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/CORSrst\Greenorthohgt2016021512.dat
C
C

A DA P[] 4] ]| €] >

Cumulative approach times 3

:/ETideLoad4.5 win64en/examples/LoadestimateGreen/CORSrst\Greengradient2016021512.dat

sekﬂjtypeFﬁihe height anomaly variation (mm) v :/ETideLoad4.5 winé64en/examples/LoadestimateGreen/CORSrst\Greenhorzgrad2016021512.dat
adjustable variations = I
Contribution rate k of the =
. L 1.00 v
adjustable variations
The monitoring epoch time 2016021512 #. Extract the effects to be plot “a Plot]
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Spatial distribution of geodetic sites Land water EWH variations (cm) Ground gravity variations (pGal) Orthometric height variations (mm)

@ The geodetic variations here can be one or more of the following five types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-
gravity monitoring network or CORS-gravity tide stations, (3) ground gravity variations (pGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring
network, and (5) normal or orthometric height variations (mm) from leveling monitoring network.

® The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load deformation field in space are continuous and differentiable, and (2) the residual standard deviation
of the variations is obviously reduced, and the residual statistical mean tends to zero.




& Load deformation field monitoring from heterogeneous variations with Green'’s integral constraints — O X

Time-varying gravity field monitoring from heterogeneous variations by Green’s integral constraints

.. Load deformation field estimation from heterogeneous - Time-varying gravity field monitoring from heterogeneous %. Follow example
“* variations with Green’s integral constraints " variations by Green’s integral constraints s P
'__j Open the geodetic variation record time series file Solution of normal equation LU triangular decomposition ~ &1 Save program process as
Column ordinal number of the first . >>[Function] Using various heterogeneous geodetic variation time series as the observations and the load Green's integral as the geodynamic
] ) 2 = . . . . . _ 1 .
epoch time in header constraints, estimate the regional surface load equivalent water height (EWH) and all-element load effect grid time series (usually employed to represent
Column ordinal number of the first . regional time-varying gravity field).
variation in record 7 b ** The file header contains the time series length and the sampling epoch time arranged with time. Record format: ID (the site name / no), longitude,
The column ordinal number of the - latitude, ..., weight, variation type, ..., variations arranged in time series length (default value is 9999.0000).
variation type in record 6 v >> Open the geodetic variation record time series file C:/ETideLoad4.5_win64en/examples/LoadestimateGreen/heterobstm txt.
. ** Look at the file information in the window below and set the file parameters of the record time series...
Lg?gﬁ?;ﬂr:?eﬁﬁgal LirlEEr Criine 5 = >> Open the calculation surface height grid file C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/dtm3m.dat.
- — — >> Create or select the results folder C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/Htrgrst. A
Mean distance between geodetic sites 15.0 km & ** The program outputs the land water EWH grid file ewh****.dat, residual geodetic variation file mt***.txt and alffelemene.___ =1 fid files into the
'__d Open the calculation surface height grid file current directory. Here, *** is the sampling epoch time which is also saved as the last column attribute of the loacj effect grid file header.

** (1) Greengeoid*** dat is the load effect grid file on geoid or height anomaly (mm),
@ Greenterrgrav***.dat is the load effect grid file on ground gravity (uGal),

S et Py - ®

Set algorithm parameters
Load Green's integral radius 150km
Laplace operator weight p 1.0000

ﬂ Create or select the results folder s % Import setting parameters

A M| A P[] A ][] >

Edge effect suppression parameter n 2 C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/Htrgrst\Greenhorzdisp2016021512 jdat
. . C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/Htrgrst\Greenelliphgt2016021512 §dat
Cumulative approach times 3 C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/Htrgrst\Greenorthohgt2016021512fdat
Select type of the C:/ETideLoad4.5 win64en/examples/LoadestimateGreen/Htrgrst\Greengradient2016021512fdat
. pe ot height anomaly variation (mm) v | | C:/ETideLoad4.5 winéden/examples/LoadestimateGreen/Htrgrst\Greenhorzgrad20160215128d
adjustable variations =
Contribution rate k of the =
. . 1.00 ~
adjustable variations
The monitoring epoch time 2016021512
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@® The geodetic variations here can be one or more of the following five types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-
gravity monitoring network or CORS-gravity tide stations, (3) ground gravity variations (pGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring
network, and (5) normal or orthometric height variations (mm) from leveling monitoring network.

@ The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load deformation field in space are continuous and differentiable, and (2) the residual standard deviation

of the variations is obviously reduced, and the residual statistical mean tends to zero.




& Load deformation field monitoring from heterogeneous variations by spherical radial basis functions = O X

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

_ Loe_id _deform_atlon fleld_ approa_ach from heter_ogeneous _ Tlm_e-_vary_lng gra\_flty fle_ld monitoring from heterogeneous @ Algorithm of SRBF Approach
variations using spherical radial basis functions variation time series using SRBFs
_j& Open the geodetic variation record time series file _j; Open the calculation surface height grid file = Create or select the results folder 4.1 Save program process as
Column ordinal number of the first 5 -~ >>[Function] Using spherical radial basis functions in spectral domain, approach the regional surface load equivalent water height (EWH) and all-element load effects to obtain
epoch time in header - the land water EWH, geoid or height anomaly (mm), ground gravity (uGal), gravity disturbance (uGal), ground tilt (SW, to the south and to the west, mas), vertical deflection (SW,
Column ordinal number of the first 7 < to the south and to the west, mas), horizontal displacement (EN, to the east and to the north, mm), ground radial displacement (mm), ground normal or orthometric height (mm),
variation in record he radial gravity gradient (mE) and horizontal gravity gradient (NW, to the north and to the west, mE) variation grids from various heterogeneous geodetic variations. I
The column ordinal number of the 6 - >> Open the geodetic variation record time series file C:/ETideLoad4.5 W|n64enlexamplestoadenﬂmt&QRBFLC‘DRQndLhd
variation type in record s **Look at the file information in the window below and set the file parameters of the record time! L b
The column ordinal number of the 5 - >> Open the calculation surface height grid file C:/ETideLoad4. 5_W|n64enfexampIesiLoadestlmai '
weights in record * P> Create or select the results folder C:/ETideLoad4.5_win64en/examples/LoadestimateSRBF/C| N
The column ordinal number of the 9 = ** The program outputs the land water EWH grid time series files ewh****.dat, residual variation! |
current variations in record ** js the sampling epoch time which is also saved as the last column attribute of the load effectg [ g :
Mean distance between geodetic sites 5.0 km = ** (1 SRBFgeoid*** dat is the load effect grid file on geoid or height anomaly (mm), ] S A,
Parameters of the first SRBF appoach (2 SRBFterrgrav***.dat is the load effect grid file on ground gravity (uGal),

(3) SRBFgravdist*™*.dat is the load effect grid file on gravity disturbance (uGal),

@ SRBFgrndtilt*** dat is the load effect vector grid file on ground tilt (SW, to the south and to
(5 SRBFvertdefl***.dat is the load effect vector grid file on vertical deflection (SW, to the sout
(® SRBFhorzdisp***.dat is the load effect vector grid file on horizontal displacement (EN, to th
(7 SRBFelliphgt***.dat is the load effect grid file on ground radial displacement (mm), i
(8 SRBForthohgt***.dat is the load effect grid file on ground normal or orthometric height (mn‘;

<{

Select SRBF radial multipole kernel
order numberm 0
minimum degree 9

P N —
i

1f

Al K(|[A] ]| 4] >

maximum degree 900
burial depth of

»

Bjerhammar sphere 1.00km Nn_——— 00 S0 -
action distance of SBRF center 120km = Type of adjustable variations gravity disturbance variation (uGal) ~ Solution of normal equation LU triangular decomposition ~ & Import setting parameters
Parameters of cumulative SRBF appoach Contribution rate k of adjustable variations 1.00 > Cumulative SRBF approach times 1 = & Start Computation

<

Select SRBF radial multipole kernel
order numberm 0

[ rnt2015031612. txtm‘
:/ETideLoad4.5 wineéden/examples/LoadestimateSRBF/CORSrst\SRBFelliphgt20150316 Tl ezl fueagie (ol

c
c
C:/ETidelLoad4.5 winéden/examples/LoadestimateSRBE/CORSrst\SRBForthohgt20150316] 0 4.5958 3.3087  -3.9700  11.0700
C
C

:/ETideLoad4.5 winéden/examples/LoadestimateSRBF/CORSrst\SRBFhorzdisp20150316

minimum degree 720

_ :/ETideLoadé.5:win64en/examples/LoadestimateSRBF/CORSrst\SRBFgradientZ0150316] . 2. 0099 oo0nL Toeoone b
maximum degree 1800

2 0.0000 0.0000 -0.0000 0.0000

LIRS

(e RS~ UV S I

:/ETideLoacM.5_win64en/exampleS/LoadestimateSRBF/CORSrSt\SRBFhorzgrad20150316] CORS 121.3725 28.1708 1.00 4 1.9900 0.0000 0.0000
burial depth of < CORS 121.2459  28.3706 1.00 4 2.6200 -0.0000 0.0000
Bierh h 5.00Kkm = 7 CORS 121.1122  28.5421 1.00 4 5.3300 0.0000 0.0000
jernammar spnere 8 CORS 121.0901  27.5005 1.00 4 -3.9700 -0.0000 -0.0000
action distance of SBRF center 60km = . )
Extract the effects to be plot “a Plot| The monitoring epoch time 2015031612
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Spatial distribution of geodetic sites Land water EWH variations (cm) Ground gravity variations (pGal) Orthometric height variations (mm)

@ The variations here can be one or more of the following six types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-gravity monitoring network or
CORS-gravity tide stations, (3) ground gravity variations (uGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring network, (5) normal or orthometric height
variations (mm) from leveling monitoring network, and (6) equivalent water height variations (cm) from hydrological monitoring stations.

® The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the variations is obviously

reduced, and the residual statistical mean tends to zero.

e ———




& Load deformation field monitoring from heterogeneous variations by spherical radial basis functions

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

" variations using spherical radial basis functions

Load deformation field approach from heterogeneous

'_;j Open the geodetic variation record time series file

Column ordinal number of the first -

epoch time in header 2 he

'_;j Open the calculation surface heig

ht grid file

~ Time-varying gravity field monitoring from heterogeneous
variation time series using SRBFs

E Create or select the results folder

‘= Algorithm of SRBF Approach

4.7 Save program process as

>> [Function] Using spherical radial basis functions in spectral domain, approach the regional surface load equivalent water height (EWH) and all-element load effects to obtain
the land water EWH, geoid or height anomaly (mm), ground gravity (uGal), gravity disturbance (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),

Column ordinal number of the first 7 =
variation in record he radial gravity gradient (mE) and horizontal gravity gradient (NW, to the north and to the west, mE) variation grids from various heterogeneous geodetic variations.
The column ordinal number of the 6 - >> Open the geodetic variation record time series file C:/ETideLoad4.5_win64en/examples/Loadg
variation type in record — .
The column ordinal number of the 5 -~ >> Open the calculation surface height grid file C:/ETideLoad4.5_win64en/examples/Loadestimat
weights in record “ B> Create or select the results folder C:/ETideLoad4.5_win64en/examples/LoadestimateSRBF/ht 1}
The column ordinal number of the 10 - ** The program outputs the land water EWH grid time series files ewh****.dat, residual variationi
current variations in record = “** is the sampling epoch time which is also saved as the last column atiribute of the load effect ¢
Mean distance between geodetic sites 5.0 km = ** (1) SRBFgeoid***.dat is the load effect grid file on geoid or height anomaly (mm),

Parameters of the first SRBF appoach

<{

Select SRBF radial multipole kernel

order numberm 0

minimum degree 9

Al K(|[A] ]| 4] >

maximum degree 900

burial depth of

»

1.00km

4

(2 SRBFterrgrav***.dat is the load effect grid file on ground gravity (uGal),

(3 SRBFgravdist***.dat is the load effect grid file on gravity disturbance (uGal),
@ SRBFgrndtilt*** dat is the load effect vector grid file on ground tilt (SW, to the south and to'!
(5 SRBFvertdefl***.dat is the load effect vector gri” '~ nn vertical deflection (SW, to the soutt’;
horizontal displacement (EN, to th -

(6 SRBFhorzdisp***.dat is the load

elliphgt***.dat is the load effeT grid filemomsiemradial displacement (mm), :
(@ SRBFelliphgt***.dat is the load effi id fil o dial displ t .

effect vectc

SRBForthohgt**.dat is the load effif:t grid file on ground normal

Bjerhammar sphere
action distance of SBRF center 120km

4

Parameters of cumulative SRBF appoach

<

Select SRBF radial multipole kernel

Type of adjustable variations

Contribution rate k of adjustable garia

distirbance

.0

order numberm 0

minimum degree 720

LIRS

maximum degree 1800

burial depth of

»

C:/ETideLoad4.5 winéden/exfmple
C:/ETideLoad4.5 winéden/expmple
C:/ETideLoad4.5 winéden/expmpl
C:/ETideLoad4.5 winéden/exhm

C

:/ETideLoad4.5 winé4en/ le

i

. 5.00Kkm -
Bjerhammar sphere
action distance of SBRF center 60km =
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Extract the effects to be plot
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L1 1ar 12 1r 12
- -0 a X &0 &0 an 100
I = - B

rthometric height (mni___— 100 s ss 0 0 10|
. . 2015031612 txt 3 | 2015041600. txt £
~__$olutheg of normal equation LU triangular de E'lr’" - e
Ground gravity (pGal)
2 0 1.0766 0.7915 -0.6954 2.6580
: C ulat' RBF approach times 1 3 1 -0.0012 0.0010 -0.0038 0.0013
4 2 0.0000 0.0000 -0.0000 0.0000
5 Ellipsocidal height (mm)
BFhorzfisp2015041600.dat 6 0 -3.5150 2.3418  -9.4100 1.0300
, 7 1 -0.0000 0.0002 -0.0004 0.0007
elliphgt2015041600.dat 8 2 0.0000 0.0000 -0.0000 0.0000
9 Levelling height (mm)
rst\ Forthphgt2015041600.dat - o O She 3 5080 5. cace 0 1908
grst\ radflent2015041600.dat 11 1 0.0000 0.0002  -0.0007 0.0003
12 2 -0.0000 0.0000 -0.0000 0.0000
L3 Fhzgrad2015041600.dat 13 gravity 121.5725  29.2708 1.00 3 1.1140 ~0.0004
14 gravity 121.4659  28.5706 1.00 3 1.4268 ~0.0006
- 15 gravity 121.4122  28.4421 1.00 3 1.4196 ~0.0011
. 16 gravity 121.2901  26.9005 1.00 3 1.2337 ~0.0014

The monitoring epoch time 2015041600

L1

1ar
-in -5 H] 5

Spatial distribution of geodetic sites

Land water EWH variations (cm)

Ground gravity variations (pGal)

Orthometric height variations (mm)

@ The variations here can be one or more of the following six types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-gravity monitoring network or
CORS-gravity tide stations, (3) ground gravity variations (uGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring network, (5) normal or orthometric height
variations (mm) from leveling monitoring network, and (6) equivalent water height variations (cm) from hydrological monitoring stations.

reduced, and the residual statistical mean tends to zero.

® The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the variations is obviously

o




& Load deformation field monitoring from heterogeneous variations by spherical radial basis functions

Time-varying gravity field monitoring from heterogeneous variation time series using SRBFs

Load deformation field approach from heterogeneous Time-varying gravity field monitoring from heterogeneous

variations using spherical radial basis functions

'3 Open the geodetic variation record time series file

Column ordinal number of the first 5 N
epoch time in header he

Column ordinal number of the first 7 =
variation in record e

The column ordinal number of the 6 a
variation type in record —

The column ordinal number of the 5 =

weights in record

Mean distance between geodetic sites 5.0 km =

Parameters of the first SRBF appoach

variation time series using SRBFs

'_3 Open the calculation surface height grid file ta Create or select the results folder

‘= Algorithm of SRBF Approach

4.7 Save program process as

>> [Function] From various heterogeneous geodetic variation time series, using spherical radial basis function approach method in spectral domain estimate the regional

______________________________________________

** The geodetic variation record time series file header contains the time series length and the !

longitude, latitude, ..., weight, variation type, ..., variations arranged in time series length idefau! Sl

>> Open the geodetic variation record time series file C:/ETideLoad4.5_win64en/examples/Load
**Look at the file information in the window below and set the file parameters of the record tim
>> Open the calculation surface height grid file C:/ETideLoad4.5 win64en/examples/Loadestim;

** The program outputs the land water EWH grid time series files ewh™**.dat, residual variatios
*** js the sampling epoch time which is also saved as the last column attribute of the load effect!

<

Select SRBF radial multipole kernel

order numberm 0

minimum degree 9

CINE IR

maximum degree 900

»

_ burial depth of 1.00km
Bjerhammar sphere

4

** (1) SRBFgeoid***.dat is the load effect grid file on geoid or height anomaly (mm),
(2 SRBFterrgrav***.dat is the load effect grid file on ground gravity (uGal),
(3 SRBFgravdist***.dat is the load effect grid file on gravity disturbance (uGal),

® SRBFvertdeﬂ*** dat is the load effect vector grid file on vertical deﬂection (SW, to the sou’

>> Create or select the results folder C:/ETideLoad4.5_win64en/examples/Loadestimate SRBF/( o. -

@ SRBFgrndtilt***.dat is the load effect vector grid file on ground tilt (SW, to the south and t¢ - :

ST — PRPR.

»

action distance of SBRF center 120km =

Parameters of cumulative SRBF appoach

{

Select SRBF radial multipole kernel

order numberm 0

minimum degree 720

Al K[ >]]]|4] >

maximum degree 1800

burial depth of

»

Contribution rate k of adjustable variations 1.00 - Cumulative SRBF approach times 1

Type of adjustable variations gravity disturbance variation (uGal) -~ Solution of normal equation LU triangular decomposition - 3 Import setting parameters

- & Start Computation

oo Ne!

:/ETideLoad4.5 winé6d4en/examples/LoadestimateSRBF/CORSrst\SRBFhorzdisp2016021512.
:/ETideLoad4.5 winéden/examples/LoadestimateSRBF/CORSrst\SRBFelliphgt2016021512.
:/ETideLoad4.5 winéden/examples/LoadestimateSRBF/CORSrst\SRBForthohgt2016021512.
:/ETideLoad4.5 winéden/examples/LoadestimateSRBF/CORSrst\SRBFgradient2016021512.
:/ETideLoad4.5 winéden/examples/LoadestimateSRBF/CORSrst\SRBFhorzgrad2016021512.

dat
dat
dat
dat
dat

Bjerhammar sphere 5.00km he
tion dist f SBRF t = o :
action distance o center 60km Extract the effects to be plot “fa Plot| The monitoring epoch time 2016021512
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@ The variations here can be one or more of the following six types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-gravity monitoring network or
CORS-gravity tide stations, (3) ground gravity variations (uGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring network, (5) normal or orthometric height
variations (mm) from leveling monitoring network, and (6) equivalent water height variations (cm) from hydrological monitoring stations.

reduced, and the residual statistical mean tends to zero.

® The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the variations is obviously




& Load deformation field monitoring from heterogeneous variations by spherical radial basis functions

Time-varying gravity field monitoring from heterogeneous variation time series using SRBFs

Load deformation field approach from heterogeneous

~ variations using spherical radial basis functions

'_;j Open the geodetic variation record time series file

Column ordinal number of the first 5 N
epoch time in header he

Column ordinal number of the first 7 =
variation in record e

The column ordinal number of the 6 a
variation type in record —

The column ordinal number of the 5 =

weights in record

Mean distance between geodetic sites 5.0 km =

Parameters of the first SRBF appoach

_ Time-varying gravity field monitoring from heterogeneous
variation time series using SRBFs

'_;j Open the calculation surface height grid file ﬂ Create or select the results folder

‘= Algorithm of SRBF Approach

4.7 Save program process as

>> [Function] From various heterogeneous geodetic variation time series, using spherical radial basis function approach method in spectral domain estimate the regional

** The geodetic variation record time series file header contains the time series length and ti'
longitude, latitude, ..., weight, variation type, ..., variations arranged in time series length (def'
>> Open the geodetic variation record time series file C:/ETideLoad4. 5_W|n64en!examples/Lq i

**Look at the file information in the window below and set the file parameters of the record t 1
>> Open the calculation surface height grid file C:lETideLoad4.5_win64enfexampIeleoadesti

** The program outputs the land water EWH grid time series files ewh**** dat, residual variai
“** is the sampling epoch time which is also saved as the last column attribute of the load effe

<

Select SRBF radial multipole kernel

order numberm 0

minimum degree 9

CINE IR

maximum degree 900

»

_ burial depth of 1.00km
Bjerhammar sphere

4

** (1) SRBFgeoid***.dat is the load effect grid file on geoid or height anomaly (mm),
(2 SRBFterrgrav***.dat is the load effect grid file on ground gravity (uGal),
(3 SRBFgravdist***.dat is the load effect grid file on gravity disturbance (uGal),
@ SRBFgrndtilt***.dat is the load effect vector grid file on ground tilt (SW, to the south an¢
Y the s

05

() SRBFvertdefl***.dat is the load effect vector grid file on vertical deflec

>> Create or select the results folder C:/ETideLoad4.5_win64en/examples/LoadestimateSRB; o5}

® SRBFhorzdisp*** dat is the Ioad effect Vector grid file on ho1ionta|

ST — d. s P

»

action distance of SBRF center 120km =

Type of adjustable variations gravity disturbance variaf

Parameters of cumulative SRBF appoach

Contribution rate k of adjustable variations 1.00

{

Select SRBF radial multipole kernel

order numberm 0

minimum degree 720

Al K(|[A]>]]]|4] >

maximum degree 1800

burial depth of

»

gt Import setting parameters

- & Start Computation

:/ETideLoad4.5 winéden/examples/LoadestimateSRBE/h
:/ETideLoad4.5 winéden/examples/LoadestimatedRBF/h
:/ETideLoad4.5 win64en/examples/Loadestimate

:/ETldeLoad4

:/ETideLoad4.

ool PHONSHNONY!

: 5.00km = _
Bjerhammar sphere :/ETideLoad4.5 winéden/examples/Loadestima
action distance of SBRF center 60km =
Extract the effects to be plot = Plot]
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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)

@ The variations here can be one or more of the following six types of variations. (1) Height anomaly variations (mm) from GNSS-leveling monitoring network, (2) disturbance gravity variations (uGal) from GNSS-gravity monitoring network or
CORS-gravity tide stations, (3) ground gravity variations (uGal) from gravity monitoring network or gravity tide stations, (4) ellipsoidal height variations (mm) for CORS network or GNSS monitoring network, (5) normal or orthometric height
variations (mm) from leveling monitoring network, and (6) equivalent water height variations (cm) from hydrological monitoring stations.

reduced, and the residual statistical mean tends to zero.

® The effectiveness principle of the parameter optimization and cumulative approach: (1) The estimated load EWH and load effects in space are continuous and differentiable, and (2) the residual standard deviation of the variations is obviously

o




é

o1 Geodynamic calculation on geodetic field grid time series

Time difference operation on variation (vector) grid time series

Time difference operation on variation
" " (vector) grid time series

_5 Open any of variation grid time series files

Set the wildcard of the grid file names
Ordinal number of the first wildcard in the fil

Number of consecutive wildcards in file nam

' ([ Vector grid time series

Horizontal gradient calculation
" on batch variation grids of vector grid time series

>> Program Process ** Operation Prompts

C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmzl201503; txt
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmzI201504 txt
C:/ETideLoad4.5 W|n64enz’examples!Loadfmgndtmdyncalca’tmgrldfdmzl0150 Ext

A k|| 4| »

Set the differential time scale factor K 7 per day

>

4

™| Save the results folder

118.50000000 121.50000000 27.00000000
-9.27 -9.27 -9.25 -9.24 -9.24
-9.12 -9.11 -9.10 -9.10 -9.09
-9.02 -9.02 -9.01 -9.00 -9.01
-9.08 -9.10 -9.10 -9.11 -9.12
-9.21 -9.21 -9.23 -9.21 -9.21
-8.99 -8.96 -8.92 -8.90 -8.85
-8.26 -8.17 -8.13 -8.06 -7.99
-7.14 -7.08 -6.99 -6.89 -6.82
-6.00 -5.94 -5.88 -5.82 -5.77
-5.24 -5.22 -5.17 -5.15 -5.13
-4.92 -4.90 -4.89 -4.89 -4.88
-4.81 -4.81 -4.82 -4.81 -4.82
-9.29 -9.28 -9.26 -9.24 -9.23
-9.14 -9.13 -9 -9.11 -9.09

.11

C:/ETideLoad4" 2)
C:/ETideLoad4.5 W|n64enfexamples!Loadfmgr| L
C:/ETideLoad4.5_win64en/examples/Loadfmgridtm
C:/ETideLoad4.5_win64en/examples/Loadfmgridtm
C:/ETideLoad4.5_win64en/examples/Loadfmgridtm
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmgdyncalc/tmgrid/dmzI201511|txt
C:/ETideLoad4.5 win64en/examples/Loadfmgridtmfdyncalc/tmgrid/dmzI201512] txt

'txt
yncalc/tmgrid/dmzI201509| txt
yncalc/tmgrid/dmzl201510Ltxt

. Inner product operation on twc

I

Earth Tide, Load Effect and Deform -

ation Monitoring Computation

ETideLoad4.5

£,
Chinese Academy of Surveying & mapping
October2024, Beijing, China

4.7 Save program process as

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

>> Setting parameters have been imported into the program!
** Click the control button [Start computation], or the fool button [Start computation]....
>> Computation start time: 2024-10-20 19:23:22

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

represents the sampling epoch time of the variation rage grid file, and is also 7th atrribute of the file
header.
= nmniitatinn and tima- 2004A_1A0_20 1Q-92-99
& Import setting parameters @ Start computation
4.5 win64cn > examples > Loadfmgridtmdyncalc v 0 O £ Loadfmgridtmdyncalc g% > Loadfmgridtmdyncalc > diftmgrd
—9.1 & B % Em
-9.0 diff2015013106.dat 2022/12/1 9:31
-a.0 diff2015030118.dat 2022/12/1 9:31
_ 9 2 diff2015033112.dat 2022/12/1 9:31
E _ 9 0 diff2015050100.dat 2022/12/1 9:31
y - E : diff2015053112.dat 2022/12/1 9:31
_ . : —8.3 diff2015061700.dat 2022/1/26 15:53
diftmgrd gradtm inner tmgrid _7 . 2 diff2015070100.dat 2022/12/1 9:31
: —-o. 1 diff2015080100.dat 2022/12/1 9:31
== - -5.3 diff2015083112.dat 2022/12/1 9:31
“\4~i ~| —4.9 diff2015100100.dat 2022/12/1 9:31
T [ . 4 o diff2015103112.dat 2022/12/1 9:31
i diff2015120100.dat 2022/12/1 9:31
- 4 - 8 T T T
-9.16 -9.15
vtmgrid 01.png 02.png 03.png -0.03 ~-9.01

[
|
|




é

Horizontal gradient calculation on batch variation grids

o1 Geodynamic calculation on geodetic field 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 fil

Number of consecutive wildcards in file nam

6

name 5

Horizontal gradient calculation
" © on batch variation grids

>> Program Process ** Operation Prompts

A k|| 4| »

%

' | The form of horizontal gradient vector Plane polar coording ~

=
|_'.

™| Save the results folder

.50000000
.27 -9.
.12 -9.
.02 -9.
.08 -9.
.21 -9.
.99 -8.
.26 -8.
.14 7.
.00 —-5.
.24 —-5.
.92 -4,
.81 -4,
.29 -9.

27
11
02
10
21
96
17
08
94
22
90
81
28
13

121.50000000

g

.25
.10
.01
.10
.23
.92
.13
.99
.88
.17
.89
.82
.26

27.00000000
.24
.09
.01
.12
.21
.85
.99
.82
LT
.13
.88
.82
.23

.24
.10
.00
.11
.21
.90
.06
.89
.82
.15
.89
.81
.24
.11

-9

oo o Lo

|
0

>> Setting parameters have been imported into the pro

C:/ETideLoad4.5_win64en/examples/Loadfmgridtmd

. Inner product operation on twc

of vector grid time series

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

ETideLoad4.5

£,
Chinese Academy of Surveying & mapping
October2024, Beijing, China

4.7 Save program process as

C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmz|201504].txt
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmzi201503.txt
C-/ETideLoad4.5 win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmz|201506.txt

C:/ETideLoad4.5 wincdenfexamplesioadfmgridtmdyncalc/tmgrid/dmz|201507).txt

201508 txt

C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyyncalc/tmgrid/dmz|201509.txt
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmzi201510,. txt
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdlyncalc/tmgrid/dmz|201511} txt
C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmzIi201512 txt
>> There are 12 grid time series files searched by wildgard instantiation.

** Click the control button [Start computation], or the t¢ol button [Start computation]....
>> Computation start time: 2024-10-20 19:26:21

>> Complete the computation! There are 12 variation hkrizontal gradient vector grid time series
files grad™™*.dat. *** represents the sampling epoch time
grid file, is also 7th atrribute of the file header.

of the variation horizontal gradient vector

>> Computation end time: 2024-10-20 19:26:22

3 Import setting parameters

@ Start computat

i

diftmgrd

vtmgrid

4.5 win64cn > examples > Loadfmgridtmdyncalc
-

01

on

il S £ Loadimgridimdyncalc S 4.5 winb4cn » examples » Loadfmgridtmdyncalc » gradtm
= ) o
grad2015011612.dat 2022/12/19:33
grad2015021500.dat 2022/12/19:33
grad2015031612.dat 2022/12/19:33
l grad2015041512.dat 2022/12/19:33
o grad2015051612.dat 2022/12/19:33
gradtm inner tmgrid grad2015061512.dat 2022/12/19:33
grad2015071612.dat 2022/12/19:33
grad2015081612.dat 2022/12/19:33
: s grad2015091512.dat 2022/12/19:33
= grad2015101612.dat 2022/12/19:33
grad2015111512.dat 2022/12/19:33
grad2015121612.dat 2022/12/19:33
—4.1lb —4.10
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o1 Geodynamic calculation on geodetic field grid time series

Inner product operation on two groups of vector grid time series

Time difference operation on variation
"~ " (vector) grid time series

‘W Open any of variation grid time series files

Set the wildcard of the grid file names

Horizontal gradient calculation
" on batch variation grids

>> Program Process ** Operation Prompts

C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmzl

Ordinal number of the first wildcard in the filename 5
Number of consecutive wildcards in file name._ 10 /

i [_J One stationary vector grid file

. Inner product operation on two groups
of vector grid time series

4.7 Save program process as

201508.txt

>> There-are-2-vector grid time series files searched by wildcard instantiation.

A k|1 4|k

™| Save the results folder

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

>> Computation start time: 2024-10-20 19

28:47

Ordinal number of the first wildcard in the filehame 5 = C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmz|201509,.txt

_ _ o < C/Efidetoadd-o—wintGdenfexamptesitoadfmgridtmdyncatcAmgrididmzi201510. txt

Number of consecutive wildcards in file nams 6~/ |2 C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmzi201511| txt

|| The form of horizontal gradient vector Plane polar coordinz - C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/tmgrid/dmzi201512.txt

>> There are 12 grid time series files searched by wildcard instantiation.
g, Open any of the group 2 of grid time series files ** The vector grid time series files searched by wildcard instantiation:

Set the wildcard of the grid file names C:/ETideLoad4.5_win64en/examples/Loadfmgridtmdyncalc/vtmgrid/cxpcbhl20150201.txt
C:/ETideLoad4.5 win64en/examples/Loadfmgridtmdyncatc/vtmgrid/cxpcbhl20151211| txt

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

the file header.

>> Computation end time: 2024-10-20 19:28:47

mport setting parameters

@ Start computation

1 1 8 . 5 O O C' D D 1 2 1 . 5 D 0 D D D 2 '_J." 4.5 winb4cn > examples » Loadfmgridtmdyncalc v D O 7£ Loadfmgridtmdyncalc g% |_5 D 1 1 6 1 2
-1.3621E+01 -8.9cc9E+00 -1.3 1097E+00 —-1.3022E+01 -8.0485E+00 -1.3466E+01 —7'
_7'1405}34_00 _1_307‘4E+01 _6_6 d02117'_|_r‘\‘1 L5 NaI7ATao0n 1 ¥ AT o ) I 1 = ' I A T |
—1.0886E+01 -3.2504E+00 —-1.0 54 « Local Disk (C:) » ETideLoad4.5 win64en » examples > Loadfmgridtmdyncalc » inner
2.5797E+00 -5.4586E+00 3.6 /84 EFR B fEXHE i)
1.4446E-01 8.9566E+00 1.1 Y \ )\ 19 innerp2015011612.dat 2023/1/112:40  DAT tit
1.3136E+01 6.11%0E+00 1.3 ® o " 130
9.7614E+00 1.5272E+01 1.0 diftmgrd gradtm inner tmgrid H 2]
1.5901E+01 1.1258E+01 1.5 |000E+01 1.5870E+01 1.1123E+01 1.5426E+01 1
1.1402E+01 1.57%8E+01 1.1 - bl 201 1 1 e08k0]l 1 S313E+01 1.1000E+01 1
1.4560E+01 1.0&59E+01 1.4 ”\ﬁ \{ 556E+01 1.4054E+01 1.0515E+01 1.3538E+01 1
1.0319E+01 1.314¢E+01 1.0 — : Pe20E+01  1.0422E+01 1.2393E+01 9.8748E+00 1
1.1412E+01 9.33B4E+00 1.1 082E+00 1.0071E+01 ©8.6573E+00 9.1630E+00 €
-1.2547E+01 -9.6995E+00 -1.2 P249E+00 -1.2723E+01 -9.1010E+00 -1.2506E+01 -E
e Hnoed Olpnd 020 feng e
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The 1'x1" land water EWH variation
observation, model value and residual
grid in the calculation area
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~ height anomaly (mm) ground gravity (uGal) groundtilt (mas)

The 1'x1' land water load deformation field residual value grid using load SRBF approach
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The 1'x1' land water variation load deformation field grid refined using SRBFs in the result area



The numerical results by the load Green's function integral are larger, and the spatial short-
wave structure of numerical results by the load SRBF approach are richer. The spatial
distribution characteristics of various geodetic variations of load effects calculated by the
two schemes are all similar.
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The 1'x1' land water load deformation field residual value grid using load Green’s integral in the result area
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Summary, parameter settings and
visualization for ETideLoad4.5

@ Analytically compatible geodetic and geodynamic
algorithm package using the numerical standards
unified and geophysical models coordinated

@ Compatible with and improving of IERS convers-
ations, relevant geodetic concepts clarified, algorithm
formulas derivated and verificated completely

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

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

@ Geodetic monitoring of the surface hydrological
environment and ground stability variations and
prediction of their spatio-temporal evolution

i

Computation of various tidal effects
on all-element geodetic variations

www.zcyphygeodesy.com/en/

&

Earth Tide, Load Effect and Deform -
ation Monitoring Computation

ETideLoad4.5

it . oo = o
b aanian Eg B

—_—
Chinese Academy of Surveying & mapping

October 2024, Beijing, China

ETideLoad4.5 organization structure

Processing and analysis on non-tidal
geodetic variation time series

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

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

vz There are the example files saved in the folder C:
\ETideLoad4.5 win64en\examples\ for each Win64
program. It will take about 7 working days to complete all
the example exercises. Thereafter, you can use
ETideLoad4.5 alone.

@ Models and numerical standards

(b Geodetic variations in ETideLoad

Load deformation field approach and
monitoring from heterogeneous variations

CORS/InSAR collaborative monitoring

and ground stability estimation

Editing and calculation tools for
geodetic data files

Classroom Teaching, Self-Exercise, Science Research and Engineer Computing
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