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Construction of global surface data grid in spherical coordinates



number of iterations, mean, SD, minimum, maximun

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 scale parameter 

𝑮𝑴(× 𝟏𝟎𝟏𝟒𝒎𝟑/𝒔𝟐) 𝒂(𝐦) zero-degree term (hPa/mbar), relative erro(%)

180-degree load spherical 

harmonic coefficient model 



the scale parameter 

𝑮𝑴(× 𝟏𝟎𝟏𝟒𝒎𝟑/𝒔𝟐) 𝒂(𝐦) zero-degree term (cm), relative erro(%)

number of iterations, mean, SD, minimum, maximun

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.

Spherical Harmonic Analysis on Global Terrestrial water Variations



the scale parameter 

𝑮𝑴(× 𝟏𝟎𝟏𝟒𝒎𝟑/𝒔𝟐) 𝒂(𝐦) zero-degree term (cm), relative erro(%)

number of iterations, mean, SD, minimum, maximun

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.

Spherical Harmonic Analysis on Global Sea Level Variations



The surface atmosphere load effect time series (mm) on Earth's center of mass (COM) 

∆𝒙𝒄𝒎(mm) ∆𝒚𝒄𝒎(mm) ∆𝒛𝒄𝒎(mm) Month/day/year

∆𝒙𝒄𝒎(mm) ∆𝒚𝒄𝒎(mm) ∆𝒛𝒄𝒎(mm) 

The global land water variation load effect time series (mm) on Earth's center of mass (COM) 

Month/day/year



∆𝒙𝒄𝒎(mm) ∆𝒚𝒄𝒎(mm) ∆𝒛𝒄𝒎(mm) 

The global sea level variation load effect time series (mm) on Earth's center of mass (COM) 

variations 

Month/day/year

∆𝒙𝒔𝒇𝒑(m)   ∆𝒚𝒔𝒇𝒑(m) Month/day/year

The global sea level variation load effect time series (m) on Earth’s figure pole in ITRS



∆𝒙𝒔𝒇𝒑(m)   ∆𝒚𝒔𝒇𝒑(m) Month/day/year

The surface atmosphere variation load effect time series (m) on Earth’s figure pole in ITRS

∆𝒙𝒔𝒇𝒑(m)   ∆𝒚𝒔𝒇𝒑(m) Month/day/year

The global land water variation load effect time series (m) on Earth’s figure pole in ITRS



Construction of Tidal Harmonic Constant Grid in Spherical Coordinates



the scale parameter 

𝑮𝑴(𝟏𝟎𝟏𝟒𝒎𝟑/𝒔𝟐) 𝒂(𝐦) zero-degree term (hPa/mbar), relative erro(%)

Degree 360 tidal load spherical 

harmonic coefficient model 

Output files

Spherical Harmonic Analysis on Surface Atmosphere Tidal Harmonic Constants



Atmosphere tidal load spherical harmonic coefficient model 

ECMWF2006cs360.dat constructed by ETideload4.5

First-degree atmosphere tidal load spherical harmonic coefficient file from ECMWF2006cs360.dat. Which

could be employed to forecast of atmosphere tidal load effects on Earth's center of mass (COM) or COM

variation effect on all geodetic elements due to surface atmosphere tide.



the scale parameter 

𝑮𝑴(𝟏𝟎𝟏𝟒𝒎𝟑/𝒔𝟐) 𝒂(𝐦) zero-degree term (cm), relative erro(%)

Output files

Spherical Harmonic Analysis on Ocean Tidal Constituent Harmonic Constants



Ocean tidal load spherical harmonic coefficient model 

FES2014b360cs.dat constructed by ETideload4.5



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

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

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



The atmosphere tidal load effect time series on Earth‘s center of mass (COM)

∆𝒙𝒄𝒎(mm) ∆𝒚𝒄𝒎(mm) ∆𝒛𝒄𝒎(mm) Month/day/year

∆𝒙𝒔𝒇𝒑(m)   ∆𝒚𝒔𝒇𝒑(m)

The surface atmosphere tidal load effect time series (m) on Earth's figure pole in ITRS

Month/day/year



The ocean tidal load effect time series (mm) on Earth's center of mass (COM)

∆𝒙𝒄𝒎(mm) ∆𝒚𝒄𝒎(mm) ∆𝒛𝒄𝒎(mm) 

∆𝒙𝒔𝒇𝒑(m)   ∆𝒚𝒔𝒇𝒑(m)

Month/day/year

The ocean tidal load effect time series (m) on Earth's figure pole in ITRS

Month/day/year



the scale parameter 

𝑮𝑴(𝟏𝟎𝟏𝟒𝒎𝟑/𝒔𝟐) 𝒂(𝐦) zero-degree term (hPa/mbar), relative erro(%)

Computation of Various Load Effects via Spherical Harmonic Synthesis



airptiderst.txt

Computation of Tidal Constituent Harmonic Constant Model Values



Computation of Load Equivalent Water Height Model Value Time Series



Computation of Various Load Effects via Spherical Harmonic Synthesis



Computation of Various Load Effects via Spherical Harmonic Synthesis



GOCE satellite altitude

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



GRACE satellite altitude

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



Computation of Load Effect Time Series via Spherical Harmonic Synthesis



Computation of Load Effect Time Series via Spherical Harmonic Synthesis



Sea level variation load effect weekly time series on the geoid (mm) at 12 tide gauges along Chinese coast

Sea level variation load effect weekly time series on the ground gravity (μGal) at 12 tide gauges along Chinese coast

Month/day/year

Month/day/year



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

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

Month/day/year

Month/day/year



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

mainland China

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

stations in mainland China

Month/day/year

Month/day/year



Surface atmosphere variation load effect weekly time series on the ellipsoidal height (mm) at 14 CORS 

stations in mainland China

Surface atmosphere variation load effect weekly time series on the radial gradient (10μE) at 14 CORS stations 

in mainland China

Month/day/year

Month/day/year



Global land water variation load effect weekly time series on the geoid (mm) at 14 CORS stations in mainland China

Global land water variation load effect weekly time series on the ground gravity (μGal) at 14 CORS stations in mainland China

Month/day/year

Month/day/year



Global land water variation load effect weekly time series on the ellipsoidal height (mm) at 14 CORS stations in mainland China

Global land water variation load effect weekly time series on the radial gradient (10μE) at 14 CORS stations in mainland China

Month/day/year

Month/day/year



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



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



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



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



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



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



30′×30′ residual soil water variation load effects on ground gravity (μGal) in Chinese mainland (Green's integral )

month/day/year

30′×30′ residual soil water variation load effects on radial gradient (mE) in Chinese mainland (Green's integral )

month/day/year



30′×30′ residual  soil water variation load effects on horizontal gradient (W, mE) in Chinese mainland (Green's integral )

30′×30′ residual soil water variation load effects on horizontal gradient (N, mE) in Chinese mainland (Green's integral )

month/day/year

month/day/year



Surface atmosphere load effect time series on geoid (mm) at 6 CORS stations in mainland China using two scheme

Surface atmosphere load effect time series on ground gravity (mGal) at 6 CORS stations in mainland China using two scheme

UQAK
HRBN
NXHY
DAIS
LHAS
YANG

Remove – load Green's function integral – restore scheme

Direct load Green's integral with integral radius of 800km

month/day/year

UQAK
HRBN
NXHY
DAIS
LHAS
YANG

Remove – load Green's function integral – restore scheme

Direct load Green's integral with integral radius of 800km

month/day/year



Surface atmosphere load effect time series on ellipsoidal height (mm) at 6 CORS stations in mainland China using two scheme

Surface atmosphere load effect time series on radial gravity gradient (mE) at 6 CORS stations in mainland China using two scheme

UQAK
HRBN
NXHY
DAIS
LHAS
YANGmonth/day/year

UQAK
HRBN
NXHY
DAIS
LHAS
YANGmonth/day/year

Remove – load Green's function integration – restore scheme

Direct load Green's integration with integral radius of 800km

Remove – load Green's function integration – restore scheme

Direct load Green's integral with integration radius of 800km



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



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



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



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



Gravity disturbance (10-18) Vertical deflection (10-19) horizontal displacement (10-12) radial displacement (10-12)

Minimum, maximum degree: 90, 1800

Burial depth of Bjerhammar sphere: 5km

SRBF: point mass kernel function 

The near-zone characteristics of several load Green's functions (Indirect effect)

High-degree oscillation

Non-convergence 

Integral singularity

Stable

Convergence

Monotonic

The near-zone characteristics of load effect SRBFs on several geodetic elements

Gravity disturbance Vertical deflection horizontal displacement radial displacement



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



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



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



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



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



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



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



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



Time Difference Operation on Variation (Vector) Grid Time Series



Horizontal Gradient Calculation on Batch Variation Grids



Inner Product Operation on Two Groups of Vector Grid Time Series



The 1′×1′ land water EWH variation

observation, model value and residual

grid in the computation area



height anomaly (mm) ground gravity (μGal) ground tilt (mas)

vertical deflection (mas)Ellipsoidal height (mm) radial gravity gradient (mE)

The 1′×1′ land water load deformation field residual value grid using load SRBF approximation



The 1′×1′ land water variation load deformation field grid refined using SRBFs in the result area

height anomaly (mm) ground gravity (μGal) ground tilt (mas)

vertical deflection (mas)Ellipsoidal height (mm) radial gravity gradient (mE)



The 1′×1′ land water load deformation field residual value grid using load Green’s integral in the result area

height anomaly (mm) ground gravity (μGal) ground tilt (mas)

vertical deflection (mas)Ellipsoidal height (mm) radial gravity gradient (mE)




