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Collaborative monitoring of groundwater 

and load deformation field

from Heterogeneous variations



Heterogeneous collaborative monitoring process of groundwater variations and load deformation field

Step 1: Data preparation and preprocessing of various 

geodetic and surface load observations (ommited)

Collaborative monitoring 

results of 1′×1′ regional 

groundwater EWH variation 

weekly grid time series

Calculate and restore the 

observed surface load effect 

all-element grid time series

Collaborative monitoring results of 1′×1′ regional load effect grid weekly time series on all-element variations 

42 CORS station of 

ellipsoidal height weekly 

variation record time series

7 tide station of residual 

gravity weekly variation 

record time series 

Weighted operations on two 

groups of (vector) grid time series

Various variation time 

series are subtracted 

from their respective 

annual averages in 

advance to unify the 

monitoring datum.

1‘×1’ zero-value grid file 

zero60s.dat (for the 

ground calculation range）

1′×1′ groundwater load effect 

all-element grid time series

11 hydrological station of groundwater 

EWH weekly variation record time 

series (calibrated to the observed level) 

Calculate and remove the observed load 

effect for CORS and gravity tide stations

Construct the heterogeneous 

residual observation variation 

record time series

Time-varying gravity field monitoring 

from heterogeneous variation record 

time series using SRBFs

Load deformation field approach from 

heterogeneous variations using SRBFs
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Step 2: Calculate and remove the observed load effects and construct the heterogeneous 

residual observation variation record time series according to the agreed format.

The observed surface loads here include the surface 

atmosphere, soil water, vegetation water, lake and 

river water, and sea level variation loads.



Construct the heterogeneous residual observation variation record time series.

First sample epoch time

Variations at First epoch

Height of monitoring point -

relative to ground

Type of monitoring variation

Heterogeneous residual variation record time series heterobstm.txt = 

Tide station residual gravity weekly variation time series, type = 3 +

Hydrological station residual EWH weekly variation time series, type = 6 +

CORS residual ellipsoidal height weekly variation time series, type = 4



Step 3: Design the reasonable setting parameters for time series SRBF approach.

Design the reasonable setting parameters in 

advance according to the principle  below.



Step 4: Estimate the residual EWH and 10 kinds of residual load effect 

variation grid weekly time series

Using the setting parameters 
just designed.
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Heterogeneous collaborative monitoring:  42 CORS stations, 7 gravity tide stations and 11 hydrological stations

Collaborative monitoring results of 1′×1′ regional groundwater EWH variation grid weekly time series
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1′×1′ regional groundwater load effect variation (mm) grid weekly time series on ground orthometric height

1′×1′ regional groundwater load effect variation (mE) grid weekly time series on gravity gradient



Step 5: Calculate and restore the observed surface load effect all-element grid time series to generate the 

heterogeneous collaborative monitoring results of land water load deformation field all-element grid time series

Weighted operations on two groups of (vector) grid time series
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Collaborative monitoring results of 1′×1′ surface load effect variation (mm) grid weekly time series on geoid
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Collaborative monitoring results of 1′×1′ load effect variation (μGal) grid weekly time series on ground gravity
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Collaborative monitoring results of 1′×1′ load effect variation (mm) grid weekly time series on ground ellipsoidal height
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Collaborative monitoring results of 1′×1′ load effect variation (mas) vector grid weekly time series on ground tilt



Heterogeneous collaborative monitoring 

process of groundwater variations and load 

deformation field

Step 1: Data preparation and preprocessing of various geodetic 

and surface load observations.

Step 2: Calculate and remove the observed load effects and 

construct the heterogeneous residual observation variation 

record time series according to the agreed format.

Step 3: Design the reasonable setting parameters for time series 

SRBF approach, and then estimate the residual EWH and 10 kinds 

of residual load effect variation grid weekly time series.

Step 4: Calculate and restore the observed surface load effect 

all-element grid weekly time series to generate the heterogeneous 

collaborative monitoring results of land water load deformation 

field all-element grid time series.



The algorithm can effectively solve the troubles of high-degree oscillation , 

poor convergence, spectrum leakage and singularity of load Green′s integral 

around the calculation point, and then realize the collaborative monitoring of 

GNSS, gravity, leveling, ground tilt and groundwater strictly according to solid 

geophysical analytical constraints.

There are rigorous analytical relationships between observation equations, 

and various heterogeneous geodetic monitoring systems can be deeply 

collaborated by normalization of their normal equations to avoid the 

collaborative algorithms affected by the observation errors. The algorithm has 

high stability and universality, which is suitable for massive computation of 

multiple geodetic collaborative monitoring..

The algorithm has the functions of the spatial and spectrum domain 

separation of geophysical signals and measurement equipment parameter 

calibration, which can improve the medium and long-term monitoring ability 

for the gravity tide station and make the EWH monitoring ability for 

groundwater monitoring station, so as to enhance the level of collaborative 

monitoring from space, terrestrial and marine geodesy.

Main features of ETideLoad4.5's algorithm 

of heterogeneous collaborative monitoring 



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 

Fig.1 Near-region properties of load Green's function on geopotential differential variable

High-degree 

oscillation

Non-convergence 

Integral singularity

Stable

Convergence

Monotonic

Fig.2 Near-region properties of SRBF spatial curve on geopotential differential variable

Gravity disturbance Vertical deflection horizontal displacement radial displacement
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