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Introduction
❖ The applications of static high-resolution gravity 

field model
✦ Solid Earth Physics 
✦ Oceanography 
✦ Geodesy 
✦ Ice Sheets 
✦ …

6

The Report for Mission Selection for GOCE, together with those for the other three
Earth Explorer Core Missions, is being circulated within the Earth Observation
research community in preparation for The Four Candidate Earth Explorer Core
Missions ConsultativeWorkshop in Granada (Spain) in October 1999.

Figure 1.1. The gravity field as derived by the GOCE mission has a twofold role in
Earth sciences: the geoid as hypothetical ocean surface at rest (ocean circulation,
sea-level, height systems) and gravity as a mirror of Earth’s interior processes
(rifting, sedimentation, mass readjustment).

Following this introduction, the report is divided into eight chapters:

– Chapter 2 addresses the background and scientific justification for the mission
in the context of issues of concern and the associated need to advance current
scientific understanding. It also includes the rationale that stems from the
scientific needs through to the gravity gradiometer selection, obtained in view
of other planned gravity field missions. In so doing, it provides a clear
identification of the potential ‘delta’ in new and advanced understanding and
knowledge that would be gained from the mission.

Gravity field



Introduction
❖ Recent high-resolution gravity field models(ICGEM)



Introduction
❖ Idea for modeling high-resolution gravity field model

＋ ＋ ＋ ＋ ＋ Others

Multi-observations

Data processing and fusion

high-resolution 
gravity field model

Satellite gravimetry
Satellite altimetry
Ground gravimetry
Airborne gravimetry
Topography
Others
    Prior models(EGM2008)
    Density models Altimetry:  Ocean

EGM2008: Land

Satellite gravimetry:  Global

SGG-UGM-1:  GOCE, EGM2008
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GOCE satellite gravity field model determination

❖ GOCE mission
✦ With gradiometer

 (GGT: Gravitational Gradient Tensor)
✦ Orbit height: 250km
✦ SGG  +  SST-hl



GOCE satellite gravity field model determination

❖ Data description for GOCE only gravity field model
✦ Period:

๏ SGG    :  1/11/2009-31/8/2011, ~ 614days(~ 20.5 months)
๏ SST-hl :  1/11/2009-7/5/2010, ~ 188days(~ 6 months)

✦ Sampling interval: 1s
✦ SGG: EGG_NOM_2 (GGT: Vxx, Vyy, Vzz) in GRF
✦ SST:  SST_PKI_2, SST_PCV_2, SST_PRD_2
✦ Attitude: EGG_NOM_2 (IAQ) , SST_PRM_2 (PRM) 
✦ Non-conservative force: Common mode ACC 

(GG_CCD_1i)
✦ Background model: tidal model (solid etc.), third-body 

acceleration, relativistic corrections, ....



GOCE satellite gravity field model determination

❖ Progress strategies
✦ Data preprocessing

๏ Gross outlier elimination and interpolation (only for the data 
gaps less than 40s). 

๏ Splitting data into subsections for gaps > 40s
✦ The normal equation from SST data

๏ Point-wise acceleration approach (PAA)
‣ Extended Differentiation Filter (low-pass)

๏ Max degree: up to 130
๏ Data: PKI, PCV, CCD

✦ The normal equation from SGG data
๏ Direct LS method
๏ Max degree: up to 220



GOCE satellite gravity field model determination

❖ Progress strategies
✦ The normal equation from SGG data (Cont.)

๏ Data:GGT, PRD, IAQ, PRM
๏ Band-pass filter: used to deal with colored-noise of GGT 

observations (pass band 0.005-0.041Hz )
๏ Forming the normal equations according to subsections
๏ Spherical harmonic base function transformation instead of 

transforming GGT from GRF to LNRF
✦ Combination of SGG and SST

๏ Max degree: up to 220
๏ The relative weights: VCE used for (Vxx, Vyy, Vzz), Vs SST 1.0
๏ Tikhonov Regularization Technique (TRT) is only applied to 

near (zonal) terms (m<20)
๏ Least squares inverse by MPI strict inversion



GOCE satellite gravity field model determination

❖ Model validation with GPS-leveling data
✦ Comparing with GPS/leveling data in China (649 

points), USA (6169 points)(unit: m), the omission  
errors after degree 200 are compensated by EGM2008

Model STD 
(China)

STD 
(USA)

GOSG01S ±0.165 ±0.283

GOTIM05S ±0.161 ±0.281

GODIR05S ±0.161 ±0.281

GOSPW04S ±0.163 ±0.283

GOCO03S ±0.164 ±0.285

JYY_GOCE02S ±0.160 ±0.282

EIGEN-6C2 ±0.167 ±0.284

EGM2008 ±0.240 ±0.284

http://doi.org/10.5880/icgem.2018.002
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Global marine gravity anomalies determination

Flow chart of data processing



Global marine gravity anomalies determination 

❖ Data description: for example in China Sea

Geosat ERS Envisat T/P

Jason-1 CryoSat-2 SARAL/AltiKa

New data comparing 
with EGM2008



Global marine gravity anomalies determination 

❖ Gridded global marine residual deflections of the 
vertical from altimetry data
✦ Resolution: 1′×1′
✦ Reference model: EGM2008

North-south component West-east component



Global marine gravity anomalies determination 

Gridded global marine gravity anomaly residuals

Global marine gravity anomalies



Global marine gravity anomalies determination 

❖ Comparing with DTU13 and V23.1 globally

Global marine gravity anomalies

Model Min Max Average STD

WHU VS DTU13 -113.623 108.358 -0.029 3.553

WHU VS V23.1 -147.000 252.399 -0.044 1.869

V23.1 VS DTU13 -186.643 127.894 0.023 3.811

unit: mGal



Model
Area

North 
Pacific

Gulf of 
Mexico

Northern 
Bering Strait

WHU VS Shipborne 
data

4.259 4.394 3.907

EGM2008 VS 
Shipborne data

4.925 4.881 4.814

WHU VS EGM2008 1.889 2.753 3.899

WHU VS DTU13 1.788 2.573 3.572

WHU VS V23.1 1.756 2.016 2.248

EGM2008 VS DTU13 1.898 1.207 2.952

EGM2008 VS V23.1 1.802 2.936 3.711

Global marine gravity anomalies determination 

❖ Comparing with shipborne gravity data in regions

North Pacific
Northern 

Bering Strait

Gulf of Mexico

Results statistics (STD)           unit: mGal
Selected regions
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High resolution model determination and evaluation

Combination strategies with the least squares method

Flow chart of data processing



High resolution model determination and evaluation

❖ Theory for high resolution model determination
✦ The relationship between gravity anomalies and 

disturbing potential coefficients in spherical harmonics

✦ The relationship between gravity anomalies and 
ellipsoidal coefficients in ellipsoidal harmonics on the 
reference ellipsoid

    
Δg =

GM
r 2 (n−1)( R

r
)n

n=2

∞

∑ Cnm
S Ynm(θ,λ)

m=0

n

∑    
T =

GM
r

( R
r

)n

n=2

∞

∑ Cnm
S Ynm(θ,λ)

m=0

n

∑

    
Δg =−

∂T
∂r
−

2
r

T

rΔg = a gnm
e Ynm(θ,λ)

m=0

n

∑
n=2

∞

∑

     
rΔg = a ( R

r
)n+1

n=2

∞

∑ gnm
s Ynm(θ,λ)

m=0

n

∑
(rΔg)

gnm
s Cnm

s

gnm
e Cnm

e

gnm
s Cnm

s

gnm
e Cnm

e

gnm
s Cnm

s

gnm
e Cnm

e

?

SGG-UGM-1



High resolution model determination and evaluation

❖ Theory for high resolution model determination
✦ Transformations from ellipsoidal harmonic coefficients 

to spherical harmonic coefficients
๏ From      to       based on the Jekeli’s transformation

๏ Linear relationship between      and   
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High resolution model determination and evaluation

❖ Theory for high resolution model determination
✦ The determination of gravity field model from gravity 

anomalies on the ellipsoid
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❖ The evaluation with GPS/Leveling data in China 
and USA (unit: m)

High resolution model determination and evaluation

Model Max Min Mean STD
EGM2008 1.729 -1.535 0.239 0.240

SGG-UGM-2 0.774 -0.603 0.246 0.164

SGG-UGM-1 0.744 -0.618 0.246 0.162

EIGEN-6C4 0.729 -0.698 0.243 0.157

GECO 1.165 -0.847 0.244 0.180

Model Max Min Mean STD
EGM2008 0.360 -1.396 -0.511 0.284

SGG-UGM-2 0.386 -1.394 -0.511 0.282

SGG-UGM-1 0.317 -1.407 -0.511 0.280

EIGEN-6C4 0.397 -1.392 -0.512 0.282

GECO 0.313 -1.391 -0.513 0.281

China (649 points)

Model Max Min Mean STD
EGM2008 0.510 -0.090 0.196 0.100

SGG-UGM-2 0.415 -0.067 0.180 0.093

SGG-UGM-1 0.362 -0.075 0.168 0.102

EIGEN-6C4 0.373 -0.054 0.179 0.089

GECO 0.411 -0.137 0.174 0.116

Model Max Min Mean STD
EGM2008 0.918 0.437 0.676 0.086

SGG-UGM-2 0.733 0.272 0.563 0.088

SGG-UGM-1 0.720 0.248 0.569 0.091

EIGEN-6C4 0.715 0.267 0.557 0.091

GECO 0.729 0.204 0.564 0.106

USA (6169 points)

Qingdao (152 points) Taiwan (88 points)



❖ The evaluation with GPS/Leveling data in China 
and USA (unit: m)

High resolution model determination and evaluation
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Conclusions and prospects
❖ Conclusions

✦ A high-resolution gravity field model SGG-UGM-2 was 
modeled from the GOCE data, altimetry data and 
EGM2008 derived gravity anomalies 

✦ SGG-UGM-2 model has nearly same accuracy with the 
model EIGEN-6C4, better than GECO and EGM2008

✦ Comparing with SGG-UGM-1 model, the accuracy of 
SGG-UGM-2 model is improved near/in the ocean

❖ Prospects: future work
✦ To involve terrestrial gravity observation data in China
✦ Starting from the data processing of the original ground 

gravity data, airborne-gravity data (eg. Grav-D)
✦ Combining with new derived satellite gravity model



Thanks for your attentions!


