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The acceleration approach-an alternative way of 
processing GRACE data 

– Concept: link kinematic observations to forces based on Newton‘s 
equation of motion 
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The acceleration approach-an alternative way of 
processing GRACE data 

– Advantage 
• No accumulation of numerical integration errors or model errors 
• Allows for a point-wise application (especially suitable for regional and local applications) 

– Downside 
• requires range acceleration and centrifugal component (GPS observations) 
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Approximate solution 

– Reducing the observations to residual quantities 

 
 
 
 

 
 
– Neglecting the residual terms 
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Approximate solution 
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Rigorous solution 

 
– Assumption degrades the solution 
– Error at degree 2 and around degree 16 (number of revolutions per day for 

GRACE) 
– Improvement: Rigorous approach 
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Rigorous solution 
 
– Introduce a priori observation and reduce the equation system to residual 

quantities ( fit an “Observed“ orbit and approximate a dynamic orbit) 
 
 

 
– Linearize the right-hand side of the above equation 
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Rigorous solution 

 
– Solve the variational equations using the variation of constant approach (Jäggi, 

2007 ) 
• Variational equation for the initial conditions (homogeneous solution) 

 
 

 
 

• Variation of constants (inhomogeous solution) 

 
 
 
 
– Connect the above derivatives to the linearized mathematical model by 

applying the  chain rule 
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Rigorous solution 

 
– Belongs to another implimentation of the variational equations 
– Theoretically give identical results as the other approaches implemented 

within the EGSIEM project 
– Practically different processing schemes come with their particular advantages 

and disadvantages. By combining the different solutions would be able to 
benefit from the advantages and to mitigate the disadvantages.  

 
 

 

Vorführender
Präsentationsnotizen
Avoid the solution of the variational equations by linking the observed range accelerations to the gradient of the gravitational potential



HORIZON 2020 

Current implementation status at UL 

 

• Already finished: 
– Data screening for Grace A and B using GNV1B data  
– Testing the covariance information of Grace A and B for positive definiteness 
– Correcting the non-linear behavior in the accelerometer data 
– synchronization of the GRACE A and B 
– Orbit adjustment for Grace A and B (done, but may have problems…) 

• Under going: 
– Combined adjustment of Grace A, B and K-Band data (Stucked) 
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Problems to be solved 

 

• Orbit adjustment: 
– Different iterations on different computers (result in different input orbit 

for later combined adjustment): 
• Desktop (matlab R2015b), stopped at the 3rd iteration 
• Mac (matlab R2014b), stopped at the 5th iteration 
• Different initial conditions reaching 1cm 

• Combined adjustment: 
– Different N matrix for range bias (3), acc scale (3) and bias (3), I think 

both are wrong, since there are negative diagal values 
•  Desktop, acc scale negative 
• Mac, acc bias negative  

– Different b (observed range-xAB) 
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Comparison 
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Our strategies 

 
• Orbit adjustment: 

– Common parameter 
• Acc scale  + bias 

– Arc specific parameter 
• Empirical linear acc (15min), initial conditions (no constrains) 

• Combined adjustment: 
– Common parameter 

• Range bias + Acc scale  + bias (9) 
– Arc specific parameter 

• Empirical linear acc (15min), initial conditions 
• Constraining values: 

– Empirical linear acc: 5e-9 
– Acc scale: 1e-4 
– Acc bias: 1e-8 
– Pos: 1e-1 
– Vel: 1e-2 
– Scaling factor for y and z components (emp acc,, acc scale and bias) : 1e-16 
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