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 Introduction
In 2012, a study by Mandea et al. highlighted a 
possible correlation between the variations of the 
magnetic and the gravity fi elds. It showed a large 
pattern of similarities on the South of Africa at in-
terannual time and large spatial scales. Such corre-
lations might be induced by processes that create 
geomagnetic jerks or, for example, dissolution-crys-
tallization processes at the core-mantle boundary. 
[2]

Since then, satellites have continued to record and 
we acquired 10 more years of data to analyze. We 
also benefi t from an improvement in the modeling 
of magnetic and gravity fi elds variations. With all 
these additions, we reproduce this past study to up-
date our knowledge of these correlations. 

 Time series
We have reconstructed the gravity and magnetic time series on a global grid defi ned at 10° in latitude and 20° in 
longitude (Fig. 4). Higher latitudes are not shown because the signal/noise ratio is lower.

 Spatial correlation
Fig. 9 shows the correlation map between magnetic and gravity time-series. Latitudes hi-
gher than 60° are not shown because the signal/noise ratio is lower. Fig. 9a shows correlation 
between COST-G product minus ISBA hydrological loading and magnetic secular accelera-
tion. Fig. 9b shows correlation between ISBA hydrological loading and magnetic fi eld secular 
acceleration.

Fig. 1. Correlation between the GRACE 
gravity anomaly series and the secular ac-
celeration of the vertical downward geo-
magnetic fi eld component. All correlation 
values that are not signifi cant at the 95% 

level have been set to zero.
[1]

Data

Variations of the gravity fi eld have been 
measured by GRACE and GRACE Fol-
low-On missions and are caused by seve-
ral processes listed in Fig. 3. To access the 
variations caused by internal sources, we 
must minimize the external signals. Since 
we are interested in interannual and large 
spatial scales, this reduces the number of 
signals to consider : atmosphere, oceanic 
and hydrological loading and post-glacial 
rebound (GIA trend).

Filtering of gravity data
Variations of the magnetic fi eld do not need to be fi ltered as they already only include large spatial 
scales and interannual signals.

However, we need to fi lter the gravity fi eld variations as the dominant signal is mainly annual va-
riations. We use a Gaussian kernel of radius 1200 km applied by convolution to the products which 
removes spherical degrees larger than 13.

Temporal variations of the gravity fi eld are low-pass fi ltered with a Butterworth fi lter whose cut-off  
frequency is 0.5 cycle per year.

Fig.4. Temporal variations of the secular acceleration for the vertical downward geomagnetic fi eld component (green) and of 
the COST-G gravity anomalies (blue), at center of cell position. Each series starts in August 2002 and ends in August 2018.
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Variations of the magnetic fi eld have been measured by several satellites since 2002. They are 
used to build models of the core magnetic fi eld. We use the CHAOS-7.8 model [8] to retrieve the 
secular acceleration ∂2

tB up to n = 8 with Gauss coeffi  cients. Magnetic variations from the oceans 
and the lithosphere are negligible (< 5% of the total signal).

Fig. 5a. RMS map of CHAOS-7.8 secular acceleration

Fig. 5c. RMS map of ISBA-CTRIP hydrological loading

Fig. 5b. RMS map of COST-G GRACE/GRACE-FO 
products

Spherical harmonics correlation
We observe the largest correlation (0.65) between coeffi  cients C6,2 and g6,2. Gravity C6,2 coeffi  cient also contains a pe-
riodic oscillation close to 3 years, not present in the magnetic fi eld g6,2 coeffi  cient. Note also that both coeffi  cients do 
not have a large amplitude compared to others. 

Fig. 6a. RMS of CHAOS-7.8 
coeffi  cients

of the secular acceleration

Fig. 6b. RMS of COST-G coeffi  -
cients

Fig. 7 .Correlation between coeffi  cients of COST-G and CHAOS7.8 Fig. 8. C6,2 and g6,2 with adjusted scale
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 Conclusions
At this stage of the study, with new data sets and methods, we are not able to recover the same 
results as [1]. Further tests need to be performed to investigate the diff erence between the two stu-
dies. Mainly, the diff erences reside in the temporal fi ltering and the hydrological loading model 
used (here ISBA-CTRIP while GLDAS2 was used in [1]).

A correlation has been found between C6,2 and g6,2 but these coeffi  cients do not have a large am-
plitude. It could simply be a residual noise correlation. Theoretical analysis such as [9] predicts 
contributions from the core processes on degree 2 are below the accuracy of products.

Spatial correlation has also been found over low-signals areas which mainly indicates a spurious 
correlation due to some unmodeled gravity hydrological residuals.

Further investigation will be conducted on the following points:
 - Core dynamics or CMB processes that can generate global mass redistribution [9].
 - Possible correlation between the magnetic fi eld and the oceanic loading from models. 
Highlighting new correlations between geomagnetic and geodetic signals can point the direction.

Fig. 9a. Correlation map between GRACE mi-
nus ISBA gravity anomalies and secular magne-

tic acceleration

Fig. 9b. Correlation map between ISBA hydro-
logical loading and magnetic secular accelera-

tion
Fig. 9a shows two areas of anti-correlation in the East of Africa and in the South of Brazil. 
These two areas are associated with low signals for both gravity and magnetic variations. A 
small area of positive correlation can also be found in the West of New Orleans.

Fig. 9b shows two larges areas of correlation in Amazonie and in East-Asia between hydrolo-
gical loading and magnetic secular acceleration. The magnetic acceleration amplitude is not 
very large in those areas. 

Fig. 3. Spatial and temporal scales of the physical pro-
cesses causing mass variations in the Earth system

On the detectab

Fig. 5 shows maps of the root mean square (RMS) values of each products. For the magnetic fi eld, large variations are lo-
cated near the equator (Fig. 5a). For the gravity fi eld, the largest signals are located on the continents (Fig. 5b). It is most 
likely hydrological interannual variations non-modelized by ISBA model.

Fig. 10. Correlation map between 
GAB oceanic loading and secular 

magnetic acceleration

Fig. 10 shows shows correlation between AO-
D1B GAB oceanic loading and magnetic fi eld 
secular acceleration.

It show one area of anti-correlation in India 
Ocean and an area of correlation in center Paci-
fi c Ocean.


