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DATA & METHODOLOGY

NGGM/MAGIC will provide more accurate determination of the dynamic component of the IHRF (W, N, H)  compared to GRACE-
type missions, as well as a more reilable etiamtion of thier temporal variation. 

Compared to the ‘ground truth’ dataset, NGGM and MAGIC offer ~50% improvement in estimating the potential variations with
time over an IHRF core site relative to GRACE-like missions.

INTRODUCTION

IHRF
The IHRF is the global realization of the International Height Reference
System (IHRS), established by the International Association of Geodesy
(IAG) in 2015 as the standard for the precise determination of physical
heights. The IHRF consists of a global network of approximately 167
reference stations. Each station has accurately determined geometric
coordinates in the International Terrestrial Reference Frame (ITRF) and
associated gravitational potential values. This combination defines
geopotential numbers, forming the basis for unified and accurate height
determination worldwide.

Τhe IHRF currently foresees only the determination of the static component
of physical heights and geopotential numbers. To align with modern
dynamic reference frames (like the ITRF), it should also account for
temporal variations in gravity. These dynamic updates are essential for
monitoring sea level change, land motion, and mass redistribution.

As part of the IHRF operational service, we compute time-variable gravity products, including variations in gravitational
potential, geoid height, ellipsoidal height, and orthometric height, which support the long-term stability and consistency of the
global height reference.

This study presents preliminary results for two IHRF sites: SCH2 in Schefferville, Canada, and AUT1 in Thessaloniki, Greece.
Simulated data from the GRACE-C, NGGM, and MAGIC missions were used to compute gravity potential variations at both
sites. These results were compared across datasets and evaluated against the ESM2.0 reference model to assess their
consistency and performance in supporting the IHRF.

NGGM/MAGIC IMPACT ON THE IHRF: 

CONCLUSION

POD

The ESA-SING project ("Studying the Impact of the NGGM and MAGIC missions") aims to evaluate the scientific and operational
contributions of the upcoming Next-Generation Gravity Mission (NGGM) and the Mass-change And Geosciences International
Constellation (MAGIC) to geodesy and related Earth science disciplines. A key objective is to generate advanced Level-3 and
Level-4 products from simulated mission observations, with a particular focus on monitoring and forecasting changes in
terrestrial water storage, sea level, and ice mass.

These gravity field data products are expected to enhance Earth system models and benefit applications across climate
science, hydrology, and oceanography. The contribution of GravLab at Aristotle University of Thessaloniki (AUTH) focuses
specifically on geodetic applications, assessing the impact of NGGM and MAGIC on the determination of the geoid and
gravitational potential, both the static and time-variable components, as well as on Precise Orbit Determination (POD) for
gravity and altimetry missions.

In this study, we employ NGGM/MAGIC/GRACE-C simulated data provided within the SING project. The dataset includes
monthly spherical harmonic coefficients (SHCs) up to degree and order 120, along with a corresponding long-term trend up to
degree and order 160. These data allow us to evaluate the contribution of NGGM and MAGIC to geoid and potential recovery at
International Height Reference Frame (IHRF) core sites, and to assess their linear and long-term trends.

We also examine the use of NGGM/MAGIC gravity field models in Precise Orbit Determination (POD), leveraging their high
sensitivity to gravitational signals. POD scenarios are evaluated using GRACE Follow-On mission data, with validation through
inter-satellite laser ranging. This allows us to assess the performance of the NGGM/MAGIC geopotential models in relative orbit
determination, particularly along-track, and their applicability to altimetry-based sea level monitoring.

NGGM and MAGIC significantly advance the realization of the IHRF by delivering up to 50% improved accuracy in
recovering time-variable gravitational potential compared to GRACE-type missions. Their enhanced resolution
and stability enable more precise estimation of W, N, and H at IHRF sites. In POD applications, both missions exhibit
superior orbit consistency, with LRI residuals below 1.2 μm/s and improved alignment with reference models. These
findings confirm  NGGM and MAGIC as critical missions for enabling next-generation precision in global height
referencing and satellite orbit determination.
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Precise Orbit Determination (POD) is strongly based on the underlying
force model included within the orbital equations. The orbit solution,
consisting of the estimated orbital, dynamical and instrument
parameters, is heavily dependent on the orbital dynamics and the forces
mismodelling. Orbit determination, viewed as a dynamic system, forms
a tool suitable for the assessment of gravitational effects and in
particular, Earth gravity Models.
 
The concept of POD scenarios applied here are preliminary results for
assessing the impact of the MAGIC, NGGM, GRACE-C missions’ simulated
gravity models through an in-orbit validation tool. The assessment of the
future MAGIC mission’ gravity models is analyzed within the POD
performance and inter-satellite ranging data analysis of the GRACE
satellite gravity missions. 

Table 1 &2:  Gravity potential differences at the AUT1 station: comparison
between GRACE-C, NGGM, MAGIC, and the ESM2.0 reference model (unit:
cm²/s²).

Table 3 &4:  Gravity potential differences at the SCH2 station: comparison
between GRACE-C, NGGM, MAGIC, and the ESM2.0 reference model (unit:
cm²/s²).

NGGM/MAGIC IMPACT ON THE POD:
The preliminary results demonstrate a good agreement within the orbit determination between the three missions i.e.
MAGIC, NGGM and GRACE-C. In particular, the Laser Ranging Data (LRI) analysis, focusing on variations at the level
lower than 10  m/sec , shows a close performance between MAGIC and NGGM scenarios and reveals minor
discrepancies for the GRACE-C mission. The POD application to the GRACE mission reveals best agreement, in terms
of orbital comparison, for the MAGIC and ESM models-based orbtis. 
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This study was based on a 12-year simulated dataset of monthly Spherical Harmonic Coefficients (SHCs), spanning
the period 1995–2006. Developed by Technical University of Munich (TUM) under Work Package 100 (WP100) of the
SING project, these SHCs form the basis for assessing the geodetic contributions of the NGGM and MAGIC satellite
missions.

Data: 

Methodology (1) - IHRF Analysis

Methodology (2) - POD Assessment

For POD, the same simulated gravity field models were
applied to orbit determination of the current satellite gravity
mission, GRACE Follow-On mission. POD approach includes
the orbit determination and the calibration parameter
estimation of the on-board accelerometer. Since the
proposed scheme aims at capturing gravitational
discrepancies, empirical parameters are excluded to avoid
absorbing gravity signal’ part. The inter-satellite ranging
data (LRI, KBR) are being used as external validation or
observations for analysing gravity signals reaching residual
variations within μm/sec level.

The SHCs are processed to derive gravity-related Level-4
products, including variations in gravitational potential,
geoid height, and physical height at selected IHRF core sites.
Preprocessing includes correction of the C₂₀ coefficient as
well as GIA correction. No additional filtering is applied, as
the SHCs have already been pre-filtered using a VADER filter.
To analyze the temporal behavior in the time series, we
apply EOF/PCA, multi-resolution wavelet analysis, and
quadratic regression to extract linear trends, seasonal
signals, and spatiotemporal patterns to enhance the
realization and temporal evolution of the IHRF.
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