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NASA/ESA cooperation background

 ESA and NASA have been involved in cooperation discussions on satellite gravimetry 
constellation concepts since more than a decade (GOCE Workshop, Munich 2011)

 Joint Programme Planning Group (JPPG) established between NASA and ESA for cooperation in 
the field of Earth Observation. JPPG Sub-Group 1 is coordinating the activities for a collaborative 
mass change mission

 Over the past years, discussions between the two agencies led to articulating a strong interest in 
exploring a joint future mission and was captured in communications at highest levels (ESA letter 
February 15, 2019, NASA letter February 27, 2019, NASA letter November 15, 2019, ESA and 
NASA exchange letters August 2020). 
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MAGIC – An opportunity for MC constellation

 GRACE, GOCE, GRACE-FO  very successful series of gravity field missions, which established the importance 
of Earth’s gravity field monitoring and mass change supporting a rich spectrum of science and applications

 Strong user demand expressed by IUGG, IAG, GGOS for improved temporal and spatial resolutions for 
enhanced continuity of observations, paving the way to future sustained observations and services

 Continuity after GRACE-FO ensured to continue the program of record and preserve the climate series, per US 
Decadal Survey 2017

 MAss-change and Geosciences International Constellation (MAGIC) is the joint NASA/ESA constellation concept 
based on NASA’s MCDO and ESA’s NGGM studies.

 Goal is to implement a (pre-) operational mission with improved observations to meet science and application 
objectives defined in ESA/NASA MAGIC Mission Requirement Document (MRD). 

 Necessity of staggered approach (development  and launch) with two pairs of satellites, taking advantage of 
heritage and experience in order to meet enhanced continuity objectives with affordable budget. 
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Milestones (1) 

 2007 - 2011 – User Community Workshops: Noordwijk, NL (2007), Graz, AT (2009), Munich, DE (2011)

 2007– US Decadal Survey planning for a GRACE-II with wider goals and improved instruments than GRACE

 2013 - 2016 – Inter-agency Gravity Science Working Group (IGSWG) works on a possible future NASA/ESA 
cooperation scenario for mass change mission  IGSWG Report

 2017– US Decadal Survey planning for continuity to GRACE (Follow On) via international cooperation

 March 2020 – Establishment of the Ad-hoc Joint Science Study Team (AJSST) with the mission to support the 
definition of jointly agreed global user and science needs and to prepare a Mission Requirement Document (MRD)

 October 2020 – ESA/NASA MAGIC Mission Requirement Document (MRD) Issue 1.0 released including AJSST 
recommendations
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Milestones (2)

 May 2021 - ESA NGGM/MAGIC Phase A kicks off with planned end in November 2022

 May - June 2021 – Establishment of the ESA/NASA Joint Engineering Team (JET) and the Joint Mass Change 
Mission Expert Group (JMCMEG)

 March 2021 – DLR GRACE I Phase 0 kicks off

 June 2021 – NASA/JPL MC pre-Phase A kicks off 
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Satellite gravity user needs

 IUGG (International Union of Geodesy and Geophysics) 
embodies all geophysical and geodetic disciplines

 Represents about 100,000 users worldwide

 Resolution 2 is the only resolution which makes explicit mention 
of satellite constellations beyond GRACE/GRACE-FO, GOCE & 
Swarm
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Past studies & documents:
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US Decadal 
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MCDO - NASA
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MAGIC Mission Requirement Document (MRD)

Consolidation of 
user requirements
Ad hoc Joint Science 
Study Team (AJSST)

Coordination
ESA/NASA

Global user requirements

JMCMEG 
supports MRD 
evolution
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MAGIC MRD objectives

• 10 mission objectives spanning
different times scales (daily to weekly,
monthly to seasonal & long-term) and
thematic fields

• The mission requirements of MAGIC
are derived from these mission
objectives

• All objectives address specific scientific
and technical aspects and are
connected to societal & science
questions

Ref: MAGIC MRD Issue 1.0
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MAGIC MRD SATM table

Current state of the 
art (e.g. GRACE, 

GRACE-FO)
MCDO

Threshold Target

D N.A. N.A.
Threshold-a: 600 km @ 3.2 cm; 
Threshold-b: 300 km @ 5.9 cm; 
Threshold-c: 280 km @ 6.0 cm

Target-a: 600 km @ 0.3 cm; 
Target-b: 300 km @ 0.6 cm; 
Target-c: 280 km @ 0.6 cm

M 450 km @ 2.5 cm Baseline: 450 km @ 2.5 cm; 
Goal: 50 km @ 1.0 cm

Threshold-a: 400 km @ 0.5 cm; 
Threshold-b: 150 km @ 50.0 cm

Target-a: 400 km @ 0.05 cm; 
Target-b: 150 km @ 5.0 cm

L 350 km @ 1 cm/yr TBD Threshold-a: 350 km @ 0.1 cm/yr; 
Threshold-b: 150 km @ 5.0 cm/yr

Target-a: 350 km @ 0.01 cm/yr; 
Target-b: 150 km @ 0.5 cm/yr; 
Target-c: 200km @ 0.1 cm/yr

D N.A. N.A. N.A. N.A.

M 450 km @ 2.5 cm Baseline: 450 km @ 2.5 cm; 
Goal: 200 km @ 2.5 cm

Threshold-a: 400 km @ 0.5 cm; 
Threshold-b: 150 km @ 50.0 cm

Target-a: 400 km @ 0.05 cm; 
Target-b: 150 km @ 5.0 cm

L 350 km @ 1 cm/yr TBD Threshold-a: 350 km @ 0.1 cm/yr; 
Threshold-b: 150 km @ 5.0 cm/yr

Target-a: 350 km @ 0.01 cm/yr; 
Target-b: 150 km @ 0.5 cm/yr

D N.A. Goal: 50 km @ 1.5 mm
Threshold-a: 600 km @ 3.2 cm; 
Threshold-b: 300 km @ 5.9 cm; 
Threshold-c: 280 km @ 6.0 cm

Target-a: 600 km @ 0.3 cm; 
Target-b: 300 km @ 0.6 cm; 
Target-c: 280 km @ 0.6 cm

M 450 km @ 2.5 cm Baseline: 450 km @ 2.5 cm; Threshold-a: 400 km @ 0.5 cm; 
Threshold-b: 150 km @ 50.0 cm

Target-a: 400 km @ 0.05 cm; 
Target-b: 150 km @ 5.0 cm

L 350 km @ 1 cm/yr TBD Threshold-a: 350 km @ 0.1 cm/yr; 
Threshold-b: 150 km @ 5.0 cm/yr

Target-a: 350 km @ 0.01 cm/yr; 
Target-b: 150 km @ 0.5 cm/yr

         
      

      
     

      
      
     

          
     

      
     

         
      

      
     

      
     

          
     

      
      
     

Resolution & 
Accuracy Resolution & Accuracy

Joint constellation (MAGIC)

N.A. = Not Applicable/Not Available (e.g. due to lack of measurements/capabilities)

References: IUGG-interpolated, IUGG specific requirement, DS+MCDO, IGSWG, Grav. Seismo.; Wiese et al. 2016, 
Metivier & Conrad, 2008; Marquart et al.,2005 + Dumberry, 2010

Resolution & Accuracy

Scientific/societal Questions & Objectives

Spatial resolutions and temporal scales associated to gravity changes
Science and Applications Traceability Matrix (SATM)

Current status Vs. MCDO Vs. Joint constellation (MAGIC)

Signal

Q: H1, H3, H4; 
O: H-1a; H-2c; H-3a; H4-a

     
      

  

     
      

Q: H1, H2, H3, CL2; 
O: H-1a, H1-c; H2-b, H2-c; H-3a; H4-a; CL-2aSoil moisture

Thematic field

Time scale 
(D: Daily to 
weekly; M: 

Monthly 
(Seasonal to 
inter-annual); 
L: Long-term 

trend)

Groundwater 
storage

Hydrology

  
   

Extreme events 
warning (e.g. 

drought, flood)

Q: H1, H2, H3, CL2; 
O: H-1a, H-1c; H2-b, H2-c; H-3a; H4-a; CL-2a

Current state of the 
art (e.g. GRACE, 

GRACE-FO)
MCDO

Threshold Target

D N.A. N.A.
Threshold-a: 600 km @ 3.2 cm; 
Threshold-b: 300 km @ 5.9 cm; 
Threshold-c: 280 km @ 6.0 cm

Target-a: 600 km @ 0.3 cm; 
Target-b: 300 km @ 0.6 cm; 
Target-c: 280 km @ 0.6 cm

M 450 km @ 2.5 cm Baseline: 450 km @ 2.5 cm; 
Goal: 50 km @ 1.0 cm

Threshold-a: 400 km @ 0.5 cm; 
Threshold-b: 150 km @ 50.0 cm

Target-a: 400 km @ 0.05 cm; 
Target-b: 150 km @ 5.0 cm

L 350 km @ 1 cm/yr TBD Threshold-a: 350 km @ 0.1 cm/yr; 
Threshold-b: 150 km @ 5.0 cm/yr

Target-a: 350 km @ 0.01 cm/yr; 
Target-b: 150 km @ 0.5 cm/yr; 
Target-c: 200km @ 0.1 cm/yr

D N.A. N.A. N.A. N.A.

M 450 km @ 2.5 cm Baseline: 450 km @ 2.5 cm; 
Goal: 200 km @ 2.5 cm

Threshold-a: 400 km @ 0.5 cm; 
Threshold-b: 150 km @ 50.0 cm

Target-a: 400 km @ 0.05 cm; 
Target-b: 150 km @ 5.0 cm

L 350 km @ 1 cm/yr TBD Threshold-a: 350 km @ 0.1 cm/yr; 
Threshold-b: 150 km @ 5.0 cm/yr

Target-a: 350 km @ 0.01 cm/yr; 
Target-b: 150 km @ 0.5 cm/yr

D N.A. Goal: 50 km @ 1.5 mm
Threshold-a: 600 km @ 3.2 cm; 
Threshold-b: 300 km @ 5.9 cm; 
Threshold-c: 280 km @ 6.0 cm

Target-a: 600 km @ 0.3 cm; 
Target-b: 300 km @ 0.6 cm; 
Target-c: 280 km @ 0.6 cm

M 450 km @ 2.5 cm Baseline: 450 km @ 2.5 cm; Threshold-a: 400 km @ 0.5 cm; 
Threshold-b: 150 km @ 50.0 cm

Target-a: 400 km @ 0.05 cm; 
Target-b: 150 km @ 5.0 cm

L 350 km @ 1 cm/yr TBD Threshold-a: 350 km @ 0.1 cm/yr; 
Threshold-b: 150 km @ 5.0 cm/yr

Target-a: 350 km @ 0.01 cm/yr; 
Target-b: 150 km @ 0.5 cm/yr

D N.A. N.A. N.A. N.A.

M 1000 km @ 1.0 cm Baseline: 1000 km @ 1.0 
cm; Goal: 3 km @ 1.0 cm

Threshold-a: 400 km @ 0.5 cm; 
Threshold-b: 150 km @ 50.0 cm

Target-a: 400 km @ 0.05 cm; 
Target-b: 150 km @ 5.0 cm; 
Target-c: 200 km @ 1 cm

L 1000 km @ 1.0 
mm/yr TBD Threshold-a: 350 km @ 0.1 cm/yr; 

Threshold-b: 150 km @ 5.0 cm/yr
Target-a: 350 km @ 0.01 cm/yr; 
Target-b: 150 km @ 0.5 cm/yr

D N.A. N.A. N.A. N.A.

M 1000 km @ 1.0 cm Baseline: 1000 km @ 1.0 
cm; Goal: 3 km @ 1.0 cm

Threshold-a: 400 km @ 0.5 cm; 
Threshold-b: 150 km @ 50.0 cm

Target-a: 400 km @ 0.05 cm; 
Target-b: 150 km @ 5.0 cm

L 1000 km @ 1.0 
mm/yr TBD Threshold-a: 350 km @ 0.1 cm/yr; 

Threshold-b: 150 km @ 5.0 cm/yr

Target-a: 350 km @ 0.01 cm/yr; 
Target-b: 150 km @ 0.5 cm/yr; 
Target-c: 200 km @ 0.1 cm/yr

D N.A. N.A. N.A. N.A.

M 200-500 km @ 4.0-
5.0 cm

Baseline: 300 km @ 4.0 cm; 
Goal: 100 km @ 1.0 cm

Threshold-a: 250 km @ 5.5 cm; 
Threshold-b: 150 km @ 50.0 cm

Target-a: 250 km @ 0.55 cm; 
Target-b: 150 km @ 5.0 cm

L 350 km @ 1 cm/yr TBD Threshold-a: 170 km @ 2.6 cm/yr; 
Threshold-b: 130 km @ 15.0 cm/yr

Target-a: 170 km @ 0.26 cm/yr; 
Target-b: 130 km @ 1.5 cm/yr

D N.A. N.A. N.A. N.A.

M 300 km @ 1.5 cm Baseline: 300 km @ 1.5 cm; 
Goal: 100 km @ 1.5 cm

Threshold-a: 250 km @ 5.5 cm; 
Threshold-b: 150 km @ 50.0 cm

Target-a: 250 km @ 0.55 cm; 
Target-b: 150 km @ 5.0 cm

L 350 km @ 1 cm/yr TBD Threshold-a: 170 km @ 2.6 cm/yr; 
Threshold-b: 130 km @ 15.0 cm/yr

Target-a: 170 km @ 0.26 cm/yr; 
Target-b: 130 km @ 1.5 cm/yr

D N.A. N.A. N.A. N.A.

M 300 km @ 2.5 cm Baseline: 300 km @ 2.5 cm; 
Goal: 200 km @ 1.0 cm

Threshold-a: 250 km @ 5.5 cm; 
Threshold-b: 150 km @ 50.0 cm

Target-a: 250 km @ 0.55 cm; 
Target-b: 150 km @ 5.0 cm; 
Target-c: 200 km @ 1.0 cm

L 350 km @ 1 cm/yr TBD Threshold-a: 170 km @ 2.6 cm/yr; 
Threshold-b: 130 km @ 15.0 cm/yr

Target-a: 170 km @ 0.26 cm/yr; 
Target-b: 130 km @ 1.5 cm/yr; 
Target-c: 150 km @ 0.2 cm/yr

D N.A. N.A. N.A. N.A.

M 350 km @ 10.0 cm
Baseline: 300 km @ 4.0 cm; 
Goal: 200 km @ 1.0 cm (100 

km globally)

Threshold-a: 250 km @ 5.5 cm; 
Threshold-b: 150 km @ 50.0 cm

Target-a: 250 km @ 0.55 cm; 
Target-b: 150 km @ 5.0 cm

L 200 km @ 10 cm/yr TBD Threshold-a: 170 km @ 2.6 cm/yr; 
Threshold-b: 130 km @ 15.0 cm/yr

Target-a: 170 km @ 0.26 cm/yr; 
Target-b: 130 km @ 1.5 cm/yr; 
Target-c: 200 km @ 0.1 cm/yr

D N.A. N.A. N.A. N.A.

M 300-500 km @ Few 
mm - 1.5 cm

Baseline: 300 km @ 1.5 cm; 
Goal: 100 km @ 1.5 cm

Threshold-a: 1000 km @ 0.2 cm; 
Threshold-b: 400 km @ 0.5 cm; 
Threshold-c: 250 km @ 5.5 cm.

Target-a: 1000 km @ 0.02 cm; 
Target-b: 400 km @ 0.05 cm; 
Target-c: 250 km @ 0.55 cm.

L 300 km @ 1.5 cm/yr TBD

Threshold-a: 800 km @ 0.015 
cm/yr; Threshold-b: 400 km @ 
0.05 cm/yr; Threshold-c: 180 km 
@ 1.8 cm/yr.

Target-a: 800 km @ 0.0015 
cm/yr; Target-b: 400 km @ 0.005 
cm/yr; Target-c: 180 km @ 0.18 
cm/yr.

D N.A. N.A. N.A. N.A.

M 300-500 km @1.5 cm Baseline: 300 km @ 1.5 cm; 
Goal: 50 km @ 1.0 cm

Threshold-a: 1000 km @ 0.2 cm; 
Threshold-b: 400 km @ 0.5 cm; 
Threshold-c: 250 km @ 5.5 cm.

Target-a: 1000 km @ 0.02 cm; 
Target-b: 400 km @ 0.05 cm; 
Target-c: 250 km @ 0.55 cm.

L 300 km @ 1.5 cm/yr TBD

Threshold-a: 800 km @ 0.015 
cm/yr; Threshold-b: 400 km @ 
0.05 cm/yr; Threshold-c: 180 km 
@ 1.8 cm/yr.

Target-a: 800 km @ 0.0015 
cm/yr; Target-b: 400 km @ 0.005 
cm/yr; Target-c: 180 km @ 0.18 
cm/yr.

D N.A. N.A. N.A. N.A.

M 300-500 km/N.A. @ 
1.5 cm

Baseline: 300 km @ 1.5 cm; 
Goal: 50 km @ 1.0 cm

Threshold-a: 1000 km @ 0.2 cm; 
Threshold-b: 400 km @ 0.5 cm; 
Threshold-c: 250 km @ 5.5 cm.

Target-a: 1000 km @ 0.02 cm; 
Target-b: 400 km @ 0.05 cm; 
Target-c: 250 km @ 0.55 cm.; 
Target-d: 200 km @ 1.5 cm

L 300 km @ 1.5 cm/yr TBD

Threshold-a: 800 km @ 0.015 
cm/yr; Threshold-b: 400 km @ 
0.05 cm/yr; Threshold-c: 180 km 
@ 1.8 cm/yr.

Target-a: 800 km @ 0.0015 
cm/yr; Target-b: 400 km @ 0.005 
cm/yr; Target-c: 180 km @ 0.18 
cm/yr.

D N.A. N.A. Threshold: 400 km @ 5 cm  Target: 400 km @ 0.5 cm

M 300-500 km@ 1.0-2.5 
cm

Baseline: 300 km @ 1.5 cm; 
Goal: 50 km @ 1.0 cm

Threshold-a: 1000 km @ 0.2 cm; 
Threshold-b: 400 km @ 0.5 cm; 
Threshold-c: 250 km @ 5.5 cm.

Target-a: 1000 km @ 0.02 cm; 
Target-b: 400 km @ 0.05 cm; 
Target-c: 250 km @ 0.55 cm.

L 300 km @ 1.5 cm/yr TBD

Threshold-a: 800 km @ 0.015 
cm/yr; Threshold-b: 400 km @ 
0.05 cm/yr; Threshold-c: 180 km 
@ 1.8 cm/yr.

Target-a: 800 km @ 0.0015 
cm/yr; Target-b: 400 km @ 0.005 
cm/yr; Target-c: 180 km @ 0.18 
cm/yr.

D N.A. Goal: 100 km @ 1.5 cm Threshold: 400 km @ 5 cm Target: 400 km @ 0.5 cm

M 300-500 km @ 1.5 cm Baseline: 300 km @ 1.5 cm
Threshold-a: 1000 km @ 0.2 cm; 
Threshold-b: 400 km @ 0.5 cm; 
Threshold-c: 250 km @ 5.5 cm.

Target-a: 1000 km @ 0.02 cm; 
Target-b: 400 km @ 0.05 cm; 
Target-c: 250 km @ 0.55 cm; 
Target-d: 200 km @ 1.0 cm

L 300 km @ 1.5 cm/yr TBD

Threshold-a: 800 km @ 0.015 
cm/yr; Threshold-b: 400 km @ 
0.05 cm/yr; Threshold-c: 180 km 
@ 1.8 cm/yr.

Target-a: 800 km @ 0.0015 
cm/yr; Target-b: 400 km @ 0.005 
cm/yr; Target-c: 180 km @ 0.18 
cm/yr.

D N.A. N.A. N.A. N.A.

M 300-500 km @ 1.5 cm Baseline: 300 km @ 1.5 cm; 
Goal: 50 km @ 1.0 cm

Threshold-a: 1000 km @ 0.2 cm; 
Threshold-b: 400 km @ 0.5 cm; 
Threshold-c: 250 km @ 5.5 cm.

Target-a: 1000 km @ 0.02 cm; 
Target-b: 400 km @ 0.05 cm; 
Target-c: 250 km @ 0.55 cm.

L 300 km @ 1.5 cm/yr TBD

Threshold-a: 800 km @ 0.015 
cm/yr; Threshold-b: 400 km @ 
0.05 cm/yr; Threshold-c: 180 km 
@ 1.8 cm/yr.

Target-a: 800 km @ 0.0015 
cm/yr; Target-b: 400 km @ 0.005 
cm/yr; Target-c: 180 km @ 0.18 
cm/yr.

D N.A. N.A.
Threshold-a: 300 km @ 6.0 cm; 
Threshold-b: 300 km @ <10.0 cm 
(Mw 8 earthquakes);

Target-a: 300 km @ 0.6 cm; 
Target-b: <250 km @ 10.0-1.0 
cm

M 300 km @ 2.5 cm Baseline: 300 km @ 2.5 cm; 
Goal: 200 km @ 1.2 cm

Threshold-a: 350 km @ 1.0 cm; 
Threshold-b: 180 km @ 18 cm; 
Threshold-c: 300 km @ 1-2 cm 
(Mw 8 earthquakes); 

Target-a: 350 km @ 0.1 cm; 
Target-b: 180 km @ 1.8 cm; 
Target-c: 200 km @ 1.0 cm (Mw 
7 earthquakes)

L 300 km @ 1.5 cm/yr TBD
Threshold-a: 250 km @ 0.5 cm/yr; 
Threshold-b: 150 km @ 5.0 cm/yr; 
Threshold-c: 200 km @ 1 cm/yr

Target-a: 250 km @ 0.05 cm/yr; 
Target-b: 150 km @ 0.5 cm/yr; 
Target-c: 100 km @ 1.0 cm/yr

D N.A. N.A. N.A. N.A.

M 300 km @ 2.5 cm Baseline: 300 km @ 2.5 cm; 
Goal: 200 km @ 1.0 cm

Threshold-a: 350 km @ 1.0 cm; 
Threshold-b: 180 km @ 18 cm.

Target-a: 350 km @ 0.1 cm; 
Target-b: 180 km @ 1.8 cm.

L 300 km @ 1.5 cm/yr TBD Threshold-a: 250 km @ 0.5 cm/yr; 
Threshold-b: 150 km @ 5.0 cm/yr

Target-a: 250 km @ 0.05 cm/yr; 
Target-b: 150 km @ 0.5 cm/yr; 
Target-c: <100 km @ 10 cm/yr

D N.A. N.A. Threshold-a: 300 km @ 6.0 cm; 
Threshold-b: 300 km @ 10.0 cm

Target-a: 300 km @ 0.6 cm; 
Target-b: <250 km @ 10.0-1.0 
cm

M 300-450 km @ 2.5 cm Baseline: 450 km @ 2.5 cm; 
Goal: 100 km @ 1.0 cm

Threshold-a: 350 km @ 1.0 cm; 
Threshold-b: 180 km @ 18 cm.

Target-a: 350 km @ 0.1 cm; 
Target-b: 180 km @ 1.8 cm.

L 300 km @ 1.5 cm/yr TBD Threshold-a: 250 km @ 0.5 cm/yr; 
Threshold-b: 150 km @ 5.0 cm/yr

Target-a: 250 km @ 0.05 cm/yr; 
Target-b: 150 km @ 0.5 cm/yr

D N.A. N.A. N.A. Target: 6000 km @ 0.15 mm 
(Body tides)

M 300 km @ 2.5 cm Baseline: 300 km @ 2.5 cm; 
Goal: 200 km @ 1.2 cm

Threshold-a: 350 km @ 1.0 cm; 
Threshold-b: 180 km @ 18 cm.

Target-a: 350 km @ 0.1 cm; 
Target-b: 180 km @ 1.8 cm.

L 300 km @ 1.5 cm/yr TBD Threshold-a: 250 km @ 0.5 cm/yr; 
Threshold-b: 150 km @ 5.0 cm/yr

Target-a: 250 km @ 0.05 cm/yr; 
Target-b: 150 km @ 0.5 cm/yr; 
Target-c: 2000-6000 km @ 0.05-
0.1 mm in 10 yr; Target-d: 230-
330 km @ 1 mm in 10 yr

Resolution & 
Accuracy Resolution & Accuracy

Joint constellation (MAGIC)

N.A. = Not Applicable/Not Available (e.g. due to lack of measurements/capabilities)

References: IUGG-interpolated, IUGG specific requirement, DS+MCDO, IGSWG, Grav. Seismo.; Wiese et al. 2016, Metivier & 
Conrad, 2008; Marquart et al.,2005 + Dumberry, 2010

Resolution & Accuracy

Scientific/societal Questions & Objectives

Spatial resolutions and temporal scales associated to gravity changes
Science and Applications Traceability Matrix (SATM)

Current status Vs. MCDO Vs. Joint constellation (MAGIC)

Signal

Q: C1, C2, CL1, CL2; 
O: C-1a, C-1c; C-2a; CL-1a, CL-1b; CL-2a

Q: C1, C2, CL2; 
O: C-1a, C-1c; C-2a; CL-2a, CL-2b

Q: C1, C2, CL2; 
O: C-1b; C-2a, C-2b, C-2c, C-2d, C-2e; CL-2a, 

CL-2b

Cryosphere mass 
balance

Q: C1, C2, C3, CL2; 
O: C-1b; C-2a, C-2b, C-2d, C-2e; C3-a; CL-2a, 

CL-2b

Q: H1, H3, H4; 
O: H-1a; H-2c; H-3a; H4-a

Q: H1, H2, H3, CL2; 
O: H-1a, H-1c; H-2b, H-2c; H-3a; CL2-a

Water balance 
closure

Q: H1, H2, H3, CL2; 
O: H-1a, H-1c; H2-b, H2-c; H-3a; CL-2a

Cryosphere

Q: H1, H2, H3, CL2; 
O: H-1a, H1-c; H2-b, H2-c; H-3a; H4-a; CL-2aSoil moisture

Thematic field

Time scale (D: 
Daily to 

weekly; M: 
Monthly 

(Seasonal to 
inter-annual); 
L: Long-term 

trend)

Solid Earth

Natural hazards

Ocean circulation 
models

Q: O1; 
O: O-1a, O-1b, O-1c, O-1d, O-1e

Deep interior 
properties and 

dynamics

Q: S2, S3; 
O: S-2a; S-3a, S-3b, S-3c, S-3d

Natural resources 
exploitation

Q: S4; 
O: S-4a, S-4b, S-4c

Oceanography

Evolution of Earth's 
crust under 

external or internal 
forcing

Q: S2, S3, S4; 
O: S-2a; S-3a, S-3b, S-3c, S-3d; S-4a

Q: S1, S3, S4; 
O: S-1a, S-1b; S-3c; S-4c

Sea-level change

Ocean bottom 
pressure

Q: O1; 
O: O-1c, O-1e

ACC and AMOC 
variability

Groundwater 
storage

Hydrology

Global change 
impact on water 

cycle

Extreme events 
warning (e.g. 

drought, flood)

Q: O1, CL1, CL2; 
O: O-1a, O-1b, O-1c, O-1d, O-1d, O-1e; CL-1b; 

CL-2a, CL-2b

Global and 
regional sea level

GIA

Mass changes of 
ice sheet and 

glaciers

Q: O1, CL1, CL2; 
O: O-1a, O-1b; O-1c, O-1d, O-1d; CL1-a; CL-2a, 

CL-2b

Q: H1, H2, H3, CL2; 
O: H-1a, H-1c; H2-b, H2-c; H-3a; H4-a; CL-2a

Q: O1; 
O: O-1a, O-1c, O-1d

Tidal models Q: O1; 
O: O-1d

Heat and mass 
observations

MCDO Requirements are 
included in the MAGIC MRD
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2. Latest Updates (MAGIC Status)
3. Way Forward
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MAGIC MRD way forward

 ESA, NASA and DLR have reached an agreement on the main pillars of the baseline 
implementation scenario for MAGIC, with some details currently still under discussion

 The MRD will remain a reference document defining the mission requirements achievable by an 
optimized Bender constellation

 When the programmatic implementation scenario is finalised, the plan is to review and develop a 
subset MRD accordingly. This subset shall include the mission requirements for the 
implementation scenario. Staggered double pair realisations shall be analysed until the 
original MRD objectives are reached and its requirements are fulfilled. 
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MAGIC – Baseline implementation scenario

 Two-pair “Bender” constellation acting as precursor of future operational 
system

 First satellite pair (P1) (currently under consideration)
 Implemented via a DE-USA fast-paced cooperation programme to 

ensure continuity of observations with GRACE-FO, with some potential 
ESA in-kind contributions (e.g. MicroSTAR accelerometer family, linear 
cold gas thrusters)

 Second satellite pair (P2)
 Implemented via a Europe-USA cooperation programme with some 

potential NASA in-kind contributions with target launch date compatible 
to maintain at least 4 years of combined operations

 NASA potential contribution based on elements/units of the Laser 
Tracking Instrument (LTI)

16
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MAGIC – NASA Mass Change Pre-Phase A activities

 MC currently a component of NASA’s Earth System Observatory (ESO) announced in 2021
 Working with Earth Science Directorate to define mission configuration options subject to ESO 

funding profiles
 Proceeding with schedule determined in March 2 & 3 NASA/DLR/ESA meetings:

 Support DLR/GFZ Phase-A 
 Support Aerospace Programmatic Assessment (independent cost and schedule analysis)
 Mission Concept Review (MCR) in June 1 - 2, 2022
 Support Earth Science Observatory (ESO) Independent Review Team June-August 2022
 KDP-A in August 2022 (TBD)
 Official NASA Phase-A start in September 2022
 Mission Design Review/System Requirements Review in December



18

MAGIC – P2 baseline configuration

System:  
• Inclined orbit with a target altitude of ~400 km and inclination between 65 deg and 70 deg
• Baseline launcher from Vega family, with other European and US launchers as back-up
• Two spacecraft embarking each of them a Laser Tracking Instrument (LTI), the next-generation 

accelerometers with performance consistent with LTI, and GNSS receivers
• Launch date no later than 2032, with target to maintain 4 years minimum of combined P1-P2 operations

Spacecraft:
• Three high-performance accelerometers based on ONERA’s MicroSTAR family of accelerometers
• Redundant LTI: baseline concept based on the LTI version to be embarked in P1 with European and US 

units, with potential addition of laser acquisition systems. Back-up concept: fully European LTI.
• Geodetic-quality GNSS receiver
• Hybrid propulsion concept: electric propulsion for orbit maintenance and drag compensation/drag free 

and linear cold gas thrusters for fine attitude control/drag free
• Spacecraft units based on maximum reuse of existing units
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