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Europa Clipper Update: Topics 

• Project Schedule and Status: Phase C

• Magnetometer Update

• Flight System Configuration Changes

• Changes to High-Level Science Requirements

• Updated Trajectory 

• Thematic Working Group Co-Chair Rotation

• Publication Metrics 



Europa Clipper Project-Level Lifecycle Schedule
Key Project Reviews
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Mission System  Payload Project Science  Spacecraft

• Mechanical CDR 11/04/2019 (JPL, TBC)
• EIS CDR 11/12-14/2019 (APL)
• REASON Antennas CDR 11/19-20/2019 (JPL)
• Harness CDR 12/05/2019 (JPL, TBC)
• Solar Array CDR 12/16/2019 (Airbus, TBC)
• Power CDR 03/05/2020 (TBD)
• PSG meeting #8 02/11-13/2020 (Pasadena, TBC)
• Magnetometer CDR (TBC) 2/15/2020 (JPL)
• Mission System CDR 03/30-4/3/2020 (JPL)
• REASON VHF CDR 4/14/2020 (JPL)
• Avionics CDR 04/27/2020 (JPL, TBC)
• Project and Flight System CDR 05/11-15/2020 (JPL)
• Fault Protection CDR 07/15/2020 (JPL, TBC)

• Propulsion Module Mechanical/Thermal CDR 
10/30/18-11/1/2018 (APL)

• Solar Array delta-PDR 1/22-23/2019 (JPL)
• Integrated Wing Review (IWR) 1/24/2019 (JPL)
• Europa-UVS CDR 3/12-14/2019 (SWRI)
• RF Module CDR 3/12-14/2019 (APL)
• PIMS CDR 5/14-16/2019 (APL)
• SUDA CDR 5/21-23/2019 (CU/LASP)
• PSG meeting #7 6/10-14/2019 (Cornell Univ.)
• Project delta-PDR 6/18-20/2019 (JPL)
• PME CDR 6/11-12/2019 (APL)
• REASON Electronics CDR 7/17-18/2019 (JPL)

• Directorate Program Mgmt Council 7/23/2019 
(NASA HQ)

• Propulsion Module CDR 7/23-25/2019 (APL)
• Agency Program Mgmt Council 8/1/2019 

(NASA HQ)
• GNC CDR 7/29-8/1/2019 (JPL)
• E-THEMIS CDR 8/7-9/2019 (ASU)
• MISE CDR 8/26-28/2019 (Pasadena)
• JUICE-Europa Clipper Workshop 09/16/2019 

(EPSC-DPS, Geneva)
• Thermal CDR 9/17-18/2019 (JPL)
• MASPEX CDR 10/9-11/2019 (SWRI)
• Radmon CDR 10/22/2019 (APL)

We are hereNear-Term Reviews  



Europa Clipper Enters Phase C

• Confirmed by NASA to evolve to Phase C

• Project Manager Barry Goldstein has announced retirement 

• Jan Chodas becomes Project Manager in September

• Jordan Evans as Deputy Project Manager

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwj4yLuH3v7jAhVhFzQIHSAKAf8QjRx6BAgBEAQ&url=%2Furl%3Fsa%3Di%26rct%3Dj%26q%3D%26esrc%3Ds%26source%3Dimages%26cd%3D%26ved%3D%26url%3Dhttps%253A%252F%252Fwww.jpl.nasa.gov%252Fabout%252Fbio_chodas.php%26psig%3DAOvVaw1XuPBJHaLMxJa5IqsAlIW0%26ust%3D1565747460074157&psig=AOvVaw1XuPBJHaLMxJa5IqsAlIW0&ust=1565747460074157


Magnetometry Update
• Recent developments from the Europa Clipper Magnetometer team show that 

ICEMAG-level measurement precision from the fluxgate sensors can be recovered 
by implementing inflight calibrations that use spacecraft rolls. 

• Specifically, induction-related L1 and L2 science requirements on ice thickness 
and ocean characteristics can be met if spacecraft rolls can be executed about 
two orthogonal spacecraft axes in an ambient magnetic field of at least 200 nT, 
corresponding to a Jovian distance ~15 RJ or less, to yield gains, offsets, and 
alignment to an accuracy of <0.8 nT. (The L2 requirement is <1.5 nT.)

• The technique was originally developed for and applied successfully to calibrate 
the fluxgate sensors in the Proximal Orbits of the Cassini Mission (~40 minute
roll period), and its adaptation to the higher-inertia Europa Clipper spacecraft
(roll periods: 105 – 150 minutes) has now been demonstrated.

• The calibration technique relies on the fact that any deviations in the sensor calibration from ground truth results in 
enhanced spectral power at the spacecraft roll frequency in magnetic field data transformed into a geophysical 
coordinate system.  

• The algorithm tweaks calibration parameters to minimize the residual spectral power at the spacecraft roll frequency in 
geophysical coordinates (such as System III coordinates).

• Absolute gain of the sensor assembly is neither achieved nor required, given that Europa’s ice shell and ocean properties 
are determined from the ratio of induced and inducing magnetic fields.

• Spacecraft rolls in lower ambient magnetic field strength (at larger distance) can be used to recover the sensor offsets, 
but the signal is insufficient to determine gains and alignment.



Flight System Configuration: Solar Arrays & REASON

• Active side of solar array has been 
swapped 

• Ensures sun on arrays when 
deployed, reducing technical risk

• Reduces MASPEX contamination

• Reason VHF antennas rotated and 
simplified

• “Bedrail” antennas replaced by 
deployable dipole antennas

• Decouples solar array from REASON 
VHF, minimizing the  electromagnetic 
interference 

• Some performance reduction relative 
to an ideal conductive solar array

• Nominally no VHF FOV incursions  
(improved for EIS and MASPEX)

• Reduces VHF mass

flight direction 
is toward us

VHF antennas before: “Bedrail” VHF antennas after: Deployable dipole
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Changes to High-Level Science Requirements
After Preliminary Design Review

• NASA directed the project to 
recommend changes to Level 1 
requirements as appropriate to 
reduce complexity and cost risk. 

• NASA directed the project to scrub 
the Level 2 requirements that exceed 
Level 1 requirements, and to reduce 
environmental requirements as 
appropriate to reduce complexity 
and cost risk.

• Standing Review Board and NASA 
lauded the science team’s results
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Revised Baseline Level 1 Science Reqs: 
Ice Shell & Ocean 
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Baseline Level 1 at PDR Recommended Level 1 (tracked) Recommended Level 1 (accepted) Rationale for Change
Map the vertical subsurface 
structure beneath ≥50 globally 
distributed landforms to ≥3 km 
depth[, to understand the 
distribution of subsurface 
water and processes of surface-
ice-ocean exchange].

Map the vertical subsurface structure 
beneath ≥50 globally distributed 
landforms in regions of potential 
surface-ice-ocean exchange to ≥3 >3-
km depth along globally distributed 
ground tracks achieving a total 
cumulative length ≥30,000 km[, to 
understand the distribution of 
subsurface water and processes of 
surface-ice-ocean exchange].  

Map the vertical subsurface structure in 
regions of potential surface-ice-ocean 
exchange to >3-km depth along globally 
distributed ground tracks achieving a 
total cumulative length ≥30,000 km.

Clarifies the intent of the L1, 
provides significant relief on mission 
design and provides margin on 
downlink and data storage. Baseline 
is achievable in ≈20 flybys, so 
reduces cost risk by permitting 
instruments to collect data non-
simultaneously if ElectroMagnetic
Interference (EMI) becomes a 
significant technical problem. 

Constrain the average 
thickness of the ice shell, and 
the average thickness and 
salinity of the ocean, each to 
±50%.

Constrain our knowledge of the average 
thickness of the ice shell, and the 
average thickness and salinity of the 
ocean, each to ±50%.

Constrain our knowledge of the average 
thickness of the ice shell, and the 
average thickness and salinity of the 
ocean, each to ±50%.

Grammatical fix requested by HQ.
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Revised Baseline Level 1 Science Reqs: Composition 
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Baseline Level 1 at PDR Recommended Level 1 (tracked) Recommended Level 1 (accepted) Rationale for Change
Create a compositional map at ≤10 
km spatial scale, covering ≥70% of the 
surface[, to identify the composition 
and distribution of surface materials]. 

Create a compositional map at ≤10-km
spatial scale, covering ≥70% of the 
surface, sufficient to identify non-ice 
materials, especially organic 
compounds [, to identify the 
composition and distribution of 
surface materials].

Create a compositional map at ≤10-km 
spatial scale, covering ≥70% of the 
surface, sufficient to identify non-ice 
materials, especially organic 
compounds.

Clarifies intent of the 
requirement, specifying the 
relevance of organic 
compounds. 

Characterize the composition of ≥50 
globally distributed landforms, at 
≤300 m spatial scale[, to identify non-
ice  surface constituents including any 
carbon-containing compounds]. 

Characterize the composition of ≥50 
0.3% of the surface, globally 
distributed landforms, at ≤300-m
spatial scale, sufficient [,to identify 
non-ice surface constituents including 
any carbon-containing materials, 
especially organic compounds].

Characterize the composition of ≥0.3% 
of the surface, globally distributed at 
≤300-m spatial scale, sufficient to 
identify non-ice materials, especially 
organic compounds.

Reduction in the required total 
areal coverage, accomplishable 
in ≈30 flybys. Wording change 
to clarify the requirement, 
aiding mission design and 
requirements validation. 
Elimination of explanatory 
brackets. 

Characterize the composition and 
sources of volatiles, particulates, and 
plasma, with sensitivity sufficient to 
identify the signatures of non-ice 
materials including any carbon-
containing compounds, in globally 
distributed regions of the atmosphere 
and local space environment. 

Characterize the composition and 
sources of volatiles, particulates, and 
plasma, with sensitivity sufficient to 
identify the signatures of non-ice 
materials including any carbon-
containing compounds, especially 
organic compounds, in globally 
distributed regions of the atmosphere 
and local space environment.

Characterize the composition and 
sources of volatiles, particulates, and 
plasma, sufficient to identify the 
signatures of non-ice materials, 
especially organic compounds, in 
globally distributed regions of the 
atmosphere and local space 
environment.

Clarifies intent of the 
requirement, specifying the 
relevance of organic 
compounds. 
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Revised Baseline Level 1 Science Reqs: 
Geology, Current Activity 
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Baseline Level 1 at PDR Recommended Level 1 (tracked) Recommended Level 1 (accepted) Rationale for Change
Produce a controlled photomosaic 
map of ≥80% of the surface at ≤100-
m spatial scale[, to map the global 
distribution and relationships of 
geologic landforms].

Produce a controlled photomosaic 
map of ≥80% of the surface at ≤100-m 
spatial scale[, to map the global 
distribution and relationships of 
geologic landforms].

Produce a controlled photomosaic map 
of ≥80% of the surface at ≤100-m spatial 
scale.

Simplification of requirement 
language to eliminate 
explanatory brackets.

Characterize the surface at ≤25-m 
spatial scale, and measure 
topography at ≤15-m vertical 
precision, across ≥50 globally 
distributed landforms[, to identify 
their morphology and diversity].

Characterize the surface at ≤25-m 
spatial scale across ≥5% of the surface 
with global distribution, and measure
including measurements of 
topography at ≤15-m vertical 
precision, across within at least one-
third of that surface area 50 globally 
distributed landforms[, to identify 
their morphology and diversity].

Characterize the surface at ≤25-m 
spatial scale across ≥5% of the surface 
with global distribution, including 
measurements of topography at ≤15-m 
vertical precision within at least one-
third of that surface area.

Simplification of requirement 
language, aiding mission design 
and requirements validation, 
and elimination of explanatory 
brackets.

Characterize the surface at ~1-m 
scale to determine surface 
properties, for ≥40 sites each ≥2 km x 
4 km.

Characterize the surface at ~1-m
spatial scale to determine surface 
properties, for ≥40 18 globally 
distributed sites each ≥2 km x 4 km.

Characterize the surface at ~1-m spatial 
scale to determine surface properties, 
for ≥18 globally distributed sites.

Relaxes and simplifies 
requirement. Permits 
increasing flyby velocity, 
enabling the option of a 
Clipper:Europa 6:1 resonance. 

Cu
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Search for and characterize any 
current activity, notably plumes and 
thermal anomalies, in regions that 
are globally distributed.

Search for and characterize any 
current activity, notably plumes and 
thermal anomalies, in regions that are 
globally distributed.

Search for and characterize any current 
activity, notably plumes and thermal 
anomalies, in regions that are globally 
distributed.

No changes: N/A.
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Science Requirement Alignment: Level-2s

Guiding Level 2 Science Requirements: 44 26
• “Guiding Level-2” requirements 

were significantly reduced in 
scope to align with the Level-1 
requirements, without 
additional hidden margin
 Some notable instrument and 

cross-instrument capabilities are 
no longer encompassed within 
the requirement set

• Level-2 “Measurement 
Requirements” were 
correspondingly aligned
 Provides margin and flexibility
 Reduces Verification & Validation 

documentation and cost 

The Guiding Level 2 Requirements are now fully aligned with the Level 1 Requirements, 
and requirement edits offer substantial relief to the system



12

Examples of Relaxed Measurement Requirements 
Investigation Example Relaxed Measurement Requirement Benefit

EIS For the local-scale panchromatic and stereo topography imaging 
datasets, reduce the number of acquired sites from 40 to 18

Fewer low-altitude flybys that must meet 
flyby speed and OD uncertainty requirements

E-THEMIS Delete the plume search and characterization requirements, 
including requirement for data acquisition above the surface

Reduction in power/energy usage, and 
additional flexibility in tour design.

Europa-UVS Reduce the number of flybys on which ≥6 scans, spaced at ≤two-
hour cadence, be obtained from every Europa flyby to 70% of flybys

Scheduling relief for flyby observation 
planning

Gravity Removal of Tracking +/- 2 hours of closet approach Provides additional power margin

MAG Delete requirement for high latitude flyby Additional flexibility in tour design

MASPEX For low-altitude flybys, relax the lowest altitude from at or below 25 
km to 35 km, with 3 of them at or below 28 km

Additional flexibility in tour design

MISE Remove leading and trailing hemisphere imaging Additional flexibility in tour design

PIMS Reduce the number of polar flybys from 6 to 4 and relax the 
definition of polar latitudes from above 70° to above 65°

Additional flexibility in tour design

REASON For anti-Jovian covered panels, relax from 3 valid ground track 
segments and 2 ground track intersections to 2 valid ground track 
segments and 1 ground track intersection

Additional flexibility in tour design

SUDA For low-altitude Flybys, relax from 13 flybys at or below 25 km to 10 
flybys at or below 35 km with 3 of them at or below 28 km

Additional flexibility in tour design



Trajectory Update
• Tour evaluation was a key focus of Project Science Group (PSG) meeting #7, Cornell, 

June 11 – 14, 2019 
• Science team evaluated tours and (after tweaks) recommended tour 19F20v4 
• Ensures ∆V and radiation savings for mission eventualities and/or extended mission

48 Europa flybys
∆V: 178 m/s
Total ionizing dose = 2.78 Mrad
Time of flight: 3.76 years 

E2 over Thrace
E31 over Callanish
E37 over Tyre



Thematic Working Group and Focus Group 
Co-Chair Rotation 

Plumes

Radiation GeodesyRecon

Geology Interior

Thematic
Working
Groups

Focus
Groups

J. Soderblom
M. Gudipati
T. Becker

G. Collins
J. Rathbun
A. Hayes

C. Paty
J. Roberts
A. Rymer

A. Rymer
R. Clark

C. Paranicas

A. McEwen
C. Phillips

TBD
TBD

C. Howett
M. Hedman

L. Quick

• Recently rotated half 
our Thematic Working 
Group co-chairs 

• Also rotating 2 Focus 
Group co-chairs 

• Targeting terms of 
4 PSG meetings ≈ 2 yr
for WG/FG co-chairs 

• Now planning 2 PSG 
meetings per year

Composition

Habitability
J. Lunine
B. Schmidt
E. Shock



Europa Clipper Publications - Through 2019 Q2

(Q2)

Cumulative Science + Eng:
Sci & Eng Community:   102
Europa Clipper Team: 52
TOTAL: 154



Backup

16
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Revised Mission Success Criteria
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Ice Shell & Ocean Composition Geology Current Activity
Confirm the existence of, 
and constrain our 
knowledge of, the depth 
to the subsurface ocean, 
provide information on 
ocean salinity, and 
determine processes of 
surface-ice-ocean 
exchange. 

Identify the composition and 
sources of key non-ice 
constituents on the surface 
and in the atmosphere, 
including any carbon-
containing compounds. 

Produce a ≤100-m spatial-
scale map over ≥30% of the 
surface, and determine the 
three-dimensional 
characteristics of major 
landform types at higher 
resolution. 

Search for current activity. 
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Threshold Level 1 Recommended Level 1 (tracked) Recommended Level 1 (accepted) Rationale for Change
Map the vertical subsurface 
structure beneath ≥15 
geographically distributed 
landforms to ≥3 km depth[, to 
understand the distribution of 
subsurface water and 
processes of surface-ice-ocean 
exchange].

Map the vertical subsurface structure 
beneath ≥15 geographically distributed 
landforms in regions of potential 
surface-ice-ocean exchange to ≥3 >3-
km depth along regionally distributed 
ground tracks achieving a total 
cumulative length ≥10,000 km[, to 
understand the distribution of 
subsurface water and processes of 
surface-ice-ocean exchange].  

Map the vertical subsurface structure in 
regions of potential surface-ice-ocean 
exchange to >3-km depth along 
regionally distributed ground tracks 
achieving a total cumulative length 
≥10,000 km.

Clarifies the intent of the L1, 
provides significant relief on mission 
design, provides margin on downlink 
and data storage, and reduces cost 
risk by permitting instruments to 
collect data non-simultaneously if 
EMI becomes a significant technical 
problem. Threshold is achievable in 
just ≈8 flybys.

Confirm the presence of a 
subsurface ocean, and 
constrain whether the ice shell 
is in a “thin” (several km) or 
“thick” (10s km) regime.

Confirm the presence of a subsurface 
ocean, and constrain our knowledge of 
whether the ice shell is in a “thin” 
(several km) or “thick” (10s km) 
regime.

Confirm the presence of a subsurface 
ocean, and constrain our knowledge of 
whether the ice shell is in a “thin” 
(several km) or “thick” (10s km) 
regime.

Grammatical fix requested by HQ.

Bold = Key differences from Baseline

Revised Threshold Level 1 Science Requirements:  
Ice Shell & Ocean 
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Threshold Level 1 Recommended Level 1 (tracked) Recommended Level 1 (accepted) Rationale for Change
Create a compositional map at ≤10 
km spatial scale, covering ≥40% of the 
surface[, to identify the composition 
and distribution of surface materials]. 

Create a compositional map at ≤10-
km spatial scale, covering ≥40% of the 
surface, sufficient to identify non-ice 
materials, especially organic 
compounds [, to identify the 
composition and distribution of 
surface materials].

Create a compositional map at ≤10-km 
spatial scale, covering ≥40% of the 
surface, sufficient to identify non-ice 
materials, especially organic 
compounds.

Clarifies intent of the 
requirement, specifying the 
relevance of organic 
compounds. 

Characterize the composition of ≥15 
geographically distributed landforms, 
at ≤25 km spatial scale[, to identify 
non-ice  surface constituents including 
any carbon-containing compounds]. 

Characterize the composition of ≥50 
geographically ≥0.15% of the surface, 
regionally distributed landforms, at 
≤25 km400-m spatial scale, sufficient 
[,to identify non-ice surface 
constituents including any carbon-
containing materials, especially 
organic compounds].

Characterize the composition of ≥0.15% 
of the surface, regionally distributed at 
≤400-m spatial scale, sufficient to 
identify non-ice materials, especially 
organic compounds.

Proper tracing to regional-scale 
requirements, with total area 
accomplishable in ≈7 flybys. 
Wording change to clarify the 
requirement, aiding mission 
design and requirements 
validation. Elimination of 
explanatory brackets. 

Characterize the composition and 
sources of volatiles or particulates, 
with sensitivity sufficient to detect the 
signatures of non-ice materials 
including any carbon-containing 
compounds, in geographically 
distributed regions of the atmosphere 
and local space environment. 

Characterize the composition and 
sources of volatiles or particulates, 
with sensitivity sufficient to detect 
the signatures of non-ice materials 
including any carbon-containing 
compounds, especially organic 
compounds, in geographically
distributed regions of the atmosphere 
and local space environment.

Characterize the composition and 
sources of volatiles or particulates, 
sufficient to detect the signatures of 
non-ice materials, especially organic 
compounds, in distributed regions of 
the atmosphere and local space 
environment.

Clarifies intent of the 
requirement, specifying the 
relevance of organic 
compounds. 

Bold = Key differences from Baseline

Revised Threshold Level 1 Science Requirements:  
Composition 
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Threshold Level 1 Recommended Level 1 (tracked) Recommended Level 1 (accepted) Rationale for Change
Produce a controlled photomosaic 
map of ≥30% of the surface at ≤100-
m spatial scale[, to map the global 
distribution and relationships of 
geologic landforms].

Produce a controlled photomosaic 
map of ≥80% of the surface at ≤100-m 
spatial scale[, to map the global 
distribution and relationships of 
geologic landforms].

Produce a controlled photomosaic map 
of ≥30% of the surface at ≤100-m spatial 
scale.

Simplification of requirement 
language to eliminate 
explanatory brackets.

Image the surface at ≤50-m spatial 
scale, and measure topography at 
≤20-m vertical precision, across ≥15 
geographically distributed 
landforms[, to identify their 
morphology and diversity].

Image the surface at ≤50-m spatial 
scale across ≥1.5% of the surface with 
regional distribution, and measure
including measurements of 
topography at ≤20-m vertical 
precision, across within at least one-
third of that surface area 50 globally 
distributed landforms[, to identify 
their morphology and diversity].

Image the surface at ≤50-m spatial scale 
across ≥1.5% of the surface with 
regional distribution, including 
measurements of topography at ≤20-m 
vertical precision within at least one-
third of that surface area.

Simplification of requirement 
language, aiding mission design 
and requirements validation, 
and elimination of explanatory 
brackets.

N/A N/A N/A

Cu
rr

en
t 

Ac
tiv

ity Search for current activity, notably 
plumes or thermal anomalies.

Search for current activity, notably 
plumes or thermal anomalies.

Search for current activity, notably 
plumes or thermal anomalies.

No changes: N/A.

Bold = Key differences from Baseline

Revised Threshold Level 1 Science Requirements: 
Geology, Current Activity 
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