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Priorities for GRACE-2 (in order):
1) Continuity: separation of natural vs. anthropogenic effects
2) Improved data products
e Spatial Resolution (GRACE: ~350 km)
 Temporal Resolution (GRACE: ~1 month)
e Accuracy (GRACE: 2 cm water height given the above)




How can we improve upon GRACE?
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Alternate formations reduce correlated errors, BUT:
1) They are technically more challenging to implement

2) They don’t address the heart of the problem...




The main culprit: temporal aliasing errors
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The main culprit: temporal aliasing errors

Simulated error for GRACE-FO
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We can reduce measurement system errors by using better technology Ehecs
(laser interferometer), but the gravity retrieval is limited by our inability to s
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accurately model high frequency mass variations. e odrology
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Solution: We must sample the gravity field more frequently to
measure, rather than model, high frequency mass variations
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What if we had two pairs of satellites?

Optimize the Orbits
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What if we had two pairs of satellites?

Optimize the Orbits
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Design considerations for a dedicated gravity recovery satellite
mission consisting of two pairs of satellites
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Pair 2: 72° inclination
13-day repeat period

D. N. Wiese - R. S. Nerem - F. G. Lemoine

Fig. from Elsaka et al., 2013

One Pair Two Pairs

o ¢ ) - 3 & > - > = -
R ) Y e 1S - J
" il o ad : P a8
m I T \ 2. - A - 2
PRI ™ o el i+ | R ™ - . A A —_—

Two pairs of satellites in optimized orbits provides:

1) Improved temporal resolution

Reduction of correlated error (‘stripes’) in the gravity solution
3) Improved spatial resolution and accuracy
4) And.... Adirect reduction of temporal aliasing errors
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A direct reduction of temporal aliasing errors

Groundtrack over 1 day

--

X i’i

' -|> -.»

<‘>
\Av»"

/ |

RO

for BenderA& B

‘

Fig. from Elsaka et al., 2013

!

<.— <.

!

i

bdb

Wiese et al., 2011

a) o Atmosphere "A" b) o Ocean "0"
—— AOHIS Signal i | —— AOHIS Signal
~— Nominal | ~—— Nominal
—_10" CoPa - 1/20-11/120| 10" CoPa - 1/20-11/120
E {
2 :
5
K] o~ 10 A
L
° \’ /j\'v/'v
o
2 L it
L) 10 ' K.M\ij\f-,v
10" 10"
0 20 40 60 80 100 120 0 20 40 60 80 100 120
degree n degreen
C) o Hydrology "H" 7 d)m“ Osean tide model errors
—— AOHIS Signal | —— AOHIS Signal
~——— Nominal ——— Nominal
107" CoPa-1/20-11/120] 4| CoPa - 1/20-11/120|

Geoid height [cm]
=)

10

0 20 40 60 80 100 120 0 20 40 60 80 100 120

degreen
Daras and Pail, 2017

ELSEVIER

Available online at www.sciencedirect.com -
g\DVANCES IN
i i PACE
ScienceDirect A

Advances in Space Research 48 (2011) 1094-1107 {a COSPAR publication)

www.elsevier.com/locatefasr

Estimating low resolution gravity fields at short time intervals
to reduce temporal aliasing errors

David N. Wiese®*, Pieter Visser®, Robert S. Nerem*

&
® Delft Instin

QAGU

P ik

Journal of Geophysical Research: Solid Earth

RESEARCH ARTICLE

10.1002/2017JB014250

Treatment of temporal aliasing effects in the context of next
generation satellite gravimetry missions

Key Points:

« NGGMs could retrieve the complete
spectrum of Earth’s nontidal
geophysical processes

« Processing with the “self-dealiasing*

llias Daras'" " and Roland Pail’

Tinstitute of Astronomical and Physical Geodesy, Technical University of Munich, Munich, Germany

approach leads to mitigation of

Estimate daily
gravity fields

Reduce errors




A direct reduction of temporal aliasing errors

Groundtrack over 1 day
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Potential improvements in data quality
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RMS of errors (cm of EWH)

Potential improvements
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We find a reduction in errors of:

25% - 40% for large hydrological basins
55% - 75% for Greenland drainage basins
70% - 80% for large ocean basins
Recovering large earthquakes M8.0-M9.0

Example recovery over South America
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Spatial Resolution vs. Accuracy

Results are for recovering non-ice land hydrologic mass variations at monthly timescales

3 T T T T T T
e —* = One Pair. 500 km alt
o,
e =% = One Pair: 300 km alt
el S Two Pairs: 500 km alt ||
",
e e —# = Twao Pairs: 300 km alt
= h."'-.,___ "‘h‘.ﬁ
= - ~
o *--._.'l "'-._._.q
= oy
O E—li.._“_“ T Hb""il-.. ]
m Bl o~ .
= o . e
= h‘h'"--. M"‘-- Hh"--.
= ® e .
= 101 "“-lh.. ""'-l-..-‘ _
(T - Pl
- By
= - o
bt t
T S~
ay
e
1F ...'"-.._.. -
-
DE | | | | | |
100 150 200 250 300 350 400 450

spatial Resolution (km)
IGSWG Final Report, 2016



Concluding Thoughts

* GRACE-2 planning should start now
* Data continuity is the priority

* Two pairs of satellites offers an attractive option for improved data products
* Reduced errors with increased spatial and temporal resolution
* Likely would require international partnership

* More work needs to be done

* Are there specific science questions that can be addressed with two pairs of satellites
that are elusive for single pair architectures?

* Does the improved data quality help data assimilation efforts?
e ~100-200 km spatial resolution is still likely a limit for time-variable satellite gravimetry

 What about satellite constellations?
* Initial analysis indicates relatively minor improvements in spatial resolution and accuracy
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Summary: 6-hourly 30 x 30

Geoid Height {mm)
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Lowering the satellite altitude, and reducing correlated errors

___ (two pairs vs. one pair) provides improved performance over

increasing knowledge of high frequency mass variations at 6-

hourly, 667 km (n = 30) spatial scales




