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What is the “Grand Simulation” (Grand Sim)? 

SDS team has performed an overall system test to: 

•  demonstrate effective implementation and inter-operation of as much as 
possible of SDS software for Level 1-3 data processing. 

•  provide a Verification and Validation tool for all core SDS software functions 

•  recover a truth Earth gravity field to within top-level requirements, given 
measurement noise models only. 

•  Top level GRACE-FO geoid error requirement is written in terms of 
measurement noise sources only 

•  Non-measurement noise sources maybe improved over time (.e.g. GPS 
orbits/clocks, de-aliasing, tides ..) 

•  Users of Grand Sim data should expect larger gravity recovery errors due 
different background models, geophysical models and GPS orbits & clocks 

First ever Earth gravity recovery simulation that includes the full level 1 processing 
chain. 
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Snapshot of Overall Process 
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Current SDS ‘Grand Sim’ status: 

•  Successful Grand Sim runs have been completed for the 
first true end-to-end simulations 

•  Grand Sim proved to be a powerful tool to look at 
individual sources of error and their impact on gravity 
retrieval 

•  New insights have been gained, in particular on 
Level-1 data processing effects on gravity errors 

•  SDS is working on finalizing SDS Grand Sim L1B data 
files and gravity recovery results 

•  Full release of Grand Sim data expected by Fall AGU 



Monthly Management Review 
 

<MM/DD/YYYY> 

GRACE Science Team Meeting, Austin Texas, 10 October 2017 
© 2017. All rights reserved 

GRACE Follow-On Project 

Notice of Science Data System product 
changes GRACE-FO vs GRACE 

 
 
 
 
 

October 10-12, 2017 

GRACE Science Team Meeting, Austin Texas, 10 October 2017 
© 2017. All rights reserved 



GRACE Science Team Meeting, Austin Texas, 10-12 October 2017 
© 2017. All rights reserved 

Introduction 

•  GRACE-FO Science Data System objective: 
–  retain as much as possible the GRACE formats, contents and filenames. 

•  New NASA data standards and archiving requirements apply to 
GRACE-FO 
–  GRACE data formats have been submitted to be a NASA data standard 
–  New NASA archive standards require meta data. Some of the meta data 

is available in GRACE L1 data but not readable by archive tool. YAML 
formatting of the L1 headers was chosen to fulfill readability requirement. 

–  YAML headers also to be added to Level-2 products (minor) 
•  The list of changes presented here may not to be final. 
•  A “GRACE-FO Level 1 Data Product User Handbook” document, 

detailing the data product formats, will be available soon.  
•  The changes in this presentation are in reference to the GRACE data 

product formats as described in “GRACE Level 1B Data Product User 
Handbook,” March 24, 2010 by K. Case, G. Kruizinga, and S. Wu 
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Level-1: Changes 

•  Level 1A products will be released in addition to Level 1B 
•  Only ASCII, not binary, versions of products will be released 
•  New YAML header format (data records unchanged). A (draft) sample: 

 7 

Header contains 
data content 
description 
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Level-1: Changes (cont.) 

•  New product types introduced for GRACE-FO: 
–  LRI (laser ranging) science and housekeeping products 
–  GNI1B: orbit solution in inertial frame (vs. GNV1B orbit solution in Earth-

fixed frame) 
–  IMU1B: IMU data 

•  A few GRACE Level 1B products will be retired: QKS1B, QSB1B 
•  Changes in meaning (NOT format) of quality and product flags in data records 

–  Some products will have more quality flags defined, which were 
previously marked as undefined in GRACE: GNV1B, GPS1B, IHK1B, 
MAG1B, MAS1B, TIM1B 

–  Some products may have more product flags defined, which mean 
additional data field(s) will be present: TNK1B 

–  Changes in meanings of quality flags: KBR1B 
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Level-2 

•  Same “GSM” format as GRACE products 
•  Format of filename will stay the same ‒ meaning of the individual 

strings will change.   
•  New changes will accommodate: 

–  Name of mission 
–  Type of solution (MWI/LRI/combined, regularized, daily, etc.) 

•  Header information in the GSM-file will be in YAML format 
–  Significantly more metadata 

•  Any scripts that use information in existing header or filename 
will likely need to be modified! 
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Changes from AOD1B RL05 to RL06 
[Dobslaw et al., GFZ] 

RL05 RL06 

since 1979; 6 hourly; d/o=100 since 1976; 3 hourly; d/o=180 

ERA-Interim (1979 – 2000) 
op. ECMWF (since 2001) 

ERA-40 (1976 – 1978) 
ERA-Interim (1979 – 2006) 
op. ECMWF (since 2007) 

OMCT 1.0° forced with 6 hourly 
ECMWF data 

MPIOM TP1L40 forced with 3 hourly 
ECMWF data 

ATM; OCN; GLO; OBA ATM (IB-corrected); OCN (additive 
inverse IB-corrected); GLO; OBA 

S2 tide removed from OCN only; S2 
and S3 partially aliased 

12 frequencies removed from OCN and 
ATM  

artificial drift in OCN component; jumps 
in ATM component 

residual decadal signals are in range of 
observed variability 

update cycle: weekly update cycle: daily 
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GRACE-FO Level-3 SDS Requirements 

GRACE:   had no project supported Level-3 
GRACE Follow-On:  Level-3 part of the Project Science Data System 
	
  
	
  
L3-­‐SDS-­‐65:	
  
•  The	
  SDS	
  shall	
  develop	
  the	
  capability	
  to	
  produce	
  a	
  Level-­‐3	
  science	
  product	
  
consis9ng	
  of	
  a	
  monthly	
  gridded,	
  area	
  averaged	
  map	
  of	
  equivalent	
  water	
  height	
  
derived	
  from	
  the	
  monthly	
  Level-­‐2	
  gravity	
  solu9on.	
  

	
  
L3-­‐SDS-­‐79:	
  
•  The	
  SDS	
  shall	
  distribute	
  Quick-­‐Look	
  Level-­‐3	
  data	
  to	
  the	
  science	
  community	
  
within	
  3	
  days	
  of	
  ground	
  data	
  collec9on.	
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Land-
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tuned 

Decorrelation filter 
(de-striping) 

off 

  

  off Restore de-alias 
model 

On: 
GAD 

  

Gauss 
300 km 

Gauss 
500 km 

Gauss 
[50 km] Tbd km 

optional C20 substitution: SLR optional optional 

optional 

  on Geocenter correction on on on 

  on GIA correction on on on 

On: 
GAD 

Spatial smoothing 

GRACE-FO: Level-3 Design Architecture 
(mostly current MEaSUREs heritage [i.e., Tellus products]) 

Input data: Level-2 gravity fields (monthly) 
 
 
 

INPUT: 
SLR-C20 data 

Harmonic 
solutions 

Global mascon 
solution 

Alternative fields 
(e.g., regularized) 

OUT: 
Level-3 

data 

Level-2 
to 

Level-3 
 

Software 
modules 

& 
wrapper 
program 

IN: 
Level-2 

data 

  Land-Ocean bound.  
Correction (‘de-leak’) 

on off off optional 

Synthesis / gridding 

optional 

        Output: Gridded Level-3 data 

Harmonic synthesis / map to geo-located grid 
1: elastic Love-load; 2: units [mm-H2O] 

PO.DAAC 
archive 

INPUT: GIA 
rate estimate 

optional 

Gridded Gain 
Factors (Land) 

GRACE-FO Level-3 software to 
use existing Level-3 software 
from MEaSUREs-2012 project. 
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Quick-Look (QL) Level-3 products 

Need	
  &	
  Relevance:	
  
• lower	
  latency*	
  hydrology	
  applica9ons	
  like	
  regional	
  
drought	
  or	
  flood	
  monitoring	
  &	
  predic9on	
  (e.g.,	
  
Na9onal	
  Drought	
  Monitor)	
  

• CSR	
  leads	
  development	
  and	
  produc9on	
  of	
  Level-­‐2	
  
QL	
  fields	
  

	
  
*Lower	
  latency:	
  
• Level-­‐3	
  gridded	
  mass	
  anomalies,	
  based	
  on	
  moving-­‐window	
  
Level-­‐1/Level-­‐2	
  QL	
  gravity	
  solu9ons	
  	
  

• Update	
  frequency: 	
  daily	
  
• Latency: 	
   	
  3	
  days	
  

14 



GRACE Science Team Meeting, Austin Texas, 10-12 October 2017 
© 2017. All rights reserved 

Quick-Look Low Latency Products Time Line 

<72 hrs UTC 

00 hrs UTC 

All the data for “yesterday+3 hrs”  
arrives at the Raw Data Center (Neustrelitz, Germany) 06 hrs UTC  

End of day “yesterday” 

07 hrs UTC  

14+ hrs UTC L1B data arrives at CSR 

15+ hrs UTC L1B data pre-processing complete 

L0 data arrives at JPL 

18+ hrs UTC Computing orbits, writing and editing the partials 

21+ hrs UTC QL gravity solution generated, verified and exported 
            (unconstrained and regularized)  

Level 3 grids generated and exported 
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12+ hrs UTC Quick Look GPS orbits + clocks arrive at JPL 
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  Output: Gridded Level-3 data 

  

  off 

  

Gauss 
300 km 

on / off 

  on 

  on 

GRACE-FO: QL Level-3 Design Architecture 
(mostly extend from nominal monthly solutions) 

Input data: Quick-Look Level-2 
gravity field (daily) 

 
 

INPUT: CSR 
SLR-C20 data  

CSR Level-2 QL harmonics 
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Level-3 
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Level-2 
to 
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INPUT:  
GIA rate estimate 
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GAD 
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on 

on 

on 

Decorrelation filter 
(de-striping) 

Restore de-alias 
model 

C20 substitution: SLR 

Geocenter correction 

GIA correction 

Spatial smoothing 

Land-Ocean bound.  
Correction (‘de-leak’) 

Synthesis / gridding 

INPUT: CSR geoc. 
correction 

Note: 
Daily C20 & 
geocenter values 
will be estimated 
from seasonal 
fits to respective 
SLR-solutions  

Note:  
QL-AOD: 
-  NCEP/CFS surface & ocean bottom 

pressures (differs from monthly AOD 
model) 

PO.DAAC 
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GRACE-­‐FO	
  Quick-­‐Look	
  Level-­‐3	
  
modules	
  analogous	
  to	
  monthly	
  Level-­‐3	
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  for	
  some	
  Level-­‐2	
  
&	
  ancillary	
  data	
  inputs.	
  

except	
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GRACE Tellus data portal 
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-  Tellus GRACE website initially 
conceived / funded through 
NASA MEaSUREs (2x) 

-  Will continue and expand this 
web portal going into GRACE-
FO operations 
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•  Expected launch date: March-21, 2018 
–  Likely ~4-6 month gap between GRACE and GRACE-FO 

•  Maintain and expand our science community in the GRACE-FO era 
•  Main short term issues: 

–  Understand and be able to use GRACE FO data as quickly as possible 
–  Link G-FO data with GRACE data for long time series  
–  Assess capabilities of LRI 

 
 
Comments? 
 
Questions? 
 
Ideas? 
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