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Introduction — GRACE & GRACE-FO 

                                          GRACE  

K-Band Ranging  GNSS Receiver 

Star Camera Accelerometer 

GRACE-FO 

LRI 
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Monthly model Spatial / time res. Time span 

CSR RL06 (60 96) / 30 04/02-06/17 

GFZ RL06 (60 96) / 30 04/02-06/17 

JPL RL06 (60 96) / 30 04/02-06/17 

ITSG-Grace2016 (60 90 120) / 30 04/02-06/17 

ITSG-Grace2018 (60 96 120) / 30 04/02-06/17 

CNES/GRGS RL05 90 / 30 04/02-06/17 

DMT-1 120 / 30 02/03-12/09 

DMT-2 120 / 30 02/03-04/12 

Tongji-RL01* 60 / 30 01/03-08/11 

Tongji-RL02* 60 / 30 01/03-09/15 

Tongji-Grace2018* 96 / 30 04/02-06/17 

HUST-Grace2016 60 / 30 01/03-04/15 

IGG RL01 60 / 30 04/02-07/16 

WHU RL01 (60 90 120) / 30 04/02-07/16 

Static model Spatial res. Data span 

GGM05S 180 ~10 yrs. 

Tongji-Grace02s* 180 ~13.5 yrs. 

Tongji-Grace02k* 180 ~13.5 yrs. 

ITSG-Grace2018s 200 ~15 yrs. 

AIUB-GRACE03S 160 ~6 yrs. 

Tongji-GRACE01* 160 ~5 yrs. 

HUST-Grace2016s 160 ~13 yrs. 

GRACE static solutions 

GRACE monthly solutions 

Introduction — GRACE/GRACE-FO Solutions 

GRACE-FO monthly solutions 

Monthly model Spatial / time res. Time span 

CSR RL06 (60 96) / 30 06/18-11/19 

GFZ RL06 (60 96) / 30 06/18-11/19 

JPL RL06 (60 96) / 30 06/18-11/19 
1 

ITSG-Grace2018 (opt.) (60 96 120) / 30 06/18-10/19 
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Method — Modified Short-arc Algorithm 

Orbit Eq. 

KBRR Eq.           B A ABv       r r e
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3. Temporal 
acceleration calibration 

model 

2. Acceleration & 
attitude corrections 

Tongji-GRACE01 Model:  Modelling Orbit and KBR Obs. Errors 

Tongji-GRACE02 model: Further Modelling Acc. and Attitude Obs. Errors 

1. Co-estimating 
orbit corrections 
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Method — Optimized Short-arc Algorithm 

 Boundary Conditions 

 

 

 Obs. Eq. for One Arc 

  Sat. A： 

  Sat. B： 

  KBRR： 

 Re-Organized Obs. Equation  
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Arc Length 

Cond. Num.  
[log10] 

Cond. Num.  
[log10] 

Mod. Algorithm Opt. Algorithm  

𝐃𝐤𝐐𝐤𝐃𝐤
𝐓 𝐃𝐤

𝐬 (𝐬 = 𝐀, 𝐁) 

2  15.3 3.3 

4  15.8 4.2 

6  16.4 4.8 

8  16.8 5.5 

12  * 9.9 

Tongji-GRACE2018 model: 6 hour Arc Length 
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Tongji-GRACE Gravity Field Solutions 
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Static Solutions — Data input and Model Output   

 Data Input: 

 JPL RL02  KBRR (5s)  

 JPL RL02  Acceleration Data(5s)  

 JPL RL02  Attitude Data (5s) 

 Graz  Kinematic Orbit (10s)  

 Spatial/Temporal Resolution:  

 Temporal Resolution：~13.5 years (01/2003-03/2016) 

 Spatial Resolution： 180 d/o 

 Model Output: 

 Tongji-Grace02s  Model, Unconstrained  Solution 

 Tongji-Grace02k  Model, Regularized  Solution  
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Static Solutions — Data Contribution  
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(a) Contributions of GRACE Data            (b) Cond. Num. of Normal Eq. 
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Static Solutions — Regularization Method 

 Regularization Method  

 
-1

+  uu uu N K W K -> Kaula constraint 

   2 2

0min: trace MSE trace trace T

L L              uu
u Q N Q Q K u u KQ

Criterion  
to Est. α ： 

MSE Criterion 

GCV Criterion 

Bias w.r.t.  α 
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Static Solutions — Tongji-Grace02s/k 
(a) (b)

(d)(c)

(e) (f)

 (a) GGM05S;  (b) ITU-GRACE16;  (c) ITSG-Grace2014s 

 (d) ITSG-Grace2014k;  (e) Tongji-Grace02s;  (f) Tongji-Grace02k 

Geoid degree height and gravity anomaly relative to Eigen6C4 
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Static Solutions — Validation by DTU13 data 

Region Degree 
GGM 

05S 

ITU-

GRACE 

16 

AIUB-

GRACE 

03S 

Tongji-

GRACE 

01 

HUST-

Grace 

2016s 

ITSG-

Grace 

2014s 

ITSG-

Grace 

2014k 

Tongji-

Grace 

02s 

Tongji-

Grace 

02k 

A 

60 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 

90 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 

120 0.81 1.28 0.82 0.85 0.85 0.81 0.81 0.82 0.82 

160 3.94 34.74 3.51 3.74 3.27 2.31 1.41 2.31 1.39 

180 10.52 72.80 * * * 6.79 4.06 4.18 2.42 

B 

60 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 

90 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 

120 2.25 2.29 2.28 2.27 2.25 2.25 2.25 2.26 2.26 

160 3.17 10.62 4.84 4.09 3.29 2.60 2.57 2.47 2.30 

180 10.74 15.07 * * * 4.83 4.44 3.05 2.61 

A: 𝟐𝟔°𝑵, 𝟑𝟔°𝑵 , 𝟐𝟓𝟓°𝑬, 𝟐𝟔𝟓°𝑬 ;   𝐁: 𝟑𝟎°𝐍, 𝟒𝟎°𝑵 , 𝟏𝟔𝟓°𝐄, 𝟏𝟕𝟓°𝑬  (mGal) 
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Monthly Solutions — Data input and Model Output   

 Data Input: 

 JPL RL03  KBRR (5s)  

 JPL RL02  Acceleration Data(5s)  

 JPL RL02  Thruster Data(30s)  

 JPL RL03  Attitude Data (5s) 

 Graz  Kinematic Orbit (10s)  

 Spatial/Temporal Resolution:  

 Temporal Resolution：One month (04/2002-06/2017) 

 Spatial Resolution： 96 d/o 

 Model Output: 

 Tongji-Grace2018s  Model, Unconstrained  Solution  
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Monthly Solutions — Geoid Degree Variances 
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Monthly Solutions — Coefficient Difference 
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Monthly Solutions — Global Trend Comparison 

P4M6 Decorrelation 

Global Trend Global RMS 
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Monthly Solutions — Noise Analyses 

Pacific (𝟐𝟖𝐍~𝟓𝟏°𝐍, 𝟏𝟕𝟎°𝐄~𝟐𝟐𝟎°𝐄)，Sahara (𝟏𝟓°𝐍~𝟑𝟓°𝐍, 𝟎°𝐄~𝟑𝟓°𝐄) 

Mean Mass Variation Series Mean RMS Series 
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Monthly Solutions — Signal Comparison 

River Basin CSR RL06 GFZ RL06 
ITSG-

Grace2018 

Tongji-

Grace2018 
JPL Mascon 

Amazon 𝟐𝟐. 𝟖𝐜𝐦 𝟗𝟔°  𝟐𝟐. 𝟓𝐜𝐦 𝟗𝟔°  𝟐𝟑. 𝟒𝐜𝐦 𝟗𝟖°  𝟐𝟑. 𝟑𝐜𝐦 𝟗𝟔°  𝟐𝟒. 𝟕𝐜𝐦 𝟏𝟏𝟏°  

Mississippi 𝟔. 𝟓𝐜𝐦 𝟏𝟏𝟐°  𝟔. 𝟒𝐜𝐦 𝟏𝟏𝟏°  𝟔. 𝟓𝐜𝐦 𝟏𝟏𝟑°  𝟔. 𝟔𝐜𝐦 𝟏𝟏𝟏°  𝟔. 𝟎𝐜𝐦 𝟏𝟎𝟎°  

Irrawaddy 𝟐𝟔. 𝟔𝐜𝐦 𝟐𝟗𝟏°  𝟐𝟓. 𝟑𝐜𝐦 𝟐𝟗𝟏°  𝟐𝟕. 𝟑𝐜𝐦 𝟐𝟗𝟎°  𝟐𝟕. 𝟎𝐜𝐦 𝟐𝟗𝟐°  𝟑𝟒. 𝟖𝐜𝐦 𝟐𝟗𝟔°  

Taz 𝟏𝟎. 𝟒𝐜𝐦 𝟏𝟐𝟔°  𝟏𝟎. 𝟔𝐜𝐦 𝟏𝟐𝟔°  𝟏𝟎. 𝟓𝐜𝐦 𝟏𝟐𝟖°  𝟏𝟎. 𝟕𝐜𝐦 𝟏𝟐𝟖°  𝟏𝟎. 𝟑𝐜𝐦 𝟏𝟎𝟑°  

𝐀𝐦𝐩 𝐏𝐡𝐚  
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Monthly Solutions —Signal in Antarctica by 
Mascon Modelling 

Mass Variations in 

Antarctica 
Trend(Gt/year) 

Annual Semiannual 

amplitude(Gt) phase(°) amplitude(Gt) phase(°) 

CSR Release 06 -151 ± 17 84 ± 27 126 ± 17 15 ± 8 234 ± 78 

JPL Release 06 -150 ± 17 73 ± 27 125 ± 21   9 ± 7 228 ± 86 

GFZ Release 06 -157 ± 18 89 ± 29 134 ± 21 11 ± 9 243 ± 92 

Tongji-Grace2018 -150 ± 18 84 ± 29 131 ± 20 12 ± 8 230 ± 89 

Time series of Antarctica mass change. Secular trend in equivalent water height (cm/year) 

secular trends and seasonal signals (significant at 2-σ level) 
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Preliminary GRACE-FO Solutions: Data Input 
and Model Output 

 Data Input: 

 JPL RL04  KBRR (5s) / LRIRR (2s) 

 JPL RL04  Acceleration Data(1s)  

 JPL RL04  Thruster Data(30s)  

 JPL RL04  Attitude Data (1s) 

 Tongji Kinematic Orbit (10s)  

 Spatial/Temporal Resolution:  

 Temporal Resolution：One month (06/2018-10/2019) 

 Spatial Resolution： 96 d/o 

 Model Output: 

 Tongji-Gracefo2020  Model, Unconstrained  Solution  
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Preliminary GRACE-FO Solutions: KBR-based Models   

RMS of Mass Change Residuals over Ocean 

P4M6 Decorrelation P4M6+300Km Gauss 
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Preliminary GRACE-FO Solutions: Degree Variances   
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Preliminary GRACE-FO Solutions: Spatial Noise 

P4M6-Decorrelation 
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Concluding remarks 

1. High-frequency noise in Tongji-Grace02s/k static gravity 

field solutions has been reduced. 

2. Compared to the officially released RL06 models, Tongji-

Grace2018 has comparable signals and improved noise 

level. Tongji-Grace2018 is closer to ITSG-Grace2018. 

3. The noise of preliminary GRACE-FO gravity field solutions 

from Tongji Uni. has been further reduced. Additional 

work is still going on... 
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