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Change Record 

 

Issue Revision Date Description Approval 

Draft 1 14-06-2005 Initial version at Software 

Requirement Review 
 

Draft 2 17-06-2005 Minor updates before SRR  

Draft 3 24-06-2005 Updates before Preliminary Design 

Review 
 

Draft 4 7-11-2005 Major revision after Preliminary 

Design Review 
 

Draft 5 20-12-2005 Revision before Critical Design 

Review 
 

Draft 6 23-01-2006 Update after CDR  

Draft 6.4 3-04-2006 Update after Mid Term Review  

 

 Page # Section # Comments Date 

issue 1.0  1.2 Updated list of variables 30-06-2006 

 38 3.5 Updated mathematical description of sunglint 

and bistatic scattering coefficients 
 

 121 4.14.2.3 Section on parameter update during iterative 

retrieval scheme. 
 

 145 5 Update of the secondary neural network 

retrieval algorithm 
 

 194 Annex Updated table of TBD / TBC  

 

issue 1.0b 4 1.2 Changed sea state flags 21-07-2006 

 6 1.2 Definition of Resolution confirmed  

 7 1.2 ůTb_model1, 2 and 3  

 14 1.2 Added Fg and Tg for high TEC gradient  

 14 1.2 Changed names for variables dtGAS kGAS tGAS 

TbGAS DTGAS 
 

 16 1.2 Changed numbers of referred AGDP tables 
(error coming from old version) 

 

 17, 18 1.2 Corrected name of variables 

Dg_quality_SSSX (underscore missing) 
 

 17, 18 1.2 Corrected units in Tg and Dg for SSS  

 20 2.1.1 Two-scale is the default model  

 21 2.1.3 Corrected ñdecision treeò in figure  

 24 3.1 New flags for sea state development  

 39 4 Removed reference to non-standard document 

(its contents is in annex) 
 

 52 4.2.3 Removed reference to ECMWF current speed  

 88 4.8.2 Defined Fg and Tg for high TEC gradient  

 89-94 4.9 Major update of atmospheric section  

 117 4.14.2.2 Corrected name of variables 

Dg_quality_SSSX 
 

 118, 120 4.14.2.2 Added X to SSS variables names  

 122 4.15 Updated section on Tb42.5º computation  

 132 6 Updated description of Tb42.5º fields  
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 133 6 Added Fg_quality_SSSX to UDP  

 134 6 Added Fg_TEC_gradient  

 136 6 ECMWF value and 999 for sigma in DAP 

when a parameter has not been retrieved 
 

 136 6 Added Tbgal, TBatm and tau to DAP  

 several  Comments on text removed (except in AGDP) 

and transfered to Pending Actions list when 

necessary 

 

 

issue 1.1 v-vii  Table of 

contents 

False titles purged throughout the document 15-09-2006 

 10 

18 

1.2 Fg_outsideLUT_M1 added. 

Fg_quality_SSSX description updated. 

Tg_quality_SSSX removed. 

 

 52 4.2.1.2 Definition of Fg_outsideLUT_M1 added.  

 82 4.6.1 Sentence added to introduce the new sky 

glitter corrections annex 
 

 97 4.10 Introduced void section for numbering 

coherence 
 

 111-112 4.14.1.1 Definition of ůTb_model_1 added.  

 121 4.14.2.2 New definition of Fg_quality_SSSX.  

 133 6.1 units for SST set to ºC instead of K  

 134 6.1 Fg_quality_SSSX description updated.  

 195-233 Annex New annex on celestial sky glitter corrections  

 

issue 1.1b 1 1.1 New Reference and applicable documents 

section 
14-12-2006 

 3 1.2 Reference to SO-L2-SSS-ACR-013  for 

acronyms 
 

 3 1.2 New References list to Definitions section  

 19 1.3 Fm_RSC_FLAG removed from variables list  

 82 4.6.1 Sentence modified  

 87-124 4.7 Galactic noise 2 annex moved to new regular 

section 
 

 126 4.8 New Reference list to Faraday rotation section  

 135 4.10 New cardioid model section  

 144-145 4.13.1.1.1 Pseudo-Stokes instead of angle correction  

 149-152 4.14.1.1 Two cases considered in the iterative 

convergence approach (yes/no model error) 
 

 153 4.14.1.2 Text corrected accordingly  

 158 4.14.2 Introduced model uncertainty computation  

 166-169 4.17 New section on auxiliary data bias correction  

 179 6 Dg_QIX removed from UDP  

 182 6 Tbgal substituted by Tbgal_refl in DAP  

 183 6 Fm_RSC_FLAG removed from DAP  

 190 Annex 2 New Reference list to Annex 2  

 

issue 1.1c 13-14 1.3 Variables from 4.7 added to list 1-02-2007 

 15 1.3 Variables from 4.10 added to list  
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 52 4.2.1.2 Interpolation method updated for model 1 

LUT, as well as out of LUT range flag 
 

 

issue 1.1d many several All grid point flag names modified to include 
class (Fg_ctrl_..., Fg_sc_...) 

1-6-2007 

 5, 28, 30 1.3, 3.2, 3.3 L1c flags names modified  

 7 1.3 a_factor changed to nsig  

 8 1.3 Tm_angle_sun removed from variables list  

 8, 11, 13, 14 1.3 Out of LUT range flags in variables list  

 10 1.3 Thresholds for foam and roughness 

corrections added to variables list 
 

 11 1.3 Duplicated Tm_high_gal_noise removed  

 18 1.3 New cardioid variables  

 23 3 Explanation of code for flags classes  

 32 3.4 a_factor changed to nsig  

 40 3.5.4.3 Flags for out of Sunglint LUT range  

 55, 66, 73, 83, 

84 

4.2.2, 4.3.3, 

4.4.3, 4.5.5 

Switch for foam and roughness correction 

based on a threshold for wind speed value 
 

 55 4.2.1.2 Flags for out of Roughness 1 LUT range  

 66 4.3.2 Flags for out of Roughness 2 LUT range  

 83 4.5.4.3 Flags for out of Foam LUT range  

 90 4.6.2.3 New exception handling subsection  

 116 4.7.9.3 Exception handling for galactic noise 2  

 128 4.8.2 Corrected names for Fg and Tg_TEC_gradient  

 137-138 4.10 Modified cardioid model section  

 138 4.11 Comment on SBC implementation  

 148 4.13.1.2 Sentence modified  

 159, 161 4.14.1.2 , 
4.14.2.2 

New definition of Dg_chi2 and Dg_chi2_P  

 164 4.14.2.2 Dg_quality_SSSX definition updated with 

respect to Fg_sc_sea_state_X 
 

 181, 182, 184 6 Acard parameters in UDP  

 183, 184 6 Fg_sc_sea_state_X (1 to 6) in UDP instead of 

Fg_young_seas and Fg_old_seas 
 

 184 6 Fg_num_meas_low, min moved to confidence 

flags list 
 

 186 6 Acard parameters in DAP  

 186 6 Fm_L1c_sun included in DAP  

 187-188 6 Out of LUT range flags included in DAP  

 195 Annex Added pending action on section 4.3 update 

Two actions removed 
 

 

issue 2.0 4, 26, 184 1.3, 3.1, 6 Fg_sc_in_clim_ice introduced 15-6-2007 

 6, 28, 30 1.3, 3.2, 3.3 Tg_DT_ice changed to Tm_DT_ice  

 18, 138 1.3, 4.10 Thresholds for cardioid ice detection  

 20, 159 1.3, 4.14.1.2 Tg_lambda_diaMax introduced  

 20, 160, 183 1.3, 4.14.1.2, 6 Fg_ctrl_marq introduced  

 137, 190, 196, 

197 

4.10, Annexes Numbered to Annex-1, 2 and 3  
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 152 4.14.1.1 Added sentence on cardioid parameters to be 

retrieved 
 

 160-161 4.14.1.2 Further explanations on Dg_chi2_P_X  

 196 Annex-2 Slot to add Boutin et al. paper  

 197 Annex-3 New action on Out-of-LUT-range  

 

issue 2.0a iv-v Change log Issues 2.0, 2.0a, 2.0b renumbered to 1.1c, 

1.1d, 2.0 for coherence with delivery to ESA 
19-07-2007 

 18, 188 1.3, 6 Teff  corrected to T_eff  

 20-22 1.3 New cardioid variables and flags listed  

 27 3.1 If no ECMWF data, grid point not processed  

 162 4.14.2 The same iterative retrieval method used for 

SSS will be applied to cardioid model 
 

 182-183 6 Small typos corrected  

 183 6 All Fg_ctr from DAP moved to UDP  

 183 6 Process descriptor flags moved here  

 183 6 New Fg_ctr_no_aux_data  

 183 6 New flags for cardioid model  

 184 6 New quality descriptor for cardioid model  

 185 6 Process descriptors table removed  

 185 6 New Diff_TB_Acard[NM]  

 186-188 6 Placeholders for seven retrieved parameters 

for 3 roughness and cardioid models 
 

 188 6 T_eff and T_eff_sigma removed (included 

now in placeholders for cardioid model) 
 

 188-189 6 Grid point descriptors and Out-of-LUT-range 

flags moved to general DAP table 
 

 196 Annex 3 New action aded to update section 4.14 for 

pseudo-dielectric constant inversion 
 

 

issue 2.0b 3-4 1.3 New specific ECMWF flags for missing data. 
General flag removed 

8-10-2007 

 21 1.3 Tx and Ty at 42.5º in variables list  

 22 1.3 New flags for out-of-range values in AGDP 

LUTs 
 

 28 3.1 Tg_num_meas_valid is used only for warning  

 28 3.1 Control on missing ECMWF data separated 

for the 4 retrievals 
 

 29 3.2 Measurements outside AF_FOV might not be 

used for retrieval 
 

 31-32 3.3 Modified measurement selection diagrams  

 169 4.15 Tb at 42.5º at antenna level will be computed. 

Explanation on surface Tb study modified 
 

 174 4.17 Introduced new OoR LUT AGDP flags  

 184 6 ECMWF flags for missing data in UDP  

 184 6 Tx and Ty at 42.5º in UDP  

 190 6 OoR LUT AGDP flags in DAP  

 198 Annex New action added to establish a method for 

not using or weighting points in the EAF-FOV 
 

 198 Annex New action on changing 5 thresholds names  

 198 Annex New action on missing flags for Tb_42.5  
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 198 Annex Removed redundant action item on 4.17  

 

issue 2.1 198 Annex New action to confirm use of 

Fg_OoR_LUTAGDPT_param 
9-10-2007 

 

issue 2.2 5, 30, 32, 191 1.3, 3.2, 6 Fm_sun_limit introduced 10-12-2007 

 5, 28, 31, 184 1.3, 3.1, 3.3, 6 Fg_ctrl_valid introduced 31-1-2008 

 5, 6, 7, 28, 30, 

32, 186, 187, 

192 

1.3, 3.1, 3.2, 

3.3, 6 

Measurement discrimation due to polarised 

galactic noise 

29-1-2008 

 7, 30, 32 1.3, 3.2, 3.3 Updated measurement selection due to 

galactic noise error (wind speed dependent) 

12-12-2007 

 20, 185 1.3, 6 Fg_ctrl_marq repeated  4 times (4 retrievals) 12-12-2007 

 21, 169, 185 1.3, 4.15, 6 Introduced Fg_ctrl_no_surface 10-12-2007 

 22, 183 1.3, 6 Introduced 3rd coordinate of grid point  

 28 3.1 Dg_num_outliers shall be divided by 

Dg_num_meas_l1c to compare with 
Tg_num_outliers_max% 

10-12-2007 

 29 3.2 L1 RFI flag : « TBD by L1 » removed 24-1-2008 

 30 3.2 Definition of Fm_valid referred to diagram in 

page 32 

10-12-2007 

 71 4.4.1.2 Fg_ctrl_foam_M3 removed from text as it is 

not used 

10-12-2007 

 169 4.15 Typo corrected 10-12-2007 

 184 6 3rd coordinate of grid point (altitude) in UDP 12-12-2007 

 185 6 Fg_ctrl_no_aux_data removed (not used since 

issue 2.0b) 

12-12-2007 

 186 6 Excessive explanation removed from UDP 12-12-2007 

 198 Annex TBD/TBC column re-introduced in table 24-1-2008 

 198 Annex New action on generation of sky map 24-1-2008 

 

 Page # Section # Comments Date 

issue 3.0 i, ii, all cover, headings Formatted to ARGANS version 9-6-2008 

 vii  change log Annotated missing change in issue 2.2 20-5-2008 

 1 1 Change in annexes description 11-5-2008 

 1 1.1 Updated applicable and reference documents 11-5-2008 

 5, 6, 27, 28, 

29 

1.3 Several variables changed from percentage to 

fraction 

7-5-2008 

 8 1.3 New variables listed from 3.6 and 3.7 11-5-2008 

 12, 69, 189 1.3, 4.3.2.3, 6 Fg_OoR_Rough2_dim5_Omega, not dim4 20-5-2008 

 17, 19 1.3 Added missing units 11-5-2008 

 17 1.3 Removed 4.11 variables from list 12-5-2008 

 18 1.3 Introduced ECMWF codes in variables list 12, 22-5-2008 

 19, 159, 184 1.3, 4.4.1.2, 6 Dg_num_iter is different for the 4 retrievals 20-5-2008 

 20, 162 1.3, 4.14.2.2 Names for coefficients introduced in Tb 

sensitivity to SSS adjustment 

7-2-2008 

 several 1.3, 4.14, 4.17 AGDP renamed ECMWF Pre-Processing 7/12-5-2008 

 21, 22 1.3 Completed variables list for 4.17 and 5 11-5-2008 

 22, 182 1.3, 6 Grid point altitude removed from UDP 26-5-2008 
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 29 3.2 A switch to be implemented to optionally 

discard data outside the AF_FOV 

14-5-2008 

 43 3.6 Method to class sea state development 11-5-2008 

 43, 44 3.7 Method to flag SST and SSS fronts 11-5-2008 

 74 4.4.1.2 WC_U, WC_V changed to WSx, WSy 22-5-2008 

 89 4.6 Galactic noise model 0 mentioned 8-2-2008 

 142 4.11 Scene dependent bias section removed 12-5-2008 

 154 4.14.1.1 Computation of theoretical uncertainties for 

retrieved parameters 

12-5-2008 

 155, 170 4.1.4.1.1.1, 4.17 Reference to SMOS ECMWF Pre-proc. doc. 11-5-2008 

 156 4.14.1.2 Equation referred by number 12-5-2008 

 173 4.17.3 New practical considerations section 12-5-2008 

 184 6 Typos corrected in Dg_quality_SSSX 13-2-2008 

 186 6 Lat, Long added to DAP 30-5-2008 

 several 6 Merged cells in table (just aesthetics) 11-5-2008 

 I, I-XVI, I  3 annexes Pages renumbered to start at each annex 20-5-2008 

 A1-I Annex 1 Substituted by reference to Technical Note 20-5-2008 

 A2-I - XVI  Annex 2 Added technical note on cardioid model 9/14-5-2008 

 A3-I Annex 3 New action to define Dg_quality_Acard 13-2-2008 

 A3-I Annex 3 Several pending actions closed 11/14-5-2008 

 A3-I Annex 3 New action on cross-checking ATBD-DPM 

variables names 

18-5-2008 

 9, 46 1.3, 4.1.1.1 Dielectric constant e  is expressed as eô+jeôô 10-6-2008 

 23 1.3 Dg_X_swath included in variables list 15-6-2008 

 100, A3-I 4.7.2.2, A3 Removed TBD by N. Floury 1-7-2008 

 173 4.17.3 New section on other auxiliary parameters 
bias removal (to match with TGRD) 

1-7-2008 

 A3-I Annex 3 Removed action on checking SSA model 1-7-2008 

 A3-I Annex 3 New action on updating section 4.17 27-6-2008 

 A3-I Annex 3 Removed two completed actions and one 

comment 

27-6/1-7-2008 

 A1, A2, A3 Annex 1, 2 & 3 Added prefix to Annex page numbers 4-7-2008 

 A3-I Annex 3 Added new actions from AlgoVal#11 7-7-2008 

 53, 99, A2-1 4.2, 4.6, Annex 

2 

Corrected missing references 8-7-2008 

 1 1 Reference to annexes in introduction 30-9-2008 

 145 4.13.1.1.1 Changes in text for coherence (word snapshot) 22-9-2008 

 146 4.13.1.1.1 Strategy for Stokes 1 computation in full pol 19-9-2008 

 155 4.14.1.1.1 Modified reference to ECMWF document 19-9-2008 

 166 4.14.2.2 Dg_quality_Acard set to 0 19-9-2008 

 166 4.14.3 Reference updated 22-9-2008 

 A3-I - VII  Annex 3 New annex on Stokes 1 in full pol; previous 

Annex 3 becomes Annex 4 

30-9-2008 

 A4-I Annex 4 Removed three pending actions 19-9-2008 

 173 4.17.3 Added table of additional AGDP parameters 30-9-2008 

 A4-I Annex 4 Removed two pending actions 01-10-2008 

 A4-I Annex 4 Section 5: secondary Algorithm Description 

(neural network) moved to Annex 4; Annex 4 

becomes Annex 5. 

17-10-2008 
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 A5-I Annex 5 Empty sections 4.7.9.2, 4.7.10 & four pending 

(obsolete) actions removed 

17-10-2008 

 175 5 SPH Quality Information Specification added 17-10-2008 

 175 5 Edited SPH Quality Information Specification 27-10-2008 

 

 Page # Section # Comments Date 

issue 3.1 147-150 4.13.1.1.2, 

4.13.1 

Corrections for galactic noise models behind a 

switch, updated dependencies table 

21-01-2009 

 

 Page # Section # Comments Date 
issue 3.2 22 1.3 Corrected Mean_Acq_Time definition & case: 

now called Mean_acq_time, as in IODD, 
code & product spec. 

12-05-2009 

issue 3.2 11, 67, 182 1.3, 4.3.3, 5 Corrected fg_oor_rough2_dim1..5 flags to 

match IODD LUT 

22-05-2009 

issue 3.2 4, 27, 31, 176 1.3, 3.1, 3.3, 5 Corrected meaning of fg_ctrl_ecmwf 27-05-2009 

 

 Page # Section # Comments Date 
issue 3.3 18 1.3 Updated definitions of U*  & WS 16-07-2009 

 

 Page # Section # Comments Date 
issue 3.4 71-73 4.4.1 Roughness model 3 extended to cubic 

dependency on incidence angle 

01-12-2009 

 

 Page # Section # Comments Date 
issue 3.5  Annex 6 Added new Annex for OTTs 09-06-2010 

 

 Page # Section # Comments Date 
issue 3.6  4.4 Complete rewrite of roughness model 3 07-12-2010 

  4.3 Updated roughness model 2, especially 4.3.2  

  1.3 Renamed Fg_Oor_Roughx_xxx flags to 

Fg_Oor_Rough_dimx 

 

 

 

 Page # Section # Comments Date 
issue 3.7  3.4 Split into 3.4.1 (General approach for outlier 

detection) and 3.4.2 (RFI detection/mitigation) 

27-04-2011 

  3.1 Setting Fg_ctrl_suspect_RFI.true  from 

Dg_RFI_L2 

27-04-2011 

  1.3 Added Tg_num_RFI_max, RFI_std 

RFI_nsig 

27-04-2011 

  3.3 Added Dg_RFI_L2, Fg_ctrl_suspect_RFI & 

Fm_L2_RFI; removed Dg_eaf_fov 

27-04-2011 

  3.3 Replaced Dg_L2_RFI by Dg_RFI_L2, JCD 

comment 9b(i)1 & 9d(i) 

15-06-2011 

 184 1.3, 3.2, table 1 Removed Dg_eaf_fov,  JCD comment 9b(i)2 15-06-2011 

  1.1 Changed test to ñpertaining to this 

distributionò,  JCD comment 9c(i) 

15-06-2011 

   See Appendix of FAT minutes for JCD 

comments referenced above. 

22-06-2011 

 29 3.2 Updated setting Fm_L1c_sun (DPM 

PRP_1_3-4) 

22-06-2011 
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  Annex 5 Added pending actions from DPM Table 2 22-06-2011 

 28 3.1 Clarified conditions setting Fg_ctrl_valid 12-09-2011 

 52-61 4.2 Rewritten to take account of surface 

roughness model 1 revisions 

12-09-2011 

 34 3.4.2 Corrected default value for Tg_num_RFI_max 12-09-2011 

 1 1 Added paragraph explaining salinity units 16-09-2011 

 

 Page # Section # Comments Date 
issue 3.8 169-173 4.14.2.2, table 1 Added definitions of 

Fg_ctrl_poor_retrieval_X, 

Fg_ctrl_poor_geophysical_X, updated 

calculation of Dg_quality_SSSX 

07-11-2011 

 A6-1 Annex-6 Added note explaining use of different OTT 

for ascending and descending orbits 

07-11-2011 

 Cover  Date corrected 14-11-2011 

  4.14.2.2 Table 

1 

Header repeated on each page, JCD comment 

7di  

14-11-2011 

  1.3 Added Fg_ctrl_retriev_fail_X, 

Fg_ctrl_poor_retrieval_X & 

Fg_ctrl_poor_gephysical_X to list of variables 

table 

14-11-2011 

 

 Page # Section # Comments Date 
issue 3.9 42-44 3.5.2 Added sub-sections describing snapshot level 

RFI detection & use of AUX_DGGRFI 

14-01-2013 

  1.3, 3.1 Removed Fg_ctrl_gal_noise_pol, 

Fm_gal_noise_pol, Dg_galactic_noise_pol & 

associated thresholds, Tm_out_of_range; 

added Fm_L2_RFI_high_snapshot_std, 

Fm_L2_RFI_high_snapshot_std_stokes3/4, 

Fg_ctrl_suspect_RFI, 
Fg_ctrl_RFI_prone_X/Y, Fg_ctrl_adjusted_ra, 

Tm_out_of_range_affov/eaffov, 

Tm_out_of_range_stokes3_affov/eaffov, 

Tm_out_of_range_stokes4_affov/eaffov, 

Ts_snapshot_out_of_range, Ts_meas_min, 

Ts_std, Ts_std_stokes3/4, 

Tg_current_RFI_max_X/Y, RFI_c1, RFI_c2 

13-11-2012 

 32 3.3 Added new section describing filters; 

subsequent sub-sections renumbered 

13-11-2012 

 177 4.14.1.2 Corrected definition of NFD (was NFD = 

number of measurements ï number of 

parameters to be retrieved), now NFD = 

number of measurements. See ESL email JB 

20/11/2012 

21-11-2012 

 119-128 4.7.5.3 Added new section describing the Semi-
Empirical Geometrical Optics Scattering 

Model, including new equations 77-80. 

29-11-2012 

 137 4.7 Added references [26]-[38] 29-11-2012 

  3 Adjusted section numbers 3.4 to 3.8 17-12-2012 

  Annex 5 Removed Annex 5 (see FAT v600 minutes) 15-01-2013 

  2.1.2 & Annex 
4 

Removed references to unimplemented neural 
network (see FAT v600 minutes); section 

2.1.3 renumbered 2.1.2 

15-01-2013 

  Annex 6 Renumbered to Annex 4 after deletion of 

Annex 5 & 6 

15-01-2013 
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  5 Removed redundant tables describing 

UDP/DAP (see FAT v600 minutes): reference 

to IODD added instead 

15-01-2013 

  4.14.2.2 Removed column ñRand/biasò from Table 1 

(see FAT v600 minutes) 

15-01-2013 

 

 Page # Section # Comments Date 
issue 3.10  4.18 New section ñTEC estimation from Stokes 3ò 31-07-2013 

  Annex 4 Extended to include description of OTT post-

processor algorithms (was Annex 5) 

31-07-2013 

  4.2.1.1.2, 

4.4.1.3, 4.7.1, 

4.7.9 Appendix 

B 

Replaced ñon the orderò by ñof the orderò 11-10-2013 

  Annex 5 Removed reference to ñSO-RP-ARG-GS-

0070_L2OS-OTT_DPGSò 

08-10-2013 

  Annex 4 Corrected deltaTB pseudo-code algorithm to 

show extraction of median deltaTBs in xi/eta 

cells (was mean) 

08-10-2013 

 

 Page # Section # Comments Date 
issue 3.11 182 4.14.1.2 Corrected definition of Chi2P (using gammp 

function, was incorrectly shown as gammq) 

05/09/2014 

 

 Page # Section # Comments Date 
issue 3.12  4.4.4 Added section describing latest 

AUX_RGHNS3 update; added new references 

11/06/2015 

  4.2.4 Added section describing latest 

AUX_RGHNS1 update 

13/07/2015 

  Annex 5 New section ñLand (Mixed Scene) 

Contamination Correction (MSOTT)ò 

23/07/2015 

 

In the current issue 

 

 Page # Section # Comments Date 
issue 3.13 25 2 Added explanation that retrievals from 

roughness model 1 are in UDP, & all 3 models 

in DAP. 

18/04/2016 

 32 3.3 In list of fliters, added Detect_RFI_outliers, 

Acard_measurement_decision_tree, 

Acard_grid_point_decision_tree, 

OTT_region_filter, OTT_snapshot_filter, 

OTT_stats_filter, 

Compute_angle_ignore_filter 

18/04/2016 

 209 5 Added description & figure showing nominal 
mapping of retrievals to UDP/DAP. 

18/04/2016 
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1. Introduction  

 

The purpose of this Algorithm Theoretical Baseline Document is to establish the procedure 

that will be used in the SMOS mission to generate the Sea Surface Salinity data from 

brightness temperatures (Tb) recorded by the MIRAS radiometer. The output product (SMOS 

SSS Level 2 product) will consist on files containing half-orbit data (from pole to pole) on 

the ISEA grid defined at Level 1. 

 

As it is not possible to transform the Tb into SSS through a univoque mathematical 

expression, two different approaches are proposed to retrieve SSS values from SMOS 

measurements. In the first one the L-band emission of the sea surface is computed using a 

series of mathematical models that have as independent variables the different geophysical 

parameters (including SSS) that determine this emission. These parameters are obtained from 

sources external to SMOS, and for SSS a guessed value is considered. The computed Tb, for 

all angular configurations that correspond to the specific satellite passage, are compared to 

the measured ones, and then the independent variables are modified in an iterative process 

until reaching the maximum similarity between both Tb values. The SSS that corresponds to 

this situation is considered to be the value retrieved from SMOS. 

 

In the second approach, the relationship between measured Tb and sea surface conditions is 

established empirically through a neural network technique from a wide training data set. 

Once the method is efficiently operational, SSS in a grid point will be retrieved from Tb 

angular measurements at each satellite passage. 

 

In section 2 an overview of the algorithm is presented, with a scheme of its application in the 

case of iterative retrieval. Section 3 describes the tests that have to be performed every time 

that the SSS retrieval is attempted, to select the measurements that are suitable to be used and 

flag any special conditions that may occur. Section 4 is a detailed description of all the parts 

of the algorithm, the different modules or sub-models that are used to compute the different 

contributions to sea surface Tb as well as the procedures to compare it with the measured Tb 

and the iterative convergence method. Section 5 describes the alternative approach based on 

neural networks. Section 6 presents the contents and structure of the output information after 

SSS retrieval. Five annexes provide additional information, as the geometry convention to 

relate Earth and satellite reference frames, the implementation of a pseudo-dielectric constant 

using the cardioid model, the possible strategies to compute the first Stokes parameter in full 

polarisation mode, the secondary algorithm, and a table summarising the parts of the ATBD 

that are still to be completed. 

 

The Intergovernmental Oceanographic Commission adopted recently the new International 

Thermodynamic Equation of Seawater - 2010 that describes salinity through the Absolute 

Salinity definition in g/kg instead of Practical Salinity (PS Scale - 78) to take into account the 

spatial variability of seawater composition and to use IS units. However, measuring systems, 

both in situ and remotely sensed, will continue being based on conductivity, so all 

instruments and data bases will deliver practical salinity as before. For historical reasons, all 

the SMOS data processing algorithms presented here use practical salinity regardless of 

labels in different modules (no units/psu/pss/pss-78). SMOS is a data provider and users may 
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apply the new TEOS-2010 formulae to convert conductivity-based practical salinity to the 

more correct Absolute Salinity values when appropriate. 

 

1.1 Reference and applicable documents 

 

See the Software Release Document SO-RN-ARG-GS-0019 pertaining to this distribution. 

 

1.2 Definitions, acronyms and abbreviations 

 

¶ Measurement: brightness temperature measured in one MIRAS polarisation mode, 

along with relevant information (radiometric noise, observation conditions, 

contributions as computed by the model, flags, polarisation direction). A 

measurement is associated with one Grid point, one Snapshot, one WEF and one 

Footprint. 

¶ Grid Point : point on Earth surface where Measurements are available in SMOS L1c 
product. 

¶ Dwell line: ensemble of Measurements at the same Grid Point available in SMOS 
L1c product. 

¶ SSS: Sea Surface Salinity. Salinity of the upper fraction of the ocean that contributes 
to L-band emission (approx. 1 cm) 

¶ SST: Sea Surface Temperature. When measured by SMOS it is the temperature of the 
upper fraction of the ocean that contributes to L-band emission (approx. 1 cm) 

¶ SSS spatial resolution (or equivalent footprint diameter): Diameter D of the 

equivalent circle, centred on a Grid Point, where SSS is retrieved. The area of the 

equivalent circle is equal to the mean area of the footprint ellipses of the Dwell line 
Measurements deemed valid for SSS retrieval D=sqrt(mean(axis1*axis2)) 

¶ WEF: 2D weighting function derived from synthetic antenna gain of MIRAS 

interferometer, apodization function used at reconstruction and fringe wash factor. 

Also termed synthetic antenna pattern or equivalent array factor. The two dimensions 
are differential cosines in the antenna reference frame. 

¶ Footprint : 3db contour of WEF once WEF has been projected on Earth surface. 

Footprint is centred on a Grid point and defined by major and minor axes of an 

ellipse. Axes lengths are provided by SMOS L1c product. 

¶ DGG: (Discrete Global Grid) ensemble of Grid Points on Earth Surface. Position of 

Grid Points are computed using hexagonal ISEA function with aperture 4 and 
resolution 9. 

¶ Snapshot: Ensemble of measurements acquired at the same time. Distinction of 

snapshots per polarization is done. 

¶ Polarization direction : axes of the polarization frames: H and V for the MIRAS 

antenna polarization frame (H is along SX axis, V is along SY axis of the figure in 
section 4.12), EH and EV for the target polarization frame at surface. 

¶ MIRAS Polarization mode: MIRAS measures brightness temperatures in four 
polarization modes: 
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Á HH  along polarization direction H. 

Á VV  along polarization direction V. 

Á HV:  one arm set to H, the two others set to V. 

Á VH:  one arm set to V, the two others set to H. HV and VH mode 

produce complex brightness temperatures that are complex conjugates. 

In L1C product, both HV and VH modes feed the HV brightness 

temperature data field with real and imaginary parts (see SO-TN-

DME-L1PP-0024 and SO-IS-DME-L1PP-0002). 

¶ MIRAS operating mode: MIRAS has two operating modes: 

Á Dual polarization mode: measurement sequence is - HH ï VV ï HH 

ï VV ïHH ï VV -é 

Á Full polarization mode: Measurement cycle is - HH ï HV ï VV ï VH 
ï HH ï HV ï VV ï VH ï HH - é (see SO-TN-DME-L1PP-0024) 

¶ Retrieval Polarization mode: to derive SSS, one can use 

Á Stokes 1 parameter, i.e. the sum of brightness temperatures in H and V 
polarization directions (Stokes 1 retrieval mode). 

Á Brightness temperatures in H and V polarization directions (dual pol 

retrieval mode). 

Á Brightness temperatures in H and V directions and real and imaginary 
part in HV (full pol retrieval mode). 

¶ Modified Stokes vector: Full polarimetric set of temperatures proportional to 
modified Stokes parameters as defined by Ulaby, p. 1086 

¶ Prior values: Values of the geophysical parameters, obtained from external sources, 

that are introduced, with their uncertainties, in the cost function, as reference 
information of the variability range during the iterative retrieval 

¶ First guesses: Initial values of the geophysical parameters to be retrieved that are 

introduced in the first step of the minimisation process, and that will be successively 

modified during the iterations until achieving a retrieved value 

See the Software Release Document for a list of acronyms. 

 

1.3 List of variables 

 

The modified Stokes vector in the antenna reference frame is [A1, A2, A3, A4] instead 

of [Txx, Tyy, Txy] in level 1, with: 

A1 = Txx 

A2 = Tyy 

A3 = 2 Re(Txy) 

A4 = 2 Im(Txy) 
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

     

General     

     

SSS Sea surface salinity psu   

SST Sea surface temperature K   

TEC Total electron content Tecu = 
1016 m-2 

  

Tb,p Brightness temperature at p polarization 
(H,V) 

K   

Th Brightness temperature at H polarization in 
Earth reference frame 

K   

Tv Brightness temperature at V polarization in 
Earth reference frame 

K   

T3 3rd Stokes parameter in Earth reference 
frame 

K   

T4 4th Stokes parameter of Tb in Earth 
reference frame 

K   

A1 Brightness temperature, H pol, in antenna 
reference frame 

K   

A2 Brightness temperature, V pol, in antenna 
reference frame 

K   

A3 Third Stokes parameter in antenna 
reference frame 

K   

A4 Fourth Stokes parameter in antenna 
reference frame 

K   

     

3. Measurement 
discrimination 

    

Fg_sc_land_sea_coast1 land/sea Y/N 3  

Fg_sc_land_sea_coast2 coast/no coast Y/N 3  

Fg_sc_ice Presence of sea ice in grid point Y/N 3 ECMWF 

Fg_sc_suspect_ice Grid point suspect of ice contamin. Y/N 3 ECMWF 

Fg_sc_in_clim_ice Gridpoint with maximum extend of sea ice 
accordy to monthly climatology 

Y/N 3 ECMWF 

Fg_sc_rain Heavy rain point Y/N 3 ECMWF 

Fg_sc_low_SST Low SST Y/N 3 ECMWF 

Fg_sc_high_SST High SST Y/N 3 ECMWF 

Fg_sc_low_SSS Low SSS Y/N 3  

Fg_sc_high_SSS High SSS Y/N 3  

Fg_sc_low_wind Low wind speed Y/N 3 ECMWF 

Fg_sc_high_wind High wind speed Y/N 3 ECMWF 

Fg_sc_sea_state_1 Sea state development class 1 Y/N 3  

Fg_sc_sea_state_2 Sea state development class 2 Y/N 3  

Fg_sc_sea_state_3 Sea state development class 3 Y/N 3  

Fg_sc_sea_state_4 Sea state development class 4 Y/N 3  

Fg_sc_sea_state_5 Sea state development class 5 Y/N 3  

Fg_sc_sea_state_6 Sea state development class 6 Y/N 3  

Fg_sc_SST_front Presence of a temperature front Y/N 3  

Fg_sc_SSS_front Presence of a salinity front Y/N 3  
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

Fg_ctrl_ECMWF_1 No missing ECMWF data for SS1 retrieval Y/N 3 roughness 

models 

Fg_ctrl_ECMWF_2 No missing ECMWF data for SS2 retrieval Y/N 3 ditto 

Fg_ctrl_ECMWF_3 No missing ECMWF data for SS3 retrieval Y/N 3 ditto 

Fg_ctrl_ECMWF_4 No missing ECMWF data for Acard 
retrieval 

Y/N 3 ditto 

Fg_ctrl_num_meas_low Grid point with number of valid 
measurements below threshold 

Y/N 3 measurement 
discrimination 

Fg_ctrl_num_meas_min Grid point discarded due to very few 
measurements 

Y/N 3, 4.14.3 measurement 
discrimination 

Fg_ctrl_many_outliers Grid point with number of outlier 
measurements above threshold 

Y/N 3 measurement 
discrimination 

Fg_ctrl_sunglint Grid point with number of measurements 
flagged for sunglint above threshold 

Y/N 3  

Fg_ctrl_moonglint Grid point with number of measurements 
flagged for moonglint above threshold 

Y/N 3  

Fg_ctrl_gal_noise Grid point with number of measurements 
flagged for galactic noise above threshold 

Y/N 3  

Fg_ctrl_valid Grid point used in the retrieval Y/N 3 measurement 
discrimination 

Fg_ctrl_suspect_RFI Grid point with number of measurements 
flagged for RFI above threshold 

Y/N 3, 4.6  

Fg_ctrl_RFI_prone_X Grid point likely to be contaminated by RFI 
in X pol as indicated by AUX_DGGRFI 

Y/N 3, 4.6  

Fg_ctrl_RFI_prone_Y Grid point likely to be contaminated by RFI 
in Y pol as indicated by AUX_DGGRFI 

Y/N 3, 4.6  

Fg_ctrl_adjusted_ra Grid point with radiometric accuracy 
adjusted due to RFI flagging in 
AUX_DGGRFI 

Y/N 3.4.6  

Fm_out_of_range Tb out of range Y/N 3  

Fm_resol Measurement with spatial resolution (i.e. 
major axis length) above threshold 

Y/N 3  

FmL1c_af_fov Measurement inside AF _FOV Y/N 3 L1c 

FmL1c_border_fov Border measurements Y/N 3 L1c 

FmL1c_RFI Marked RFI by L1 Y/N 3 L1c 

Fm_suspect_ice Measurement above threshold in test for 
possible ice detection 

Y/N 3  

Fm_outlier Outliers measurements Y/N 3  

Fm_L1c_sun L1C information on sun contaminated 
measurements 

Y/N 3  

Fm_low_sun_glint After Sun glint IFREMER model Y/N 3  

Fm_high_sun_glint After Sun glint IFREMER model Y/N 3  

Fm_sun_limit Sun contamination above threshold Y/N 3  

Fm_moon_specdir Moon glint Y/N 3  

Fm_gal_noise_error Error in galactic map above threshold Y/N 3, 4.6  

Fm_high_gal_noise Measurements with specular direction 
toward a strong galactic source 

Y/N 3, 4.6  

Fm_valid Measurement is valid Y/N 3  

FmL1c_sun_tails Flag comming from L1 Y/N 3 From L1 

FmL1c_sun_glint_area Flag comming from L1 Y/N 3 From L1 

FmL1c_sun_glint_fov Flag comming from L1 Y/N 3 From L1 

Fm_L2_RFI_high_snaps
hot_std 

Snapshot RFI contaminated due to high 
std/ra in XX/YY 

Y/N 3.4.2  
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

Fm_L2_RFI_high_snaps
hot_std_stokes3 

Snapshot RFI contaminated due to high 
std/ra in Stokes 3 

Y/N 3.4.2  

Fm_L2_RFI_high_snaps
hot_std_stokes4 

Snapshot RFI contaminated due to high 
std/ra in Stokes 4 

Y/N 3.4.2  

Tg_dland1 Distance 1 (short) to land Km 3  

Tg_dland2 Distance 2 (long) to land Km 3  

Tg_ice_concentration Threshold (fraction) in ECMWF ice 
concentration 

dl 3  

Tg_low_SST_ice Value of SST under which to perform ice 
test 

K 3  

Tg_suspect_ice Minimum fraction of measurements where 
ice test is positive to flag point 

dl 3  

Tg_max_rainfall threshold of maximum rain accepted mm/h 3  

Tg_low_SST Upper limit for very low SST K 3  

Tg_medium_SST Boundary between ólow SSTô and ómedium 
SSTô 

K   

Tg_high_SST Boundary between ómedium SSTô and 
óhigh SSTô 

K 3  

Tg_low_SSS Upper limit for very low SSS psu 3  

Tg_medium_SSS Boundary between ólow SSSô and ómedium 
SSSô 

psu 3  

Tg_high_SSS Boundary between ómedium SSSô and 
óhigh SSSô 

psu 3  

Tg_low_wind Upper limit for very low wind speed m/s 3  

Tg_medium_wind Boundary between ólow windô and ómedium 
windô 

m/s 3  

Tg_high_wind Boundary between ómedium windô and 
óhigh windô 

m/s 3  

Dg_num_meas_l1c Number of measurement available in L1C 
product 

dl 3 L1c 

Dg_num_meas_valid Number of valid measurements dl 3 measurement 
discrimination 

Tg_ num_meas_valid Threshold of number of valid 
measurements to flag 

dl 3  

Tg_ num_meas_min Minimum number of valid measurements 
to perform retrieval 

dl 3, 4.14.3  

Dg_num_outliers number of outlier measurements dl 3.1, 3.2 measurement 
discrimination 

Tg_num_meas_outliers_
min 

minimum number of measurements per 
polarisation to apply outlier detection 

dl 3.5.1  

Tg_num_meas_RFI_outli
ers_min 

minimum number of measurements per 
polarisation to apply RFI outlier detection 

dl 3.5.2  

Tg_num_outliers_max minimum fraction of outlier measurements 
to flag a grid point 

dl 3.1, 3.5.1  

Tg_num_RFI_max minimum fraction of RFI measurements to 
flag a grid point 

dl 3.1, 3.5.2  

Tg_num_RFI_outlier_ma
x 

minimum fraction of RFI outlier 
measurements to flag a grid point 

dl 3.1, 3.5.2  

Tg_sunglint_max minimum fraction of measurements 
flagged for sunglint to flag a grid point 

dl 3  

Tg_moonglint_max minimum fraction of measurements 
flagged for moonglint to flag a grid point 

dl 3  

Tg_gal_noise_max min. fraction of measurements flagged for 
galactic noise to flag a grid point 

dl 3  



 

ICM-CSIC 

LOCEAN/SA/CETP 
IFREMER/ODL 

SMOS L2 OS 

Algorithm Theoretical 
Baseline Document 

Doc: SO-TN-ARG-GS-0007 

Issue: 3 Rev: 13 

Date: 29 April 2016 

Page: 7 

 

 7 

Variable name Descriptive Name Units ATBD 
reference 

Comments 

Tg_current_RFI_max_X Minimum % to flag a grid point as likely to 
be contaminated by X pol RFI as indicated 
by AUX_DGGRFI 

dl, % 3.5.2  

Tg_current_RFI_max_Y Minimum % to flag a grid point as likely to 
be contaminated by Y pol RFI as indicated 
by AUX_DGGRFI 

dl, % 3.5.2  

Tm_out_of_range_affov threshold for Tb out of range in AFFOV, 
XX/YY pol measurements 

K 3.5.2  

Tm_out_of_range_eaffov threshold for Tb out of range in EAFFOV, 
XX/YY pol measurements 

K 3.5.2  

Tm_out_of_range_stokes
3_affov 

threshold for Tb out of range in AFFOV, 
Stokes 3 measurements 

K 3.5.2  

Tm_out_of_range_stokes
3_eaffov 

threshold for Tb out of range in EAFFOV, 
Stokes 3 measurements 

K 3.5.2  

Tm_out_of_range_stokes
4_affov 

threshold for Tb out of range in AFFOV, 
Stokes 4 measurements 

K 3.5.2  

Tm_out_of_range_stokes
4_eaffov 

threshold for Tb out of range in EAFFOV, 
Stokes 4 measurements 

K 3.5.2  

Ts_snapshot_out_of_ran
ge 

Maximum proportion of land/ice within 
snapshot, below which all measurements 
are discarded 
(fm_l2_snapshot_out_of_range set) if any 
have fm_out_of_range set 

dl, % 3.5.2  

Ts_meas_min Minimum proportion of measurements for 
computing snapshot standard deviation 

dl, % 3.5.2  

Ts_std Threshold for snapshot XX/YY standard 
deviation, above which all measurements 
in a snapshot are discarded 

K 3.5.2  

Ts_std_stokes3 Threshold for snapshot Stokes 3 standard 
deviation, above which all measurements 
in a snapshot are discarded 

K 3.5.2  

Ts_std_stokes4 Threshold for snapshot Stokes 4 standard 
deviation, above which all measurements 
in a snapshot are discarded 

K 3.5.2  

RFI_c1, RFI_c2 Coefficients used to adjust measurement 
radiometric accuracy from the current RFI 
LUT AXU_DGGRFI 

dl 3.5.2  

Resolution length of major axis of the measurement 
footprint 

Km 3  

Dg_num_high_resol number of measurements exceeding 
maximum allowed resolution 

dl 3  

Tg_resol_max_ocean maximum footprint resolution (i.e. major 
axis length) to be accepted for 
measurements in ocean points 

Km 3  

Dg_af_fov 
 

counter on number of measurements in 
alias free FOV 

dl 3 L1c 

Dg_border_fov 
 

counter on number of measurements on 
the border of FOV. 

dl 3 L1c 

Dg_RFI_L1 number of measurements discarded due to 
being flagged RFI at L1 

dl 3 L1c 

Tm_DT_ice threhold for test on possible presence of 
ice 

K 3  

Dg_suspect_ice number of measurements suspect of being 
contaminated by ice 

dl 3 measurement 
discrimination 

Dg_sunglint_L1 number of meas. with L1 sunglint flag dl 3 L1c 
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

Dg_sunglint_L2 number of meas. with L2 sunglint flag dl 3 sunglint 

module 

Tm_high_sun_glint upper limit for very low sun_glint K 3  

Tm_medium_sun_glint boundary between ólow sun glintô and 
ómedium sun glintô 

K 3  

Tm_low_sun_glint boundary between ómedium sun glintô and 
óhigh sun glintô 

K 3  

Tm_sun_limit limit of sun glint, between to process or not K 3  

Dg_sun_fov number of measurements affected by L1C 
flag SUN_FOV 

dl 3 L1c 

Dg_sun_tails number of measurements with SUN TAILS 
flag raised 

dl 3 L1c 

Dg_sun_glint_area number of measurements with 
SUN_GLINT_AREA flag raised 

dl 3 L1c 

Dg_sun_glint_fov number of measurements with 
SUN_GLINT_FOV flag raised 

dl 3 L1c 

Dg_moonglint N. of meas. with L2 moonglint raised dl 3 moonglint 

module 

Tm_angle_moon angle between Target to Moon direction 
and specular direction 

deg 3  

Tm_max_gal_noise_error Threshold of the galactic noise error K 3  

Tm_high_gal_noise Definition of strong galactic source K 3  

Q_CSWeF Second Stokes parameter map weighted 
by a centrosymmetric WeF 

K 3  

U_CSWeF Third Stokes parameter map weighted by 
a centrosymmetric WeF 

K 3  

Tg_WS_gal Minimum WS to discard measurements 
contaminated by erroneous galactic noise 

m/s 3  

Dg_gal_noise_error Number of measurements with galactic 
noise error flag raised 

dl 3 measurement 
discrimination 

Dg_sky Number of measurements with specular 
direction toward a strong galactic source 

dl 3  

nsig Factor to multiply ůTb in outliers detection dl 3.4.1  

RFI_std Factor to multiply std_theory in RFI 
detection 

dl 3.4.2  

RFI_nsig Factor to multiply radiometric_noise in RFI 
detection 

dl 3.4.2  

ůTb_radiometric_noise Radiometric noise of a single meas. K 3  

ůTb_model1 Model error estimate in outliers detection K 3 roughness 1 

ůTb_model2 Model error estimate in outliers detection K 3 roughness 2 

ůTb_model3 Model error estimate in outliers detection K 3 roughness 3 

     

3.5 Sunglint 
contamination 

    

dA Area illuminated by sun glint m2 3.5  

sn
C

 direction (incidence and azimuth s) of sun 
radiation at the considered earth surface 
position and time. 

dl 3.5  

in
C

 direction (incidence and azimuth angles) of 
observation from MIRAS at target. 

dl 3.5  

Tss radiometric temperatures of scattered solar 
energy in area dA. 

K 3.5  
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

sº
hh, sº

vv, sº
hv, sº

vh, also 

called , sº
aa0 

bistatic scattering coefficients of the sea 
surface 

dl 3.5  

qs scattering elevation angle deg 3.5  

bsun 2* angular radius of the sun as viewed 
from the earth. 

deg 3.5  

Tsun brightness temperature of the sun at 

1.4GHz in the direction in
C

 and time t. 

K 3.5  

T(f,y,t) position on the earth surface (degN,d
egE,s) 

3.5  

f longitude of the observer deg E 3.5  

y latitude of the observer deg N 3.5  

t a given time s 3.5  

qk,qi vertical projections of the wave vectors Rad m-1 3.5  

Baa0 geometric functions of the dielectric 
constant 

dl 3.5  

h surface elevation signal m 3.5  

r correlation function of roughness m2 3.5  

Wsun solid angle intercepting the sun as seen 
from the earth 

Sr 3.5  

ju wind direction deg 3.5  

qi, fi local sun angles (incidence and azimuth) 
at the considered earth surface position 
and time 

deg 3.5  

qs, fs local observation angles (incidence and 
azimuth) from MIRAS antenna at target 

deg 3.5  

siF  angle of the difference between the 
scattered and incident wavevectors 

deg 3.5  

Fg_OoR_Sunglint_dim2_
ThetaSun 

ThetaSun went out of LUT range during 
retrieval 

Y/N 3.5.4.3  

Fg_OoR_Sunglint_dim3_
Phi 

Phi went out of LUT range during retrieval Y/N 3.5.4.3  

Fg_OoR_Sunglint_dim4_
Theta 

Theta went out of LUT range during 
retrieval 

Y/N 3.5.4.3  

Fg_OoR_Sunglint_dim5_
WS 

WS went out of LUT range during retrieval Y/N 3.5.4.3  

     

3.6 Sea state developm.     

Hsw Significant wave height of wind waves m 3.6  

Tg_swell Threshold for classification of sea state 
between swell or not swell dominated 

dl 3.6  

Tg_old_sea Upper limit of inverse wave age for old 
seas 

dl 3.6  

Tg_young_sea Lower limit of inverse wave age for young 
seas 

dl   

     

3.7 SST and SSS fronts     

Radius_front Radius to search for SST and SSS fronts km 3.7  

Tg_SST_front Threshold in SST gradient around a grid 
point to flag the presence of a SST front 

K/km 3.7  

Tg_SSS_front Threshold in SSS gradient around a grid  
point to flag the presence of a SSS front 

psu/km 3.7  
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

4.1 Flat sea     

Tb flat, p Brightness temperature in H and V pol due 
to a flat sea; p is polarization 

K 4.1, 4.13  

Tb rough,p Brightness temperature due to the 
roughness of the sea surface. 

 4.1, 4.13  

q Incidence angle deg 4.1  

roughP  
Vector of parameters that describes the 
roughness of the sea 

 4.1  

e Emissivity of the sea dl 4.1  

Gh,v Reflection coefficient in h / v polarization dl 4.1, 
4.2,4.3,4.
4 

 

Rh,v_ Flat sea reflection coefficient in h / v 
polarization 

dl 4.1, 
4.2,4.3,4.
4 

 

e Complex dielectric constant dl 4.1  

eô real part of dielectric constant dl 4.1  

eôô imaginari part of dielectric constant dl 4.1  

¤e  Electrical permittivity at very high 
frequencies 

dl 4.1  

es Static dielectric constant dl 4.1  

t Relaxation time s 4.1  

s Ionic conductivity Siemen
s 

4.1  

e0 Permitivitty of the free space Farads/
m 

4.1  

m Coefficients vector for Ůs dl 4.1.1.2  

t Coefficients vector for t dl 4.1.1.2  

s Coefficients vector for ů dl 4.1.1.2  

     

4.2 Roughness model 
1: Two-scales 

    

f Azimuth angle rad 4.2.1.1  

a Sea surface absorptivity  4.2.1.1  

Q Second Stokes parameter K 4.2.1.1  

U Third Stokes parameter K 4.2.1.1  

V Fourth Stokes parameter K 4.2.1.1  

l0 Radiometer wavelength m 4.2.1.1  

lc Cutoff wavelength m 4.2.1.1  

Sx Slope along the azimuth (Earth surface 
frame) 

dl 4.2.1.1.1  

Sy Slope across the azimuth (Earth surface 
frame) 

dl 4.2.1.1.1  

P(Sx,Sy) Probability density function of large waves dl 4.2.1.1.1  

Sxô Surface slope along the radiometer 
azimuth observation direction (radiometer 
frame) 

dl 4.2.1.1.1  

Syô Surface slope across the radiometer 
azimuth observation direction (radiometer 
frame) 

dl 4.2.1.1.1  

Tb,l Local brightness temperature for a large 
wave 

K 4.2.1.1.1  
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

ql local incidence angle rad 4.2.1.1.1  

fl local azimuth angle rad 4.2.1.1.1  

Rss reflectivity of small-scale roughness 
covered surface 

dl 4.2.1.1.1  

Rc coherent component of Rss dl 4.2.1.1.1  

Ri incoherent component of Rss dl 4.2.1.1.1  

gm,n,p,q Incoherent bistatic scattering coefficient, 
with (m,n,p,q)=(h,v) polarisations 

dl 4.2.1.1.1  

Wss sea surface power spectrum of small-scale 
roughness 

dl 4.2.1.1.1  

k Wavenumber m-1 4.2.1.1.1  

k0 Radiometer wavenumber m-1 4.2.1.1.1  

kc Cutoff wavenumber m-1 4.2.1.1.1  

Rpp
(0) Fresnel reflection coefficient (p=(h,v)) dl 4.2.1.1.1  

dRss correction to Fresnel reflectivity induced by 
small-scale waves 

dl 4.2.1.1.1  

dRss,0 omnidirectional component of dRss dl 4.2.1.1.1  

dRss,2 second harmonic amplitude dRss dl 4.2.1.1.1  

gp functions (p = v, h, 3 or 4) that account for 
both coherent and incoherent contributions 

to dRss 

dl 4.2.1.1.1  

f cosine function for Tv and Th, sine function 
for T3 and T4 

dl 4.2.1.1.1  

C(k, f) 2D surface curvature spectrum dl 4.2.1.1.1  

x Ratio of k and k0. Scattering weighting 
function given by Johnson and Zhang 
(1999) 

dl 4.2.1.1.1  

gôp,n Ratio of gp,n and x. Scattering weighting 
function given by Johnson and Zhang 
(1999) 

dl 4.2.1.1.1  

W(krô, fô) 2D surface power spectrum dl 4.2.1.1.2  

Irough First Stokes parameter due to the 
roughness of the sea surface 

K 4.2.1.1.2  

z Altitude m 4.2.1.1.2  

uc Surface velocity m s-1 4.2.1.1.2  

k von Karmanôs constant dl 4.2.1.1.2  

z0 roughness length m 4.2.1.1.2  

L Monin Obhukov length m 4.2.1.1.2  

Y function of the stability parameter z/L dl 4.2.1.1.2  

CD drag coefficient dl 4.2.1.1.2 ECMWF 

WSn Neutral equivalent wind speed m s-1 4.2.1.1.2 ECMWF 

fw wind direction, counted counterclockwise rad 4.2.1.2 ECMWF 

fr azimuthal observation angle of radiometer 
look direction, counted counterclockwise 

rad 4.2.1.2  

fa azimuth angle, counted counterclockwise, 
between wind direction and the azimuthal 
observation angle of radiometer look 
direction 

rad 4.2.1.2  

Tp0 omnidirectionnal signal component (p 
polarization) of Tbrough 

K 4.2.1.2  

Tp1 first harmonic component (p polarization) 
of Tbrough 

K 4.2.1.2  
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

Tp2 second harmonic component (p 
polarization) of Tbrough 

K 4.2.1.2  

U1 first harmonic component (3rd Stokes 
parameter) of Tbrough 

K 4.2.1.2  

U2 second harmonic component (3rd Stokes 
parameter) of Tbrough 

K 4.2.1.2  

V1 first harmonic component (4th Stokes 
parameter) of Tbrough 

K 4.2.1.2  

V2 second harmonic component (4th Stokes 
parameter) of Tbrough 

K 4.2.1.2  

sTb model uncertainty of the model K 4.2, 4.3, 
4.4 

 

Tg_WS_roughness_M1 min. WS to apply roughness correction m s-1 4.2  

Fg_ctrl_roughness_M1 roughness correction applied Y/N 4.2  

Tg_WS_foam_M1 minimum WS to apply foam correction m s-1 4.2  

Fg_ctrl_foam_M1 foam correction applied Y/N 4.2  

Fg_OoR_Rough_dim1 Prior or retrieved SST went outside of LUT 
range 

Y/N 4.2.1.2  

Fg_OoR_Rough_dim2 Prior or retrieved SSS went outside of LUT 
range 

Y/N 4.2.1.2  

Fg_OoR_Rough_dim3 Prior or retrieved WS went outside of LUT 
range 

Y/N 4.2.1.2  

Fg_OoR_Rough_dim4 Prior or retrieved Theta went outside of 
LUT range 

Y/N 4.2.1.2  

     

4.3 Roughness model 
2: SSA 

    

k
C

 
surface wavenumber vector rad m-1 4.3  

W(k,f) sea surface directional waveheight 
wavenumber spectrum 

m4 4.3  

gg electromagnetic weighting functions m-2 4.3  

f Azimuthal direction  relative to wind 
direction 

deg 4.3  

Deg wind-excess emissivity Stokes vector dl   

Deg (n) nth azimuthal harmonics of the wind-
excess emissivity stokes vector 

dl   

g represent  h, v, U or V depending on the 
case 

dl   

DeB residual Stokes vector of roughness 
impact 

dl 4.3.2.1  

esw relative permittivity of sea water dl   

Tg_WS_roughness_M2 min. WS to apply roughness correction m s-1 4.3  

Fg_ctrl_roughness_M2 roughness correction applied Y/N 4.3.  

Tg_WS_foam_M2 minimum WS to apply foam correction m s-1 4.3  

Fg_ctrl_foam_M2 foam correction applied Y/N 4.3  

Fg_OoR_Rough_dim1 Prior or retrieved WS went outside of LUT 
range 

Y/N 4.2.1.2  

Fg_OoR_Rough_dim2 Prior or retrieved Omega went outside of 
LUT range 

Y/N 4.2.1.2  

Fg_OoR_Rough_dim3 Prior or retrieved Theta went outside of 
LUT range 

Y/N 4.2.1.2  

Fg_OoR_Rough_dim4 Prior or retrieved SSS went outside of LUT 
range 

Y/N 4.2.1.2  
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

Fg_OoR_Rough_dim5 Prior or retrieved SST went outside of LUT 
range 

Y/N 4.2.1.2  

     

4.4 Roughness model 
3: Empirical 

    

WS Wind speed m/s 4.4  

f Azimuthal direction  relative to wind 
direction 

deg 4.4  

Hs Significant wave height m 4.4  

W Inverse wave age dl 4.4  

Cp Phase speed m/s 4.4  

g Gravity of the earth m/s2 4.4  

Tp Mean period of wind waves dl 4.4  

U* Wind friction velocity m/s 4.4  

Cd Coefficient of drag dl 4.4  

MSQS Mean square slope of waves dl 4.4  

Tg_WS_roughness_M3 min. WS to apply roughness correction m s-1 4.4  

Fg_ctrl_roughness_M3 Roughness correction applied Y/N 4.4.  

Fg_OoR_Rough_dim1 Prior or retrieved Theta went outside of 
LUT range 

Y/N 4.4.1.2  

Fg_OoR_Rough_dim2 Prior or retrieved WS went outside of LUT 
range 

Y/N 4.4.1.2  

Fg_OoR_Rough_dim3 Prior or retrieved phi_wsn went outside of 
LUT range 

Y/N 4.4.1.2  

Fg_OoR_Rough_dim4 Prior or retrieved Hs went outside of LUT 
range 

Y/N 4.4.1.2  

     

4.5 Foam contribution     

F Fraction of sea surface area covered by 
whitecaps 

dl   

h thickness of the white caps m   

d thickness of  the typical sea foam layer m   

Ts physical temperature of foam K   

etyp foam emissivity of  typical sea foam-layer dl   

r radius of the coated bubbles m   

ea permittivity of the core of the bubbles 
made of air 

dl   

ew permittivity of the surrounded area (region 
2) 

dl   

eNa effective permittivity dl   

d thickness of the layer called region 1 m   

y attenuation factor dl   

Rp
01 Fresnel reflection coefficient between 

region 0 and 1, for p pol 
dl   

Rp
12 Fresnel reflection coefficient between 

region 1 and 2, for p pol 
dl   

N volumetric concentration of bubbles dl   

a complex polarizability of a single bubble dl   

k packing coefficient or stickiness parameter dl   

pf normalized probability distribution function dl   

q distribution of the bubbleôs filling factor dl   
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

f distribution of coating thicknesses dl   

A parameters of the distribution dl   

B parameters of the distribution dl   

A
~

 
 dl   

B
~

  dl   

fa fraction of volume occupied by air bubbles dl   

Fc coverage of actively breaking crests or 
active foam 

dl   

Fs coverage of passive foam or static foam dl   

ac constant for ócrest-foam coverageô dl   

bc constant for ócrest-foam coverageô dl   

as constant for óstatic-foam coverageô dl   

bs constant for óstatic-foam coverageô dl   

DT air-sea temperature difference ºC   

Ta temperature of air ºC   

etyp Bfp ??????????? dl   

Fg_OoR_Foam_dim1_W
S 

WS went out of LUT range during retrieval Y/N 4.5.4.3  

Fg_OoR_Foam_dim2_Ts
eaAir 

TseaAir went out of LUT range during 
retrieval 

Y/N 4.5.4.3  

Fg_OoR_Foam_dim3_S
SS 

SSS went out of LUT range during retrieval Y/N 4.5.4.3  

Fg_OoR_Foam_dim4_S
ST 

SST went out of LUT range during retrieval Y/N 4.5.4.3  

Fg_OoR_Foam_dim5_Th
eta 

Theta went out of LUT range during 
retrieval 

Y/N 4.5.4.3  

     

4.6 Galactic noise 
contamination 

    

P power W 4.6.1.2.1  

k Boltzmann constant J K-1 4.6.1.2.1  

DB bandwidth Hz 4.6.1.2.1  

v velocity m s-1 4.6.1.2.1.
a 

 

c Light speed m s-1 4.6.1.2.1.
a 

 

n Frequency associated with velocity v Hz 4.6.1.2.1.
a 

 

n0 Center frequency Hz 4.6.1.2.1.
a 

 

Pint Integrated power W 4.6.1.2.1.
a 

 

DBsmos SMOS radiometer bandwidth Hz 4.6.1.2.1.
a 

 

Ji incidence angle of one radiometer 
measurement 

deg, rad 4.6.1.2.2  

ji azimuth angle of one radiometer 
measurement (0 towards the north; 
positive westward) 

rad 4.6.1.2.2  

Jigal Incidence angle of the incident galactic ray 
specularly reflected towards the 
radiometer 

deg, rad 4.6.1.2.2  
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

Re earth radius km 4.6.1.2.2  

hrad altitude of the radiometer km 4.6.1.2.2  

el elevation angle (0 towards the horizon and 
positive above the horizon) 

deg 4.6.1.2.2  

d declination deg 4.6.1.2.2  

a right ascension deg 4.6.1.2.2  

T sidereal time deg 4.6.1.2.2  

H sidereal angle deg 4.6.1.2.2  

Tbgal_refl Galactic noise reflected towards the 
radiometer 

K 4.6.1.2.2.
a 

 

Tbgal Effective brightness temperature of the 
galactic radiation 

K 4.6.1.2.2.
a 

 

Rrough Roughness contribution to the reflection 

coefficient G 

dl 4.6.1.2.2.
b 

 

s0
pp bistatic reflection coefficients (p=(h,v)) dl 4.6.1.2.2.

b 
 

Tbgal_refl_lobe reflected brightness temperature 
integrated over the antenna pattern 

K 4.6.1.2.3  

Plobe normalized power pattern of the antenna W 4.6.1.2.3  

Fg_OoR_gam1_dim1_de
c 

Out of range flag raised if at least one of 
the measurements of a dwell has a 
declination value which falls outside the 
acceptable interval limits. 

dl   

Fg_OoR_gam1_dim2_ra Out of range flag raised if at least one of 
the measurements of a dwell has a right 
ascension value which falls outside the 
acceptable interval limits. 

dl   

     

4.7 Galactic noise 2     

Ah_0 symmetric H-pol component K   

Ah_2 ( ),2cos wj  harmonic amplitude H-pol 
K   

Av_0 symmetric V-pol component K   

Av_2 ( ),2cos wj  harmonic amplitude V-pol 
K   

Bh_2 ( ),2sin wj  harmonic amplitude H-pol 
K   

Bv_2 ( ),2sin wj  harmonic amplitude V-pol 
K   

dec Declination corresponding to specular 
reflection direction 

°   

Fg_OoR_gam2_dec[Ngp] Out of range flag raised if at least one of 
the measurements of a dwell has a 
declination value which falls outside the 
acceptable interval limits. 

dl   

Fg_OoR_gam2_psi[Ngp] Out of range flag raised if at least one of 
the measurements of a dwell has a psi 
angle value which falls outside the 
acceptable interval limits. 

dl   

Fg_OoR_gam2_ra[Ngp] Out of range flag raised if at least one of 
the measurements of a dwell has a right 
ascension value which falls outside the 
acceptable interval limits. 

dl   
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

Fg_OoR_gam2_theta[Ng
p] 

Out of range flag raised if at least one of 
the measurements of a dwell has an 
incidence angle value which falls outside 
the acceptable interval limits. 

dl   

Fg_OoR_gam2_WSn[Ng
p] 

Out of range flag raised if at least one of 
the measurements of a dwell has a wind 
speed value which falls outside the 
acceptable interval limits. 

dl   

G Sideral angle °   

h_hat_c[3] Celestial basis vector. h component. dl   

h_hat_u[3] Upper hemisphere basis vector 
(topocentric frame). h component. 

dl   

h_tild_u[3] Upper hemisphere basis vector after Tac 
transformation. h component. 

dl   

LUT_th_hc ()2~
hA

 
( ),2cos wj  harmonic amplitude H-pol 

K   

LUT_th_hs ()2~
hB

 
( ),2sin wj  harmonic amplitude H-pol 

K   

LUT_th_symm ()0~
hA

 symmetric H-pol component 
K   

LUT_tv_hc ()2~
vA  

( ),2cos wj  harmonic amplitude V-pol 
K   

LUT_tv_hs ()2~
vB  

( ),2sin wj  harmonic amplitude V-pol 
K   

LUT_tv_symm ()0~
vA  symmetric V-pol component 

K   

nut Nutation angle °   

psi_uh Orientation angle °   

ra Right ascension corresponding to specular 
reflection direction 

°   

TB_gal[4] Galactic TB contribution K   

TB_gal_flat[2] Galactic TB contribution given for a wind 
speed equal to 0 m/s 

K   

TB_gal_rough[2] Galactic TB contribution given for a wind 
speed of 3 m/s 

K   

TB_roug[4] Roughness TB contribution. TB_roug(1), 
TB_roug(2), TB_roug(3) and TB_roug(4) 
are respectively H, V polar and St3, St4 

K   

v_hat_c[3] Celestial basis vector. v component. dl   

v_hat_u[3] Upper hemisphere basis vector 
(topocentric frame). v component. 

dl   

v_tild_u[3] Upper hemisphere basis vector after Tac 
transformation. v component. 

dl   

ű_relat Wind speed direction given from incidence 
plan frame for one measurement. 

°   

ᴇ Zenith angle of target to sensor direction °   

     

4.8 Faraday rotation     

ɤFa Faraday degrees 4.8.1.2  

TECn Total Electron nadir columnar Content 1 TEC 
unit = 
1016 m-2 

4.8.1.2  

B Magnetic field vector nanotesl
a 

4.8.1.2  



 

ICM-CSIC 

LOCEAN/SA/CETP 
IFREMER/ODL 

SMOS L2 OS 

Algorithm Theoretical 
Baseline Document 

Doc: SO-TN-ARG-GS-0007 

Issue: 3 Rev: 13 

Date: 29 April 2016 

Page: 17 

 

 17 

Variable name Descriptive Name Units ATBD 
reference 

Comments 

ULS Unitary vector giving the direction of the 
line of sight (from target to spacecraft) 

dl 4.8.1.2  

qg Elevation away from the Oz axis degrees 4.8.1.2  

jn Azimuth from origin Ox (counter clockwise) degrees 4.8.1.2  

Fg_sc_TEC_gradient TEC gradient along dwell line for a grid 
point is above threshold 

Y/N 4.8.2  

Tg_TEC_gradient Threshold for TEC gradient TECu 4.8.2  

     

4.9 Atmospheric effects     

Tbm measured brightness temperature K 4.9.1.1.1  

Tbs upwelling brightness temperature from the 
surface 

K 4.9.1.1.1  

es surface emissivity dl 4.9.1.1.1  

Tbup brightness temperature self-emitted by the 
atmosphere upwards 

K 4.9.1.1.1  

Tbdown brightness temperature self-emitted by the 
atmosphere downwards 

K 4.9.1.1.1  

G surface reflection coefficient dl 4.9.1.1.1  

t equivalent optical thickness of the 
atmosphere 

dl 4.9.1.1.1  

k lineic absorption coefficient dB/km 4.9.1.1.1  

z Altitude km 4.9.1.1.2  

P(z) Pressure of the gas at the altitude z hPa 4.9.1.1.2  

T(z) temperature of the gas at the altitude z K 4.9.1.1.2  

kOX lineic absorption from oxygen at f=1.413 
GHz 

dB/km 4.9.1.1.2  

f frequency GHz 4.9.1.1.2  

f0 absorption line frequency GHz 4.9.1.1.2  

g line width parameter GHz 4.9.1.1.2  

g0 line width GHz 4.9.1.1.2  

kH2O water vapor absorption coefficient dl 4.9.1.1.3  

k22 22.235 GHz absorption line dl 4.9.1.1.3  

kr residual term dl 4.9.1.1.3  

rv water vapor density g m-3 4.9.1.1.3  

g1 line width parameter GHz 4.9.1.1.3  

Tbatm brightness temperature self-emitted by the 
atmosphere 

K 4.9.1.2.1 atmospheric 

contribution 

tatm total optical thickness of the atmosphere dl 4.9.1.2.1 atmospheric 
contribution 

dz thickness of  a slice of atmosphere km 4.9.1.2.1  

dtGAS elementary optical thickness for each slice 
and for each component (G is replaced by 
either O2 or H2O) 

dl 4.9.1.2.1  

kGAS lineic absorption coefficient (G is replaced 
by either O2 or H2O) 

dl 4.9.1.2.1  

i incidence angle deg, rad 4.9.1.2.1  

tGAS total optical thickness (G is replaced by 
either O2 or H2O) 

dl 4.9.1.2.1  

TbGAS radiative contribution (G is replaced by 
either O2 or H2O) 

K 4.9.1.2.1  

T0 Surface atmospheric temperature K 4.9.1.2.1  
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

P0 Surface pressure hPa 4.9.1.2.1  

DTGAS difference between the equivalent layer 
temperature and the surface temperature 
(G is replaced by either O2 or H2O) 

K 4.9.1.2.1  

tO2 O2 total optical thickness dl 4.9.1.2.2  

DTO2 difference between the equivalent layer 
temperature and the surface temperature 
for O2 

K 4.9.1.2.2  

tH2O H2O total optical thickness dl 4.9.1.2.2  

DTH2O difference between the equivalent layer 
temperature and the surface temperature 
for H2O 

K 4.9.1.2.2  

WVC Total precipitable water vapor kg m-2 4.9.1.2.2  

     

4.10 Cardioid model     

Acard A coefficient for cardioid model dl   

Bcard constant for cardioid model dl   

Ucard U coefficient for cardioid model °   

T_eff Effective temperature retrieved with 
cardioid model 

K   

Fg_sc_ice_Acard Flag for ice detection with cardioid model dl   

Tg_SST_ice_Acard SST threshold for cardioid ice detection K   

Tg_ Acard_ice Acard threshold for cardioid ice detection dl   

Tg_lat_ice_Acard Latitude threshold for cardioid ice detection º   

     

4.12 Transport ground 
to antenna 

    

q angle defined in 4.12 deg 4.12  

f angle defined in 4.12 deg 4.12  

y angle defined in 4.12 deg 4.12  

fg angle defined in 4.12 deg 4.12  

a rotation angle deg 4.12  

     

4.13 Sum of 
contributions 

    

q_mean mean incidence angle deg 4.13  

qx incidence angle acquired in x deg 4.13  

qy incidence angle acquired in y deg 4.13  

Tb BOA Tb at bottom of the atmosphere, at earth 
reference frame 

K 4.13  

Tb reflected All the tb contributions that are reflected at 
the sea 

K 4.13  

TbTOA EARTH Tb at top of the atmosphere, at earth 
reference frame 

K 4.13  

Tb ANTENNA Same as [A], Tb at antenna reference 
frame 

K 4.13  

Tb foam Contribution of brightness temperature due 
to foam 

K 4.13, 4.5  

F Fraction of sea surface area covered by 
whitecaps 

dl 4.13, 4.5  

     

4.14 Iterative scheme     
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

Tb mod Tb computed by a model K 4.14  

Tb meas Measured Tb K 4.14  

c2 Value of the cost function dl 4.14  

sT_meas
2 Variance of measured Tb given at different 

incidence angles 
K 4.14  

sTb_model
2 Variance of modelled Tb given at different 

incidence angles 
K 4.14,4.2,4

.3,4.4 
 

spi
2 A priori variance of different parameters to 

be retrieved 
(several
) 

4.14  

Pj
prior A priori information of the value of the 

parameters to be retrieved 
(several
) 

4.14  

Pj,first guess Value of each parameter that will be used 
in the first iteration in the inversion 
algorithm 

(several
) 

4.14  

s2
P retrieved A posteriori variance of retrieved 

parameter 
(several
) 

4.14  

Pj,retrieved A posteriori value of the retrieved 
parameter 

(several
) 

4.14  

SST Sea surface temperature. ECMWF MARS 
table 128 code 34 

K 4.14.1.1.1 ECMWF 

WSx 10 m neutral equivalent wind zonal 
component. ECMWF MARS table 228 
code 131 

m/s 4.14.1.1.1 ECMWF 

WSy 10 m neutral equivalent wind meridional 
component. ECMWF MARS table 228 
code 132 

m/s 4.14.1.1.1 ECMWF 

F Wind direction computed from WSx and 
WSy 

deg. 
met 
conventi
on 

4.14.1.1.1  

U* Wind friction velocity derived by ECMWF 
pre-processor  from codes 245 and 233 
(table 140) 

m/s 4.14.1.1.1 ECMWF 

ɋ Inverse wave age derived by ECMWF pre-
processor  from codes 245 and 236 (table 
140) 

ND 4.14.1.1.1 ECMWF 

WS 10 m wind speed from wave model. 
ECMWF MARS table 140 code 245 

m/s 4.14.1.1.1  

Hs Significant wave height. ECMWF MARS 
table 140 code 229 

m 4.14.1.1.1 ECMWF 

MSQS Mean square slope of waves. ECMWF 
MARS table 140 code 244 

ND 4.14.1.1.1 ECMWF 

Np Number of retrieved parameters dl 4.14  

Nm Number of different observations of a grid 
point 

dl 4.14  

CTb Variance-Covariance matrix of data dl 4.14  

CPj Variance-Covariance matrix for prior 
parameters 

dl 4.14  

X Data and priori parameter vector (several
) 

4.14  

X_mod vector of modeled Tb and parameter value 
at each iteration 

(several
) 

4.14  

a vector of parameters to be retrieved dl 4.14  

d gradient matrix dl 4.14  
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

D Hessian matrix dl 4.14  

a matrix derived from d dl 4.14  

b matrix derived from D dl 4.14  

l Marquardtôs diagonal amplifier dl 4.14  

lini Initial Marquardtôs diagonal amplifier dl 4.14  

kd Factor for multiplying Marquardtôs diagonal 
amplifier 

dl 4.14  

dc Chi variance ratio for convergence test dl 4.14  

Tb_lambda_diaMax Threshold for Marquardt increment dl 4.14  

Fg_ctrl_marq_SSS1 Iteration stopped due to Marquardt 
increment too big for roughness 1 

Y/N 4.14  

Fg_ctrl_marq_SSS2 Iteration stopped due to Marquardt 
increment too big for roughness 2 

Y/N 4.14  

Fg_ctrl_marq_SSS3 Iteration stopped due to Marquardt 
increment too big for roughness 3 

Y/N 4.14  

Fg_ctrl_marq_Acard Iteration stopped due to Marquardt 
increment too big for cardioid 

Y/N 4.14  

Tg_it_max Maximum number of iterations allowed dl 4.14  

Fg_ctrl_chi2_1 Poor fit quality using roughness model 1 Y/N 4.14  

Fg_ctrl_chi2_2 Poor fit quality using model 2 Y/N 4.14  

Fg_ctrl_chi2_3 Poor fit quality using  model 3 Y/N 4.14  

Fg_ctrl_chi2_Acard Poor fit quality using  cardioid model Y/N 4.14  

Tg_Qc Threshold to check the quality of the SSS 
retrieval 

dl 4.14  

Dg_num_iter_1 Number of iterations using model 1 dl 4.14  

Dg_num_iter_2 Number of iterations using model 2 dl 4.14  

Dg_num_iter_3 Number of iterations using model 3 dl 4.14  

Dg_num_iter_Acard Number of iterations using cardioid model dl 4.14  

Fg_ctrl_reach_maxIter_1 Maximum number of iteration reached 
before convergence 

Y/N 4.14 Roughness 1 

Fg_ctrl_reach_maxIter_2 Maximum number of iteration reached 
before convergence 

Y/N 4.14 Roughness 2 

Fg_ctrl_reach_maxIter_3 Maximum number of iteration reached 
before convergence 

Y/N 4.14 Roughness 3 

Fg_ctrl_reach_maxIter_A
c 

Maximum number of iteration reached 
before convergence 

Y/N 4.14 Cardioid 
model 

Tg_SSS_max Maximum value of valid retrieved salinity psu 4.14  

Tg_SSS_min Minimum value of valid retrieved salinity psu 4.14  

Tg_sigma_max Maximum value of sigma of the retrieved 
salinity 

psu 4.14  

Tg_Acard_max Maximum value of valid retrieved Acard dl 4.14  

Tg_Acard_min Minimum value of valid retrieved Acard dl 4.14  

Tg_sigma_Acard_max Maximum value of sigma of the retrieved 
Acard 

dl 4.14  

Fg_ctrl_range_1 Retrieved SSS is outside range Y/N 4.14 Roughness 1 

Fg_ctrl_sigma_1 Retrieved SSS sigma overpasses the 
accepted value 

Y/N 4.14 Roughness 1 

Dg_chi2_1 Retrieval fit quality index dl 4.14 Roughness 1 

Dg_chi2_P_1 chi2 high value acceptability probability dl 4.14 Roughness 1 

Dg_quality_SSS1 Descriptor of SSS1 uncertainty psu 4.14.2  

Fg_ctrl_quality_SSS1 At least one critical flag was raised during 
SSS1 retrieval 

Y/N 4.14.2 Roughness 1 
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

Fg_ctrl_retriev_fail_1 Iterative scheme 1 returned an error Y/N 4.14.2 Roughness 1 

Fg_ctrl_poor_retrieval_1 Retrieval quality may be low because of 
retrieval failure, poor quality convergence, 
or Fg_ctrl_valid_1 is not raised 

Y/N 4.14.2 Roughness 1 

Fg_ctrl_poor_geophysica
l_1 

Retrieval quality may be low because of 
geophysical problems (outliers, glint, etc), 
or Fg_ctrl_valid_1 is not raised 

Y/N 4.14.2 Roughness 1 

Fg_ctrl_range_2 Retrieved SSS is outside range Y/N 4.14 Roughness 2 

Fg_ctrl_sigma_2 Retrieved SSS sigma overpasses the 
accepted value 

Y/N 4.14 Roughness 2 

Dg_chi2_2 Retrieval fit quality index dl 4.14 Roughness 2 

Dg_chi2_P_2 chi2 high value acceptability probability dl  Roughness 2 

Dg_quality_SSS2 Descriptor of SSS2 uncertainty psu 4.14.2  

Fg_ctrl_retriev_fail_2 Iterative scheme 2 returned an error Y/N 4.14.2 Roughness 2 

Fg_ctrl_poor_retrieval_2 Retrieval quality may be low because of 
retrieval failure, poor quality convergence, 
or Fg_ctrl_valid_2 is not raised 

Y/N 4.14.2 Roughness 2 

Fg_ctrl_poor_geophysica
l_2 

Retrieval quality may be low because of 
geophysical problems (outliers, glint, etc), 
or Fg_ctrl_valid_2 is not raised 

Y/N 4.14.2 Roughness 2 

Fg_ctrl_quality_SSS2 At least one critical flag was raised during 
SSS2 retrieval 

Y/N 4.14.2 Roughness 2 

Fg_ctrl_range_3 Retrieved SSS is outside range Y/N 4.14 Roughness 3 

Fg_ctrl_sigma_3 Retrieved SSS sigma overpasses the 
accepted value 

Y/N 4.14 Roughness 3 

Dg_chi2_3 Retrieval fit quality index dl 4.14 Roughness 3 

Dg_chi2_P_3 chi2 high value acceptability probability dl  Roughness 3 

Dg_quality_SSS3 Descriptor of SSS3 uncertainty psu 4.14.2  

Fg_ctrl_retriev_fail_3 Iterative scheme 3 returned an error Y/N 4.14.2 Roughness 3 

Fg_ctrl_poor_retrieval_3 Retrieval quality may be low because of 
retrieval failure, poor quality convergence, 
or Fg_ctrl_valid_3 is not raised 

Y/N 4.14.2 Roughness 3 

Fg_ctrl_poor_geophysica
l_3 

Retrieval quality may be low because of 
geophysical problems (outliers, glint, etc), 
or Fg_ctrl_valid_3 is not raised 

Y/N 4.14.2 Roughness 3 

Fg_ctrl_quality_SSS3 At least one critical flag was raised during 
SSS3 retrieval 

Y/N 4.14.2 Roughness 3 

Fg_ctrl_range_Acard Retrieved Acard is outside range Y/N 4.14 Acard 

Fg_ctrl_sigma_Acard Retrieved Acard sigma overpasses the 
accepted value 

Y/N 4.14 Acard 

Dg_chi2_ Acard Retrieval fit quality index dl 4.14 Acard 

Dg_chi2_P_Acard chi2 high value acceptability probability dl  Acard 

Dg_quality_Acard Descriptor of Acard uncertainty dl 4.14 Acard 

Fg_ctrl_retriev_fail_Acard Iterative scheme Acard returned an error Y/N 4.14.2 Acard 

Fg_ctrl_poor_retrieval_Q
Acard 

Retrieval quality may be low because of 
retrieval failure, poor quality convergence, 
or Fg_ctrl_valid_Acard is not raised 

Y/N 4.14.2 Acard 

Fg_ctrl_poor_geophysica
l_Acard 

Retrieval quality may be low because of 
geophysical problems (outliers, glint, etc), 
or Fg_ctrl_valid_Acard is not raised 

Y/N 4.14.2 Acard 

Fg_ctrl_quality_Acard At least one critical flag was raised during 
Acard retrieval 

Y/N 4.14 Acard 

Tg_chi2_P_max Maximum admisible value for Dg_chi2_P dl   
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

Tg_chi2_P_min Minimum admissible value for Dg_chi2_P dl   

Fg_ctrl_chi2_P_1 Poor fit quality from test chi2_P Y/N 4.14 Roughness 1 

Fg_ctrl_chi2_P_2 Poor fit quality from test chi2_P Y/N 4.14 Roughness 2 

Fg_ctrl_chi2_P_3 Poor fit quality from test chi2_P Y/N 4.14 Roughness 3 

Fg_ctrl_chi2_P_Acard Poor fit quality from test chi2_P Y/N 4.14 Cardioid 

dS_dT Sensitivity of salinity to Tb psu/K 4.14 Quality index 

dT_dS_X  X=0, 1 Coefficients for sensitivity adjustment K/psu, 
1/psu 

4.14 Quality index 

     

4.15 Brightness 
temperature at surface 
level 

    

Tb42.5H Computed surface Th at 42.5 K 4.15 Roughness 
model 1 

Tb42.5V Computed surface Tv at 42.5 K 4.15 Roughness 
model 1 

ůTb42.5H Uncertainty of Tb42.5H K 4.15 Roughness 
model 1 

ůTb42.5V Uncertainty of Tb42.5V K 4.15 Roughness 
model 1 

Tb42.5X Computed Tx at 42.5 K 4.15 Roughness 
model 1 

Tb42.5Y Computed Ty at 42.5 K 4.15 Roughness 
model 1 

ůTb42.5X Uncertainty of Tb42.5X K 4.15 Roughness 
model 1 

ůTb42.5Y Uncertainty of Tb42.5Y K 4.15 Roughness 
model 1 

Fg_ctrl_no_surface No 42.5º angle along the dwell line Y/N 4.15  

     

4.16 Measurements 
selection 

    

Fm_lost_data Flag for measurements not used in SSS 
retrieval due to lack of complementary 
polarisation 

Y/N 4.16  

     

4.17 Geophysical 
parameters bias 
correction 

    

tW  True wind speed m/s 4.17  

j Wind direction deg 4.17  

ia  Wind speed gain dl 4.17  

ib Wind speed bias m/s 4.17  

xin , yin  Normally distributed noise with zero mean 
and unit amplitude 

dl 4.17  

id Amplitude of the normally distributed 
random noise 

m/s 4.17  

A Scale parameter dl 4.17  

C Shape parameter dl 4.17  

Fg_OoR_LUTAGDPT_lat At least one measurement went outside of 
acceptable latitude limits 

Y/N 4.17  
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

Fg_OoR_LUTAGDPT_lo
n 

At least one measurement went outside of 
acceptable longitude limits 

Y/N 4.17  

Fg_OoR_LUTAGDPT_m
onth 

The month value went outside of 
acceptable limits 

Y/N 4.17  

Fg_OoR_LUTAGDPT_pa
ram 

The parameter value went outside of 
acceptable limits 

Y/N 4.17  

     

5. Secondary algorithm     

P Auxiliary data vector    

g Functional to be described with the NN 
algorithm 

   

X Input layer    

Y Network response    

W Weights matrix    

b0 Bias value associated to a single output 
neuron 

   

Ŭj Interpolation angles    

kb  Regression coefficients    

K Epanechnikov kernel function that assigns 
weights to each point 

   

h Bandwidth that controls the smoothing 
procedure 

   

I(t) Step function    

Nc Number of algorithms (or classes)    

Ns Number of fixed angles    

minq , maxq  Incidence angles that characterise a class    

Ɇ Inverted of (p+1,p+1) matrix WXX
T

    

     

6. Output Product     

Grid_Point_ID Unique identifier of Earth fixed grid point. dl  L1c 

Latitude Geodetic latitude of grid point (WGS84) dl  L1c 

Longitude Geocentric longitude of grid point. dl  L1c 

Mean_acq_time Mean time of acquisition for all valid TB 
measurements of a DGG point. Expressed in 
EE CFI transport time format, defined as days 
since 2000/01/01. 

s  L2 
processing 

Equiv_ftprt_diam Equivalent footprint diameter km  L2 
processing 

SSS1 Sea surface salinity using roughness 
model 1 

psu  L2 retrieval 

sSSS1 Theoretical uncertainty computed for SSS1 psu  L2 retrieval 

SSS2 Sea surface salinity using roughness 
model 2 

psu  L2 retrieval 

sSSS2 Theoretical uncertainty computed for SSS2 psu  L2 retrieval 

SSS3 Sea surface salinity using roughness 
model 3 

psu  L2 retrieval 

sSSS3 Theoretical uncertainty computed for SSS3 psu  L2 retrieval 

A_card Sea surface salinity using cardioid model dl  L2 retrieval 

sA_card Theoretical uncertainty computed for 
A_card 

dl  L2 retrieval 
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Variable name Descriptive Name Units ATBD 
reference 

Comments 

Diff_TB_1/3[NM] Difference between Tb  measurements 
and result of forward model 1 to 3. NM= 
Dg_num_meas_l1c <= 256. for two 
polarisations 

K  L2 retrieval 

Diff_TB_Acard[NM] Difference between Tb  measurements 
and result of cardioid model. NM= 
Dg_num_meas_l1c <= 256. for two 
polarisations 

K  L2 retrieval 

Param1/7_prior_M1/3, Ac Prior of 7 parameters for retrieval with 
forward model 1 to 3, cardioid model 

  Pj
prior in 4.14 

Param1/7_sigma_prior_
M1/3, Ac 

Sigma of prior of 7 parameters for retrieval 
with forward model 1 to 3, cardioid model 

  Similar in 
4.14 

Param1/7_M1/3, Ac Retrieved value of 7 parameters using 
forward model 1 to 3, cardioid model 

  L2 retrieval 

Param1/7_sigma_M1/3, 
Ac 

Theoretical uncertainty of 7 parameters 
retrieved with forward model 1 to 3, 
cardioid model 

  L2 retrieval 

Dg_X_swath Distance between satellite track and grid 
point 

km 6 L2 
processing 
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2. Algorithm overview 

 

In the primary algorithm approach (iterative retrieval) a series of physical models (separate 

modules 4.1 to 4.10 in this ATBD) are applied to auxiliary data (SST, wind, etc.) and a first 

guess SSS, to compute the brightness temperature that should be measured at a specific 

polarization and geometric configuration. These values are transported to SMOS antenna 

level (module 4.12) and then compared to actually measured Tb. An iterative process 

(considering all measurements/views of a single grid point obtained in consecutive snapshots, 

module 4.14) allows minimization of the difference between modeled and measured values, 

until identifying a retrieved SSS for this grid point. Three different models are proposed for 

the effect of ocean surface roughness in L-band emissivity (modules 4.2 to 4.4); several 

retrieval processes will be run in parallel, and retrieved SSS values provided in the L2 Output 

Product. In the current version of the operational L2 processor the User Data Product (UDP) 

contains salinity retrieved using the two-scale salinity model (model 1, see section 4.2. 

Surface roughness and foam model 1) with & without land-sea (mixed-scene) correction; 

outputs from all 3 models are available in the Data Analysis Product (DAP). For details of the 

UDP/DAP nominal retrieval configuration, see section 5. Output Products. 

 

An alternative approach (section 5) uses the neural network technique to retrieve SSS from 

SMOS measurements and a previous training data set. 

 

The SSS retrieval algorithms described in this ATBD will be applied to all ISEA grid points 

included in a SMOS L1c product (half-orbit swath). 

 

2.1 Sea Surface Salinity retrieval scheme 

 

2.1.1 Iterative approach 

 

Per ISEA grid point (once selected as coast/ocean or ocean) on each SMOS half-orbit: 

Å Get preprocessed auxiliary data (SST, wind, é) 

Å For all L1c Tb measurements available 

ï Decision on processing/flagging according to several tests 

ï Forward model for Tb at each angular measurement ɗ: 

Å Emissivity of flat sea at ɗ with auxiliary SST and guessed SSS 

Å Add roughness effects (3 model options + foam) 

Å Add external noise (reflected signals: atmosphere, galactic, sun effects) 

Å Add atmospheric atenuation and emision to antenna 

ï Transport modeled Tb from TOA to antenna level 

Å Compare modelled with measured Tb 

Å Iterative convergence to retrieve SSS and adjust other parameters 

Å Output values: SSS, SST, roughness descriptors, TEC (depending on model options) 

corresponding to this specific grid point 

 



 

ICM-CSIC 

LOCEAN/SA/CETP 
IFREMER/ODL 

SMOS L2 OS 

Algorithm Theoretical 
Baseline Document 

Doc: SO-TN-ARG-GS-0007 

Issue: 3 Rev: 13 

Date: 29 April 2016 

Page: 26 

 

 26 

As three different options are being studied to describe the effect of surface roughness on Tb, 

three SSS values will be retrieved at the end of the process. In some submodels, reference 

values for Tb are needed to compute flags. In this case one of the three roughness models will 

be used as default for the computation. At Qualification Review 1 (19 July 2006) it was 

decided that Two-scale will be the default model. 

 

2.1.2 General description 
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3. Measurement discrimination 

 

The purpose of the measurement discrimination is to check the conditions of all the grid 

points and measurements coming from L1c to decide processing them or not to retrieve 

salinity. Additional information will be provided in the Output Product in terms of flags to 

describe some particular conditions that can rise warnings for some L3 applications or 

indicate that future specific reprocessing could be implemented. 

 

A simple convention is proposed for naming flags: 

Fx_class_name_of_flag 

¶ F: the variable is a flag. 

¶ x = s/m/g/f: Flag applies to snaphot, measurement, grid point, full half orbit. 

¶ class= ctrl for control flag, sc for science flag 

¶ name_of_flag. 

A flag is a boolean (true/false). Numbers are descriptors (computed by the processor), named 

Dx_name_of_descriptor or thresholds (available in auxilary/configuration files), named 

Tx_name_of_threshold. 

 

A series of tests, with defined threshold values, have to be run consecutively before applying 

the SSS retrieval algorithm to it: 

 

3.1 Applied to grid points 

 
Subject Test Threshold Decision 

Classification of 
grid points with 

respect to distance 

to land (4 
categories) 

Applying land 
mask based on 

distance of grid 

point to land. 

1) Land: grid point inside 
land (coast line) 

2) Coast/Land: grid point 

between coast and 

Tg_dland1 
3) Coast/Ocean: grid point 

between Tg_dland1 and 

Tg_dland2 
4) Ocean: grid point 

outside Tg_dland2 

1) Land point. SSS retrieval is 
not performed 

2) SSS retrieval is not 

performed and grid point is 
flagged as land contaminated 

3) SSS retrieval performed, 

grid point flagged as Coast/ 

Ocean 
4) SSS retrieval performed 

This classification will be 

implemented using two  
booleans for four states: 

(Fg_sc_land_sea_coast1; 

Fg_sc_land_sea_coast2) 
with 

(false;false)=Land 

(false;true)=Water, with 

distance to coast <= 
Tg_dland1 

(true;true)=Water, with 

distance to coast <= 
Tg_dland2 and >Tg_dland1 

(true;false)=Water, with 

distance to coast 
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>Tg_dland2>Tg_dland1. 

Fg_sc_land_sea_coast1 
defines the land contamination 

of the grid point and 

Fg_sc_land_sea_coast2 
coastal grid points 

 

Note: both flags are computed 

offline and stored in an 
auxiliary file. If Tgdland1 and 

Tg_dland2 are modified too 

often, they will become 
processor configuration 

parameters and the processor 

will set both flags on the fly. 

Presence of ice Applying sea ice 
mask (evolving 

info.: ECMWF 

sea ice 
concentration + 

fixed info.: 

monthly extent 
climatology) 

1) Grid point with ice 
concentration > 

Tg_ice_concentration 
2) Grid point with ice 

concentration below 

threshold but within 

monthly climatological 
maximum extent of sea 

ice (Fg_sc_in_clim_ice) 

and (in case SSTprior < 

Tg_low_SST_ice)  
positive test for possible 

ice in at least 

Tg_suspect_ice of 

measures 

3) Other grid points 

1) Ice present. SSS retrieval is 
not performed 

(Fg_sc_ice.true) 

2) Potencially sea ice 
contaminated. SSS retrieval is 

performed but point flagged 

(Fg_sc_suspect_ice.true) 
3) No ice. SSS retrieval is  

performed 

Heavy rain Intense rainfall is 

reported in at least 

one of 4 ECMWF 

cells around the 
grid point 

Rainfall above threshold 

Tg_max_rainfall 

 

Process and flag as point 

affected by heavy rain 

(Fg_sc_rain.true) 

Sea surface types Build a descriptor 

(or several flags) 
to indicate 

different ocean 

surface conditions 

1) SST. Four ranges of 

SST (very low, low, 
medium, high) can be 

defined using 

Tg_low_SST, 

Tg_medium_SST and 

Tg_high_SST 
2) SSS. Four ranges of 

SSS using Tg_low_SSS, 
Tg_medium_SSS and 

Tg_high_SSS 
3) Wind speed. Flag 

according to WS 
below/above neutral wind 

Tg_low_wind, 

Tg_medium_wind or 

Tg_high_wind 

1) Two booleans for SST 

range (Fg_sc_low_SST and 
Fg_sc_high_SST) 

(false:false) SST <= Tg_low_ 

SST 

(true:false) Tg_low_SST < 
SST < =Tg_medium_ SST 

(true:true) Tg_medium_ SST 

< ST <= Tg_high_SST 
(false:true) SST > 

Tg_high_SST 

2) Same for SSS range using 

(Fg_sc_low_SSS and 
Fg_sc_high_SSS) 

3) Same for wind speed 

classification using 
(Fg_sc_low_wind and 
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4) Sea state development. 

To distinguish between 6 
different classes according 

to altimetry and ECMWF 

WAM model (see SMOS 
ECMWF PreProcessor) 

5) Presence of SSS and/or 

SST fronts in (or around) 

the grid point 

Fg_sc_high_wind) 

4) Sea state development 
described (see section 3.6) by 

Fg_sc_sea_state_X.true 

(X 1 to 6) 
5) Two flags (see section 3.7) 

Fg_sc_SST_front 
and Fg_sc_SSS_front 

Number of valid 

measurements 

Use the counter of 

measurements 

accepted for SSS 
retrieval in this 

grid point 

If number of 

measurements used 

Dg_num_meas_valid < 
threshold 

Tg_num_meas_valid flag 

grid point 

If < Tg_ num_meas_min 

do not perform retrieval 

Flag grid point with 

Fg_ctrl_num_meas_low.true 

if below  Tg_num_meas_valid 
(just for warning) 

and Fg_ctrl_num_meas_min. 

true if retrieval not performed 

Number of outlier 

measurements 

Use the counter of 

measurements 
flagged as outliers 

in this grid point 

If number of outliers 

Dg_num_outliers / 
Dg_num_meas_l1c > 

Tg_num_outliers_max 

Flag grid point 

(Fg_ctrl_many_outliers.true) 

Number of RFI 

outlier 
measurements 

Use the counter of 

measurements 
flagged as RFI 

outliers in this 

grid point 

If number of RFI outliers 

(Dg_RFI_L2_X+ 
Dg_RFI_L2_Y)/ 

Dg_num_meas_l1c > 

Tg_num_RFI_max 

Flag grid point 

(Fg_ctrl_suspect_RFI .true) 

Number of 
measur. flagged 

for sunglint 

Use the counter of 
measurements 

flagged for 

sunglint in this 
grid point 

If Dg_sunglint_2 / 
Dg_num_meas_l1c > 

Tg_sunglint_max 

Flag grid point 

(Fg_ctrl_sunglint.true) 

Number of 

measur. flagged 

for moonglint 

Use the counter of 

measurements 

flagged for 
moonglint in this 

grid point 

If Dg_moonglint / 

Dg_num_meas_l1c > 

Tg_moonglint_max 

Flag grid point 

(Fg_ctrl_moonglint.true) 

Number of 
measur. flagged 

for galactic noise 

Use the counter of 
measurements 

flagged for 

galactic noise in 

this grid point 

If (Dg_gal_noise_error + 
Dg_sky) / 

Dg_num_meas_l1c > 

Tg_gal_noise_max 

Flag grid point 

(Fg_ctrl_gal_noise.true) 

Missing ECMWF 

data 

Check that all the 

ECMWF data 

necessary for the 
four retrievals are 

made available to 

the OS processor 

1) Some parameter neded 

for SSS1 retrieval is 

missing in the grid point 
2) Some parameter neded 

for SSS2 is missing 

3) Some parameter neded 

for SSS3 is missing 
4) Some parameter neded 

for Acard is missing 

1) SS1 retrieval not performed 

(Fg_ctrl_ECMWF_1.false) 

2) SS1 retrieval not performed 
(Fg_ctrl_ECMWF_2. false) 

3) SS1 retrieval not performed 

(Fg_ctrl_ECMWF_3. false) 

4) SS1 retrieval not performed 
(Fg_ctrl_ECMWF_4. false) 
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The Fg_ctrl_valid is used to flag grid points according to some of the tests described above, 

and is nominally set false (ie invalid) if Fg_ctrl_num_meas_min is true, 

Fg_sc_land_sea_coast1 is false (ie land or too near to coast), Fg_sc_ice is true, or 

Fg_ctrl_ecmwf is true (as specified in the ñGrid_point_decision_treeò filter). 

 

3.2 Applied to each measurement on a grid point 

 
Subject Test Threshold Decision 

Tb out of 

range 

Based on first 

comparison default 

model vs. measure 

Abs(Tb measure ï Tb 

model) (h or v)  > threshold 

(Tm_out_of_range), then 
flag 

See note 1 

Discard measurements 

flagged 

(Fm_out_of_range.true) 

Footprint size Check resolution (i.e. 

major axis length) of 
footprint 

Only measurements with 

Resolution < 
Tg_resol_max_ocean  are 

used in the retrieval. Flag 

others 

SSS retrieval is performed 

with selected measurements 
(Fm_resol.false) 

 

Set counters for the 
measurements not used due 

to this excess of resolution 

Dg_num_high_resol 

L1 flags: Grid 
points 

position 

within Field 
of View 

Grid points are 
classified by L1 as 

belonging to Alias Free 

FOV, Extended AF 
FOV and (being inside) 

near the border of it 

The definition of border 
will be configurable. 

First approach considers 

30 km 

Counters will allow 
knowing how many 

measurements of each type 

have been recorded for a 
grid point 

Dg_af_fov 

Dg_border_fov 
 

 

1) Grid points outside EAF 
_FOV will not be processed 

(if any) 

(FmL1c_af_fov.true) 

2) Measurements outside 

AF_FOV may not be used 

(FmL1c_af_fov.false). A 
switch is to be implemented 

for activation in case these 

measurements appear to be 

of too poor quality 
3) Border measurements 

are rejected 

(FmL1c_border_fov. true) 

L1 flag: RFI L1 will not apply a RFI 

static mask (difficult 

due to being angle 

dependent) but build a 
table that will be further 

filled 

Affected measurements 

will be flagged and a 

counter for the grid point 

incremented Dg_RFI_L1 

Measurements will be 

marked with L1_RFI flag 

(Fm_L1c_RFI.true) but 

this will not be considered 
to discard data (done 

through outliers detection) 

Possible 
presence of 

ice 

Test applied to measures 
on grid points within 

monthly climatological 

maximum extent of sea 

ice and SSTprior < 
Tg_Low_SST_ice 

If Tb > Tbflat + 
Tm_DT_ice then the 

measure is considered as 

possibly contaminated by 

ice 

The measurement is 
flagged (Fm_suspect_ice) 

and a counter for the grid 

point is incremented 

(Dg_suspect_ice) to be 
used later in the percentage 

comparison to the threshold 

Tg_suspect_ice 

Outliers See description of test in 

section 3.4 

For each outlier 

measurement a counter is 

Outliers are flagged and not 

processed 
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incremented for the grid 

point (Dg_num_outliers) 
 

(Fm_outlier.true) 

 

Sun 

contamination 

L1C will provide 

information on sun 
contaminated 

measurements through 

the Fm_sun_fov and 

Fm_sun_point flags. 
These issummarized in a 

unique 

Fm_L1c_sun.true and 
counters set for the 

point Dg_sun_tails, 

Dg_sun_glint_area, 

Dg_sun_glint_fov 

At L2 Sun glint IFREMER 

model will be applied and 
measurements will be 

classified as no glint, low 

glint, medium glint, high 

glint using two booleans 

Fm_low_sun_glint 

Fm_high_sun_glint and 

three thresholds 
(Tm_high_sun_glint, 

Tm_low_sun_glint, 

Tm_medium_sun_glint) 

Measurements flagged with 

Fm_L1c_sun.true will not 
be processed 

Measurements classified at 

L2 as sun glint 

contaminated with intensity 
above Tm_sun_limit (that 

can coincide with the low, 

medium or high thresholds) 
will be flagged 

(Fm_sun_limit.true) and 

not processed 

Counters for discarded 
measurements as flagged in 

L1c and L2 

Dg_sunglint_L1, 

Dg_sunglint_L2 

Moon glint Check angle between 

Target to Moon 

direction & specular 
direction 

Flag if angle less than 

Tm_angle_moon and 

increment a counter 

Dg_moonglint 

Not process flagged 

measurements 

(Fm_moon_specdir.true) 

Galactic noise Check galactic 

background error maps 
(potential error due to 

strong sources and error 

due to the 

centrosymmetrical WEF 
assumption) 

1) If quadratic sum of all 

errors greater than 

Tm_max_gal_noise_error 

2) If galactic noise greater 

than Tm_high_gal_noise 

 

1) If wind speed is below 

Tg_WS_gal, flag and do 
not use measurement in the 

retrieval 

(Fm_gal_noise_error. 

true) and increment a 
counter 

Dg_gal_noise_error 

2) Flag 

(Fm_high_gal_noise.true), 

and count (Dg_sky) 

measurements with 
specular direction toward a 

strong galactic source 

 

All measurements that have successfully passed the tests described in 3.2 will be 

flagged with Fm_valid (see diagram in page 34 and ñMeasurement_decision_treeò in section 

3.3 below) and used for the SSS retrieval in the concerned grid point. When the Measurement 

discrimination concludes that in a grid point no retrieval is performed, the corresponding 

fields in the Output Product will be set to default (clearly differentiated) values. 

 

Note 1: In the three cases (Tb out of range, possible presence of ice, outliers detection) where 

measured Tb has to be compared with modelled values under the same configuration 

(viewing geometry, sea surface conditions) we have to deal with values at antenna level 

(measured) and values at surface (modelled). To simplify the tests we can just perform the 

tests with Th+Tv (first Stokes parameter) and using the default roughness model plus 

simplified corrections (atmospheric, galactic) that will allow a clear identification of 
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measurements to be discarded, although not providing high quality modelled Th and Tv for 

SSS retrieval 

3.3 Filters 

 

To make filtering criteria explicit, allow changes to criteria without recompilation, and to 

decouple code deliveries with decisions about which flags (especially L1c flags, which may 

change independently of L2OS deliveries) to test at each measurement discrimination (and 

other decision) steps, configurable filters are provided in AUX_CNFOSF/D. Each filter 

consists of a combination of tests on measurement flags (L1c or L2); and on grid point 

control, science, and out-of-range flags. Flag names are also defined in the configuration 

files. The following filters are supported: 

 

Filter name Description ATBD 

section 

Detect_snapshot_out_of_range Filter applied to grid point and 

measurements before performing 

snapshot level out-of-range tests 

3.5.2.1 

Detect_snapshot_outliers Filter applied grid point and 

measurements before performing 

snapshot level outlier tests based on 

std/ra 

3.5.2.2 

Detect_outliers Filter applied to grid points before 

performing measurement level outlier 

tests 

3.5.2.3 

Detect_RFI_outliers Filter applied to grid points before 

performing measurement level RFI 

outlier tests 

3.5.2.4 

Detect_measurement_outliers Filter applied to measurements before 

performing measurement level outlier 

tests 

3.5.2.3 

Set_RFI_flag_from_outlier_tests Set Fm_L2_RFI from RFI outlier tests 3.5.2.4 

Set_RFI_flag_from_snapshot_tests Set Fm_L2_RFI from RFI snapshot 

tests 

3.5.2.4 

Set_sun_flag_from_L1c Set Fm_L1c_sun measurement flag 

from L1c flag(s) 

 

Set_RFI_flag_from_L1c Set Fm_L1c_RFI measurement flag 

from L1c flag(s) 

 

Measurement_decision_tree Clear Fm_valid for suspicious 

measurements 

 

Grid_point_decision_tree Clear Fg_ctrl_valid for ignored grid 

points 

 

Poor_quality Set Fg_ctrl_poor_retrieval if retrieval 

results flagged as suspicious 

4.14.2.2 

Poor_quality_Acard Set Fg_ctrl_poor_retrieval for Acard if 

retrieval results flagged as suspicious 

4.14.2.2 

Poor_geophysical Set Fg_ctrl_poor_geophysical if 

geophysical conditions may have 

4.14.2.2 
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contaminated retrievals 

Poor_geophysical_Acard Set Fg_ctrl_poor_geophysical for Acard 

if geophysical conditions may have 

contaminated retrievals 

4.14.2.2 

Dg_user Criteria for Dg_user DAP counter 

defined in AUX_CNFOSF/D 

 

Acard_measurement_decision_tree Clear Fm_valid for suspicious 

measurements 

 

Acard_grid_point_decision_tree Clear Fg_ctrl_valid for ignored grid 

points 

 

OTT_region_filter Select grid points & measurements for 

OTT computation 

 

OTT_snapshot_filter Select snapshots for OTT computation  

OTT_stats_filter Select measurements for computing 

filtered statistics 

 

Compute_angle_ignore_filter Set Fg_ctrl_ignore to skip grid points 

when computing angles 

 

 

 

3.4 General diagram 

 

In the following diagram the conceptual application of the nominal measurement 

discrimination is schematised. 
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Classification of grid point: 

grid point 

g Ocean: 

grid_point outside Tg_dland2 

Fg_sc_land_sea_coast1.true 

Fg_sc_land_sea_coast2.false 

 

g Coast_Ocean : 

between Tg_dland1 and Tg_dland2 

Fg_sc_land_sea_coast1.true 

Fg_sc_land_sea_coast2.true 

 

g suspect_ice : 

if (grid point within monthly climatological maximum extent of sea ice 

and SSTprior<Tg_low_SST_ice and Tb>Tbflat +Tm_DT_ice in 

Tg_suspect_ice% of cases) 

Fg_sc_suspect_ice.true 

g Heavy rain  

If ECMWF rain in 4 ECMWF pixels > rainfall_threshold 

Fg_sc_rain.true  

Select measurements to be 

inverted (see next figure) 

Number of measurements used in the inversion 

Fg_ctrl_num_meas_low if low number 

Fg_ctrl_num_meas_min too low, no inversion 

g Sea surface type 

several flags on SST, SSS, wind, sea state develop 

Number of flagged measure above threshold 

Fg_ctrl_many_outliers 

Fg_ctrl_sunglint 

Fg_ctrl_moonglint 

Fg_ctrl_gal_noise 

Keep in output product descriptors on number of measurements used  

or examinated for the inversion:  

Dg_ af_fov 

Dg_ border_fov (counts measurements not used in SSS retrieval) 

Dg_num_high_resol  (not used) 

Dg_num_outliers (not used) 

Dg_RFI_X, Dg_RFI_Y (not used) 

Dg_RFI_L1c 

Dg_suspect_ice 

Dg_ gal_noise_error (not used) 

Dg_ moonglint (not used) 

Dg_sunglint_L1 (not used) 

Dg_sunglint_L2 (not used) 

Dg_sky 

Dg_num_meas_valid 

 

Grid points used for inversion are flagged with Fg_ctrl_valid.true  

g Coast_Land : 

between coast and Tg_dland1 

Fg_sc_land_sea_coast1.false 

Fg_sc_land_sea_coast2.true 

 
No retrieval 

g Land : 

inside land 

Fg_sc_land_sea_coast1.false 

Fg_sc_land_sea_coast2.false 

 

No retrieval 

g Ice : 

ECMWF_ice_concentration

> Tg_ice_concentration 

Fg_sc_ice.true 

No retrieval 

g missing auxiliary data : 

ECMWF needed data missing 

Fg_ctrl_ECMWF_X.false 

No retrieval X 












































































































































































































































































































































































































































