
The Geosat 30th Anniversary Data Set 

Geosat GM: 1985-03-31 to 1986-09-30 
YY/MM - Day: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Totals

86/11 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 23
86/12 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 31
87/01 001 002 003 004 005 006 007 008 009 010 011 012 013 014 015 016 017 018 019 020 021 022 023 024 025 026 027 028 029 030 031 31
87/02 032 033 034 035 036 037 038 039 040 041 042 043 044 045 046 047 048 049 050 051 052 053 054 055 056 057 058 059 28
87/03 060 061 062 063 064 065 066 067 068 069 070 071 072 073 074 075 076 077 078 079 080 081 082 083 084 085 086 087 088 089 090 31
87/04 091 092 093 094 095 096 097 098 099 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 30
87/05 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 31
87/06 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 30
87/07 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 31
87/08 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 31
87/09 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 30
87/10 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 31
87/11 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 24
87/12 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 31
88/01 001 002 003 004 005 006 007 008 009 010 011 012 013 014 015 016 017 018 019 020 021 022 023 024 025 026 027 028 029 030 031 31
88/02 032 033 034 035 036 037 038 039 040 041 042 043 044 045 046 047 048 049 050 051 052 053 054 055 056 057 058 059 060 29
88/03 061 062 063 064 065 066 067 068 069 070 071 072 073 074 075 076 077 078 079 080 081 082 083 084 085 086 087 088 089 090 091 29
88/04 092 093 094 095 096 097 098 099 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 27
88/05 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 31
88/06 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 30
88/07 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 31
88/08 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 31
88/09 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 30
88/10 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 31
88/11 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 30
88/12 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 366 31
89/01 001 002 003 004 005 006 007 008 009 010 011 012 013 014 015 016 017 018 019 020 021 022 023 024 025 026 027 028 029 030 031 27
89/02 032 033 034 035 036 037 038 039 040 041 042 043 044 045 046 047 048 049 050 051 052 053 054 055 056 057 058 059 28
89/03 060 061 062 063 064 065 066 067 068 069 070 071 072 073 074 075 076 077 078 079 080 081 082 083 084 085 086 087 088 089 090 24
89/04 091 092 093 094 095 096 097 098 099 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 29
89/05 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 31
89/06 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 30
89/07 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 31
89/08 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 31
89/09 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 30
89/10 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 4
89/11 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 30
89/12 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 29

Received from APL & Recovered (SDR & GDR): 1098
Not Received from APL (GDR but no SDR): 2 Received from APL but not found at NODC (GDR but lost SDR): 9

Total Received from APL: 1107
Percent Recovered: 99.2%

Unexpected Recovered SDR (no GDR): 2
Last Update: No SDR nor GDR Expected (Data Gap): 40
21-Oct-2009 Unrecovered Blocks: 8

Geosat ERM: 1986-11-08 to 1989-12-30 

9-Track Tape Recovery Project - 1098 daily SDRs 
Completed April, 2009 - 99.2% Success 

NOAA Ionosphere Climatology Model – NIC09 

Retracked GM Data -   
Improved SSH 
Slope variability 

JGM-3 GDRs Retracked GM 

Geosat Precise Orbit Determination 

2015 OSTST Meeting - Reston, VA - October 20-23 
 ABSTRACT: The U.S. Navy's Geosat mission yielded the first multi-year high-precision radar altimetry data set, and provides the only global sea surface height 
 measurements from the late 1980s. NOAA has produced several versions of the Geophysical Data Records (GDRs) for the mission, with the most recent data 
 release in 1997. This was the first set of GDRs that spanned both the Geodetic Mission (GM: March, 1985 to September, 1986) and Exact Repeat Mission (ERM: 

November, 1986 to December, 1989). In April, 2009 we concluded a major data archaeology effort to recover the original Sensor Data Records (SDRs) for the ERM from 9-track 
tapes. After the SDRs are combined with their companion Waveform Data Records (WDRs) it is possible to retrack the original radar echoes, yielding an improved level-2 data 
set. This had previously been done for the GM in 2004, and has now been completed for the ERM as well. This poster describes the steps involved in assembling the full GM
+ERM retracked altimetry data set. A major enhancement involves the calculation of precise orbits based on the latest gravity models, terrestrial reference frames, and Doppler 
station coordinates, with improved Vienna Mapping Function atmospheric refractions. The best possible geophysical corrections are provided, along with the retracked sea 
surface heights, including GOT4.8 tide models, ECMWF tropospheric corrections, NIC09 climatological ionospheric corrections, and a new sea state bias model. Ultimately our 
hope is to extend the altimetric sea level climate data record back to 1985, with the inclusion of these retracked Geosat measurements. Validation via the global tide gauge 
network from the late 1980s will allow us to assess the accuracy of the sea level trends observed by Geosat. 
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Black: USO based on SDR clock correlation 
Red: Original values from Hayne & Hancock 

Black: SWH values from SDR 
Red:  5-parameter retracking SWH outputs 
Blue:  Smoothed values used for 

 1-parameter retracking of range 

Geosat GM+ERM Processing & Retracking 
(Gray Boxes in Final Product) 

Clean/Check*Sensor*Data*Records*(SDRs)*
*&*Waveform*Data*Records*(WDRs)*

Merge*SDRs+WDRs+NASA/GSFC*Orbits*

Time*from*frame*count;*Leap*seconds;*Frame*count*rollover*
Bounce*Jme*&*5*msec*Jming*bias*correcJons*

1MParameter*retracking:*
range*(noise,*SWH,*σ0*&*decay*fixed)*

ShiV*10MHz*waveform*N+1*=>*N*

Geophysical*CorrecJons:*
NCEP*model*wet/dry*

ECMWF*ERA*wet/dry/IB*
NIC09*iono*
GOT4.8*Jdes*

CNESMCLS*2011*MSS*

5MParameter*retracking:*
range,*noise,*SWH,*σ0,*decay*

Smooth*decay*(abtude)*

4MParameter*retracking:*
range,*noise,*SWH,*σ0*(decay*fixed)*

Smooth*noise,*SWH,*σ0*

Future Updates & Analyses 
 
•  Re-estimate coordinates for 

Doppler stations 
•  Update low degree Time Varying 

Gravity model for the GEOSAT era 
•  Update altimeter data for use in 

crossovers: new SSB model 
•  Validate GM+ERM time series via 

global tide gage network (note 
gaps in cyclic maps) 

•  MERRA-2 troposphere corrections 

POD Strategy RMS Residuals 1-day orbit overlap 
differences (cm) 

Doppler 
(cm/s) 

Xover  
(cm) 

Radial 
RMS 

Cross-trk 
RMS 

Along-trk 
RMS 

GM 
std0905 0.3227 7.369 2.14 15.67 14.76 

std1504_C20 0.3233 7.342 2.14 16.60 14.65 

ERM 
std0905 0.5166 7.820 2.44 20.24 14.58 

std1504_C20 0.5164 7.494 2.44 19.98 14.28 

GEOSAT POD model improvements 
(Data and measurement model) 

Version std0905 (2009) std1504 (2015) 

Data Doppler+Altimeter 
Crossovers 

same 

Parameterization opr/day+ constrained 
drag / 25 min (high solar 
activity option) 

re-tuned drag constraints 

Doppler station 
coordinates 

EIGEN_GL04S (4 years 
Doppler/crossover  
data) 

same 
 

Earth geocenter 
motion (station 
correction) 

GOT4.7 tidal variations GOT4.7 tidal variations, 
X,Y,Z, annual SLR-derived 
(Ries, 2013)  

Doppler data 
troposphere 
correction 

Hopfield/Niell/GPT Vienna Mapping Function-1 
(VMF1) 

!

GEOSAT POD model improvements 
(Force model) 

Version std0905 (2009) std1504 (2015) 

Gravity (static) EIGEN_GL04S 
(120x120) 
(based on GRACE data 
only 2003-2005) 

GOCO2S (120x120, from 
6x6)  
(based on GRACE + GOCE 
data) 

Gravity 
(time-variable) 

C20, C30, C40, C21, S21 
rates (IERS2010) + 
20x20 annual terms 
from GRACE 

C20 from Lageos-1; (L<=5) 
Parameterized model from 
21 SLR+DORIS satellites 
(1993-2002);  IERS2010 for 
C21/S21 + L=6 to L=20 
annual terms from GRACE   

Atmospheric 
gravity 

ECMWF, 50x50 @6 hrs same 

Tides Ocean / 
Earth 

GOT4.7(20x20) / 
IERS2003 

GOT4.10 (50x50) / IERS2003 

Albedo/IR Knocke et al., 1988 same 

Atmospheric drag MSIS86 same 

!

Geosat 30th Anniversary Data Set 
 

•  Entire GM+ERM data merged & retracked 
•  Original SDR parameters (range, SWH...) retained when no waveforms 
•  5 & 1-parameter retracked variables + onboard tracker (SDR) values 
•  New 2015 NASA/GSFC orbits: std1504_c20 
•  NIC09 Ionosphere & ERA Interim + NCEP troposphere corrections 
•  Doppler correction based on orbit+MSS (vs. range) 
•  All variables provided in netCDF format per-pass files 

Ascending Descending 

GM 

ERM 


