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Harvest Platform 
Owned by Plains Exploration and Production (PXP) 
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•  Open-ocean verification site located 10-km 
off coast of central California 

•  Ground track passes directly through this 
location by design (T/P heritage) 

•  Rich in-situ data set representing 17 years 
of continuous monitoring 

•  365 T/P overflights spanning 10 years 
•  22 in formation with Jason-1 (2002) 
•  Final overflight on August 13, 2002 

•  259 Jason-1 overflights spanning 7 years 
•  20 in formation with Jason-2 (2008–2009) 
•  Final overflight on January 18, 2009 

•  35 Jason-2 overflights and counting… 
•  Nearly one year of monitoring 

•  Nominal experiment operations status 
•  Routine underwater maintenance this summer 
•  GPS upgrade forthcoming (receiver, radome) 

NASA Prime Verification Site for High-Accuracy (Jason-class) Altimetry: 
T/P (1992–2005), Jason-1 (2001–) and OSTM/Jason-2 (2008–). 
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Map of Harvest Vicinity 
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Wind/Wave Conditions for Jason-2 Overflights: 
Typical of Open Ocean 
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Platform Harvest Geodetic Height  
From 17 Years of Continuous GPS Monitoring   

Pt. Arguello Gas 

Pt. Arguello Oil 
Total Santa Barbara POCS Oil 

Total Santa Barbara POCS Gas 

Historical Point Arguello Production: 
Platforms Harvest, Hermosa and Hidalgo Oil/Gas Production 

from 1992–2005 
California Division of Oil,  

Gas and Geothermal  
Resources; Minerals  

Management Services 

http://www.countyofsb.org/energy/projects/arguello.asp 
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Harvest SSH Calibration Time Series 
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JASON-2 — JASON-1 ΔSSH BIAS: 

 FROM COMMON OVERFLIGHTS: 
+80 ± 4 mm (N = 16, σ = 16 mm, R = .76) 

FROM GLOBAL ANALYSIS: 
+77 ± 1 mm (N = 19, σ = 2 mm) 
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Jason 1/2 Tandem Overflights of Harvest: 
Comparison of Correction Terms 

-50

0

50

100

150

200

250

0 5 10 15 20

R
el

at
iv

e 
Bi

as
 (m

m
)

Jason-2 Repeat Cycle

Commentσ (mm)Mean (mm)Correction
Jason-2 Range Shorter17+82Δ Orbit – Range

7+6ΔSSB
3+0AMR – JMR

Smaller Delay for Jason-23–10Δ Iono
0.4–1Δ Dry Trop
3+3Δ MSS Grad

Jason-2 higher16+80ΔSSH

SSHMSS GradDry TropIonoAMR-JMRDelSSBDel SSH 
54.389999-1.53-1.14-17.49-7.02-9.0454.150002Minimum

107.297.88999990.050000001-7.046.0421.66113.24Maximum
1285.2944.999999-13.38-164.077.289999991.91318.66Sum

16161616161616Points
80.3306252.8125-0.83624999-10.2543750.4556255.7437582.41625Mean
76.4699972.545-1.005-9.3750.644999985.380.485001Median
81.7929943.82485780.9290788410.628732.84806188.804483984.114818RMS
15.9025222.67718880.41808892.88770952.90358166.89179417.370144Std Deviation
252.890217.16733970.174798338.33886618.430786247.496825301.72191Variance
3.97563050.669297190.104522230.721927370.725895411.72294854.342536Std Error

0.283191420.124616661.4988489-1.4528355-0.762710580.47548910.27087582Skewness
-0.73044351-0.603184370.440357611.23217721.43249181.2398228-0.7753106Kurtosis

Jason-2: RMS Radial Orbit Difference (POE vs GPS) = 6 mm (N = 28) 
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Harvest: Long-term (Legacy) Radiometer  
Wet Path Delay Correction from GPS 
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Radiometer Land Contamination: 
Performance of AMR/EPD Product at Harvest 
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•  Use std. fit procedure for AMR GDR 
correction on approach to Harvest 

•  Linear fit over 10-s terminating 5-s before 
platform overflight. 

•  Avoids land contamination (e.g., Christensen 
et al., 1994). 

•  Use new fit procedure for AMR EPD 
•  Linear fit over 10-s terminating at TCA. 
•  Harvest ~10 km from land along pass 43 

•  AMR/EPD reduces both scatter and bias 
with respect to GPS 

•  Caveat: bias value from GPS may not be 
trustworthy at few mm level (e.g, radome) 

•  AMR/EPD suggests troposphere over 
platform slightly wetter vs. 30 km offshore. 

•  Would increase Jason-2 SSH bias by 5 mm. -250
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Harvest: Ku-Band Ionosphere Calibration  
Using JPL GPS Ionosphere Maps 
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Absolute Ku- and C-Band SSH Biases: 
A New Approach 

•  Begin with uncorrected Ku- and C-Band Ranges 
•  Compensate for troposphere using standard (GDR) approach 

•  Model dry troposphere 
•  AMR/JMR wet troposphere 

•  Compensate for ionosphere using independent measure 
•  GPS-based correction (JPL GIM; Mannucci et al.) 
•  Ensure independence of potential inter-frequency altimeter bias (Ku-C) 

and ionosphere correction. 
•  Do not compensate for sea-state bias (SSB) 
•  Do linear regression of SSH bias against SWH 

•  Use measurements from nearby buoy (Scripps) at Harvest. 
•  Estimate SSH bias and local SSB simultaneously 

•  SSB model (local to Harvest) is a simple percentage of SWH. 
•  Iterative 3-sigma edit (no other QC on closure data). 
•  SSH Bias is intersection of model with SWH = 0. 

June 22, 2009 OSTST Meeting 



Jason-1 SSH Bias (Ku, C) vs SWH at Harvest 
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SSH uncompensated for sea-state bias 
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Absolute Ku- and C-Band SSH Biases 
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Jason-1  
Ku-Band 

Jason-1  
C-Band 

Jason-2  
Ku-Band 

Jason-2  
C-Band 

SSH Bias +81 ± 6 mm +90 ± 11 mm +164 ± 13 mm +213 ± 18 mm 
Local SSB 3.4 ± 0.2 % 4.6 ± 0.4 % 3.4 ± 0.5 % 4.6 ± 0.7 % 
Number of 
Overflights 

217 216 28 25 

Postfit σ
 35 mm 63 mm 26 mm 37 mm 

•  Jason-1 Ku- and C-Band SSH biases agree well (i.e., to better than 1 cm). 
•  Also agree well with estimate (+94 mm) from traditional closure exercise. 

•  Jason-2 Ku- and C-Band SSH biases disagree by 5 cm 
•  C-band SSH bias higher than corresponding Ku-band estimate 
•  Ku-band SSH bias agrees well with estimate (+174 mm) from traditional closure exercise 
•  More overflights needed to increase confidence (small number of samples vs Jason-1). 

•  Lends insight on results from global analysis (see deCarvalho et al. poster)  
•  Discrepancy of ~5-cm between Ku- and C-Band Δ “Orbit–Range” (J2–J1) 
•  Relative bias of ~1 cm between Jason-1 and Jason-2 ionosphere corrections 

•  Local (Harvest) SSB model shows higher sensitivity of C band to SWH 



K-Band ΔOMR C-Band ΔOMR ΔSSH 
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Jason-2 – Jason-1 Geographically Correlated Errors 
From Tandem Calibration Phase (J2 Cycles 8–20) 
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Summary of Harvest Findings 

•  Both Jason-2 and Jason-1 reading SSH too high, by +17 and +9 cm respectively 
•  OSTM/Jason-2:  +174 ± 5 mm (N = 27, σ = 27 mm) 
•  Jason-1:     +94 ± 2 mm (N = 208, σ = 28 mm) 

•  TOPEX/Poseidon systems unbiased (< 2 cm) 
•  T/P ALT-B:    +14 ± 4 mm (N= 81, σ  = 33 mm) 
•  T/P ALT-A:      +1 ± 3 mm (N = 154, σ  = 32 mm) 
•  T/P POS:    –10 ± 7 mm (N = 22, σ  = 31 mm) 

•  Excellent agreement between Harvest & global estimates of relative (J2 – J1) SSH bias 
•  +80 ± 4 mm from 16 common overflights of Harvest 
•  +77 ± 1 mm from global cycle-by-cycle comparisons  

•  Jason-1 and OSTM/Jason-2 exhibit common behavior  
•  High correlation of bias estimates (R = 0.76) 
•  16-mm scatter (1σ) of individual relative bias estimates 
•  Testifies to common heritage of measurement systems  

•  Primary source of Jason-1 and Jason-2 biases is altimeter 
•  Mean effect of orbit, ionosphere, wet/dry troposphere at 1-cm level or smaller 
•  Consistent with “Orbit-Range” figures from common overflights 
•  Poseidon-2 agrees better with GPS (GIM) 

•  SSH drift estimates altered by new model for platform subsidence 
•  Drift estimates for ALT-B, POS-2, Jason-1 and Jason-2 all statistically indistinguishable from zero 
•  ALT-A drift estimate (5 mm/yr) consistent in sign with PTR degradation, but larger. 
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Summary of Harvest Findings (cont.) 

•  Excellent agreement between AMR and JMR for common overflights 
•  3 mm scatter (1σ) with negligible bias for open ocean (30 km offshore) comparison point 

•  New AMR enhanced path delay (EPD) product yields promising results 
•  Enables use of AMR data at platform location (~10 km from shore) 
•  Improves agreement with independent GPS-derived PD estimates 

•  Poseidon-3 Ku-ionosphere delay smaller (~10 mm) than Poseidon-2 
•  Poseidon-2 agrees better with GPS (GIM) 

•  Quadratic model for platform vertical motion now preferred 
•  Lower rate of subsidence consistent with decreased production from Arguello Field 

•  Influence of radome to be revisited in upcoming campaign 
•  New approach to SSH bias computation lends insight on individual Ku, C contributions 

•  Jason-1 C- and Ku-band SSH biases agree at ~1 cm level 
•  Jason-2 C SSH bias ~5 cm larger than corresponding Ku SSH bias.  
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