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Review:	  What	  Did	  We	  Think	  We	  Were	  Doing?	  
•  Questions	  Asked?	  
•  Objectives	  
•  Findings	  and	  Recommendations	  
Where	  Are	  We	  Now?	  Where	  Are	  We	  Going?	  

(Answers Pending Until the 
End of the Workshop)	  



Fundamental Simple (?) Question: 

•  How does a nadir altimeter’s alongtrack estimates 
of range and “corrections” change as it moves from 
water to land or land to water (or passes near 
land)? 

•  Answers get complicated fast.  

•  In general, gridding is not the focus, but this brings 
in the question: What are the time and space scales 
that need to be resolved in the coastal ocean and of 
the range and correction terms? 



Further Issues and Questions 

•  What time and space scales are associated with 
priority applications in the coastal ocean – leads to 
a discussion of applications and the Programs that 
are supporting this research.  

•  To resolve these space scales, Dynamical models 
are needed to produce continuous fields that 
assimilate the altimeter and other data.  

•  This leads to a discussion of Integrated Ocean 
Observing Systems (remote sensing, in situ data and 
models). 



CAW-1 Meeting Objectives  
•   Develop a new error budget specifically for the coastal 
ocean for the alongtrack signals. 

•  Identify specific problems where progress can be made 
in improving the alongtrack estimates of range and 
“corrections” in the region next to the coast. 

•  Form partnerships and collaborations to work on these.  

•  Provide information and recommendations to the 
agencies and programs which will be reprocessing the 
historical data for better coastal coverage. 



Absolute & Relative Errors 
The error budget for an absolute 
height measurement must include 
all the error sources at left. 

Are there applications (surface 
geostrophic currents, detecting 
fronts, transport) where only a 
height gradient, or relative change 
in height, is required? 

If the spatial correlation scale of a height error is longer 
than the width of a height gradient signal, then that error 
is not significant for detecting the gradient of interest. 

Height gradients are much more accurate than heights. 
Do our models assimilate height or height gradients? 



Error budget for height and slope 

Slope (µrad)

Signal or Error Source Half-Wavelength
Scale (km) Height (cm)

Single
Measurement

6-Year
Average

ABYSS signal 6 to 200 1 to 300 1 to 300 1 to 300
Height error sources

Orbit height errors, 1-σa 10,000 to 20,000 900 <0.2 <0.1
Ionosphere (Imel, 1994; Yale, 1997) >900 20 <0.22 <0.1
SWH-induced precision error >20 (See F.2.4.2, F.2.4.3, and Table F-4)
*Wet troposphere (Chelton et al., 2001) >100 3 to 6 <0.6 <0.3
*Sea-state bias (Monaldo, 1988) >20 <0.6 <0.3 <0.1
Inverse barometer (Ponte, 1994; Gill, 1982) >1000 <14 <0.14 <0.07

Oceanographic error sources
Basin-scale circulation (steady) (Fu & Chelton, 2001) >1000 100 <1 <1
El Ni–o (Picaut & Bu salacchi, 2001), otherb >1000 20 <0.2 <0.1
Deep ocean tide model errors (Chelton et al., 2001;

Shum et al., 2001)
>1000 3 <0.03 <0.01

Coastal tide model errors (Shum et al., 2001; Yale,
1997)

50 to 100 <13 <2.6 <1.1

Eddies, Mesoscale Variability (Le Traon & Morrow,
2001)

60 to 200 30 to 50 2.5 to 5 1 to 2

Meandering jet (Gulf Stream) (Fu & Chelton, 2001;
Smith & Sandwell, 1995)

100 to 300 30 to 100 3 to 10 2 to 4

Steady jet (Florida Current) (Fu & Chelton, 2001;
Smith & Sandwell, 1995)

100 50 to 100 5 to 10 5 to 10

aAt the ABYSS antenna phase center (see section G.4.1.2).
bInterannual variability, planetary waves.
*Bold type indicates height error constituents that are pertinent to ABYSS (see section F.2.4).

(Suggested Form by W. Smith and Friends) 







~ July 18 ~ July 28 ~ August 27 

Extending the Altimeter Alongtrack SSH to the Coast 

2005 



Higher Frequency Data (10-20 Hz or higher) 
Jason-1 Pass 28, Cycle 130: July 18, 2005 



CAW-1 Recommendations 

(EOS September, 2008)  
•   Continue this set of workshops to periodically assess 
our progress and identify new priorities. 

•  Coastal oceangraphy issues should be considered 
more seriously in pre-launch design and post-launch 
Cal/Val. 

•  Wet troposphere path delay is a top priority.  

•  Need to integrate coastal altimetry, in situ data and 
coastal models to demonstrate the value of altimetric 
data in coastal observing and prediction systems. 



CAW-1 Recommendations 

(EOS September, 2008)  
•   Continue this set of workshops to periodically assess 
our progress and identify new priorities. 

•  Coastal oceangraphy issues should be considered 
more seriously in pre-launch design and post-launch 
Cal/Val. 

•  Wet troposphere path delay is a top priority.  

•  Need to integrate coastal altimetry, in situ data and 
coastal models to (1) beter understand coastal 
processes and (2) demonstrate the value of altimetric 
data in coastal observing and prediction systems. 



CAW-1 Recommendations 

(EOS September, 2008)  
   (continued) 

•  Produce global coastal altimetry data sets using all 
historical altimeter and auxilliary data sets. Including: 

•  Multi-satellite consistency, common formats, higher 
frequency (> 1Hz) 

•  Seamless between the coastal/open ocean 

•  Using the best available regional coastal models 

(Reducing the inconsistency in these?) 



CAW-1 Findings – Wet Tropo (Feb 2008)  

1.  Water Vapor Radiometry can be used seaward of 50 km from the 
coast.  At closer distances, land emissivity causes several cm of 
error in the WVR’s SSH correction. 

2.  Atmospheric features: ~10-200 km wide increase water vapor near 
the coast. 

3.  Models with 0.5 degree, six hourly sampling lack structure with as 
much as 2 cm of SSH delay correction in Ku band. 

4.  Higher-resolution coastal models show model gradients of 5 – 6 
cm / 100 km. 

5.  Mitigation strategy 1:  correct WVR brightness temperatures for 
fraction of land contamination. 

6.  Mitigation Strategy 2:  fill holes with model data, possibly adjusted 
for bias or bias and tilt. 

7.  Land contamination in SSMI data begins 200 km from coast. 
8.  Future missions may consider the use of higher-frequency channels. 



CAW-1 Findings - Tracking (Feb 2008)  

1.  Standard (Brown model) retracking should be adequate seaward 
of 20 km from the coast. 

2.  90% of waveforms are Brown-like seaward of 10 km from the 
coast. 

3.  Constrained retracking can reduce sea surface height noise. 

4.  Adaptive (non-Brown) retracking can recover data closer to the 
coast.  However, inter-calibration of the track point and wind- 
and wave-dependent biases will need study. 



CAW-1 Findings – Tides (Feb 2008)  

1.  Tides are strongly dependent on bathymetry. 

2.  Compound tides (e.g. M4) have significant amplitude in shallow 
water and may contribute 6.6 cm to the global RMS misfit of 
models to gauges. 

3.  RMS errors in models are around 2.4 cm in deep water and ~12 cm 
in shallow water, but this value is highly dependent on locality. 

4.  Wavelength of the tide error depends on depth. 

5.  The best approach would be to merge local and global models, but 
this is resource and labor intensive. 



CAW-1 Findings – IB (Feb 2008)  

1.  The ocean’s response to pressure forcing at shorter than 20-day 
period is not as simple as an inverted barometer. 

2.  The MOG2D/DAC model shows improvement over simple IB, 
especially in coastal and high-latitude areas. 

3.  S1/S2 atmospheric tides need further investigation. 

4.  Local models should be developed. 



CAW-1 Findings – SSB  (Feb 2008)  

1.  SSB is electromagnetic, skewness, and tracker dependent. 

2.  To first order, SSB is typically 3% of SWH. 

3.  Present models adjust SSB based on SWH and “U10” near surface 
wind speed. 

4.  New 3 parameter models (SSB, U10, age) differ from two-
parameter models by 2 cm in shallow water and at SWH < 1.5 m. 

5.  Local empirical coastal models differ from global models by 3 cm. 

6.  Wave-current interactions are not yet accounted for. 



CAW-1 Findings – SWH  (Feb 2008)  

1.  Radar altimeter data are a useful source of SWH profiles in the 
deep ocean. 

2.  Deep-ocean altimeter SWH data typically are averaged for 6 
seconds for comparability with large-scale wave models. 

3.  SWH correlation scales fit the Monaldo model in deep water. 

4.  In coastal areas, SWH correlation scales can be as short as the 
wavelength. 

5.  Orbit sampling issues show up as differences in apparent wave 
height climatologies. 



CAW-1 Findings (Feb 2008)  
Source	   Proximity,	  km	   Scale,	  km	   SSH	  error,	  cm	   slope	  err,	  µrad	  
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20	  -‐	  50	  
	  	  

	  	  
	  	  

<	  3	  cm	  
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~0.5	  ?	  
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Note:    0.2 µrad ~ 2 cm/s 



Coastal Altimetry Workshop 2011 

Discussion:  
Revised Recommendations 

and Findings  
(Continued through Tuesday 
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