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1. INTRODUCTION
Most coastal altimetry data are unusable because of the effect of the surrounding land on the radar echo; the proximity of the land also makes it 

impossible to perform some geophysical corrections, such as wet tropospheric correction, ocean tide correction, atmospheric high-frequency forcing 

correction, and so on, as ones would for the open ocean. Wet troposphere corrections to Range are calculated using the radiometer brightness 

temperature measurements, however, the radiometer measurements are also affected by land signals over coastal water. To deal with the problem 

of radar altimeter measurement itself is our primary concern in this study. 

Abstract:
One limiting factor of traditional altimetry is that most data in the coastal sea are flagged as useless partly due to land contamination of the altimeter return waveforms. Retracking algorithms are employed to derive geophysical parameters instead of the standard processing algorithm. In this paper, we compared five retrackers: 

Ocean, Ice-2, OCOG (Offset Centre of Gravity), Threshold, and Beta5 using one year (March, 2006 to February, 2007; cycle 155 to cycle 188) Jason1 waveform around the China coast (14~45°N, 105~130°E). In order to compare five retracking algorithms, in situ Sea Surface Height (SSH) measurements from tide gauge 

stations are used. However, only the range is determined by the retracking algorithms and the altimetry SSH is derived from range, atmospheric and other geophysical corrections, it is necessary to valid the retracking results independly. Because the altimetry Significant Wave Height (SWH) is determined by the waveform leading 

edge slope of the ocean return signal and not affected by the atmospheric and ocean conditions, we calculated additional SWH using Ocean fitting algorithm again and compare the altimetry retracking SWH results with coastal in situ SWH measurements. 

Fig.2 Series of 20Hz return waveforms of Jason1 cycle 164 track 229 across east mainland of 
China. (a) Black line indicates the ground track of 229. Three circles (black, red, blue) indicate the 
locations where waveforms in (b), (c), (d) are recorded, respectively; (b) A series of waveforms 
when Jason1 moved from ocean to land; (c) A series of waveforms when Jason1 is over land; (d) 
A series of waveforms when Jason1 moved from land to ocean.

2. WAVEFORM ANALYSIS
The typical ocean return echo is the Brown model waveform. The altimeter determines the range and Significant Wave Height (SWH) by tracking the midpoint and estimating 

the slope of the leading edge of the return waveform, respectively. However, in a coastal region, because of the reflection from land is much stronger than the reflection from 

the ocean, when an altimeter ground track approaches, recedes, or runs parallel to the coastline, even though the altimeter’s nadir point is over the sea, the altimeter will tend 

to track the off-nadir return from the land. Fig.2 shows the ground tracks and three series of consecutive 20 waveforms as Jason1 cycle164 track 229 across the eastern 

China mainland moving from south to north. Each waveform was separated by 0.05 s, corresponding to 290 m in the ground. Based on visual inspection, Fig.2 (c) is the 

typical land returns, which are sharp and strong, while Fig.2 (b) and (d) consist of both typical return of ocean and land. Fig.2 (b) is waveforms when Jason1 approached the 

Fujian province of China from ocean. Fig.3 shows twenty waveforms in Fig.2 (b). The beginning waveforms around latitude of 23.68°E is typical ocean return and the 

distance from land is 10.63 km. As the Jason1 ground track get much closer to the land, the stronger land return appeared in the right of the waveform and gradually moves 

forward. The leading edge of the 20th waveform (distance to land is 5.03km) is completely contaminated by the land return. 
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001 82.6 129.8 5.9 3.0
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114 112.1 112.1 29.9 29.9

53.1 11.8

190 70.8 17.7

012 53.1 5.9

088 70.8 17.7

164 88.5 70.8 47.2 17.7

118.0 5.9

240 53.1 11.8

062 100.3 100.3 11.8 11.8

59.0 11.8

138 47.2 212.4 11.8 29.9

70.8 5.9

214 88.5 11.8

Mean 62.7 58.8 13.5 11.5

3. WAVEFORM RETRACKING ALGORITHMS
Accurate range estimates are obtained using refined procedures known as altimeter waveform retracking. Many 

retracking algorithms are developed for specific surfaces. We performed Ocean [1], Ice-2 [2], OCOG [3], Threshold [4 ] , 

and Beta5 [5] retracking algorithms using one year Jason1 waveform measured in Chinese and neighbouring seas.          
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4. RESULTS
In order to compare five retracking algorithms, in situ Sea Surface Height (SSH) and Significant Wave Height (SWH) 

measurements from tide gauge stations are used. The information of tide gauge stations are in Table 2 and 3.

4.1 Jason1-Ground Comparison of SSH
The Sea Surface Height measured by Jason1 is calculated by

5. CONCLUSIONS & FUTURE WORK
Because the altimetry sea surface height is derived from the range measured by altimeter and the range corrections, the altimetry sea surface heights are unusable where the distance to land is 50 to 100 km. However, the 

distance where the altimeter measurement itself is affected is only around 10 km to land, based on the analysis of the Jason1 data,. 

As demonstrated, a significant number of coastal ocean return waveforms do not conform to the Brown model as the coast is approached, and the standard Ocean fitting algorithm cannot be used in the coastal altimeter 

waveform processing. The accuracy and the valid result percentage of the Ocean algorithm decreased rapidly. Especially when the distance is less than 10 km, the Ocean retracking algorithm rejects most of the data. When 

these distances are less than 10km, the OCOG retracking algorithm is appropriate considering both the accuracy and valid result percentage.

Together with further validation with longer term in situ SSH and SWH data, future work hopes to include waveform recognition and extraction. If the leading edge contributed by the ocean return can be recognized and 

extracted properly, the only one retracker (Ocean retracker) in needed to deal with the coastal altimetry waveforms. 
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Fig.1 Jason1 ground tracks in the area of 14°N -45°N, 
105°E -130°E. Three digit numbers are numbers of track.

Table 1 Flagged distances of Jason1 cycle 164 measurements. 
The first column is the track number; the second and third 
columns with background color of pink are flagged distances 
using data edit criterion of Rad_surf_type=1; the fourth and fifth 
columns with background color of orange are flagged distances 
only using Alt_echo_type=1 as data edit criterion. A: Flagged 
Distances from Land to Ocean in km; B: Flagged Distances from 
Ocean to land in km.

Fig.1 shows Jason1 ground tracks in the area of 14°N -45°N, 105°E -130°E. 

The red on the tracks represent where SSH measurements are flagged by 

standard edit processing, and the black ones represent where they are retained. 

The flagged distances of Jason1 cycle 164 measurements are in Table 1. It can 

be seen from the second and third columns of Table 1 that areas, where 

distances to land are around and more than 50 km are flagged, because the 

larger footprint of radiometer are affected by land signal. The distances where the 

altimeter measurements itself are affected by land is around 10 km. 

In order to make improved use of the altimetry 

waveform data near the coastal area, we derived 

the altimeter ranges from one year (March, 2006 

to February, 2007; cycle 155 to cycle 188) of 

Jason1 waveform off the China coast (14-45°N, 

105-130°E) by using five specialized retrackers: 

Ocean, Ice-2, OCOG (Offset Centre of Gravity), 

Threshold, and Beta5 retracking algorithms. 

Fig.3 Twenty 20Hz return waveforms of Jason1 cycle 164 track 229
record 2122. 

4.2 Jason1-Ground 

Comparison of SWH
Because the altimetry Significant 

Wave Height (SWH) is determined by 

the waveform leading edge slope of 

the ocean return signal and not 

affected by the atmospheric and 

ocean conditions, we calculated the 

Epoch using five retracking algorithms 

and additional SWH using Ocean 

Table 2 Information of tide gauge stations, the Sea Surface Height measurements from 
which were used to compare with altimetry SSH.

Table 3 Information of tide gauge stations, the Significant 
Wave Height measurements from which were used to 
compare with altimetry SWH.

Fig.4 The sea surface heights derived from Jason1 measurements of track 062 (descending) and 077 
(ascending) near tide gauge station SSN and SYA, respectively, using five retracking algorithms. 

Fig.6 Jason1 ground tracks in the area of 14°N -45°N, 105°E -130°E. 
Three digit numbers are numbers of track.

Fig.7 The Significant Wave Heigt derived from five retracking
algorithm and in situ tide gauge station measurements.
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Where                           ,                   ,           are solid earth tide correction, loading tide correction, and pole tide 

correction, respectively, which are movements of the earth’s crust. It is necessary to apply the last three corrections 

when comparing the SSH measured by Jason1 and tide gauge station, because station is located at the earth crust. 

Furthermore, the SSH measured by satellite altimeter is relative to the reference ellipsoid, while the sea surface 

height measured by tide gauge station is relative to the local mean sea level. We examined the relative temporal-

variation of the altimeter and in situ SSH. Except for          , the value of other parameters are from Jason1 SGDR 

product. The ECWMF estimation of wet troposphere correction is used in stead of the radiometer. 
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Fig.5 The time series of sea surface heights derived from Jason1 measurements using five retracking
algorithms, and compared with in-situ measurements at tide gauge station SSN. 

Table 4 The number of valid results, 
Correlation and Standard deviation of 
the comparison of five retracking
algorithms and in situ SSH 
measurements at tide gauge station 
SSN.

fitting algorithm again (the values of Epoch is from the results of other four retrakers).

For comparisons, in situ SWH measurements of 11 tide gauge stations are used. The locations and 

corresponding Jason1 ground tracks are in Table 3. Colocated altimetry data are selected when the 

closet approach of altimeter ground track is less than 1 hour, and averaged over 50km along track. 

Because of the limited situ SWH measurement, the number of colocated pair is 86. Fig.7 shows the 

results. The SWH from OCOG, Threshold, and Beta5 retracking algorithms are systematically higher. 

The SWH from the Jason1 GDR products are much close to the in situ data. This could be explained 

by the big time and space windows of comparison, but the altimetry waveforms are affected by land 

signal when the distance to land is around 10 km. However, because of the limited number of 

comparing data, more in situ data are needed to make a solid conclusion.

Sea surface heights derived from Jason1 measurements of track 062 and 077 near tide gauge station SSN and 

SYA using five retracking algorithms are plotted in Fig.4. When the nadir point of altimeter moved closer to land (the 

water depth becomes lower), the altimetry SSH decreased significantly. Fig.5 are one year Jason1 retracking SSH 

at location of A and C, and tide gauge 

Station SSN measurements. The 

correlation coefficients and standard 

deviations of the five results with in 

situ SSH are inside the figure. Fig.6 

shows the results between latitude of 31.01°N and 30.43°N without results of the Ice-2 algorithms. The green symbols are results of comparing 

Jason1 GDR products with in site SSH variation, which are data averaged over one second (covering about 5.9 km on the ground), while others 

are 20Hz data (averaged over 1/20s, covering about 290 m on the ground). Therefore, higher sampling ratio data can be derived by waveform 

retracking. Between the two dash-line of Fig.6, for all the algorithms, the N and correlation coefficient decrease, while std increases because of the 

serious influence of islands to altimeter waveform. However, the N of Ocean and Beta5 algorithm decreased most significantly. Comparing the 

OCOG and Threshold algorithm, the correlation coefficient of OCOG is always higher than Threshold, while standard deviation of OCOG is lower 

than Threshold. Table 4 are average results without the date between the two dash lines. It can be seen that the OCOG algorithm is the most 

accurate. 


