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1. Dedicated coastal retracker is more precise: X-TRACK/ALES [XA] and ALES

[AL] data are more precise compared with along-track Jason-1+2+3 [NM] data

on coastal zone (3-20 km)

2. However, more precise didn’t mean more accurate: Interestingly, NM data has

better STD of Difference compared to XA and AL.

Spoiler Alert!
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• Although altimetry has good accuracy in open ocean (Stammer and Cazenave, 2018) , it is

unreliable on coastal zone [<20 km]. (Benveniste et al. 2020)

• On the last 20 years, many efforts done to improve altimetry data on coasts → Coastal Altimetry

(Cipollini et al., 2018)

Altimetry - its deficiency on coasts and efforts to improve
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Coastal Altimetry
Specific Data-

Editing

Dedicated 

Corrections

Designated 

Retracking
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What motivates this study and what makes it unique?
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This study aims to compare coastal retrackers on Indonesian seas using high-frequency 

tide gauge stations.

validated separately

- AL (Passaro et al., 

2015, 2016, 2017, 

2018, 2021; Mangini et 

al., 2022)

- XA (Gaol et al. 2018; 

Birol et al., 2021; Bruni 

et al., unpublished) 

coastal retracker

- ALES [AL]

- X-TRACK/ALES 

[XA]

compare retrackers

together

utilizing high-

frequency TG

?
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Area of study and in-situ data
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5 hourly TG stations on 

Indonesian seas selected 

from 40 available stations 

(from BIG)

Selected using several 

criteria, developed from 

Fenoglio et al., 2012

Criteria

1. Completeness Index

2. Gap and Step Existence

3. Data Length (in years)

4. Distance between TG and 

CORS

5. Distribution along 

Indonesian coasts

6. Vertical Trend of CORS 

and TG𝑪𝒐𝒎𝒑𝒍𝒆𝒕𝒆𝒏𝒆𝒔𝒔 𝑰𝒏𝒅𝒆𝒙 =
𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒅𝒂𝒕𝒂

𝒆𝒙𝒑𝒆𝒄𝒕𝒆𝒅 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒅𝒂𝒕𝒂
𝒙 𝟏𝟎𝟎%

Water height referenced 

to ellipsoid using leveling 

data and GPS campaign

!
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‘nominal-point’ method is 

developed to built time series. 

It is done by averaging data 

inside 3 km radius from the 

nominal-point that was 

harmonized among all 

datasets. 

The error assigned represents 

standard deviation of 

averaged data. 

Compared retrackers and their harmonization
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𝑇𝑊𝐿𝐸 = 𝑆𝐿𝐴 + 𝐷𝐴𝐶 + 𝑇𝑖𝑑𝑎𝑙 𝑀𝑜𝑑𝑒𝑙 + 𝑀𝑆𝑆

1-hz ALES [AL], 20-hz X-TRACK/ALES

[XA] and 1-hz CMEMS [NM] of Jason-

1, 2 and 3 (April 2002-May 2018) data

are used with their recommended flag

applied.

Utilizing Total Water Level Envelope 

(TWLE) (Cipollini, 2013) parameter 

to compare aforementioned 

datasets, representing 

instantaneous sea level recorded 

on tide gauge.  

Data closer than 20 km from the 
coasts and 20 km from the tide 
gauges are selected. 
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Standard deviation of each dataset (called ‘noise level’) is being compared as a metric to assess

improvement in precision (similar with Nadzir, 2017; Passaro et al., 2018; Fenoglio et al., 2020)

‘Internal’ comparison among retrackers → STD of data (noise level)
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AL and XA ‘improves’ the noise level by ~69% compared to NM
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• Correlation coefficient w.r.t. TG used as a metric to assess each retracker’s performance (similar

with Nadzir, 2017; Fenoglio et al., 2020; Esselborn et al., 2022; Mangini et al., 2022 and Bruni et

al., unpublished)

• An experimental metric called CR-Index is proposed due to significant difference in data number

on each datasets.

‘External’ performance w.r.t. TG #1 – Correlation Coefficient
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AL and XA performs ‘better’ than NM almost on all distance band
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STD of differences between TWLE of altimetry and height recorded on TG is second metric to

gauge each dataset’s performance.

‘External’ performance w.r.t. TG #2 – STD of Difference
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AL and XA have worse STD of difference w.r.t NM 

(similar with result from Bruni et al., unpublished)

𝑆𝑇𝐷 𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡 =
𝑆𝑇𝐷1 − 𝑆𝑇𝐷2

𝑆𝑇𝐷1
𝑥 100%
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1. Dedicated coastal retracker is more precise: XA and AL data are more precise

compared with NM data on coastal zone (3-20 km)

2. More precise didn’t mean more accurate: Interestingly, NM data has better STD

of Difference compared to XA and AL.

3. Expand the study area to paint better picture: Additional tide gauge stations

need to be included to paint a better picture on precision and accuracy

comparison between NM, AL and XA dataset.

4. Add SAR datasets into the mix: Utilization of SAR dataset could add to the

dynamics of comparison between aforementioned dataset

Take home messages
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Thank You ☺
any questions? → please e-mail nadzir@uni-bonn.de

mailto:nadzir@uni-bonn.de
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• 40 TG stations are processed, in relation with 29 CORS 

Stations.

• Based on CI Index, Gap and Jump existence, number of 

years of available data, distance between TG and CORS 

station, and distribution on Indonesian seas, 8 stations 

are selected (SINGKIL, BELITUNG, PACITAN, MAMUJU, 

KARIMUN JAWA, PAINAN, PEMANGKAT and 

WAINGAPU).
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Spare Slide #1 → Going further on TG Selection
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Parameters X-TRACK/ALES (XA) ALES (AL) Nominal Data (NM)
SLA Given on the Data - Given on the Data

SSH - Given on the Data -

MSS
X-TRACK Mean Sea Surface (Birol, 

2017)
DTU15 Model (Andersen, et.al., 2016)

SSALTO DUACS Mean Profile (not 

provided by the model)

DAC
from MOG2D-G high freq (Carrere and 

Lyard, 2003) + inverse barometer
no DAC exist on the data

from TUGO (J1+J2)/MOG2D-G (J2+J3) 

high freq (Carrere and Lyard, 2003) + 

inverse barometer

Tides

from FES2014 (Carrere at. al., 2012) 

including ocean tide, long period 

equilibrium tide and S1 tide

from EOT11a (Savcenko and Bosch, 2011)

from Ocean Model FES 2014 

B [Carrère et al. 2016] + Internal Tide 

from ZARON 2019 (HRETv8.1 tidal 

frequencies: M2, K1, S2, O1)

STD 

Computation

      b    ​    s    s          y 

averaged 20hz location
Given on 'STD_ALT' Flag Computed from each nominal track
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In order to make the comparison between all three datasets empirically valid, one should 
harmonize the sea level height into one comparable parameter. For this case we use a 
parameter called TWLE (Total Water Level Envelope) that represents the ‘real’ water level 

on the coast → 𝑇𝑊𝐿𝐸 = 𝑆𝐿𝐴 + 𝐷𝐴𝐶 + 𝑇𝑖𝑑𝑎𝑙 𝑀𝑜𝑑𝑒𝑙 + 𝑀𝑆𝑆
Corrections model applied to the given SLA/SSH data is shown below. 

Spare Slide #2 → Deep into TWLE and Harmonization
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According to results further literature review, a check into TG and Altimetry data treatment was 
performed, listed below:

Spare Slide #3 → TG and Altimetry Data Treatment

Topic Nadzir, 2017 Fenoglio, 2020 Esselborn, 2022 Mangini, 2022
Bruni, 

unpublished)

TG Data 

Treatment

as-is 

(hourly and 

30-min data)

as-is 

(1-min data)

as-is

(1-min data)

monthly 

averaged-

detrended

monthly 

averaged-

detrended

Altimetry 

Data 

Treatment

20-km radius 

from TG

Overpass (5-10 

km radius), virtual 

pass (select 

nearest point) and 

gridding (0.25°)

1 virtual station 

nearest from TG 

station

20-km radius 

from TG

1 virtual station 

nearest grid point 

from TG station

Results presented make use of the as-is approach to TG Data and averaging observations on 1 hz reference points 

– every 7 km to Altimetry (XA, AL and NM) data in radius of 3 km
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Using data of 5 Tide Gauges, the time-series are harmonized and data inside every points are 
quantified in a list below.

Spare Slide #4 → Overview of TG and Altimetry Data Treatment - Harmonization

TG Name
TG Time 

Series Start

TG Time 

Series End

Number of 

Reference Points

Number of Points 

of NM Data

Number of Points 

of AL Data

Number of Points of 

XA Data

Pacitan 17 Jan 2018 25 May 2018 2 17 (100%) 12 (142%) 26 (217%)

Belitung 1 Jan 2015 29 May 2018 3 232 (100%) 318 (137%) 370 (159%)

Singkil 1 Jan 2012 27 May 2018 8 757 (100%) 1558 (210%) 1758 (232%)

Mamuju 1 Jan 2012 21 May 2018 2 123 (100%) 403 (328%) 465 (378%)

Pemangkat 1 Jan 2012 29 May 2018 5 1003 (100%) 1215 (121%) 1162 (116%)

Result shows that XA and AL data retained higher number of points on the coasts w.r.t the NM data (16% to 278

% and 21% to 227% more, respectively)
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Using several papers to identify the best approach to gauge the performance of each datasets statistically

Spare Slide#5 → Dive into Performance Indicators 

Performan

ce 

Indicators

Nadzir, 2017 Passaro, 2018 Fenoglio, 2020
Esselborn, 

2022
Mangini, 2022

Bruni, 

unpublished)

'Internal_V

erification'

STD_Improv

ement

Var_Improvem

ent

Noise level 

(STD of SLA)

Mean Position 

and Time Corr 

(unrelated)

Trend 

agreement_im

provement

- (no 

comparison)

'External_

Validation

Corr_Coef; 

RMS of 

Difference

-

(didn't use TG 

data)

STD of 

difference

Var_Explained

and RMS of 

Difference

Corr_Coeff; 

RMS of 

Difference

Corr_Coef; 

RMS of 

Difference: 

Linear Trend


