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Studying possible improvements of altimetry over
Chinese rivers

Science collaboration.
Very fruitful and dynamic interaction and collaboration and science progress.

DTU space providing satellite data to numerous partners and interaction.
Number of joint scientific publications and presentation.

Science achievements:
1. Updating the MWaPP retracker
2. Implementing Fully Focused SAR (FF-SAR) processing of Sentinel-3 data.
3. Studying ICESat-2 data

e ATLO3 and ATL13 data for river level determination
« ATLO3 data for inland water bathymetry

Work done by DTU Space for the EOForChina project
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1. Updating the MWaPP retracker
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 Originally proposed by DTU Space in Villadsen et al. (2016)
Finds the consistent peak in a series of waveforms retrieved over a waterbody to find the height that is common to the noisy
waveforms, which should represent the water surface. Proved to be very useful over water bodies suffering from noisy
waveforms.

» Improvements made by DTU Environment and DTU Space in Jiang et al. (2020)
Using a water mask (Global Surface Water Explorer occurrence value) to group waveforms over rivers
Using the the median waveform of the group to find the common peak instead of the mean waveform.

Journal of Hydrology 537 (2016) 234-247 Remote Sensing of Environment 237 (2020) 111546
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journal homepage: www.elsevier.com/locate/jhydrol

journal homepage: www.elsevier.com/locate/rse —_—

Improved inland water levels from SAR altimetry using novel empirical @ CrossMatk Evaluation of Sentinel-3 SRAL SAR altimetry over Chinese rivers )
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ARTICLE INFO ABSTRACT
ARTICLE INFO SUMMARY
Article history: Satellite altimetry has proven a valuable resource of information on river and lake levels where in situ Edited by Menghua Wang Satellite radar. altimetry observations Of. water .surface clevation (WS.E) have bgct_zme an m11?ortan.t data source t.o
Received 24 September 2015 i N L . Keywords: supplement river gauge records. Sentinel-3 is the first radar altimetry mission operating with a synthetic
ived 2 P data are sparse or non-existent. In this study several new methods for obtaining stable inland water . aperture radar (SAR) altimeter at global scale and with a new on-board tracking system (i.e, open-loop), which
Received in revised form 20 March 2016 levels from CryoSat-2 Synthetic Aperture Radar (SAR) altimetry are presented and evaluated. In addition, Water S"'fr“e clevation P! L 803 N R o 8 sy - open-oop),
Accepted 22 March 2016 . P . L N N Radar altimetry has great potential in terms of delivering reliable observations of inland water bodies for the next two decades
- . the possible benefits from combining physical and empirical retrackers are investigated. . P . N s . : .
Available online 29 March 2016 . % N . N : N Retracking (several future missions include an open-loop tracking mode). In this context, it is very important to investigate
Thi N : The retracking methods evaluated in this paper include the physical SAR Altimetry MOde Studies and N N A N ) N 3
is manuscript was handled by Tim R. - o N Sentinel-3 the data quality at an early stage. In this study, a comprehensive evaluation of Sentinel-3A (S3A) is conducted at
McVicar, Editor-in-Chief, with the assistance Applications (SAMOSA3) model, a traditional subwaveform threshold retracker, the proposed Multiple SAR 50 virtual stations (VS) located id £ri in Chi
of Nikolaus Callow, Associate Editor Waveform Persistent Peak (MWaPP) retracker, and a method combining the physical and empirical Open-loop virtual stations ocatec on a wide range of rivers In China. ) . )
retrackers. Using a physical SAR waveform retracker over inland water has not been attempted before OLTC The eva.luat.lon of Le":l 1 data shows that, over mountain rivers, a good prior surface elevation estimate
Kevwords: but shows great promise in this study. oncboard s vital 1o deliver useful dajasets using the $34 openloop tracking system. "The Open-Loop
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1. Updating the MWaPP retracker

i

The suggestions in Jiang et al. (2019) were tested at several
locations.

Median instead of mean: Not always the best, but in most cases.

Using a water mask to group all waveforms over a waterbody instead of using just
five waveforms can be an issue over large lakes with residual geoid signals or
wind effects, or for rivers running parallel to the track. l.e., in cases where we can't
expect the true elevation at nadir to be the same along the track.

All in all, as long as one takes the area into account — the suggestions in Jiang et
al. improved the retracker and the changes were implemented and the MWaPP+
retracker can be applied to all SAR waveforms.

24 February 2022 Work done by DTU Space for the EOForChina project
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2. Fully-Focused SAR processing
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& cls-obsnadir-dev / SMAP-FFSAR  Public ®Watch 3+ % Fork 4 % Star 5

<> Code © lIssues 11 Pull requests (® Actions 3 Projects 0 wiki @ Security |~ Insights

» Using the open source
SMAP FF-SAR processor
developed by

About

+ main ~ ¥ 1branch 0 tags Go to file

s67acbc on 28 May 2021 {0 3 commits

Standalone Multi-mission Altimetry

Amraoui Samira Addition of git website in the attributes products Processor Fully Focused SAR

24 February 2022

CLS/ESA/CNES.

idea Commit of SMAP v3.0 9 months ago M Readme
¥ 5 stars
__pycache__ Commit of SMAP v3.0 9 months ago
&® 3 watching
auxi Commit of SMAP v3.0 9 months ago % 4forks
L4 The user Can dete rmine the config Commit of SMAP v3.0 9 months ago
doc Commit of SMAP v3.0 9 months ago Releases
number of looks used to |
output Commit of SMAP v3.0 9 months ago No releases published
. .
derlve the Su rface helg ht shp Commit of SMAP v3.0 9 months ago
README.md Commit of SMAP v3.0 9 months ago Packages
cst.py Commit of SMAP v3.0 9 months ago No packages published

» Possible to increase the
along-track resolution down
to 50 cm.

DTU Space

(IR P e R A - A A i R A

ffsar_processing.py
I1b_processing.py
12_processing.py

launch_smap.py

Commit of SMAP v3.0

Commit of SMAP v3.0

Commit of SMAP v3.0

Commit of SMAP v3.0

9 months ago
9 months ago
9 months ago

9 months ago

main_l1b.py Addition of git website in the attributes products 9 months ago
main_I2.py Addition of git website in the attributes products 9 months ago
utils.py Commit of SMAP v3.0 9 months ago
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Conventional Altimeter
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Low Resolution Mode

Pulse limited footprint (circular)
1.5/ 5 km res. depending on SWH
Open burst operation

PRF ~ 2 kHz

Fully Focused SAR-

Delay-Doppler Altimeter

Image K. T
Raney, FPPIN Ve
JHU/APL, \
TGARS, L
1998 h
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«  Unfocused SAR processing

. ~300 m resolution Along-Track
. Pulse limited across-track

*  Closed Burst

« PRF~18KHz

Focused SAR Altimeter

sic

Fully Focused SAR processing

Coherent processing for ~2 seconds

Resolution Along-Track ~ 0.5 m

Pulse limited across-track
Closed Burst t
PRF ~ 18 KHz

24 February 2022 DTU Space
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2. Fully-Focused SAR processing
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Sentinel-3A, June 28th, 2018
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Presentation Notes
Eksempel på en lille å/flod i Polen, hvor FFSAR virker rigtig godt.
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= 2. Fully-Focused SAR processing
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Presentation Notes
Eksempel på en lille å/flod i Polen, hvor FFSAR virker rigtig godt. Det her er et zoom fra sidste slide.
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2. Fully-Focused SAR processing - Yangtze River

S3A SR_ 2 LAN__ 20211008T022607_. 20211008T031 635_ 20211102T235208 3028 077_1

I
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Presentation Notes
Eksempel på Sentinel-3a track der krydser Yangtze nær Wuhan, hvor Peter tidligere har kigget på elendige resultater fra Sentinel-3 SAR data. 
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2. Fully-Focused SAR processing - Yellow River

Area with a lot of specular targets and topography within
the footprint.

Angle of track wrt. river is important!

WSE from track 175 are too high compared to the in situ.

— in-situ
— $3A 295
1503 F h
E
§ 1502}
§ L | ||
QU
< 1501} ‘
@
l. |
-5,-‘ 1500 } -5 N 1| 1 |
g 1499 ’ W l Ji \ A\
s ‘g. "" 0 : : “,
1498 } N ’ {
o dd | From Jun Liu, DTU Environment
2016 2017 2018 2019 2020 2021
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Presentation Notes
Det her er et sted, hvor Jun Liu fra DTU Miljø kiggede på Sentinel-3 data fra tracks 175 og 295 (se tidsserier) hvor højderne var helt ved siden af – især om sommeren for track 175. Jeg lovede at kigge på det her sted. Jeg har set på flere overflights af det her spor, og umiddelbart ser det ikke kønt ud. Men måske en hel tidsserie bedre kan vise det. Hans problem var, at 20 Hz data generelt overestimerede niveauet i floden om sommeren.
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= 2. Fully-Focused SAR processing - Yellow River

Track 175: August 31 2020
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Presentation Notes
Jeg har set på flere overflights af det her spor, og umiddelbart ser det ikke kønt ud. Men måske en hel tidsserie bedre kan vise om det giver et bedre WSE estimat..  
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3. Studying new possibilities with ICESat-2

« |CESat-2 data have been investigated for several purposes
— Obtaining precise and accurate water levels
— Retrieving information about the river banks

— The possibility of capturing bathymetry signals
3.3 km

About ICESat-2:

Laser altimeter

Tracks

6 beams —)l €—90 m

Repeat period of 90 days

Is able to determine the point of reflection for
every single photon with a very high precision!

24 February 2022 ace Work done by DTU Space for the EOForChina project
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3. New possibilities with ICESat-2

In general, ICESat-2 data are very precise.

However, elevation estimates are only availble under cloud free
conditions, which make single VS time series even more sparse.

These data are from the photon data product (ATL03), but the inland
water product ATL13 is sufficient almost all cases, and is
computationally easier to handle.

Track: ATL0O3_20191110131734_06820502_002_01.h5
Beam: gt3I

a0 T 321
. e All data
E 85 » Removed outliers -
'-; . ¢ Data used for standard deviation 32.095
8 80 -
o | 8 32.09 |
8 | 5 32.085 \
et 70 I — =T .
< : o e & ‘ o 8
= BO T v el 20T M TR et SRl de : P : e Alldata :

s 5 ' @ Stretch used for standard deviation
60 — ‘ — ‘ — ‘ 32.075 S ——
32.078 32.08 32.082 32.084 32.086 32.088 32.09 111.77 111.78 111.79 111.8 111.81 111.82 111.83 111.84

Latitude Longitude
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Presentation Notes
Eksempel er fra Han River, vest for Xiangyang, Hubei
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3. New possibilities with ICESat-2

Track: ATL03_20191022150753_03930502_002_01.h5
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3. New possibilities with ICESat-2

ATL03_20181119194615_07970106_001_01.h5
o N g = FE

ICESat-2 can also detect photons reflected
beneath the water surface.

Latitude

The laser can reach a depth of down to 40 m
under ideal conditions.

River bathymetry was not found for any of the
studied rivers, but lake bathymetry was found for
Lake Namco.

- s L - s : e " . N > 0%
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Conclusions / outlook

i

« Obtaining accurate river levels from satellite radar altimetry in Chinese rivers is
challenging due to the size of the altimeter footprint and the high number of scatterers.

« Remains difficult when using MWaPP in SAR mode, and even when using FFSAR
« Combining FF-SAR processing with MWaPP retracker should be attempted?

» Laser data from ICESat-2 is able to provide reliable river levels in the most challenging
areas but limitation due to cloud cover.

« S3 A/B and S6 NRT data is now available (S6 higher temporal and along track res).

» Surface Water and Ocean Topography (SWOT mission) will be launched in late 2022.

24 February 2022 Work done by DTU Space for the EOForChina project
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