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* Project objectives

* Main test sites in China & Europe

* Copernicus Sentinels, ESA, Chinese and ESA Third Party Mission data
* In-situ measurements plan

* Working Packages & Time schedule

* Expected results

® Contribution and training of young scientists

* Preliminary study results
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* Develop approaches to characterize salt lakes and its surrounding
environments

* Based on optical (multi/Hyper spectral) and microwave data
(polarimetry) and techniques

=> the segmentation of salt lake areas,
=> the classification of the salt crystals states in salt water fields,
=> dynamic maps of salt lakes across years.

* Closely related to the ecology of salt lake area,

and the salt production of different kinds.

Key Project Funded 2024-2028 (No. 62331026)
\_ = H‘ 5.%5&&3:5&%%: “Information acquisition and processing of salt
lake resource using Polarimetric SAR” (Prof. Wen
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»» The Salt Lake region is rich in mineral resources

Salt Lake Strategic Resources

- Main Resource Reserves of Qinghai

Ensuring 323442, Salt Lake, China ‘This concerns
. The potential economic national
natlonal,fOOd 72744 value is 16.7 trillion yuan ! it
security energy security
871, 4875 172573

Sodium M i Potassium Lithi B s Jo_ _ s .
Agfesiii Totassium Lithium —Boron General Secretary Xi Jinping pointed out the need to

accelerate the construction of a world-class salt lake

The supply of potash in China has long been The new energy vehicle and energy storage
dependent on imports market is developing rapidly, and the demand for Forms of resources:
1500 lithium resources is surging. salt lake brine A “nﬁf_‘ SitonsteBiivalit
0 Potash consumptionin lthum pyroxene ek
1400 Chlna ln 2019 llthlum mica .
1200
1000 700 800
800 glass-
600 ceramics
400 >
200
o i Import
Natlon.al p Total
production volume
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Salt Lake has resources in many forms.
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Main test sites

Salins de Giraud and Aigues-Mortes
Camargue, France

'.}' »

Salines de la Trinita,
Ebro Delta, Spain




Salt origin.

Chinese test site: Qarhansaltlake ~“ 4 oesa
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Qarhan salt lake geographical elements : Qarhan salt lake

Qarhan salt lake, largest of many saltwater lakes
Elevation of 2,675 m above sea level

Lake depth, 1,7m max

Mean annual temperature of 0.1 °C

Qaidam's hyperarid climate: generally only 28—
40 mm of annual rainfall

3,000 mm of annual evaporation

Water extent very variable inter and intra year

Water springs: waters carry far greater
concentrations of solutes and are important to the
chemical composition of the lake

Geological beds: halite (common salt) extend at
least 40 m and abundance of carnallite
(potassium magnesium chloride) and magnesium
sulfate .

Mineral suite: sodium chloride, potassium,
bromine, halite, gypsum, and magnesium chloride

QingHai Salt Lake Industry Co.,Ltd.

=>China’s largest potassium production industry !che(!:tﬁ.d in' Gol;nuﬁ ]?itg,l.Qinghdai Ptrgvlince;j - S
=> + Potassium, magnesium and Lithium porduction 1S hina’s potash Tertitizer InAUstriat proauction base
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Typical production procedure in Qarhan Salt Lake
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Sentinel 1 22-05-2017
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Chinese test site: Qarhan saltlake "~ = 7
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European test sites: Spain & France
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Salin de Giraud (6 000 ha) extraction Salines de la Trinitat
from sea water of chlorure de 1000ha

sodium (340 000 t/an) for road

_ ) salt evaporation pond 20,000 tons of a highly-prized
network, industrial uses

variety of salt sold by top gastronomic and speciality

: stores.
Aigues-Mortes(10 000 ha) more

geared to the production of food
salt (450 000 t/an).
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Salins d’Aigues-Mortes

2023-03- iRt IR 2023-03-

Sentinel 1 Data




European test sites: Spain & France = - i @esa

M tkm 1 2023-03-03 2023-03-01

e SalinS'd’Aigues-*M'or_t.es Les Salines de la Trinitat
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Temporal variations of water extent and water color
Sentinel 2 Data
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Chinese Mission data

e Gaofen-3

@Qarhan

8m res
C-band
2020.8.26
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Chinese Mission data

e Gaofen-1D
@Qarhan
2m res

multispectral
2023.10.2
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Data access (list all missions and issues if any). NB. in the tables please insert cumulative figures (since June 2024) for no. of scenes
of high bit rate data (e.g. S1 100 scenes). If data delivery is low bit rate by ftp, insert “ftp”

ESA /Copernicus Missions ESA Third Party Missions Chinese EO data

1.Sentinel 1 SAR 400 1.SAOCOM SAR Band L Full Pol 20 1. GAOFEN 1 Optical 20
2.Sentinel 2 Optical 400 2.CSK2d Gen. Band X Quad Pol 20 2. GAOFEN 3 SAR 20
3. 3.NovaSAR-1 Band S dual/triple Pol 20 3.Jilin 1 HR Optical + Hyp 02 20
4.Biomass (2025) thd 4 Paz Band X 6 4.GAOFEN 5 Hyperspectral AHSI 20
5. 5 Radarsat 2 Quad Pol 10 5.LT1SARBand L 20
6. 6 NISAR, L +S band, 2025 tbc 6.
Total: 7.Pleiades & Pleiades NEO 6 Total:
Issues: 8. WV 3, VHR 8 bands including SWIR 6 Issues:

Total:

Issues:
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@ Qarhan Salt Lake Future Plans

In July 2024&June 2025, on-site research When the satellite passes through, implement UAV
work on salt lakes was carried out (salt experiment campaign for extensive data acquisition with
field type and states, crust roughness etc.). optical & miniSAR simultaneously.

On site ground truth measurements are obtained, including
————— parameters such as temperature, wind direction, crystal states
and other salt indicators.

|

i
Sittel
1

[¥: 94.826450°E
[: 37.007327T°N
T A o TR T
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Working Packages
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Working Package 1

v To establish the feature mapping
of polarimetric data and terrain
types;

v' Develop water segmentation and
fine classification methods
based on the physical scattering

scattering mechanism of salt lake

Working Package 2

v’ To analyze the reflectivity and
absorption characteristics of
different wavelength bands;

v To obtain the physical and
chemical information of the salt
lake water body and the
environment:

=

Saltlake

® o L
» o @
> PR
Carnallite field

the reflectivity and absorption characteristics

~
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v’ To fuse the mapping results of

joint

microwave

and optical

satellite remote sensing data;

v A synergistic use of multi-source
EO sensors will be developed in
order to accurately monitor the
temporal evolution of salt lakes;

(a) Qarhan Salt Lake

(e) Qarhan Salt Lake

2018
2020
2022

the temporal evolution of salt lakes

To explore the microwave and optical fusion theory and methods with the Sentinel, GF and LT series data
sets in the test sites in China (Qarhan) and Europe (France & Spain).

22/p2




Time Schedule
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First Phase of the project (2024-2026) Second Phase of the project (2026-2028)

v’ Establish the feature mapping of polarimetric data

and terrain types, and develop water segmentation v' The second phase of the project will focus on the
and fine classification methods. Working Package 3:

v" Obtain the physical and chemical information of the v’ Study on the fusion of the mapping and classification
salt lake water body and the surrounding results of joint microwave and optical satellite
environment from multispectral and hyperspectral remote sensing data.
data. v Report the results to final symposium.

v’ Validate and test the different methodologies
described in the proposed Work Packages.
v' Report the results to mid-term symposium.

§ 2024-2026:
. Working Package 1
. Working Package 2
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Research reports

Research reports on segmentation of
salt lake areas, the classification of N

the salt crystals states in different
salt water fields and the dynamic
maps of salt lakes across years, in
the annual DRAGON symposium and

related international
conferences/workshops.

» Exchange of young scientists
between Chinese and European
institutions;

» Posters of young scientists on the
Dragon symposiums;

» Training of young and confirmed
scientists through international
tutorials.

Joint publications

Joint Chinese-European papers in
international journals concerning the
techniques and concepts developed
in the project.

24/52
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mm Poster title Contribution including period of research

Danae FELDIS ICUBE SERTIT Remote Sensing of Salt Lakes from Database set up
France Space: study of Aigues Mortes Sentinel 2 analysis
salted field (South France) Hyperspectral data search
Yibo Zhang BUCT, China A Classification Method for the Salt Lake Area Classification Based on

Sediment Thickness of Salt Ponds  Multi source Remote Sensing Data
based on Sentinel-2 Data

Minghan Huang BUCT, China Time-series Detection of Water Salt Lake Water Level and Water Volume
Depth in Darbeson Salt Lake Based Estimation
on Joint Multisepctral Data and

Lidar Data
Fabin Dong AIRCAS, China N/A Salt Crust Classification of Salt Lake Based
on Polarimetric Feature
Yi Liu BUCT, China N/A Self-Supervised Multimodal Learning

Framework for Salt Lake Mapping

25/52
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OPTICAL REMOTE SENSING OF SALT LAKES FROM SPACE: CASE
Sertit STUDY OF AIGUESMORTES SALTED FIELD (SOUTH FRA| )
‘\ sicvs Danaé Feldis!, Maxime Azzonfi, Qiang Yin® & Hervé Yésou!
*ICUBE SERTIT, University of Strasbourg , Pole APIbv Sébastien Erant, BP 10413, 67412likirch Graffestaden, France

2 Beijing university of chemical technology, Beijing PR Chinois
& d feldis@unistra fr

Abstract

Saltlake are acologically and culturaly significant. their remate locations and rapid seazonal changes makes them hard to monitor with fisld methad alone This study
explones the use of optical satellite data to track sak crust information, surface modsture, and wegetation dynamics. Focusing on selected parcels in the Salin d'Aigues-
Mortes across 2023, we used spectral analysis and indices to detect seasonal patterns. SWWIR bands proved critical for detecting water content and distinguishing between
dry, wet and algae-covered surfaces. The combination of spectral indices, band-level reflectance and time-series analysis provides a robust approach to understanding

mm: cor o o o Please have a look on the
poster of Danae FELDIS,

Salt-lake information is Emporant in ecological protection, watsr resource

i closely related to the ecology of saltlake area, and the sakt production of 4 . .
different kinds (for industry, alimentstion, and alsc in terms of rare earth element's = 3
exploitation).

Objectives

= Devwelop approaches to characterize salt [akes and s surrounding environments, wsing
optical and techniques,

= The segmentstion of salt-lake areas, the classification of the salt crystals states in
different salted water fiekds,

= Establishthe dynamic maps of salt lskes scross years.

4 studies sites :

NCE: Balin-de-Girawd and Salin d'Aigues-Mortes
H: Salines de ka Trinitat, the Elbro Delta

= CHINA: the Qarhan Salt Lake

.

S SentinekZ L2A images, acguired between January and Movember 2023 wers
processed.

Index
NOSI [Marm
Differance Sal

zad
ity

» A parcel datsset of the =3kpans was refriewed, corected and completed, resulting in a
total of 187 parcels. From these, 7 parcels (including one reserveir) wers selected for
preliminary analysis.

v Several szfniny-related spectral indices from literature wers tested in order to 35225 their
ability to characterize saline conditions and monitor their evolution over time.

At

Asknowlsdgament: rct art of the Dragen-§ coopamtion P
ackrowindgn thi Sppert and coordnatian provises by this Dragen O

* Between March and November 2023, reflectance spectra show typical
vegetation signals (3., algas), with NIR peaks from May to July.

» March shows flat reflectance in the visible range, suggesting water
presence.

* Persistently low SWIR reflectance (1.81 - 218 pm) throughout the
period indicates ongoing fres water on the parcels

* Temporal evelution of indices

= MOV paaks in May (0.18 - [.28) reflect maximum moisture and growth,
wihile NDE| dips, indicating reduced salinity.
= March and September show anomalies, possibly from eary growth,
inrigation or halophytes.
= VWhile July and winter months mark dry, saline conditions with high NDEI
and lowr NDWIL
= Spatially, parcels like 88 fluctuating, supgesting, localized management
or variability.

AN, m

= Spectral & Temporal Trends

MIR peaks indicate algae growth, SWIR & MIR remain low persistent
dryness.

= Salt crust spectral behavior

Diry salt. high reflectance wetidry salt, lower reflectance (= g, SWIR).

= MNDWI & ND5l insights

Low NDWI and high NDSI = dry or s3line zone

Seasonal and spatial trends revels salinity stress.

“onclusion and future work

» These initial results highlight clear seasonal trends Enked to algas and

salinity through drying parcels. However, water color, chemical
composition, surface crystals and grain size may alse influence
reflectance.
Perspectives : collecting fizld data and hyperspectral imagery Prisma,
EnMsp and if possible Gaofen 5-01A-ASHI te gain 2 comprehensive
understanding of the salt flats sudace conditions (salt chemistry
compasition...) and dynamics.

DRAGON YS

1 and the Ministry of Scence and Technolog | China. Tha authars
ket Por grantng Dragon 95458 ywiung 50 »

Thanks ESA for its support
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A CLASSIFICATION METHOD FOR THE SEDIMENT THICKNESS OF
SALT PONDS BASED ON SENTINEL-2 DATA

YiBo Zhang', Qiang Yin'',Fei Ma' Wen Hong?2,
College of Information Science and Technology,Beijing University of Chemical Technology, Beijing, PR. China 100029_
e Information Research Institute Chinese Academy of Sciences, Beijing, P.R. China 100029 .
ying@buct.edu.cn

[ B s O s O o 8

£ ABSTRACT

Qarhan Salt
Lake, Qinghai [
Province, China

Sentinel-2B MSI
10 m {for RGB
and NIR bands)

Acquisition &

-
F

06217 07914 06365 0.6261

FReshetls

ine frgete
R 06789 06520 08991 (.8905

. wme-1s (8642 D.B351 DBTTZ  DLESD1

e Brpet+
e D831 0BSTS 09127 0.8012

+ CONCLUSIONS

Based on field investigations and
expert evaluation in the domain, the
proposed method achieved
satisfactory classification results for
 sediment thickness in carnallite ponds.

ESA-MOST Dragon Cooperation
2025 Dragon Symposium
Projegt ID: 95458  Poster ID: 216

PR + THE EURIPEAN SPACE AGENCY

TIME-SERIES DETECTION OF WATER DEPTH IN DARBESON SALT LAKE
BASED ON JOINT MULTISEPCTRAL DATA AND LIDAR DATA

mmwmnﬁ SUN, FEI MA, QIANG YIN*
COLLEGE OF INFORMATION SCIENCE Al EIJING UNIVERSITY OF CHEMICAL TECHNOLOGY, BEWING 100029, P.R. CHINA
ying@buct.edu.cn

Given the complementary strengths of multispectral imaging
(broad coverage) and LIDAR (high precision), we integrate
Landsat and ICESat-2 datasets to overcome single-source
limitations.

A multilayer perceptron architecture is designed to synergize
spectral reflectance features with LiDAR-derived bathymetry,

establishing a robust nonlinear mapping for water depth estimation.

Focusing on Dabuxun Lake, the largest water body within the
Qarhan Salt Lake region, the developed model achieves =85%
terporil accuracy.

METHODS

1. MLP neural network model architecture

2. Matching multi-source remote sensing data from Landsat® and
ICESar-2

3. Iterative training using Optuna hyperparameter optimization to
select the optimal hyperparameter combination for training the
madel

$§ ICESat-2 data
Landsat 8
data

*  Network structure: Multiple predefined
network architectures U
Learning rate: 0.001~0.1 Wpe[pa_mn_\emr
Number of training rounds: 500~1500 optimization
Activation functions: ~?Rll.ks\gl'ﬂmd, tanh,
S

Data Merge
matching data sats

Optimizers: Adam, SGD, RMS

Input : Seven bands of .
Landsat & images

Target variable: ICESat-2
water depth data

|

Compared with tional
classification networks, the model | Output © water depth |
tieity to 3

linear targets, aligning well with the
operational patterns of salt pond
mining. 3

DATASETS

R * Seven bands of Landsat &
Images
+ ICESat-2 ATL13 product
+ Darbeson salt lake

1. The inversion accuracy can reach over 85% on the test set, even
reach 90%.
2. As the number of Optuna iterations increases, R” can increase toa
certain extent, and B3E ¥an decrease to a certain extent.
Number of

Ontuna

itefufighd |

s00 | 0882068 0.022640

1000 | 0897919 _ Do19seT

000 | 0901986 D.O0IS8I6 |
Wistogran of Resicusis

R2 MSE

Residisl Plot

Fraquney
g 8 &

om am 1w Lm |
Fredicted Valom

0 65 00 05 10
Pasiduals

CONCLUSIONS

* By fusing Landsat 8 multispectral imagery with ICESat-2 LIDAR
measurements, our MLP-based hybrid model achieved =85% depth
retrigval accuracy, demonstrating the effectiveness of optical-LiDAR
synergy for hydrological monitoring.

‘This approach leverages Landsat 8's broad coverage and ICESat-2's
vertical precision to ional data sparsity, optimizi
spatiotemporal resolution.

‘While Optuna-driven hyperparameter tuni ved model
perfortfaide{#° and MSE), plateauing eﬁ%mled inherent
framework limitations.

MAJOR REFERENCES

[11 RUMELHART D E, HINTON G E, WILLIAMS R I. Leaming representations
by hack-propagating erross [J]. Nature, 1986, 323(6088): 533-6.

[2] MARKUS T, NEUMANN T. MARTING A, etal. The Ice, Cloud, and land
Elevation Satellite-2 (ICESat-2): Science requirements, cancept, and
implementation [J]. Remote Sensing of Environment, 2017, 190: 260-73.

Please have a look on the
poster of Yibo Zhang &
Minghan Huang,
DRAGON YS

Thanks ESA for its support
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Mineral forms

Salted crust: spectraly complex material absorb more
= Salt chemical composition . SY\.”R i
identification

incipal I I " spectroscopy /
Principal composant Formula Spectral type Remarks hyperspectral
Sodium chloride NaCl High reflectance Very common, very brig

everywhere
Sodium Sulfate Na,SOq4 Less reflecting More complex spectrum,
absorption peaks

Gypsum CaSoO, More variable SWIR Commission with dry salt

reflectance

Carbonates Various Various spectral answers

Depending of granulometry
and cristallins shape

= Contaminants or coatings:
= Dust, algae and sediment can alter reflectance
= Natural salts: a mixture of minerals: mud, clay, gypsum, halite, etc.
= Composite spectrum (confused with other materials)

28/52
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crust status Visible NIR SWIR Commentaires

Dry fine crystals Very high High High White saltuniform brilance

Wet crust (after rain fall) Medium Low Very low Water absorbs the signal

Aged crust (coarse grains) High Moyen Medium to high Less diffusion, more internal
reflection

Dirty crust (dust/algae) Low to medium Low Low Modified spectrum, could be

similar to bare soil

J. Farifteh et al. (2007). Quantitative analysis of salt-affected soil reflectance spectra : a comparison of two aaptative methods (PLSR and ANN)
J. Farifteh et al. (2008). Spectral characteristics of salt-affected soils : a laboratory experiment

S.Nawar et al. (2024). Modeling and Mapping of Soil Salinity with Reflectance Spectroscopy and Landsat Data Using Two Quantitative Methods (PLSR and
MARS)

J.M. Nield et al. (2015). The dynamism of salt crust patterns on playas

29/52
L.G.M. Pessoa et al. (2015). Spectral Reflectance Characteristics of Laboratory-Grown Salt Crusts on Silty Clay and Sandy Soils.



Sentinel2 exploitation
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Bandes Sentinel-2

B2B3B4B5 = B8

B11l

950 nm

Salt spectral behaviors versus S2 bands

1.04 (R -
1 1450 m
0.9 ¢ 950 sun l 1950 nm Index Formula
0.8 ] B \’\J:/ NDSI (Normalized (1) (B11-B8)/(B11+B8)
: | Difference Salinity (2) (B4-B8)/(B4+B8)
0.7 ': \ 750 nm |ndex)
, 06+ -4 ol N NDWI (Normalized (B8-B11)(B8+B11)
= 0.5} | } Difference Water
3 ] \ Index)
S 0.44 '-'-*”“"1\. Sl (Salinity Index) (B4+B11)/2
= 1 N BI (Brightness Index) Sqrt(B4*B4+B8*B5)
0.3 4 _
|| .2H_O 150 mn
0.2 4 _ d
0.1+ Sentinel2 indices

30/52



® €
Lt eSa

TEETEATRSD  THE EUROPEAN SPACE AGENCY

Salins d Aigues Mortes

b

L P % if’“,

jf:;.-*_ : : : A‘iles—Morf "‘l'.q »

¥ o leEevdnls
-,__ o & " t::.

) 'S

k ™
.
)( "



04012023  15/03/2023

13/07/2023 17/09/2023 1 5/1 1/2023




LN . N 9 NVa ~-
04/01/2023 15/03/2023

13/07/2023 17/09/2023 15/11/2023



Temporal trends at parcels’ scale

PERFEARIERD L
ChevaScianc s Tas gy Exchange Contrr

esa

2 THE EUROPEAN SPACE AGENCY

Evolution of spectral signatures on parcel 10

0.45 I/' Date
0.40 —8— 04-01-2023
—o— 15-03-2023
0.35 —e— 24-05-2023
Y 030 e 13-07-2023
=g —o— 14-09-2023
E“S —e— 15112023
€020
0.15
0.10
0.05 — —— :
m o (=] nunuo m M o o
¥ © COoOT W TO = s
4% N ORm S @® © =
(== o OO0 O OO - ~

Wavelengths (um)

=  Spectral & Temporal Trends
NIR peaks indicate algae growth, SWIR & NIR remain
low persistent dryness.

Evolution du NDWI selon les dates par parcelle

Dates
—8— 04-01-2023
#— 15-03-2023
—8— 24-05-2023
—8— 13-07-2023
—e— 14-09-2023
—o— 15-11-2023

05

0.4

NDWI

0.3

0.2

01

= NDW!I & NDSI insights
Low NDWI and high NDSI = dry or saline zone.

Seasonal and spatial trends revels salinity stress.

Evolution of spectral signatures on parcel 64

Reflectance
=1
N
v

Date
—o— 04-01-2023
—8—- 15-03-2023
—o— 24-05-2023
- 13-07-2023
—— 14-09-2023
—o— 15-11-2023

0.20

0.15

0.10 o

0.05 . e ‘ :
m o o nuno m cn o o
T 0 o 0o o TO ~ (=]
ST 0 9RR~ o9 ° =
oo o o000 O OO - o~

Wavelengths (um)

= Salt crust spectral behavior
Dry salt, high
reflectance (e.g., SWIR).

Evolution du NDSI-2 selon les dates par parcelle

reflectance wet/dry

salt, lower

0.4

o
g
Z 92
Dates
0.1+ —o— 04-01-2023
~®— 15-03-2023
~8— 24-05-2023
—o— 13-07-2023
—o— 14-09-2023
0.0 —— 15-11-2023

10 29 ESl 64 7 88
1D des parcelles

98
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Next steps - hyperspectral approach

EO Orders status

Order ID Creation date Status Proc. Name Product Start time Product Stop time

Production Start time Production Stop time
extref_108940 2025-06-12 10:47.:57 COMPLETED L2c 2021-03-28 10:44:30 2021-03-28 10:44:34 2025-06-12 10:48:08 2025-06-12 11:24:09
extref_108918 2025-06-12 07:20:28 COMPLETED L1A EO 2023-02-10 10:41:27 2023-02-10 10:41:31 2025-06-12 07:20:33 2025-06-12 07:25:31
extref_108917 2025-06-12 07:20:26 COMPLETED L1_A_EO 2023-09-19 10:51:15 2023-09-19 10:51:20 2025-06-12 07:20:31 2025-06-12 07:25:37
extref_108916 2025-06-12 07:18:24 COMPLETED L1_A_EO 2023-02-10 10:41:27 2023-02-10 10:41:31 2025-06-12 07:18:30 2025-06-12 07:23:10
extref_108915 2025-06-12 07:18:22 COMPLETED L1_A_EOQ 2023-09-19 10:51:15 2023-09-19 10:51:20 2025-06-12 07.18:26 2025-06-12 07:23:31

i Refresh List

Y
2025 06-12 13:03:44Z Lat: 43°36'12"N Lon: 003°32'44"E Q !E‘

Access to new acquisition over the test sites for EnMap and Prisma.

Request to salt manufacturies of field data

Request access to Chine hyperspectral data
4.Goafen 5 Hyperspectral AHSI
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Overview of Chinese YSs research

TEETEATRSD > THE EUROPEAN SPACE AGENCY

* Salt Lake/Field Classification —>
SAR+Optical

* Salt Crust Classification —
SAR

®* Sediment Thickness Classification #
Optical

* Salt Lake Mapping —>
SAR+Optical

Multi-temporal PolSAR and Spectral Features for Classification

in Salt Lake Region

Salt Crust Classification of Salt Lake Based on Polarimetric

Feature

Classification for the Sediment Thickness of Salt Ponds Based

on Sentinel-2 Data

Salt Lake RS Foundation Model

37/52
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Time Correlation Entropy: A Novel Multitemporal PolISAR Feature and Its Application in
Salt Lake Classification.

> A new multi-temporal polarization feature, time correlation entropy, is proposed, which can distinguish
between salt lakes and salt fields using cumulative changes in land covers

Pixel
points
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Polarization covariance matrix Principal polarization eigenvalue

e |

Sentinel-1 data

Pre-
processing

_ 7N -
R};,rz (R}'],T: (A RI; Ty
R, R, - R
____________ - _ _
: Orthogonal diagonalization | Q= e ) 0 ) ) LTy
_ | O=VIy! : =
SR | I=diag(Ad,A0dy) | R,z R o Rpg, |
b i i i i
‘F,__\_ ™ T T T | Time correlation matrix
H ->» P -lo. P | |
Pl}{el |\ LF ; (%) g"![ (Ji)]ﬁ ______________ |
o o o o o o o o o e e e e - .
Result points I_ Time correlation entropy _!
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Time Correlation Entropy: A Novel Multitemporal PolISAR Feature and Its Application in
Salt Lake Classification.

o T L L -
» Classification method based on interval estimation of probability distribution parameters

Estimating the Normal Distribution Interval for each category

i

" Fitting " L

3-(n-1)S2,
X (n=1)

= S
’Xlake + j%e tl—a/z (n _1)+

X’ _ Slake tlfa/z (l’l _ 1)

3~(n—1)S,fkeJ
lake \/; 2 N\

Zi/z (n _1)

PhSéﬂt Lél.ke'Regiorll\ ﬂ

o
000 002 004 006 00 Gl 042

3(n-1)S2, _ S,
ma)(ﬁeld +%tl—a/2 (”_1)+

3-(n—1)Si,dJ

Xap (n=1)

v S e
(Xﬁeld _%tl—aﬁ (” - 1) -

Salt Field egion |

™" W 0°E W' 400°E e E 9" 0'0°E 9" 100°E 9 WOE g e SO G - —— 65" 30" E

MO E W A0 0°E o 95 007 E 9" 100°E

Classification results

m

85.2% 86.6%

I
|
1
I
I
|
1
I
I
|
1
I
I
|
: £ . " S R TN N s SR . | [
I
|
1
I
I
|
1
I
I
|
1
I
I
|
1

F. Zhang, F. Meng, F. Ma, Q. Yin and Y. Zhou, "Time Correlation Entropy: A Novel Multitemporal PoISAR Feature and Its Application in Salt Lake 39/5
Classification," in /[EEE Transactions on Geoscience and Remote Sensing, vol. 62, pp. 1-14, 2024, Art no. 4506814, doi: 10.1109/TGRS.2024.3404598.
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» Study area: Qarhan Salt Lake, Yiliping Salt Lake,
Taijnar Salt Lake and Gasikule Salt Lake;

» Experimental data: Sentinel-1 data and Landsat 8-9
for easy access and short re-entry.

PoISAR data Multi-spectral data
Study area

. Acquisition dates . Acquisition dates
Satellite (YY/MM/DD) Satellite (YY/MM/DD)
2022/01/20;
2022/02/13;
2022/03/21;
2022/04/14;
2022/05/08;
2022/06/13.
2023/01/25;
Yiliping Sentinel-1A 2023/02/18; Landsat-9 2023/01/01
2023/03/26;
2023/04/19;
Taijnar Sentinel-1A 2023/05/25; Landsat-9 2023/08/06
2023/06/18.
2023/03/20;
2023/04/25;
2023/05/19;
2023/06/24.

Qarhan Sentinel-1A Landsat-8 2022/07/19

3 ‘, u

(c) Taijnar Salt Lake

‘Area (km?):
P 100~200
@ 200~300
© 300~400

Gasikule Sentinel-1A Landsat-8 2023/07/26

4,000 n
Km
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Fusion multi-temporal PolSAR and spectral features for classification in sal@iuimitdasitata

salt ion concentrations

it di i Polarit®etric-Optics
Entropy makes it difficult to ) " Introduction of olariffetric-Opti

distinguish between sodium » Salt Dynamics Feature

I |
=
=
-
-
=
=
<
+
=
=
@

spectral features band
salt pools and salt lakes. P (POSD)
method +*-------------------- " —--—---—---—------ solve

; o) ( )Normalzzat)ion The scattering mechanism entropy obeys normal distributions; the spectral

i, i,j i,j . . . . . . 1
! POSD: DY =aH " +yB features can be represented by Gaussian mixture distributions with two
! . I
| Entropy Blue band Gaussian components. (Zhang et al., 2012) |

Derive
I I
: X denotes the random variable of the entropy Y denotes the random variable of the blue band 7 denotes the random variable of POSD :
| 1 (x _ ,u)z o ( Rt Y 1
1 x)= exp| — , _ | W H ) @, _ (v-u) _ I
1 I ( ) 2no p|: 20° £ () 27o, exp{ 207 }r 7o, exp{ 20; | Z=0x+ 7/y 1
I I
#Derive
Mo m T T T T T T T T T T T T T T T T T T T T T T T T T e e T T T S T T T T T T T T T T T T T T T T T T T T T T S S s s s s 7
: Definition of the cumulative distribution function Definition of probability density function Probability distribution of POSD: Gaussian mixture distribution :
I _ _ 2 _ _ 2
1y ) ~ o, (2= = ) ©,n (2= = W)
I F =Plax+ < =P x<{—z—-*+ f(z)_ > 2 ) eXp[ 2 2 2 2 + ) > oXP 2 2 2 2 !
: (Z) ( 7 Z) ( az ay f(Z):F'(Z):lJ.erfmxi(y)fpol [lz—lyjdy \/EVO-""’Q 7 O 2(01,0,0: Ty J’”m) \/EVO-P”’Q *Y Oz 2(01,0,0: 7 U’”“'Z) :
+0 Lz, +00 1 Y a~ @ @ 2 (z-m )2 @, (z-u )2
: = J-—oo fmsi (y)J.—Zo “ pol (x) dXdy = .[—w fmxi (y pol (;Z _Eyj dy = \/EO'I eXp|:_ 2612 + \/EG2 exXp| — 2622 :
o e e e e e e e e o |
F. Zhang, F. Meng, F. Ma, Q. Yin and Y. Zhou, “Time Series PoISAR and Multispectral Fusion for Enhanced Hypersaline Water Body Classification,” 41/52

in IEEE Transactions on Geoscience and Remote Sensing,, doi: 10.1109/TGRS.2025.3588891. (EARLY ACCESS)
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Fusion multi-temporal PolSAR and spectral features for classification in salt lake region

.

- Taijnar Salt Lake Gaiule Salt Lake __

Rl

88.76 9548  92.00 9400 8539 8949 9091  81.52
TSCA 63.70  98.68 7742 96.60 3995  56.53 7028  39.37
STMA 84.19 9998 9141 9997 7732 8720 89.72  78.85
CNNM 72.80  99.97 8425 9995 5488  70.85 7955  57.07

7325 9999 8456 99.99 5589  71.70  80.02  58.09

Salt lake Salt field --
m Pc R FI Pc R FI QA | Mg

Proposed 98.90 86.54 92.78 86.35 99.25 92.68 92.73 85.53
TSCA 80.18 78.53 79.34  75.39 77.22 76.29 77.92 55.64
STMA 79.68 99.99 88.69  99.98 70.04 82.37 86.22 71.62
CNNM 79.87 84.79 82.26  80.75 74.92 77.73 80.25 60.03

__Ground truth _

IOPF 81.16 8539 8322 81.73 7673  79.15 8141  62.40
Salt lake Salt field --
Pc R FI Pc R FI G| M

Proposed 97.41 99.36 98.37 97.35 89.95 93.51 97.40 91.88
TSCA 90.80 96.50 93.57  82.52 62.80 71.32 89.49 65.03
STMA 91.67 99.97 95.64  99.81 65.33 78.97 92.77 74.83
CNNM 90.67 95.46 93.01 78.39 62.64 69.63 88.63 62.75

10PF 93.56 91.90 92.72 71.13 75.93 73.45 88.58 66.18
Salt lake Salt field --
Method Pe R Fi Pe R Fi (0} Kappa

Proposed 97.69 99.52 98.60 99.98 88.51 93.89 97.65 91.36
TSCA 87.23 98.40 92.48  79.16 29.61 43.10 86.71 37.30
STMA 88.69 99.97 94.01 99.81 37.67 54.73 89.41 50.09
CNNM 95.80 99.62 97.68  97.72 78.68 87.17 96.07 8448 /52
IOPF 94.87 99.50 97.13  96.79 73.72 83.69 95.12 80.88
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Salt Crust Classification of Qarhan Lake Based on Polarimetric Feature Reconstruction
and Optimization

» Types of Salt Crusts: Flat (FI), Micro-mound Shaped(Mm), Acutely Ribbed(Rb), and Cracked(Cr).

\_l-.,a 2

or i 1y 3 N N )'\ : - : Flat (F1): The salt is gradually eroded by wind, which increases
e . o fo—-sl the mud and sand content and leads to the formation of a softer
A e " . | and more fragile surface.

Micro-mound Shaped (Mm): A transitional form between
ridged and flat salt crusts, with gentler undulations and higher
mud and sand content than ridged salt crusts.

Acutely Ribbed (Rb):, Characterized by significant uplift of
¢ 10-20 cm, up to 30 cm, with low mud and sand content and
.= pronounced topographic undulations.

! Cracked (Cr): Composed of newly formed fractured but non-
uplifted rock layers, featuring a hard, flat surface with a thin
i layer of fine-grained milky-white halite.
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Salt Crust Classification of Qarhan Lake Based on Polarimetric Feature Reconstruction
and Optimization

o -
» Classification based on feature reconstruction to describe the spatial distribution of salt crusts

Classification Results in Gaofen-3

Feature Extraction Feature Reconstruction Classification
7 Method OA AA Kappa

Before RF 08810 08591 0.8423
consire. . SVM 08893 0.8689 0.8533
(22 features)  CNN 0.9060  0.8959  0.8752

VIT 09131 0.8952 0.8824

RF 0.8720 0.8495 0.8305
reconAsgirction SVM  0.8768 0.8544 0.8369
(8 features) CNN 09053 0.8972 0.8743

ViT 09044 0.8858 0.8706

Qual-Pol Features: Dimensionality Reduction and Optimization

Polarimetric Data | Input - ?’A.,{ \

|

|

|

|

|

|

|

|

|

|

|

|

|

1 § N
1 Decomposition ' S B o [ re [ vm I ©
|

I & "
|

|

|

|

|

|

|

|

|

|

|

|

Classification Results in Sentinel-1

Method OA AA Kappa
RF 0.8295 0.8353 0.8005

reco?]‘;fﬁfgﬂon SVM 08374 08237 0.7912

HH (6 features)  CNN 08782 08745  0.8447

> VIT 08504 0.8341 0.8045

| — RE 08422 08504 08172

S After SVM 08606 0.8509 0.8218
reconstruction

(6 featres) ~ CNN 0.8907  0.8897  0.8614
VIT 08663 0.8679 0.8273

Polarimetric Features

F. B. Dong, Q. Yin and W. Hong, " Salt Crust Classification Of Qarhan Salt Lake Based On Polarimetric Feature Reconstruction And Optimization, “ in
2025 Aisa-Pacific Conference on Synthetic Aperture Radar. (Accepted)
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A Classification Method for the Sediment Thickness of Salt Ponds
Based on Sentinel-2 Data
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ki | | ‘ GiLin1(2022.
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AuRedHc_ing cost by
introducing RS technique!
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A Classification Method for the Sediment Thickness of Salt Ponds
Based on Sentinel-2 Data

6\ -~ T T T T T T R A S mmmmmmm a
' > Alinear-target-sensitive classification model for identifying salt pond collection states !
1 2T 1
! N T RTTY !
| ] ] ] [ ] : ~ ! 1
. O e e Top-1 Top-1 | |
| Sentinel-2 data(NIR-R-G-B) EE ME=-aala- sl | |
I % L L) L = = ' '
1 i Tteration, Tteration; Iteration, i E
1 .‘?-":: I y - %, Attention 1
| - |
| pley) 1) pley
! N5 L T :
I )
I - o1, PO, | PHL 1) :
1 Qe Taking N=5 as an example 1
1 e 1
| <.
: c. :H: —.ﬂ_ :
I R N ; I
! Similarity o 1
| measure ,". N 1
1 Transpose ixel
. - & I
1 - ixel
| - | || :
: Horizontal Vertical :
: harveSting harveSting l I 3 “'l . ;:?:h:l:::irtr\:lize . g::;‘zg‘::qha"ze LeakyReLU Normalize . Reshape @ Muitiply softma.x :
1 Feature Extractor(FE) Pixel-to-Image(P2I) 46 / 52'
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A Classification Method for the Sediment Thickness of Salt Ponds
Based on Sentinel-2 Data

m

"‘ | ResNetis 0.8217  0.7914

line target+
ResNettg ~ 0-8789  0.8520

ViT-b-16 0.8642 0.8381

line target+

ViT-b-16 0.8913 0.8675

Conclusion

Sensitive to linear targets V

i -

<7cm 7-12cm 12-17cm >17cm

Buffer
Pond

Other
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Remote sensing Salt lake Big Data

A China-wide PolSAR and multispectral dataset for salt lakes

o i
R \‘Vﬁ”Shandong

Xinjiang ebei with Tianjin

Qinghai

Xinjiang
bei S /3 5/ /Liaoning "‘-\“
. . ' Shandong o
: a. Liaoning
# Tianjin \
: M

Hainan S \ Jiangsu i
4{ 1) Registered 2)Covering 10 provinces J 48/52

Hainan - o
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SaltMo: A Self-Supervised Multimodal Learning Framework for Salt Lake Mapping

- We created for the first time a salt lake RS foundation model
- Trained by Salt Lake Large-scale dataset
« Superior performance across downstream tasks, including salt lake classification

e ————— e

) ) { Pixel Reconstruction \I Fine-tuning
Contrastive Loss | (SAR and Multispectral |
______________________ — B dataset-10%
i (}\:l o atention it | E;”ﬂ;ggﬁ - BRIl 0.9630 0.6940
=P, e[ e rropmm—y 11 BT Bl CROMA 0.9685 0.7478
----------------------- \ ENE  ENE 0.9714 0.7649
: o) B 1| ou [T BE SaltMo 0.9738 0.7816
%. ______________________ le““"--\q__‘\ / N I\ ... ... J
49/52

Luobupo, Xinjiang Heibei and Tianjin Shangdong
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* Project objectives

* Main test sites in China & Europe

* Copernicus Sentinels, ESA, Chinese and ESA Third Party Mission data
* In-situ measurements plan

* Working Packages & Time schedule

* Expected results

® Contribution and training of young scientists

* Preliminary study results

50/52



42y @esa

Special Issue CFP = “

TEETEATRSD > THE EUROPEAN SPACE AGENCY

Submission deadline
31 March 2026

SPRINGER NATURE Link

Y

—:D Open for submissions

Findajournal  Publishwithus  Trackyourresearch Q Search

o e Special Issue on the Advances in Remote Sensing for
| Sensing and Imaging || Inland Water Monitoring

Publishing model @ Participating journal: Sensing and Imaging
Hybrid

Submit your manuscript =

Inland water bodies such as lakes, reservoirs, rivers, and wetlands play critical roles in global hydrological
processes, biodiversity conservation, and socioeconomic development. Monitoring dynamic changes of these
water bodies is essential for effective water resource management and environmental protection and

G uest E d ito FS:* understanding the impact of climate change. Recent advances in remote sensing technologies, particularly
time series data from multispectral, hyperspectral, and radar sensors, have significantly enhanced our ability

Qiang Yin (Chma) to observe and analyze inland water bodies at various spatial and temporal scales. These tools enable
Herve Ye’sou ) ( Fra r!ce ) continuous, large-scale, and cost-effective monitoring of water areas, water levels, water quality parameters,
Carlos Lopez-Martinez (Spam) flooding dynamics, and wetland changes.

Zheng Duan (Sweden)

-
J
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Thanks for your attention

Questions
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