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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.

Project objectives

Key Project Funded 2024-2028 (No. 62331026)
“Information acquisition and processing of salt 
lake resource using Polarimetric SAR” (Prof. Wen 
Hong )
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Project objectives

The Salt Lake region is rich in mineral resources

Salt Lake has resources in many forms.

General Secretary Xi Jinping pointed out the need to 
accelerate the construction of a world-class salt lake 
industrial base.

Salt Lake Strategic Resources
Main Resource Reserves of Qinghai 

Salt Lake, China
The potential economic 

value is 16.7 trillion yuan

Sodium Magnesium Potassium Lithium Boron

Ensuring 
national food 

security

This concerns 
national 

energy security

Potash production base Lithium industry base

The supply of potash in China has long been 
dependent on imports.

Potash consumption in 
China in 2019

National 
production

Import 
volume Total

The new energy vehicle and energy storage 
market is developing rapidly, and the demand for 
lithium resources is surging.

Batte
ries

glass-
ceramics

grease

polymers others

Forms of resources:
salt lake brine
lithium pyroxene
lithium mica
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Salines de la Trinita, 
Ebro Delta, Spain

Salins de Giraud and Aigues-Mortes
Camargue, France

Qarhan Salt Lake, 
China

Main test sites
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Qarhan salt lake geographical elements : 
• 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 

Salt origin.
• 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

• =>China’s largest potassium production industry
• => + Potassium, magnesium and Lithium porduction

QingHai Salt Lake Industry Co.,Ltd.
Located in Golmud City, Qinghai Province, 
it is China's potash fertilizer industrial production base

Salt lake

Carnallite field 

Qarhan salt lake

Scenic area 

Chinese test site: Qarhan salt lake
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Typical production procedure in Qarhan Salt Lake

Sodium salt

Salt lake

Sodium salt field Potassium salt field

Salt crystals
Pump station

Conveyor 
Canal

Carnallite

Embankment

Chinese test site: Qarhan salt lake



Chinese test site: Qarhan salt lake

Sentinel 2 22-05-2017

Sodium salt field
Dongdabuxun Hu

Chinese test site: Qarhan salt lake 



Dongdabuxun Hu

In 7 years: 
Increase of salt exploitation structure
Inter/Intra variation of water extent

Sentinel 2 20-05-2024

Sodium salt field

Chinese test site: Qarhan salt lake 



Sentinel 1 22-05-2017

Dongdabuxun Hu
Sodium salt field

Chinese test site: Qarhan salt lake 



Sentinel 1 26-05-2024

Dongdabuxun Hu

Sodium salt field

Chinese test site: Qarhan salt lake 



Sentinel 2 2024-05-20 Sentinel 1 2024-05-26

Chinese test site: Qarhan salt lake 
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Les Salines de la Trinitat (SP:特里尼塔盐池)

Salins d’Aigues-Mortes 
(FR:艾格莫尔特盐湖)

Les Salins de Giraud 
(FR:吉鲁粉红盐湖)

European test sites: Spain & France



Salin de Giraud (6 000 ha) extraction 
from sea water of chlorure de 
sodium (340 000 t/an) for road 
network, industrial uses 

Aigues-Mortes(10 000 ha) more 
geared to the production of food 
salt (450 000 t/an).

Salines de la Trinitat
1000ha 
salt evaporation pond 20,000  tons of a highly-prized
variety of salt sold by top gastronomic and speciality
stores.
.

European test sites: Spain & France
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Sentinel 1 Data

Les Salines de la TrinitatSalins d’Aigues-Mortes

2023-03-
06

2023-03-
07

European test sites: Spain & France
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Temporal variations of water extent and water color
Sentinel 2 Data

Les Salines de la TrinitatSalins d’Aigues-Mortes

European test sites: Spain & France
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• Gaofen-3
   @Qarhan
   8m res

C-band
   2020.8.26

HH Pauli RGB

Chinese Mission data



• Gaofen-1D
   @Qarhan
   2m res

multispectral
   2023.10.2

Chinese Mission data
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Dragon 6   EO Data Delivery

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 No. 
Scenes

1.Sentinel 1 SAR 400

2.Sentinel 2 Optical 400

3.

4.Biomass (2025) tbd

5.

6.

Total:

Issues:

ESA Third Party Missions No
Scenes

1.SAOCOM SAR Band L Full Pol 20

2.CSK 2d Gen.    Band X  Quad Pol 20

3.NovaSAR-1     Band S dual/triple Pol 20

4 Paz Band X 6

5 Radarsat 2 Quad Pol 10

6   NISAR, L + S band, 2025 tbc

7.Pleiades & Pleiades NEO 6

8. WV 3, VHR  8 bands including SWIR 6

Total:

Issues:

Chinese EO data No. 
Scenes

1. GAOFEN 1  Optical 20

2. GAOFEN 3 SAR 20

3.Jilin 1 HR Optical + Hyp 02 20

4.GAOFEN 5  Hyperspectral AHSI 20

5. LT 1 SAR Band L 20

6. 

Total:

Issues:
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@ Qarhan Salt Lake
In July 2024&June 2025, on-site research 
work on salt lakes was carried out (salt 
field type and states, crust roughness etc.).

Future Plans
When the satellite passes through, implement UAV 
experiment campaign for extensive data acquisition with 
optical & miniSAR simultaneously.
On site ground truth measurements are obtained, including 
parameters such as temperature, wind direction, crystal states 
and other salt indicators.

In-situ measurements plan
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Working Package 1

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

 Develop water segmentation and 
fine classification methods 
based on the physical scattering 
mechanism of salt lake. 

Working Package 2

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

 To obtain the physical and 
chemical information of the salt 
lake water body and the 
environment;   

Working Package 3

 To fuse the mapping results of 
joint microwave and optical 
satellite remote sensing data;

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

scattering mechanism of salt lake the reflectivity and absorption characteristics 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).

Working Packages
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First Phase of the project (2024-2026)

 Establish the feature mapping of polarimetric data 
and terrain types, and develop water segmentation 
and fine classification methods.

 Obtain the physical and chemical information of the 
salt lake water body and the surrounding 
environment from multispectral and hyperspectral 
data.

 Validate and test the different methodologies 
described in the proposed Work Packages.

 Report the results to mid-term symposium.

Second Phase of the project (2026-2028)

 The second phase of the project will focus on the 
Working Package 3:

 Study on the fusion of the mapping and classification 
results of joint microwave and optical satellite 
remote sensing data. 

 Report the results to final symposium.

2024-2026:
Working Package 1
Working Package 2

2026-2028:
Working Package 3

Time Schedule
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Research reports on segmentation of 
salt lake areas, the classification of 
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.

Research reports

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

Joint publications

 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.

Young scientists 

Expected results
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Young Scientists contributions in Dragon 6

Name Institution Poster title Contribution including period of research

Danae FELDIS ICUBE SERTIT
France

Remote Sensing of Salt Lakes from 
Space: study of Aigues Mortes 
salted field (South France)

Database set up
Sentinel 2 analysis
Hyperspectral data search

Yibo Zhang BUCT, China A Classification Method for the 
Sediment Thickness of Salt Ponds 
based on Sentinel-2 Data

Salt Lake Area Classification Based on 
Multi source Remote Sensing Data

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

Salt Lake Water Level and Water Volume  
Estimation

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
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European Young Scientists contributions in Dragon 6

Please have a look on the 
poster of Danae FELDIS, 
DRAGON YS 

Thanks ESA for its support
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Chinese Young Scientists contributions in Dragon 6

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

Thanks ESA for its support
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Overview of European YSs research

Salted crust: spectraly complex material

 Salt chemical composition

 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)

Principal composant Formula Spectral type Remarks
Sodium chloride NaCl High reflectance

everywhere
Very common, very bright

Sodium Sulfate Na₂SO₄ Less reflecting More complex spectrum, 
absorption peaks

Gypsum CaSO4 More variable SWIR 
reflectance

Commission with dry salt

Carbonates Various Various spectral answers Depending of granulometry
and cristallins shape

Mineral forms 
absorb more 

SWIR 
identification 

spectroscopy / 
hyperspectral
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Overview of European YSs research

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
L.G.M. Pessoa et al. (2015). Spectral Reflectance Characteristics of Laboratory-Grown Salt Crusts on Silty Clay and Sandy Soils.
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Sentinel2 exploitation

Index Formula
NDSI (Normalized 
Difference Salinity 
Index)

(1) (B11-B8)/(B11+B8)
(2) (B4-B8)/(B4+B8)

NDWI (Normalized 
Difference Water 
Index)

(B8-B11)/(B8+B11)

SI (Salinity Index) (B4+B11)/2
BI (Brightness Index) Sqrt(B4*B4+B8*B5)

Sentinel2 indices

Salt spectral behaviors versus S2 bands 30/52



197 parcels

88

98

10

71

31

64

29

Salins d Aigues Mortes
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GREE
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04/01/2023 15/03/2023 24/05/2023

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

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

 Salt crust spectral behavior
Dry salt, high reflectance wet/dry salt, lower 
reflectance (e.g., SWIR).

Temporal trends at parcels’ scale

 NDWI & NDSI insights
Low NDWI and high NDSI = dry or saline zone.
Seasonal and spatial trends revels salinity stress.
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Next steps  - hyperspectral approach

Salins d’Aigues-
Mortes

Salins de 
Giraud

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

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

• Salt Lake/Field Classification

SAR+Optical

• Salt Crust Classification

SAR

• Sediment Thickness Classification

Optical

• Salt Lake Mapping

    SAR+Optical
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Preliminary study results

Time Correlation Entropy: A Novel Multitemporal PolSAR 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

Sentinel-1 TOPs

Radiometric calibration

Polarization matrix

Multilooks

Terrain correction

Speckle filtering

Sentinel-1 data
Pre-

processing
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Preliminary study results

Time Correlation Entropy: A Novel Multitemporal PolSAR Feature and Its Application in 
Salt Lake Classification.
 Classification method based on interval estimation of probability distribution parameters

Salt Field Region

Salt Lake Region

Data
Fitting

Data
Fitting

Time correlation entropy

Estimating the Normal Distribution Interval for each category

( ) ( )
( ) ( ) ( )

( )

2 2

1 2 1 22 2
1 2 2

3 1 3 1
1 , 1

1 1
lake lakelake lake

lake lake

n S n SS SX t n X t n
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α αχ χ− −
−

 ⋅ − ⋅ −
− − − + − +  − − 
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( )
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field field

n S n SS S
X t n X t n
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−

 ⋅ − ⋅ −
− − − + − +  − − 

Classification results

F. Zhang, F. Meng, F. Ma, Q. Yin and Y. Zhou, "Time Correlation Entropy: A Novel Multitemporal PolSAR Feature and Its Application in Salt Lake 
Classification," in IEEE Transactions on Geoscience and Remote Sensing, vol. 62, pp. 1-14, 2024, Art no. 4506814, doi: 10.1109/TGRS.2024.3404598.

MPA PA

85.2% 86.6%
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Preliminary study results

 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.

Study area
PolSAR data Multi-spectral data

Satellite Acquisition dates
(YY/MM/DD) Satellite Acquisition dates

(YY/MM/DD)

Qarhan Sentinel-1A

2022/01/20; 
2022/02/13;
2022/03/21; 
2022/04/14; 
2022/05/08; 
2022/06/13.

Landsat-8 2022/07/19

Yiliping Sentinel-1A
2023/01/25; 
2023/02/18;
2023/03/26; 
2023/04/19;
2023/05/25; 
2023/06/18.

Landsat-9 2023/01/01

Taijnar Sentinel-1A Landsat-9 2023/08/06

Gasikule Sentinel-1A

2023/03/20; 
2023/04/25;
2023/05/19; 
2023/06/24.

Landsat-8 2023/07/26

Fusion multi-temporal PolSAR and spectral features for classification in salt lake region
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Preliminary study results

Fusion multi-temporal PolSAR and spectral features for classification in salt lake region
Entropy makes it difficult to 
distinguish between sodium 
salt pools and salt lakes.

Introduction of 
spectral features

method

Entropy + Blue 
band

Polarimetric-Optical 
Salt Dynamics Feature 

(POSD)
solve

POSD:
Entropy Blue band

The scattering mechanism entropy obeys normal distributions; the spectral 
features can be represented by Gaussian mixture distributions with two 
Gaussian components. (Zhang et al., 2012）

Normalization

Derive

denotes the random variable of the entropyX denotes the random variable of the blue bandY denotes the random variable of POSDZ

( ) ( )2

2

1 exp ,
22X

x
f x

µ
σπσ

 −
= − 
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      

Definition of the cumulative distribution function Definition of probability density function Probability distribution of POSD: Gaussian mixture distribution

Cumulative changes and 
salt ion concentrations
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Derive

41/52F. Zhang, F. Meng, F. Ma, Q. Yin and Y. Zhou, “Time Series PolSAR and Multispectral Fusion for Enhanced Hypersaline Water Body Classification,” 
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Preliminary study results

Fusion multi-temporal PolSAR and spectral features for classification in salt lake region
Method Salt lake Salt field OA KappaPc R F1 Pc R F1

Proposed 88.76 95.48 92.00 94.00 85.39 89.49 90.91 81.52
TSCA 63.70 98.68 77.42 96.60 39.95 56.53 70.28 39.37
STMA 84.19 99.98 91.41 99.97 77.32 87.20 89.72 78.85
CNNM 72.80 99.97 84.25 99.95 54.88 70.85 79.55 57.07
IOPF 73.25 99.99 84.56 99.99 55.89 71.70 80.02 58.09

Method Salt lake Salt field OA KappaPc R F1 Pc R F1
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
IOPF 81.16 85.39 83.22 81.73 76.73 79.15 81.41 62.40

Method Salt lake Salt field OA KappaPc R F1 Pc R F1
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
IOPF 93.56 91.90 92.72 71.13 75.93 73.45 88.58 66.18

Method Salt lake Salt field OA KappaPc R F1 Pc R F1
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 84.88
IOPF 94.87 99.50 97.13 96.79 73.72 83.69 95.12 80.88
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Preliminary study results

Salt Crust Classification of Qarhan Lake Based on Polarimetric Feature Reconstruction 
and Optimization
 Types of Salt Crusts: Flat (Fl), Micro-mound Shaped(Mm), Acutely Ribbed(Rb), and Cracked(Cr).

Flat (Fl): The salt is gradually eroded by wind, which increases 
the mud and sand content and leads to the formation of a softer 
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 
layer of fine-grained milky-white halite.
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Preliminary study results

Salt Crust Classification of Qarhan Lake Based on Polarimetric Feature Reconstruction 
and Optimization
 Classification based on feature reconstruction to describe the spatial distribution of salt crusts 

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) 

Classification Results in Gaofen-3

Classification Results in Sentinel-1
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Preliminary study results

A Classification Method for the Sediment Thickness of Salt Ponds 
Based on Sentinel-2 Data

Field InvestigationSentinel-2 data(10m) High-resolution Imagery(0.5m)

Worldview2(2020.06)

GiLin1(2022.08)

18 points collected monthly

Measurement method

Measuring instrumentSalt harcesting boat
Reducing cost by 

introducing RS technique!



Preliminary study results

A Classification Method for the Sediment Thickness of Salt Ponds 
Based on Sentinel-2 Data
 A linear-target-sensitive classification model for identifying salt pond collection states

Sentinel-2 data(NIR-R-G-B)

Horizontal 
harvesting

Vertical 
harvesting

crop
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Preliminary study results

A Classification Method for the Sediment Thickness of Salt Ponds 
Based on Sentinel-2 Data

Buffer
Pond

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

A

B

metrics
model Accuracy Kappa

ResNet18 0.8217 0.7914

line target+
ResNet18 0.8789 0.8520

ViT-b-16 0.8642 0.8381

line target+
ViT-b-16 0.8913 0.8675

Field Investigation Results
Pond A

uncollected collected
collected

a month ago

Pond B
Classification Results

uncollected

collected
a few 

months ago

Mud

collected

Ablation Study

Conclusion

Sensitive to linear targets

Improved classification
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Remote sensing Salt lake Big Data

1) Registered 2)Covering 10 provinces

A China-wide PolSAR and multispectral dataset for salt lakes

Preliminary study results
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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

ShangdongHeibei and TianjinLuobupo, Xinjiang

Fine-tuning 
dataset-10%

OA mIoU

Non-Pretrained 0.9630 0.6940
CROMA 0.9685 0.7478
MoCo 0.9714 0.7649
SaltMo 0.9738 0.7816

Preliminary study results
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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

2025 Dragon 6 Symposium
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Special Issue CFP

Guest Editors：
Qiang Yin  （China）
Herve Yesou  （France）
Carlos López-Martínez （Spain）
Zheng Duan  （Sweden）
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Thanks for your attention 

Questions
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