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Agricultural

 One of the most powerful tools to end extreme poverty and feed 9 billion 

people by 2050

 78 percent of the world’s poor depend largely on farming to make a living

 The single largest employer in the world, providing livelihoods for 40 

percent of today’s global population

 Accounts for 10 percent of gross-domestic product (GDP) in China

 Closely related to climate

– A warming climate could cut crop yields by more than 25 percent

– Be responsible for between 19 - 29 percent of global greenhouse gas 

emissions
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Agriculture monitoring

 Crop mapping 

– Crop identification/classification

– Varieties/Species discrimination

 Crop monitoring

– Phenology stages retrieval

– Parameters estimation, LAI, biomass, height, soil 

moisture, etc.

– Yield estimation
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Assets of SAR for agriculture monitoring

 All weather capability to secure data acquisition during growing 

season

 No effects of atmospheric constituents, convenient to multi-

temporal analysis

 Sensitivity to dielectric properties and consequent to biomass, 

soil moisture

 Polarimetry wave, sensitivity to vegetation structure

 Sub-canopy penetration, interact with the whole plant 

 Accurate measurements of distance, (interferometry)
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SAR information for agriculture monitoring

Multi-temporal backscatter behavior

Multi-polarization backscatter behavior

 Polarimetry

– Scattering mechanisms 

– Polarimetric parameters

 Interferometry
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Agriculture SAR

Two main cereal crops:  

Rice

Wheat 
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Rice monitoring with SAR

 Rice mapping and varieties discrimination 

– Multi-temporal backscatter behavior

– Multi-polarization backscatter behavior

– Scattering mechanisms and polarimetry

 Rice phenology retrieval

– Scattering mechanisms and compact polarimetry

 Rice parameters estimation

– Microwave scattering model

– Polarimetry and interferometry
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Multi-temporal backscatter behavior

The backscatter coefficient has a strong  increase (>10dB) during the growth 

cycle as the rice grows above the flooded soil
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Rice mapping with multi-temporal SAR data was completed because of the 

unique temporal backscatter signature of rice

Rice mapping with multi-temporal SAR

R: Oct. 15 G: Aug. 4 B: June 10 1996, Zhaoqing, Guangdong Province 

Legend

Forest

Water

Urban

Lotus pond

Grassland

Banana 

Gorgon

Autumn rice

Spring rice

Late rice

Semilate rice

Late transplanting rice

RADARSAT-1 multi-temporal color composite image

R: Oct, 15 G: Aug, 4 B: June, 10
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Source: Y. Shao, X.T. Fan, H. Liu, et al. 2001. Rice monitoring and production estimation using multitemporal RADARSAT. Remote Sensing of 

Environment, Vol.76, No.3, pp.310-325.



The method was straightforward, however, the temporal backscatter behavior 

of rice was not always stable and sometimes affected by farming activities 

(irrigation etc.), or heavy rain, thunder and lightning
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Multi-polarization intensity

Water

V

Polarimetric wave was sensitivity 

to vegetation structure

Rice vertical stems caused 

stronger attenuation to vertical 

(VV) polarization than 

horizontal (HH) polarization
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Polarization ratio <HH>/<VV>

C-band airborne SAR, 2009, Wanning, Hainan Province 

Ratio image after speckle filtering
<HH>/<VV> of rice and other 

landcover types
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Rice mapping with multi-polarization intensity

C-band airborne SAR, 2009, Wanning, Hainan Province 

R: <HH>/<VV>+<HH> G: HV B: VV  

Source: K. Li, Y. Shao, F. Zhang. 2011. Rice information extraction using multipolarization airborne synthetic aperture radar data. Journal of

Zhejiang University (Agric & Life Sci), Vol.37, No.2, pp.181-186.
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Rice mapping with multi-polarization intensity

RADARSAT-2, 2009, Zhazuo, Guizhou Province 

R: HH G: VH B: HH/HV  
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Source: K. Li, F. Zhang, Y. Shao. 2011. Polarization signature analysis of paddy rice in southern China. Canadian Journal of Remote Sensing, 

Vol.37, No.1, pp.122-135.



The above approaches are using multi-temporal or multi-polarization 

data, which do not include the phase. The analysis options are 

restricted to ratios or differences of their respective intensities

Intensities are the results of radar signal-target interactions, the 

essential characteristics of targets are how they interact with radar 

signal (scattering mechanisms)

With the emergence of polarimetric SAR, phase was measured at 

the same time, scattering mechanisms and polarimetric parameters 

can be exploited
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Polarimetric SAR

Polarimetric SAR (PolSAR) 

data: 

The relative phase is retained 

between the two received 

polarizations, which are 

sufficient to get the 

scattering matrix
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Scattering mechanisms analysis with PolSAR

Polarimetric target decomposition: decomposed the total backscatter 

into the contributions of several typical scatters
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Rice scattering mechanisms

Pauli three components of rice in heading stage

 Pauli decomposition：

α, β, γ represent the power scattered by targets characterized by double- or even-

bounce, single- or odd-bounce, and volume scattering respectively
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PauliRGB, R=double bounce G= volume B=surface

Rice Forest Urban1 urban2 Water 

RADARSAT-2, 2009, Zhazuo, Guizou Province
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Source: K. Li, F. Zhang, Y. Shao. 2011. Polarization signature analysis of paddy rice in southern China. Canadian Journal of Remote Sensing, 

Vol.37, No.1, pp.122-135. 



Cloude-Pottier decomposition：

Heading stage rice in H/α space
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Rice Forest Urban1 Urban2 Water 

Rice identification with Cloude-Pottier β and Pauli double bounce 

scattering 

Cloude-Pottier β

The low value areas (blue areas) in the image of parameter β coincide better 

with paddy fields

2009, Zhazuo, Guizou Province
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dSource: K. Li, B. Brisco, Y. Shao, et al. 2012. Polarimetric decomposition with RADARSAT-2 for rice mapping and monitoring. Canadian 

Journal of Remote Sensing, Vol.38, No.2, pp.169-179. 



Freeman-Durden decoposition:

models the covariance matrix as the contribution of three scattering 

mechanisms

– Volume scattering

– Double-bounce scattering

– Surface or single-bounce scattering
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Transplanting rice

The Freeman-Durden triangle

Seedling stage (June 27, 2012) 

Jinhu, Jiangsu Province

Direct-seedling rice
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Legend 

Transplanted 

rice 

Direct-

seedling rice
Forest Urban

Direct-

seedling rice1
Water

June 27, 2012, Jinhu, Jiangsu 

Province

Rice varieties discrimination with PolSAR

Transplanting rice

Direct-seedling rice 1

Direct-seedling rice
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Compact polarimetry SAR

Source: R. K. Raney
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 Simulated Compact SAR data

– Transmit: Right circular 

– Receive: H and V

– Resolution：30m

m-chi decomposition 

– Volume scattering

– Double-bounce

– Surface scattering

m-chi RGB image

(R: double bounce G: volume B: surface)

Simulated CP SAR image, 

(R: RH G: RV B: RL) 

2012, Jinhu, Jiangsu Province
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Source: B. Brisco, K. Li, B. Tedford, et al. 2013. Compact polarimetry assessment for rice and wetland mapping. International Journal of 

Remote Sensing, Vol.34, No.6, pp.1949–1964. 



Rice varieties discrimination with CP SAR

Transplanting rice

Direct-seedling rice

2012, Jinhu, Jiangsu Province
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Rice phenology monitoring

 Providing the current phenological stage at the time of 

observation, qualitative monitoring of rice growth condition

 Helpful for planning and/or triggering cultivation practices (irrigation, 

fertilization, etc.)

 Optimize resources or to detect phenological delays caused by 

cultivation problems, such as water salinity and plagues 

 An input in crop growth and yield prediction models
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Rice phenology

 Rice phenology is quantized using the BBCH* scale

 10 main stages were defined during the whole growth cycle

 A rice field will be considered to reach a particular BBCH 

stage when more than half of its plants reach that stage

The rice growth stages

(on BBCH scale)

0 1 2 3 4 5 6 7 8 9
germination seedling tillering elongation booting heading flowering milk dough ripening

*BBCH: Biologische Bundesanstalt, Bundessortenamt und CHemische Industrie
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(a) Seedling stage (b) Tillering stage (c) Elongation stage (d) Heading stage

(h) Follow(g) Dough stage(f) Milk stage(e) Flowering stage

(i) Seedling stage (j) Tillering stage (k) Elongation stage (l) Heading stage

(o) Dough stage(n) Milk stage (p) Mature stage(m) Flowering stage

Hybrid rice

Japonica rice

Rice phenological

changes in Jinhu, 

Jiangsu Province, 

China
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The 1st Step The 2nd Step

Compact-pol parameters VS rice phenological changes
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The 1st Step The 2nd Step

J
a

p
o

n
ic

a
 r

ic
e

ESA-MOST Dragon 4 Cooperation ｜ADVANCED TRAINING COURSES ON LAND REMOTE SENSING          中国科学技术部-欧空局 “龙计划”四期 2017陆地遥感高级培训
20-25 November 2017 ｜ Yunnan Normal University｜Kunming, P.R. China                                                                             2017年11月20-2017年11月25日 云南师范大学中国.昆明

18-23 November 2019                                                                                                         2019年11月18日-2019年11月23日
Chongqing University｜重庆, P.R. China                                                                                                               重庆大学中国.重庆



Decision Tree Algorithms for rice phenology retrieval

μ>= 0.25 and 

m-chi-db <= -19.5 dB

Seedling

 -11.9 dB <= m-chi-v <= -10 dB 

and RV >= -13.5 dB and μ<= 0.15

Elongation

Tillering

m-chi-v >= -10.5 dB

m-chi-s <= -16 dB and RH >= -11.5 dB

Milk stage
m-chi-s >= -15.5 dB and μ< 0.15 and RH > -11.5 dB 

and RV < -13.5 dB

μ>= 0.15 and m-chi-db >= -17 dB 

and m-chi-v <= -10.5 dB

Mature 

grain

Dough 

stage

μ <= 0.1 and RH <= -11.5 dB

Heading

Unclassified

(a) Hybrid-rice

(b) Japonica-rice
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Source: Z. Yang, K. Li, L. Liu, et al. 2014. Rice growth monitoring using simulated compact polarimetric C band SAR. Radio Science, Vol.49, 

No.12, pp.1300-1315. 



Rice phenological change map at local scale

2012, Jinhu, 

Jiangsu Province
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Source: Z. Yang, K. Li, L. Liu, et al. 2014. Rice growth monitoring using simulated compact polarimetric C band SAR. Radio Science, Vol.49, 

No.12, pp.1300-1315. 



Rice phenological change map at field scale

Seedling Tillering Elongation Heading Milk Dough Fallow 

2012, Jinhu, Jiangsu Province
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Accuracy assessment at field scale

ESA-MOST Dragon 4 Cooperation ｜ADVANCED TRAINING COURSES ON LAND REMOTE SENSING          中国科学技术部-欧空局 “龙计划”四期 2017陆地遥感高级培训
20-25 November 2017 ｜ Yunnan Normal University｜Kunming, P.R. China                                                                             2017年11月20-2017年11月25日 云南师范大学中国.昆明

18-23 November 2019                                                                                                         2019年11月18日-2019年11月23日
Chongqing University｜重庆, P.R. China                                                                                                               重庆大学中国.重庆



An improved scheme for rice phenology estimation

 Phenology labeling 

cases discussion

 Time-series HJ-1A/B 

and polarimetric 

RADARSAT-2 data

 Feature optimization

Source: Z. Yang, Y. Shao,  K. Li* et al. 2017. An improved scheme for rice phenology estimation based on time-series multispectral HJ-1A/B 

and polarimetric RADARSAT-2 data. Remote Sensing of Environment, 195: 184-201
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Setup of phenological labeling cases
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MCCL feature optimization 

Class 1 Class 2 Class 3

Feature 1

Class 1 Class 2 Class 3

Could identify but unstable

Could identify and stable

Feature 2

 Can’t determine the dimensions of 

optimal features and the 

robustness of features are not 

considered: 

 Calculate the compactness-

separation coefficient

 Feature selection with Monte-Carlo

 Further feature optimization with 

correlation analysis
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Optimal feature matrix for rice phenology
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Results and discussion
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 A combination of the optical VIs and SAR signatures was the best (86.59%)

 It is important to consider the differences between DRF and TRF in rice phenology estimation
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Rice parameters collection

Field work, 2012, Jinhu, Jiangsu Province
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In situ data
Category Parameters 

Geographic Information Location, plots boundaries, elevation, topography, etc.

Meteorological data Temperature, humidity, wind direction, precipitation, etc.

Calender
Planting dates, growth stages, cultivation methods, 

irrigation, rice varieties

Geometry Bio-physical

Rice 

Plant
Height, diameter of cluster, 

density 

LAI、moisture、fresh

weight

Stem Length, diameter, inclination
Fresh weight, dry weight, 

moisture

Leaf 
Length, width, depth, 

inclination, density

Fresh weight, dry weight, 

moisture

Ear 
Length, diameter, inclination, 

density

Fresh weight, dry weight, 

moisture

Surface 

Water Depth 

Soil Roughness 
Types , moisture, Organic,

pH, TN, etc. 
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Rice parameters VS time
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Freeman-Volume Polarization ratio <HH>/<VV>, 

<VH>/<VV>, and the Freeman_ 

Volume term are most sensitive 

to rice parameters during the 

growth cycle
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Rice scattering model

 Microwave scattering model is the key point for rice parameter 

estimation using SAR data

 A coherent microwave scattering model of rice using Monte-

Carlo numerical simulation methods, considering the ear layer, 

was developed to simulate backscatter of rice during the 

whole growth stage
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Radar observation pattern and rice field 

configuration

Rice field configuration

Rice field 
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Rice plant geometric modeling
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Dielectric constant calculation

Leaf, Stalk, Ear: 

Debye-Cole Dual 

Dispersion Model

Surface：
Water, 74~81

Soil, Debye-Cole Dual 

Dispersion Model, 

Dobson Model
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Scattering properties calculation

Leaf：PO, GRG

Stalk：Infinite Length 

Cylinder Approximation

Surface：Fresnel, 

IEM …

Ear：GRG, Infinite 

Length Cylinder 

Approximation
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Leaf  backscatter with incidence angle Stem backscatter with incidence angle

Stem backscatter with its diameter Stem backscatter with its inclination angle
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Curving rice ear backscatter calculation
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Source: L. Liu, K. Li, Y. Shao, et al. 2015. Extension of the Monte Carlo Coherent Microwave Scattering Model to Full Stage of Rice. IEEE 
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Curving rice ear backscatter calculation

Source: L. Liu, Y. Shao, K. Li, et al. 2017. Modeling the Scattering Behavior of Rice Ears. IEEE Geoscience and Remote Sensing Letters, 

Vol.14, No.4, pp.579-583. 
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Ear axis

Secondary branch

Primary branch

Spikelet
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Attenuation Feature of Layered Media

Foldy-Lax Approximation
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Scattering  mechanisms 
Coherently summing the scattering mechanisms as the total 

backscatter :
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Model inputs and validation
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Rice parameters estimation with PolSAR

Volume fraction and its phenological changes was considered for rice 

parameters estimation 

Polarimetric decomposition components were introduced for rice LAI and 

height estimation
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Source: Z.Yang, K. Li *, Y. Shao et al. 2016. Estimation of Paddy Rice Variables with a Modified Water Cloud Model and Improved Polarimetric 

Decomposition Using Multi-Temporal RADARSAT-2 Images. Remote Sensing, 8:878.



The configuration of a scattering cell
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Source: Z.Yang, K. Li *, Y. Shao et al. 2016. Estimation of Paddy Rice Variables with a Modified Water Cloud Model and Improved Polarimetric 

Decomposition Using Multi-Temporal RADARSAT-2 Images. Remote Sensing, 8:878.
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Validation with field data
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Comparison with the WCM
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Jiangsu 
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Rice canopy height estimation with differential InSAR

The interferometric phase was capable to estimate rice canopy heights for 

almost all the growing stages 
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Source: C. Rossi and E. Erten. 2015. Paddy-Rice Monitoring Using TanDEM-X. IEEE Transactions on Geoscience and Remote Sensing, Vol.53, 

No.2, pp.900-910.



Source: C. Rossi and E. Erten. 2015. Paddy-Rice Monitoring Using TanDEM-X. IEEE Transactions on Geoscience and Remote Sensing, Vol.53, 

No.2, pp.900-910.
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Rice height estimation with PolInSAR

PolInSAR has not only InSAR‘s sensitivity to spatial distribution of 

vegetation scatterers, but also PolSAR’s ‘s sensitivity to shape and 

direction of vegetation scatterers. 
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Interferometric Phase Following Flat Earth Removal
(HH\VV\HH+VV\HH-VV) 
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Source: Guo Xian-Yu, Li Kun, Shao Yun, et al. 2020. Inversion of rice height using multitemporal TanDEM-X polarimetric interferometry SAR 
data. Spectroscopy and Spectral Analysis, Vol.40, No.9.



Rice height estimation with PolInSAR
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Source:  

J. Lopez-Sanchez et al.2017. Retrieval of vegetation height in rice fields using polarimetric SAR interferometry with TanDEM-X data. Remote 

Sensing of Environment Vol.192, pp. 30–44.

Guo Xian-Yu, Li Kun, Shao Yun, et al. 2020. Inversion of rice height using multitemporal TanDEM-X polarimetric interferometry SAR data. 
Spectroscopy and Spectral Analysis, Vol.40, No.9.
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Source: Guo Xian-Yu, Li Kun, Shao Yun, et al. 2020. Inversion of rice height using multitemporal TanDEM-X polarimetric interferometry SAR 
data. Spectroscopy and Spectral Analysis, Vol.40, No.9.



Wheat monitoring with SAR

Wheat mapping

– Polarimetric signature and scattering mechanisms

Wheat monitoring and yield estimation

– Plant density and soil moisture estimation

– Yield estimation

ESA-MOST Dragon 4 Cooperation ｜ADVANCED TRAINING COURSES ON LAND REMOTE SENSING          中国科学技术部-欧空局 “龙计划”四期 2017陆地遥感高级培训
20-25 November 2017 ｜ Yunnan Normal University｜Kunming, P.R. China                                                                             2017年11月20-2017年11月25日 云南师范大学中国.昆明

18-23 November 2019                                                                                                         2019年11月18日-2019年11月23日
Chongqing University｜重庆, P.R. China                                                                                                               重庆大学中国.重庆



Milk stage Booting stage

Polarimetric signature of wheat
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Scattering mechanisms of wheat 

The contributions of the Freeman three components:
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Scattering mechanisms of wheat with different 

growth condition
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Wheat with different phenological stages in H/α space

Booting stage Milk stage

Normalized 

density (%)
Normalized 

density (%)

2009, Dingxing, Hebei Province
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Wheat with different growth conditions in H/α space

Booting  stage
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Milk stage
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2009, Dingxing, Hebei Province
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The flowchart of wheat mapping 
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Legend

Urban 

Fallow and rivers

Bare land 

Wheat 

Other crops

Class Urban Fallow and 

rivers

Bare land Wheat Other crops

Urban 97.24 1.51 1.25 0.00 0.00

Fallow and 

rivers

1.03 88.97 8.96 0.00 1.04

Bare land 0.00 5.63 86.83 3.22 4.32

Wheat 0.00 1.86 4.30 83.52 10.32

Other crops 0.00 1.61 1.87 11.21 85.31

Areas（pixels） 1.080e+6 4.643e+5 6.543e+6 2.613e+6 1.884e+6

2009, Dingxing, Hebei Province

Wheat mapping with 

PolSAR 
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Wheat parameters collection

Biomass Roughness 

Plant size LAI

Field work, 2009, Dingxing, Hebei Province
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Polarimetric parameters VS wheat parameters

R = 0.05
N=52

-16 

-14 

-12 

-10 

-8 

-6 

-4 

1.0 3.0 5.0 7.0 

O
dd

 (d
B)

LAI

R = 0.00
N=52

-22 

-20 

-18 

-16 

-14 

-12 

2.0 3.0 4.0 5.0 6.0 7.0 

Db
l (

dB
)

LAI

R = 0.75
N=52

-16 

-14 

-12 

-10 

-8 

-6 

-4 

2.0 3.0 4.0 5.0 6.0 7.0 

Vo
l (

dB
)

LAI

B
o

o
tin

g stage

R = 0.62
N=44

-18 

-16 

-14 

-12 

-10 

-8 

1.0 3.0 5.0 7.0 

O
dd

 (d
B)

LAI

R = 0.17
N=44

-22 

-20 

-18 

-16 

-14 

1.0 3.0 5.0 7.0 

Db
l (

dB
)

LAI

R = 0.19
N=44

-16 

-14 

-12 

-10 

-8 

-6 

1.0 3.0 5.0 7.0 

Vo
l (

dB
)

LAI

M
ilk stage

The Freeman three scattering components VS wheat LAI 

ESA-MOST Dragon 4 Cooperation ｜ADVANCED TRAINING COURSES ON LAND REMOTE SENSING          中国科学技术部-欧空局 “龙计划”四期 2017陆地遥感高级培训
20-25 November 2017 ｜ Yunnan Normal University｜Kunming, P.R. China                                                                             2017年11月20-2017年11月25日 云南师范大学中国.昆明

18-23 November 2019                                                                                                         2019年11月18日-2019年11月23日
Chongqing University｜重庆, P.R. China                                                                                                               重庆大学中国.重庆



The Cloude entropy H VS wheat LAI and plant density 

Plant density (n/m2)
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Plant density was used 

to express the growth 

condition of wheat

Wheat growth condition mapping with H
Plant density (n/m2)
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2009, Dingxing, Hebei Province
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The Cloude three eigenvectors VS wheat LAI and plant density
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Plant density (n/m2)

Wheat growth condition mapping with Lm
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Soil moisture estimation

Water cloud model
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0

s C D SM = +  H is the Cloude entropy 
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Wheat yield model influenced by drought 
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is the yield coefficient,           denotes the loss rate of yield caused by 

drought;         is used to measure the growth condition of wheat;          is 

the soil moisture coefficient and             indicates the degree of drought; 

is the phenological stage;     is the weighing coeffient
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Wheat growth monitoring and yield estimation
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Wheat monitoring and yield estimation model
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Thanks for your attention!
a

Email: shaoyun@radi.ac.cn
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