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ABSTRACT: 
 
Active microwave remote sensing data has become an important source to retrieve crop biophysical parameters due to its unique 

sensitivity towards geometrical, structural and dielectric properties of various crop components. The temporal variability of various 

crop biophysical parameters during crop cycle has significant impact on the overall crop yield. In this study, two RISAT-1 hybrid 

polarimetric temporal SAR datasets at ~32° incidence angle were acquired during 2015 Kharif season. The in-situ leaf area index 

(LAI) values from seventeen paddy fields were measured in synchrony to the satellite passes during both the campaigns. Analysis 

observed the decreasing trend of backscattering coefficients (σ°RH, σ°RV) with increase in LAI. Results indicate that the sensitivity of 

hybrid polarimetric parameters towards LAI, also depends on the change in crop structure due to crop growth. This study investigate 

the sensitivity of backscattering coefficients (σ°RH, σ°RV) and polarimetric parameters (even bounce, odd bounce and volume 

component) generated from m-δ, m-χ and m-α space decompositions towards LAI using empirical analysis. An increase of 0.16 in R2 

(from 0.63 to 0.79) clearly indicates that the polarimetric parameters (even bounce, odd bounce and volume component) are more 

sensitive to LAI of paddy crop than the backscattering coefficients (σ°RH, σ°RV). It has been identified that the combined use of 

backscattering coefficients as well as polarimetric parameters (even bounce, odd bounce and volume component) in the model, can 

significantly improve the accuracy of the LAI estimation. 

 
1. INTRODUCTION 

 
Agricultural target parameters such as crop biophysical 

parameters and underneath soil moisture are highly dynamic in 

spatial as well as temporal. Leaf area index (LAI) is an 

important crop biophysical parameter, which indicates the 

relative amount of total area exposed and active leaves to the 

solar radiation (Ulaby et al., 1984). The temporal variability of 

LAI during the whole crop cycle plays an important role on 

overall crop yield (Dale, 1977; Clevers & Leeuwen, 1996). 

Remote sensing data has become primary source for agricultural 

crop studies by providing images with high spatial and temporal 

resolution from local to global scales. Synthetic aperture radar 

(SAR) based remote sensing data has been suggested for 

uninterrupted paddy crop growth monitoring due to its 

independent from cloud cover and solar illumination 

(Chakraborty et al., 2005). Due to its unique sensitivity towards 

geometrical, structural and dielectric properties of the target and 

independent from cloud cover, SAR data has been used in 

various domains including agriculture (Patel et al., 2006; 

Srivastava et al., 2003), forestry (Srivastava et al., 2007; 

Luckman et al., 1997) and wetland (Brisco et al., 2015; Patel et 

al., 2009).* 

 

The radar return signal from an agricultural target is also 

depends on the SAR sensor parameters like frequency, 

incidence angle and polarization (Baghdadi et al., 2009; Inoue 

et al., 2014). Paloscia (1998) has investigated the sensitivity of 

the backscattering coefficients at P-, L- and C-bands to LAI of 

broad leaf crops and narrow leaf crops. Study has concluded 

                                                           
* Corresponding author 

that the P- & C-bands may be helpful for narrow leaf crops and 

L-band is highly sensitive for broad leaf crops mainly in HV 

polarisation. Macelloni et al., (2001) has analyzed the influence 

of the plant geometry on the backscattering coefficients using 

multi-frequency (C- and L-bands) multi-temporal SAR 

polarimetric data acquired from airborne and space borne SAR 

sensors. Results have indicated that the relationship between the 

backscattering coefficient and LAI is influenced by the 

geometry of plants. It was also observed that the decreasing 

trend with increase in LAI for narrow leaf crops, whereas the 

trend is quite opposite for broad leaf crops. Inoue et al., (2002) 

study has found that the LAI of paddy crop is highly correlated 

with the C-band in HH- and cross polarizations (HV/VH). It is 

also identified that the high frequency signals at high incidence 

angles are sensitive enough to detect thin rice seedlings just 

after transplant. 

 

Most of the previous investigations for crop biophysical 

parameters retrieval have been carried using SAR data acquired 

by illuminating linear horizontal/vertical polarized signals. The 

recent advancement of hybrid polarimetry architecture in SAR 

technologies, which transmits circular polarized signal and 

receives coherent linear orthogonal horizontal and vertical 

polarized signals, has resolved several technical and 

maintenance hurdles in linear polarimetry (Freeman & Saatchi 

2004; Turkar et al., 2013). RISAT-1 is the first space borne 

earth observation satellite with hybrid polarimetry architecture, 

launched by Indian Space Research Organization (ISRO) on 

April 26, 2012. After the successful launch of RISAT-1, 

researchers from world-wide showed keen interest to investigate 

the hybrid polariemetric SAR data for various remote sensing 

applications to make use of the advantages over linear 

polarimetry (Dabboor et al., 2015; Sivasankar et al., 2015; 

Uppala et al., 2015; Li et al., 2015). 
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The objectives of this study were to understand the sensitivity 

of the parameters generated from RISAT-1 hybrid polarimetric 

SAR data towards LAI of paddy crop, to investigate the 

potential of backscattering coefficients (σ°RH, σ°RV) and 

polarimetric parameters (even bounce, odd bounce and volume 

component) for LAI estimation. Since the hybrid polarimetry is 

relatively new remote sensing technology and also a limited 

research work has been done so far over this dataset for 

biophysical parameters retrieval, results of this study can help to 

understand the interaction of circular polarized signal with 

paddy crop at different growing stages. 

 

2. MATERIALS AND METHODS 

 

2.1 Study area and datasets 

 

Since high incidence angle SAR data is more sensitive to the 

agricultural crop characteristics, Two RISAT-1 hybrid 

polarimetric SAR datasets were acquired at 32° incidence angle 

over parts of Haridwar district, India during 2015. Study area is 

usually dominated with paddy and sugarcane crops during 

kharif season. The monsoon season in this study area is from 

July to September and the highest rainfall noticed in the August 

month. The detailed specifications of SAR sensor parameters at 

the time of acquisition and SAR data are given in the Table 1. 

Since the sensor parameters are same during the both 

campaigns, the changes in the sensitivity of parameters 

generated from RISAT-1 hybrid polarimetric SAR data towards 

LAI of paddy crop were considered it as caused by the crop 

growth. 

 

Table 1. Specifications of SAR data and sensor parameters used 

in this study 

DATE OF PASS 16 August 

2015 

10 September 

2015 

SATELLITE RISAT-1 RISAT-1 

PLATFORM Space borne Space borne 

MODE FRS-1 FRS-1 

BAND/SENSOR C/SAR C/SAR 

POLARIZATION RH/RV RH/RV 

CENTRAL 

INCIDENCE ANGLE 
~32˚ ~32˚ 

AZIMUTH 

RESOLUTION 

3 3 

RANGE 

RESOLUTION 

2 2 

 

2.2 Hybrid polarimetric parameters 

 

2.2.1 Backscattering coefficients: The generation of 

backscattering coefficients from digital number (DN) image is 

the primary step for any analysis using SAR data. 

Backscattering coefficients (σ°RH, σ°RV) represent the intensity 

of the signal that returned to the SAR sensor in H-Horizontal 

and V-Vertical polarizations by illuminating R-Right circular 

polarized signal. The SAR data was radiometrically calibrated 

using the following equation as given by Patel et al., (2014). 

 

𝜎(𝑑𝐵)
𝑜 = 10 × log10 (

𝐷𝑁𝑖
2

𝐶𝑖𝑖
) + 10 × log10 (

sin(𝜃𝑖)

sin(𝜃𝑐𝑒𝑛𝑡𝑒𝑟)
)         (1) 

 

Where, Cii is calibration constant, θi represents incidence angle 

of ith pixel and θcenter is central incidence angle. 

 

2.2.2 Stokes parameters:Stokes (1852) defined a set of four 

parameters based on two linear orthogonal polarization signals 

(horizontal and vertical) to describe the polarization state of the 

electromagnetic signal. These parameters were used to analyze 

the return signal from the agricultural target by illuminating 

right circular polarized signal. The Stokes parameters were 

generated using following equation. 

 

𝑔 = [

𝑔0
𝑔1
𝑔2

𝑔3

] =

[
 
 
 
〈|𝐸𝑅𝐻|2 + |𝐸𝑅𝑉|2〉

〈|𝐸𝑅𝐻|2 − |𝐸𝑅𝑉|2〉

2 × 𝑅𝑒〈𝐸𝑅𝐻𝐸𝐸𝑉
∗ 〉

−2 × 𝐼𝑚〈𝐸𝑅𝐻𝐸𝐸𝑉
∗ 〉]

 
 
 

                                           (2) 

Here, E is the complex backscattered electric field, |…| denotes 

absolute value, 〈...〉 represents average, * indicates complex 

conjugate and Re & Im denotes the real and imaginary parts of 

the complex respectively. 

 

2.2.3 m-δ decomposition: In this decomposition, it has been 

considered that degree of polarization (m) as prime variable and 

phase difference between received horizontal & vertical 

polarized signals (δ) as second variable. The un-polarized 

portion in the return signal is considered as the volume 

component. However, the polarized portion of the return signal 

is sub divided into even bounce and odd bounce components 

using δ. The equations used to generate m, δ are given below. 

 

𝑚 =
√𝑔1

2+𝑔2
2+𝑔3

2

𝑔0
                                                                       (3) 

𝛿 = tan−1 (
𝑔3

𝑔2
)                                                       (4) 

 

The formulae for m-δ decomposition is given below as proposed 

by Raney (2007), 

 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 =  √(1 − 𝑚) × 𝑔0                                       

(5) 

𝐸𝑣𝑒𝑛 𝑏𝑜𝑢𝑛𝑐𝑒 = √
𝑚×𝑔0×(1−sin𝛿)

2
                                                          

(6) 

𝑂𝑑𝑑 𝑏𝑜𝑢𝑛𝑐𝑒 = √
𝑚×𝑔0×(1+sin𝛿)

2
                                                        

(7) 

2.2.4 m-χ decomposition: This decomposition technique is 

developed by Raney et al. (2012) based on “m” and degree of 

circularity (χ). The relationship of degree of circularity and the 

Stokes parameters is given as, 

 

sin 2𝜒 =
𝑔3

(𝑚×𝑔0)
                          (8) 

The parameters generated using m-χ decomposition is expressed 

as, 
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𝑉𝑜𝑙𝑢𝑚𝑒 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 =  √(1 − 𝑚) × 𝑔0     (9) 

𝐸𝑣𝑒𝑛 𝑏𝑜𝑢𝑛𝑐𝑒 = √
𝑚×𝑔0×(1−sin 2𝜒)

2
                                       (10) 

𝑂𝑑𝑑 𝑏𝑜𝑢𝑛𝑐𝑒 = √
𝑚×𝑔0×(1+sin 2𝜒)

2
               (11) 

2.2.5 m-α decomposition: The key inputs for this 

decomposition are “m” and polarization angle (α). The 

polarization angle (α) was derived using the following equation. 

 

𝛼 = 0.5 × tan−1 (
√𝑔1

2+𝑔2
2

𝑔3
)                                  (12) 

In this technique, the polarized signal is sub divided into even 

bounce and odd bounce using “α”. However, the volume 

component is considered as the un-polarized signal portion in 

the return signal. The m-α space decomposition has expressed 

with the following equations, 

 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 =  √(1 − 𝑚) × 𝑔0                             (13) 

𝐸𝑣𝑒𝑛 𝑏𝑜𝑢𝑛𝑐𝑒 = √
𝑚×𝑔0×(1−cos 2𝛼)

2
                                       (14) 

𝑂𝑑𝑑 𝑏𝑜𝑢𝑛𝑐𝑒 = √
𝑚×𝑔0×(1+cos 2𝛼)

2
       (15) 

2.3 Ground truth data collection 

The farmers’ fields of minimum size, 22 × 22 m2 were 

considered as suggested by Patel & Srivastava (2013) for 

RISAT-1 FRS-1 mode by accounting the characteristic-fading 

phenomenon of SAR signal. The in-situ leaf area index (LAI) 

values from seventeen of such paddy fields were measured in 

synchrony to the satellite passes during both the campaigns. The 

AccuPAR model LP-80 was used to measure in-situ LAI in 

sequence of two above and five below canopy samples with 5 

replications at each field. It has been observed that the increase 

in LAI from 16th Aug. 2015 to 10th Sep. 2015 due to the crop 

growth. It is also observed that the plant structure on first 

campaign was more vertical with hardly horizontal components 

and on second campaign the plant is also in dominant vertical 

but the panicles was extended in horizontal direction due to 

crop growth. The field photos taken on both campaigns are 

given in Fig. 1 to illustrate the change in crop structure due to 

the crop growth. 

 

 
 

Figure 1. Ground-based photographs of a paddy field taken on 

16 August 2015 and 10 September 2015 

 

 

3. RESULTS AND DISCUSSION 

 

The results were analyzed in three phases, first by directly 

relating the backscattering coefficients (σ°RH, σ°RV) with the in-

situ LAI values, second by sensitivity analysis of polarimetric 

parameters in two different crop growth stages separately and 

also combined of both stages and the third phase has made an 

attempt to investigate the potential of backscattering coefficients 

(σ°RH, σ°RV) and polarimetric parameters (even bounce, odd 

bounce and volume component) generated from m-δ, m-χ and 

m-α space decompositions for LAI estimation using empirical 

analysis. A significant variability in sensitivity of parameters 

generated from hybrid polarimetric RISAT-1 SAR data towards 

LAI was observed during the paddy growth stage changes from 

booting to grain filling, because of change in crop structure due 

to the crop growth. 

 

3.1 Relationship between backscattering coefficients and 

LAI 

 

A clear decreasing trend of backscattering coefficients (σ°RH, 

σ°RV) with the in-situ LAI values was observed as anticipated 

from the past investigations. Macelloni et al., (2001) and 

Fontanelli et al., (2013) were observed that the radar backscatter 

increases with increase of biomass of broad leaf crops whereas 

the backscatter trend is flat or decreasing for narrow leaf crops. 

This behavior of different backscatter trends from “narrow” and 

“broad” leaf crops is also confirmed by the theoretical 

simulations using discrete element radiative transfer model. 

According to Sati et al., (2012), this trend is caused by the 

strong absorption of thin and dense vertical stems of narrow leaf 

crops like paddy, wheat etc. In Fig. 2, the σ°RH and σ°RV values 

from both phenological stages are shown as a function of in-situ 

LAI. 

 

 
Figure 2. σ°RH and σ°RV values in dB at an incidence angle 32° 

versus LAI of paddy on 16 August 2015 and 10 September 2015 

 

Since the paddy is a dominant vertically oriented crop, RV 

polarization has shown a good correlation with the coefficient of 

determination, R2, of 0.6. However, the RH polarization has 

shown 0.27 R2 with LAI. The direct relationship between 

backscattering coefficients and underneath soil moisture has 

also been checked and found to be very low. This indicates that 

the backscattered signal is more sensitive to the crop 

characteristics than the underneath soil moisture. 

 

During ground truth data collection, it has been observed that 

the change in plant structure from more vertical during booting 

stage (on 16 Aug 2015) to the complex structure distributed in 

both vertical (stem) and horizontal (panicles and bended leaves) 

directions during grain filling stage (on 10 Sep 2015) due to the 

crop growth. For an illustration, field photographs taken during 

both the campaigns were given in Fig 1. To understand the 

influence of plant structure on the sensitivity of the parameters 
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generated from RISAT-1 hybrid polarimetric SAR data towards 

LAI, detailed analysis was carried separately during both 

phenological stages and discussed it in the following section. 

 

3.2 Sensitivity analysis 

 

In this study, the coefficient of determination (R2), has been 

considered to analyze the sensitivity of parameters generated 

from RISAT-1 hybrid polarimetric SAR data towards LAI and 

the calculated values from both phenological stages separately 

and combined were given in the Table 2. The variation in the 

sensitivity of backscattering coefficients (σ°RH, σ°RV) towards 

LAI at two phenological stages of paddy crop has clearly 

indicates its dependence on the change in plant structure due to 

crop growth. Since the plant is more vertical during booting 

stage (on 16 August 2015), RH polarization has shown a very 

low R2 of 0.04. And the R2 of RH polarization on 10 September 

2015 has increased to 0.34, which indicates that the portion of 

bended panicles is acting as horizontal orientated components. 

The increase in R2 of RV polarization from 0.46 to 0.55 when 

crop phenology changes from booting to grain filling stage, is 

expected due to increase in average crop height from 0.8 m to 

1.2 m. The range of crop heights that were observed from the 

sampled seventeen fields during both the ground truth 

campaigns is given in the Fig 3. 

 

Table 2. Sensitivity of individual hybrid polarimetric 

parameters towards LAI 

Polarimetric 

Parameters 

R2 on 16th 

Aug 2015 

(17 

samples) 

R2 on 10th 

Sep 2015 

(17 

samples) 

R2 by 

combined 

both (34 #) 

σ˚RH in dB 0.04 0.34 0.27 

σ˚RV in dB 0.46 0.55 0.60 

g0 0.19 0.38 0.35 

g1 0.18 0.03 0.002 

g2 0.29 0.001 0.05 

g3 0.66 0.09 0.29 

m 0.52 0.05 0.32 

delta (δ) 0.02 0.002 0.03 

chi (χ) 0.61 0.06 0.2 

alpha (α) 0.07 0.02 0.02 

psi (ψ) 0.34 0.04 0.15 

Volume 0.37 0.56 0.57 

m-delta_Even 0.0004 0.13 0.08 

m-delta_Odd 5E-08 0.22 0.06 

m-chi_Even 0.20 0.1 0.004 

m-chi_Odd 0.21 0.28 0.24 

m-alpha_Even 0.0001 0.17 0.08 

m-alpha_Odd 0.23 0.42 0.4 

 

The increase in R2 of backscattering coefficients (σ°RH, σ°RV) 

and g0 with the crop growth indicates that the radar return signal 

sensitivity to the paddy crop covered over agricultural fields is 

proportionally with biomass of the crop. Since the Stokes 

classical parameters (excluding g0) and Stokes child parameters 

are dependent on the structure and orientation of the target, 

these parameters have shown higher correlation during booting 

(vertically oriented) than the grain filling stage (distributed in 

both horizontal and vertical directions). The degree of 

polarization (m) has shown R2 of 0.52 on 16 Aug 2015 due to 

its strict vertical orientation and it has decreased to 0.05 on 10 

Sep 2015 due to the increase in randomness of plant structure 

which leads to multiple scattering of radar signal. The counter 

part of “m”, volume component, has shown quite opposite 

scenario to LAI, R2 of 0.57 on 10 Sep and 0.37 on 16 Aug 2015. 

It has also been observed that the volume component is more 

sensitive to LAI than the even bounce and odd bounce generated 

from m-δ, m-χ and m-α space decompositions in both the crop 

growth stages. This analysis has clearly indicates that the 

sensitivity of parameters generated from RISAT-1 hybrid 

polarimetric SAR data is also depends on the change in plant 

structure due to crop growth. The RV backscatter and volume 

component have shown good correlation with LAI in both the 

paddy crop growing stages because of RV backscatter coupling 

with vertically oriented components of paddy and volume 

component is sensitive to the water content present in the plant. 

Since the g0 indicates the total backscatter scattering, which is 

having the information of both crop and underneath soil 

characteristics, is not suitable to retrieve any crop or soil 

parameters theoretically and the R2 of 0.35 has confirmed this. 

Several attempts have been made to investigate the potential of 

backscattering coefficients and polarimetric parameters for LAI 

estimation using empirical approach for a basic step towards 

paddy crop biophysical parameters retrieval. 

 

 
Figure 3. The range of plant heights observed from the 17 

farmers’ fields during the both campaigns 

 

3.3 Empirical analysis 

 

Regression analysis was carried out to develop the relationships 

between backscattering coefficients and polarimetric parameters 

(even bounce, odd bounce and volume component) generated 

from m-δ, m-χ and m-α space decompositions in several 

combinations with LAI of paddy crop. The coefficient of 

determination, R2, of 0.63 has observed for the obtained 

relationship to estimate LAI using backscattering coefficients 

(σ°RH and σ°RV), which is given in Equation 16. It shows that 

the influence of plant structure on backscattering coefficients 

has controlling the accuracy of the developed model. 

 

𝐿𝐴𝐼 = 𝐴 + (𝐵 × 𝜎𝑅𝐻
𝑜 ) − (𝐶 × 𝜎𝑅𝑉

𝑜 )                     (16) 

Four more models have been attempted to investigate the 

sensitivity of polarimetric parameters (even bounce, odd bounce 

and volume component) generated from m-δ, m-χ and m-α 

ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume IV-5, 2018 
ISPRS TC V Mid-term Symposium “Geospatial Technology – Pixel to People”, 20–23 November 2018, Dehradun, India

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper. 
https://doi.org/10.5194/isprs-annals-IV-5-215-2018 | © Authors 2018. CC BY 4.0 License.

 
218



space decompositions to LAI. The developed models are in the 

form as given in Equation 17. 

 

𝐿𝐴𝐼 = 𝐴 + (𝐵 × 𝐸𝑣𝑒𝑛) + (𝐶 × 𝑂𝑑𝑑) + (𝐷 × 𝑉𝑜𝑙𝑢𝑚𝑒)      (17) 

In this case, it has been identified that the polarimetric 

parameters (even bounce, odd bounce and volume component) 

are more suitable to retrieve LAI of paddy crop than the 

backscattering coefficients. The m-δ space decomposition 

parameters have observed R2 of 0.74. The m-α space 

decomposition has given the R2 of 0.76, which is better than the 

m-δ space decompositions. And m-χ space decomposition has 

observed the highest R2, highest F and lowest SEE of 0.79, 

37.73 and 0.3 respectively indicates that m-χ technique derived 

parameters may increase the accuracy of models to retrieve the 

LAI of paddy crop. The proper use of relative change in 

magnitude as well as phase of the return horizontal and vertical 

polarized signals in m-χ space decomposition makes it superior 

to retrieve crop biophysical parameters from multi-temporal 

dataset than the other space decompositions (m-δ and m-α). The 

scatter plot of in-situ LAI and estimated LAI using 

backscattering coefficients and polarimetric parameters (even 

bounce, odd bounce and volume component) generated from m-

χ space decomposition are given in Fig. 4. 

 

 
Figure 4. Scatter plot of in-situ LAI and estimated LAI (with 34 

samples) using (a) backscattering coefficients and (b) even 

bounce, odd bounce and volume component derived using m-χ 

space decomposition; Line indicates the 1:1 line 

 

 

S.No. 
Hybrid polarimetric RISAT-1 SAR parameters used for LAI 

retrieval 
# R2 SEE F 

Significance 

of F 

1 σ˚RH σ˚RV - - - 34 0.63 0.39 26.36 2.05E-07 

2 σ˚RH Volume - - - 34 0.63 0.39 26.31 2.09E-07 

3 σ˚RV Volume - - - 34 0.61 0.4 23.66 5.77E-07 

4 σ˚RH σ˚RV Volume - - 34 0.64 0.39 17.40 9.83E-07 

5 m-δ_Even m-δ_Odd Volume - - 34 0.74 0.34 27.83 8.34E-09 

6 m-χ_Even m-χ_Odd Volume - - 34 0.79 0.3 37.73 2.64E-10 

7 m-α_Even m-α_Odd Volume - - 34 0.76 0.32 32.02 1.76E-09 

8 σ˚RH m- χ _Even m- χ _Odd Volume - 34 0.80 0.3 29.46 7.73E-10 

9 σ˚RV m-χ _Even m-χ _Odd Volume - 34 0.79 0.3 27.41 1.75E-09 

10 σ˚RH σ˚RV m-χ _Even m-χ _Odd Volume 34 0.8 0.3 22.8 4.44E-09 

 

Since the volume component has been identified as more 

sensitive towards LAI of paddy than the even bounce and odd 

bounce generated from m-δ, m-χ and m-α space decompositions 

during the both crop growing stages. It has also made an 

attempt to develop the empirical models for LAI estimation 

using backscattering coefficients in combination with volume 

component. The models developed using RH backscatter with 

volume component (model 2) and RV backscatter with volume 

component (model 3) has given R2 of 0.63 and 0.61 

respectively.  Although individually the RV backscatter and 

volume component has shown high coefficient of determination 

of 0.6 and 0.57 respectively, it has been observed that there is 

no improvement of R2 by adding volume component with 

backscattering coefficient. Even the use of RH and RV 

backscattering coefficients with volume component (model 4) 

for LAI estimation, has given R2of 0.64. The attempted 

empirical models and the corresponding observed coefficient of 

determination are given in the Table 3. It is also made an 

attempt by including the backscattering coefficients (σ°RH and 

σ°RV) with polarimetric parameters (even bounce, odd bounce 

and volume component), but not observed any prominent 

improvement. 

 

Individually, some of the hybrid polarimetric parameters have 

shown a good correlation with the LAI of paddy crop. But the 

models developed using such high sensitive parameters have 

not shown any improvement in the R2. For example, volume 

component alone has given 0.57 R2 but the inclusion of volume 

component with backscattering coefficients in the model 3 has 

not shown any improvement than the model 1 which is 

developed using backscattering coefficients alone. And odd 

bounce generated from m-α space decomposition has shown R2 

of 0.4 among even bounce and odd bounce generated from the 

three space decompositions towards LAI of paddy crop. But the 

model developed using even bounce, odd bounce and volume 

component generated from m- α space decomposition has not 

shown the highest R2 in comparison with other space 

decompositions. It indicates that the polarimetric parameters 

may highly correlate with each other leads to no improvement in 

the R2. Correlation coefficient (r) has been calculated among the 

hybrid polarimetric parameters generated from RISAT-1 SAR 

data for further analysis and are given in the Fig. 5. Results have 

shown a high correlation of 0.99 between RV backscatter and 

volume component. Due to this, there is no such significant 

change in R2 of the models 2, 3, 4 and 9. It is also observed the 

correlation coefficient of 0.92 between odd bounce generated 

from the m-α space decomposition and volume component. This 

caused the model 7 limits to give 0.76 R2. 
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This indicates that the empirical models requires the 

polarimetric parameters highly sensitive towards crop 

biophysical parameters. Moreover, it is also necessary that those 

polarimetric parameters should not be highly correlated with 

each other, for developing the more suitable crop biophysical 

parameter retrieval model. Since the RH is highly correlated 

with even bounce and odd bounce generated from m-χ space 

decomposition technique, the R2 of model 8 is limited to 0.8. 

From this study, polarimetric parameters are identified more 

suitable to retrieve crop biophysical parameters than the 

backscattering coefficients generated from hybrid polaimetric 

SAR data. 

 

 

4. CONCLUSION 

 

Results have shown the potential use of the C-band hybrid 

polarimetric SAR data to retrieve LAI of paddy crop. It has 

been observed that the sensitivity of backscattering coefficients 

(σ°RH, σ°RV) to LAI, is also depends on the change in plant 

structure due to crop growth. The sensitivity of RH polarization 

is increased from 0.04 on 16 Aug 2015 to 0.34 on 10 Sep 2015, 

caused by the portion of panicles acting as horizontal 

component. The sensitivity of RV polarization is also increased 

from 0.46 on 16Aug 2015 to 0.55 on 10 Sep 2015, caused with 

the increase in plant height in vertical direction due to crop 

growth. Polarimetric parameters (even bounce, odd bounce and 

volume component) generated from m-δ, m-χ and m-α space 

decompositions are found as more suitable to retrieve LAI of 

paddy crop than the backscattering coefficients. The proper use 

of polarimetric parameters (even bounce, odd bounce and 

volume component) may further increase the accuracy to 

estimate LAI at any crop growth stage. It is also identified m-χ 

space decomposition generated parameters are more sensitive to 

the LAI of paddy. Analysis shows that the highly correlated 

polarimeric parameters with each other can’t improve the model 

accuracy even though individually they are highly sensitive 

towards crop biophysical parameter. 
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