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Abstract  Article Info 

Accurate and timely estimation of crop area is crucial for effective agricultural planning, food 

security assessments, and precision farming interventions. This study demonstrates the potential 

of Sentinel-1A Synthetic Aperture Radar (SAR) data for kharif paddy area estimation in 

Thanjavur district, a major rice-producing region in the Cauvery Delta of Tamil Nadu, India. 

Utilizing freely available C-band SAR data acquired at 12-day intervals between May and 

October 2019, a robust multi-temporal feature (MTF) extraction technique was employed to 

characterize the phenological stages of paddy cultivation. Pre-processing steps including speckle 

filtering, terrain correction, and atmospheric attenuation removal were conducted using the 

MAPscape-RICE processing chain. Key temporal features—such as VV minimum, VH 

maximum backscatter, and their corresponding dates—were derived and integrated into a 

parameterized classification framework. Ground truth data comprising 130 samples were used 

for training and validation, with 60% reserved for accuracy assessment. The classification 

achieved an overall accuracy of 94% and a Kappa coefficient of 0.77, indicating strong 

agreement with field observations. Spatial analysis revealed the temporal onset of the paddy 

season across different blocks within Thanjavur, providing insights into intra-regional cropping 

dynamics. The study validates the operational applicability of SAR-based remote sensing for 

paddy area estimation, particularly in regions frequently affected by cloud cover where optical 

sensors are limited. The results support SAR data as a reliable tool for agricultural monitoring, 

offering spatially explicit crop maps critical for decision-makers in precision agriculture and 

policy formulation. 
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Introduction 

 

Rice is one of the most important food crops globally, 

serving more than half of the world. In India, paddy 

occupies approximately 44.6 million hectares, with an 

annual production of 80 million tonnes. Accurate spatial 

estimation of paddy cultivation areas plays a crucial role 

in facilitating technology dissemination and informing 

policy decisions aimed at sustaining productivity at 

regional and national levels. A key aspect of agricultural 

monitoring is the discrimination of crop types, which is 

fundamental for estimating crop area, health, yield, and 

damage. Recent advancements in remote sensing 

technologies have significantly improved the ability to 

monitor agricultural landscapes. Among these, optical 

remote sensing has gained prominence for crop mapping 
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due to its capacity to capture the bio-physical 

characteristics of vegetation. However, the effectiveness 

of optical data is often limited by cloud cover, 

particularly during critical stages of the crop growth 

cycle when repeated observations are necessary. This 

limitation can result in delayed or incomplete data 

acquisition. To overcome these challenges, spaceborne 

Synthetic Aperture Radar (SAR) has emerged as a 

valuable tool, capable of acquiring high-frequency 

observations independent of weather conditions and 

sunlight. SAR’s ability to penetrate cloud cover and 

capture surface characteristics consistently makes it 

particularly suited for agricultural monitoring. SAR data 

has demonstrated considerable potential in crop 

identification through the analysis of temporal variations 

in backscatter signatures.  

 

Several studies have successfully utilized SAR 

backscatter information for distinguishing crops such as 

paddy, groundnut, maize, mango, and banana. Notable 

contributions in this domain include works by Suga and 

Konishi (2008); Bouvet et al., (2009); Pazhanivelan et 

al., (2015); Mugilan et al., (2017); Ragunath et al., 

(2019) and Venkatesan et al., (2019), highlighting SAR’s 

effectiveness in operational crop discrimination and 

mapping. Kannan et al., (2021) and Kannan et al., (2021) 

conducted some research on the rice area employing 

sentinel-1 data in the Cauvery delta region and 

Nagapattinam districts. 
 

Materials and Methods 
 

Study area  
 

Thanjavur district is geographically situated between 

latitudes 9º 50′ N and 11º 25′ N, and longitudes 78º 43′ E 
and 79º 23′ E, encompassing a total area of 
approximately 3,396.57 km². The district has an average 

elevation of 50 meters above mean sea level (MSL). As 

the principal district within the Cauvery Delta region, 

Thanjavur holds a significant position in the agricultural 

landscape of Tamil Nadu. Approximately 70% of the 

district's population is directly or indirectly involved in 

agriculture and allied sectors. With a gross cropped area 

of nearly 2.69 lakh hectares, Thanjavur is widely 

recognized as the "Rice Bowl of Tamil Nadu" due to its 

substantial contribution to paddy cultivation in the state. 
 

Satellite data 
 

Sentinel 1A data was taken for months of May to 

October 2019 acquired at 12 days intervals having 20 m 

resolution.  

Ground truth collection 

 

Ground truth points were collected in the study area at 

different crop growth stages. Totally 130 paddy points 

with non-crop points have been collected. Among these 

40 percent ground truth points were used for training and 

60 percent for validation processes. 

 

Pre-processing of SAR data 

 

A fully automated processing chain developed by Holecz 

et al., (2013) was used to convert SAR GRD multi-

temporal data to terrain geo-coded σ° values. The 
processing chain itself is a module within the MAP 

scape-RICE software. The basic processing includes the 

following steps. 

 

1. Strip mosaicking: To facilitate the overall data 

processing and data handling, 

2. Co-registration: Images acquired with the same 

observation geometry were co-registered in slant 

range geometry. 

3. Time-series speckle filtering: To balance differences 

in reflectivity between images, 

4. Terrain geocoding: Radiometric calibration and 

normalization. 

5. ANLD filtering: To get smoothened homogeneous 

targets. 

6. Removal of atmospheric attenuation: σ° values were 
corrected utilizing an interpolator. 

 

Multi-temporal feature extraction 

 

Multi-temporal features—including minimum, 

maximum, mean, minimum date, maximum date, and 

span ratio—were derived from both VV and VH 

polarization channels using the feature extraction module 

within the MAPscape-Rice software. These temporal 

backscatter characteristics are indicative of rice crop 

phenology and fall within defined value ranges specific 

to paddy cultivation. To extract these features 

corresponding to ground reference points, the Point 

Sampling Tool in QGIS version 2.18.20 was employed, 

enabling precise spatial correlation between the remote 

sensing data and field observations. 

 

Crop classification 

 

Image classification is a fundamental remote sensing 

technique that involves assigning image pixels to specific 

land cover categories based on their spectral reflectance 

values. In the context of this study, classification was 
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employed to accurately identify and delineate rice crop 

areas. This section details the classification methodology 

adopted for mapping paddy cultivation.  

 

Parameterized classification 

 

The parameterized classification algorithm utilized in 

this study quantitatively assesses the spectral response 

characteristics of each land cover category by analyzing 

the variance and covariance of their reflectance patterns.  

 

This statistical approach enables accurate classification 

of unknown pixels based on their similarity to predefined 

class signatures. For the identification of rice crop areas, 

classification was performed using a parameterized 

algorithm applied to multi-temporal features extracted 

from Ground Range Detected (GRD) Synthetic Aperture 

Radar (SAR) imagery. 

 

Training polygons were generated using feature values 

known to correspond to rice crop phenology. The multi-

temporal SAR features employed in the classification 

included VH maximum backscatter (VHmax), VV 

minimum backscatter (VVmin), dates corresponding to 

VHmax and VVmin (VHmaxdate and VVmindate), and 

cross-correlation metrics such as CCmin (VV) and 

CCmean (VV). These features were selected based on 

their relevance in capturing the unique temporal 

backscatter signature of paddy fields throughout the crop 

growth cycle. 

 

Accuracy assessment 

 

The error matrix and Kappa statistics are used for 

evaluating the accuracy of the estimated rice area. 

 

 
 

 
 

 

 
 

Results and Discussion 

 

It has become feasible with the advances in remote 

sensing technology through microwave SAR data and 

automated chain processing in crop identification and 

mapping. Sentinel 1A SAR available for free data 

acquired at a 12 days interval from May 2019 to October 

2019 was used for the investigation for the identification 

of rice crops and the area estimation in the Thanjavur 

district of Tamil Nadu.  

 

For the ground truth points chosen randomly over the 

study area, temporal backscattering values were 

extracted. In the Thanjavur district, the minimum dB 

values ranged from -19.93 to -17.09 and the maximum 

values. -17.23 to -15.54. In major blocks viz., Madukkur, 

Orathanadu, Pattukottai, Sethubavachatram, Thanjavur 

and Thiruvanam, the minimum dB values were recorded 

during D5 while in the other blocks, it was between D6 

and D7, indicating the start of the season in the blocks 

ranging from last week of June to the first week of 

August.  

 

The classified image derived from the multi-temporal, 

vertical-horizontal (VH) polarized Sentinel-1A C-band 

SAR imagery from May 2019 to October 2019 using 

MTF and parameterized classification technique was 

subjected to extraction process for retrieving the paddy 

crop area in Thanjavur district. The spatial distribution of 

the kharif paddy area is presented in Fig. 2.  

 

Accuracy assessment 

 

The rice area delineated from SAR data using the Multi-

Temporal Feature (MTF) Extraction method was 

evaluated for classification accuracy using an 

independent set of ground truth points not involved in the 

training process. For the accuracy assessment, a total of 

94 validation points were utilized, comprising 71 rice 

and 23 non-rice locations.  

 

A confusion matrix was constructed to quantify the 

classification performance. The assessment yielded an 

overall accuracy of 94%, with a Kappa coefficient of 

0.77, as shown in table 1. indicating a strong agreement 

between the classified rice map and the reference ground 

truth data. These results confirm the reliability of the 

MTF-based SAR classification approach for rice area 

estimation. 
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Table.1 Confusion matrix for accuracy assessment of SAR based Paddy estimate 
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Predicted class from the map 

Class Paddy Non-Paddy Accuracy (%) 

Paddy 65 6 91.5% 

Non-Paddy 2 20 90.9% 

Reliability 97% 76.9% 91.3% 

Average accuracy 91.2% 
 

Average reliability 86.5% 
 

Overall accuracy 91.3% Good Accuracy 

Kappa index 0.77 
 

 

Figure.1 SAR based spatial distribution of kharif paddy area in Thanjavur district 
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Conclusion 

 

The detection and estimation of rice cultivation areas in 

the study region were successfully conducted using SAR 

satellite data, demonstrating high reliability and 

accuracy. The findings highlight the potential of 

Synthetic Aperture Radar (SAR) data as a robust 

alternative for crop area estimation, particularly under 

challenging conditions such as persistent cloud cover or 

adverse weather, where optical imagery may be limited 

or unavailable. The ability of SAR to provide consistent, 

weather-independent observations makes it a valuable 

tool for operational agricultural monitoring. The spatially 

explicit information derived from SAR-based crop 

mapping can support data-driven decision-making in 

precision agriculture and serve as a critical input for 

policymakers involved in food security planning and 

agricultural resource management. 
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