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Abstract 
Rice paddy mapping with optical remote sensing is challenging in Bangladesh 
due to the heterogeneous cropping pattern, fragmented field size and cloud 
cover during the growing period. The high-resolution Synthetic Aperture Ra-
dar (SAR) sensor is the potential alternate to mapping rice area in Bangla-
desh. The L-band SAR sensor onboard Advanced Land Observing Satellite 
(ALOS) acquires multi-polarization and multi-temporal images are a very 
useful tool for rice area mapping. In this study, we used ALOS-2 ScanSAR 
dual (HH + HV) polarized time series data in the study area. We used ortho-
rectification and slope corrected backscatter (sigma-naught) images and me-
dian filtering (3 × 3) window for image processing. The unsupervised classi-
fication with the k-means++ algorithm is used for initial clustering (20 cate-
gories) of images over the study area. The GPS location of rice paddy field 
with cropping pattern over study area uses for classifying the different rice- 
growing season from the k-means clustering data. The result is compared 
with the moderate resolution imaging spectroradiometer (MODIS) based rice 
area and national statistical agricultural yearbook statistics. The results show 
that, based on the MODIS based rice map, the rice fields can be mapped with 
a conditional Kappa value of 0.68 and at user’s and producer’s accuracies of 
86% and 90%, respectively. The large commission error primarily came from 
confusion between wet season Aus rice and others crop, Aus-Amon and Bo-
ro-Aus-Amon cropping pattern because of their similar backscatter ampli-
tudes and temporal similarities in the rice growing season. The relatively high 
rice mapping accuracy in this study indicates that the ALOS/PALSAR-2 data 
could provide useful information in rice cropping management in subtropical 
regions such Bangladesh. 
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1. Introduction 

Bangladesh is the 4th largest rice producer, importer and consumer country in 
the world [1]. The 75% of total agricultural land used for rice cultivation in the 
country (BBS). Rice is the staple food and 70% of total calorie intake come from 
rice [2]. Due to the drastic population growth (98 billion) growth need 70% more 
food in 2050 [3]. But the arable land area of the country is even decreasing over 
time due to increasing demand for residential and industrial use [4]. Bangladesh 
also suffers from periodic natural calamities such as drought, flooding, and cyc-
lones. Due to its location in a delta, climate change and associated sea level rise 
are expected to increase the risk for flooding and salinization of agricultural 
lands, especially near the southern coast [5] [6]. The rice cultivated areas of Ban-
gladesh is located low-land, flat and inundate areas and these areas are easily 
damaged by natural disaster likes floods, drought and storms. The country’s mar-
ket economics and food security mainly depend on rice production. Accurate 
information on rice cultivation extent, rice production and long-term informa-
tion are very important for the country. There are several attempts have been tak-
en for rice area mapping over the country. The expert opinion, census data and 
GIS application are the traditional way of rice mapping. But the variation of rice- 
growing season and area, it’s very difficult to know the exact location of the rice 
paddy field with the traditional method. The remote sensing application for rice 
area monitoring and mapping is an efficient and dependable tool for precise and 
timely information on rice phenology and vegetation development [7]. The opt-
ical remote single sensor-based Landsat, AVHRR and MODIS data derived rice 
area mapping is the most common at global and regional scale [8]. The mix pixel 
classification is one of the disadvantages for single sensor application. Multi tem-
poral and high-resolution sensor data have been used to overcome such problem 
[9]. The multi-temporal Landsat 8 NDVI and LST data with CNN algorithm used 
for mapping rice area in China with very high accuracy [10] [11]. The Landsat 
TM and OLI data from 1993 to 2016 with NDVI and MNDWI index and mask-
ing method have been used for rice area mapping in Southern China region [12]. 
The moderate resolution imaging spectrometer (MODIS) derived NDVI and 
spectral matching techniques used rice mapping in Bangladesh with 90% accu-
racy [13], optical and radar imagery in South Asia with high accuracy [14]. The 
land surface water index (LSWI), NDSI, and enhanced vegetation index (EVI) 
have been used for rice area mapping in regional and global scale [15]. 

Although optical sensor data are useful to map paddy rice, there is a limitation 
for data acquisition due to cloud contamination especially like a cloud prone 
country Bangladesh. Synthetic Aperture Radar (SAR) data have been used to 
complement the cloud problems of optical sensor images because SAR data are 
not influenced by weather conditions [16]. Several studies employed SAR data 
for land cover/land use as well as paddy rice mapping [17] [18] [19] [20]. The 
synthetic aperture radar (SAR) ALOS/PALSAR data derived multidate variation 
of horizontal-horizontal polarization and support vector machine (SVM) clas-
sifier have been used in south east China [10]. The operational near real time 
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rice area mapping with Sentinel-1 data on GEE platforms with random forest 
classifier with the classification accuracy 0.84% found in India [21]. The higher 
resolution and cloud free SAR imagery have been analyzed on GEE platform 
with random forest classification and showed 90% accuracy of rice classification 
in Bangladesh and northeast India [19]. Along with seasonal cloud contamina-
tion, the high cropping intensity, diversity and land fragmentation are the chal-
lenges to map rice calendar in Bangladesh. The ALOS-2 ScanSAR data emits 
microwave and receives reflection from ground without other light sources. The 
frequency of transmission and receiving microwave is L-band and less affected 
by weather condition. Moreover, L-band microwave can reach to the ground 
partially penetrating through vegetation to obtain information of vegetation and 
ground surface. As a result, ALOS-2 could be a very good tool for rice area map-
ping. In this study, we used high resolution ALOS-2 L band ScanSAR dataset to 
overcome such problems. The main objective of this study to map rice crop ca-
lendar over Bangladesh with ScanSAR dataset. In Bangladesh, along with sea-
sonal cloud contamination, the high cropping intensity, crop diversity and land 
fragmentation are the challenges to map rice area. Due to the favourable envi-
ronment for rice cultivation through the year, fertile land and high market de-
mand of rice, rice cultivated three times in a year as single, double and triple 
crops. The three main rice growing seasons in Bangladesh are December/January 
to April (Boro Season), April/May to June/July (Aus Season) and July/August to 
November/December (Amon Season). Moreover, the small farm size, high crop-
ping intensity and frequently changes the rice cultivated field. This study will 
help to solve the cloud contamination problem and small cropping pattern iden-
tification throughout the year in Bangladesh. 

2. Methodology 
2.1. Data and Study Area 

The main dataset use for this study is ALOS-2 ScanSAR L band multidate data 
with 50 m grid. ALOS-2 is a Synthetic Aperture Radar (SAR). The three tiles 
N23E89 (Dinajpur) with 18 scenes median filtering HH [HV], N25E89 (Rang-
pur) with 18 scenes median filtering HH [HV], and N26E88 (Satkhira) 12 scene 
median filtering HH [HV] have been used in this study (Figure 1(a)). The filed 
data have been collected over Bangladesh with GPS location and cropping pat-
tern. The MOD13A2 Kalman’s filtered rice area map (Islam and Takeuchi, 2019) 
data have been used for comparison. The FAO crop calendar of Bangladesh, li-
terature review, national and international reports on rice production, expert 
opinion also used as secondary data for comparison our study result. Bangla-
desh is one of the largest rice-growing countries in South Asia. It extends from 
20˚44'00'' to 26˚37'51''N latitude and from 88˚00'14'' to 92˚40'08''E longitude and 
covered 148,450 km2 (Figure 1(a)). Physically the country is almost low altitude, 
relatively flat except the north-eastern and south-eastern hill tracts. Administra-
tively, the country divided into major seven division; Dhaka, Rajshahi, Chitta-
gong, Rangpur, Sylhet, Barisal and Khulna. Climatically, Average annual rainfall 
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varies from 1200 mm in the extreme west to over 4000 mm in the northeast and 
temperature 12˚C in January to 42˚C in April (BMD). The country’s mean an-
nual lake evaporation is approximately 1040 mm, which is about 45 per cent of 
the mean annual rainfall. There is a huge seasonal variation of the weather pa-
rameter especially the temperature and rainfall (Figure 1(b)). There are three 
major rice growing season in the country. Boro rice season (December/January 
to March/April) is the second largest by area and accounts for 50% (4.84 million 
hectares) of total rice production of the country. It’s the highest yield rice pro-
ducing season, cultivated in summer with fully irrigation and high fertilizer in-
puts. Aus rice (April/May to July) is smaller rice area, accounts for 9% (1.04 mil-
lion hectares) of total production and cultivated in monsoon season. The Aus is 
cultivated under almost rainfed condition but a great uncertainty due to the flood. 
Amon rice (July/August to November) is the largest (5.53 million hectares) rice 
growing season and accounts for 41% of total rice production. This rice season is 
a very critical growing period due to the flood in early growing stage and fre-
quent drought in the later growing stage. The FAO rice crop calendar shown in 
Figure 1(c). 
 

 
(a) 
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(b) 

 
(c) 

Figure 1. (a) Geographical location and generalized land use and land cover (LULC) map of 
the study area from MCD12Q1, Land use and Land Cover Map of Bangladesh; (b) 
Monthly average minimum and maximum temperature, and rainfall over Bangladesh [22]; 
(c) Rice paddy crop calendar in the study area [23]. 

2.2. Methodology 

The research methodology comprises remote sensing data analysis, field data col-
lection and compare result with relevant sources of data. The ALOS-2 median 
filtering HH [HV] backscattered value can detect the surface inundation condi-
tion even vegetated stage of rice growing period (Figure 2). The rice crop culti-
vation needs some specialize environment for grown up. Before plantation, the 
cultivated land plough with water and makes muddy wetted. This flooding pe-
riod for one to week ALOS-2 backscattered shows specular reflection, after 
plantation and growing stage showed weak backscattered. In the well growing 
vegetated period, the strong backscatter appears in rice paddy field. After har-
vesting, the fallow straw field also demonstrates distinguish backscatter value 
(Figure 2). 

In this study we used the median backscatter value for rice paddy detection. 
Three different regions ALOS-2 ScanSAR images with backscatter value have 
been used. Initially, we apply orthorectification, slope correction, and select the 
best available image over the study area. The DN value of image converted into 
backscatter sigma naught value and applied median 3 * 3 median filtering. The 
annual composite image used for unsupervised K-means++ classification and 
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categorized 20 class. We collect the GPS data of rice paddy field with cropping 
pattern over the study area. We extract the GPS values K-means class and pre-
pared a confusion matrix for rice types identification. With the confusion ma-
trix, we select the seasonal rice crop class (Boro, Aus, and Amon rice). Then, we 
reclassify the K-means class according the seasonal rice cropping pattern. Fi-
nally, we prepared the Boro, Aus and Amon season rice map over the selected 
ALOS-2 Scan SAR tiles. The crop calendar of Bangladesh has been used for sea-
sonal rice crop detection. We compared our result with relevant study, especially 
MODIS based rice area of Bangladesh. The overall research flowchart shown in 
Figure 3. 
 

 

Figure 2. The backscatter reflection of rice paddy field in different growing stage; flood-
ing and transplanting, early grown up and well vegetated rice growing stage. Source: 
Asian Development Bank. 2017. Innovative Data Collection Methods for Agricultural and 
Rural Statistics. 
 

 

Figure 3. The overall research flowchart composes with ALOS-2 ScanSAR data pre-processing, classification and class extraction 
with ground truth data with GPS location and cropping pattern over the study area. 
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3. Result and Discussion 
3.1. K-Means Clustering Result 

The k-means unsupervised classes of the selected tiles of the study area showed 
the variation among the tiles. The data scene number differences (Satkhira re-
gions 12 scene, Rangpur and Dinajpur regions 18 scene), local physical proper-
ties, and landscape variations are probable causes of the variation. The K-means++ 
20 classes of the selected tiles with GPS location and cropping pattern of relevant  
field have been used. The Dinajpur and Satkhira tiles have less GPS ground truth 
data and less crop area coverage and major part is covered by the mangrove for-
est Sundarban. As a result, the K-means classes shows less variation and there is 
no rice crop in class 1, 2, 4, 5, 9, 12, 15, 17 and 19. Moreover, there is very few 
GPS ground truth data have collected on this tile as a result the accuracy assess-
ment result may affected. In Dinajpur tiles also less coverage in Bangladesh part 
and few ground truth data. The K-means class 3, 9, 10, 11, 14 and 18 is absence 
in this region. The Rangpur tiles is full coverage area with more GPS ground 
truth data. The ground truth data on Amon-Others, Boro-Amon and Boro-Others 
cropping pattern are dominated. In this regions K-means classes showed maxi-
mum class result. The class 4, 14 and 15 are absence in this region. The field data 
demonstrated the maximum points in Boro-Aus-Amon and Boro-Amon crop-
ping pattern and less points in Boro-Aus crop pattern. Figure 4 shows the con-
fusion matrix of ALOS-2 and GPS data-based cropping pattern. 
 

 

Figure 4. The confusion matrix of ALOS-2 images K-means classes comparison with field 
GPS data and cropping pattern (Others represent others crops as like Potato, Mastered, 
Onion, green chilies, seasonal vegetables etc.). 
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3.2. ALOS-2 Rice Calendar 

The rice crop calendar of ALOS-2 ScanSAR and GPS field data used rice area 
map of the selected study area in this study. The three selected regions showed 
some variation of K-means classes and rice crop pattern class. The Satkhira re-
gions, which have less temporal resolution and few ground truths point and less 
K-means classes for rice. The estimated Aus rice area seems as dominated rice 
cropping pattern. Geographically, this region located close to the coastal area 
and contains huge soil moisture due to the tidal wave, which probable causes of 
ALOS-2 ScaSAR backscatter reflection affected. The Rangpur and Dinajpur re-
gions showed more K-means class for rice crop pattern. The Boro and Amon 
rice area is the dominant cropping pattern of this regions. The Boro rice culti-
vated in dry season and the others crops during this period are Onion, Cron, 
Sugarcane, Watermelon, Wheat, Green Chile, and various seasonal vegetables. 
Due to the uniqueness of rice cultivation in flooded condition, the Boro rice area 
is easily distinguishable from others crop. The Aus rice growing season is mainly 
huge rainfall and flood season and Jute is the contemporary crop. Sometimes the 
over rainfall and deep waterlogged in rice paddy field and Jute field lead misclas-
sification of Aus rice. The Amon rice cultivated in late monsoon and post mon-
soon season and Banana, Lentil, Mastered, and vegetables are the contemporary 
crops in this season. As a result, Amon rice also showed very good accuracy. Due 
to the irrigation practices, favourable weather condition and high market de-
mand, the study area practicing single, double and triple rice cropping pattern. 
In case of single rice and other crops pattern, the rice field is highly distinguish-
able. The double rice crop and other cropping pattern, the accuracy is lower than 
the single rice crop associated patten. In the Rangpur and Dinajpur tiles the 
double and triple rice crop are leading cropping practices. The Sathkhira regions 
are mainly dominated by single and double crops. The seasonal rice area (Boro, 
Aus and Amon) rice area map shown in Figure 5.  

3.3. Comparison with MODIS Data 

The ALOS-2 ScanSAR based rice area map of selected tiles compared with the 
MODIS Kalman’s filter NDVI based rice area map of Bangladesh. The result 
shows the regional variation of accuracy of different rice types. In the Dinajpur 
and Rangpur regions demonstrated more accuracy than the Satkhira region. The 
Dinajpur region demonstrated the highest overall accuracy (77.19%) followed 
by Satkhira (74.07%) and Rangpur (73.39%). The kappa value for Rangpur, 
Dinajpur and Satkhira are 68.47, 50.73 and 55.99 respectively. In the Dinajpur 
regions highest producer accuracy demonstrated in Amon-Others crop class 
(86.67%) and followed by Aus-Amon, Boro-Others and lowest in case of Bo-
ro-Aus-Amon crop pattern. In case of Boro-Aus, the producer accuracy is 100%, 
due to the only two GPS ground truth data on it. The highest user accuracy in 
Aus-Others cropping pattern (83.33%) and lowest in Boro-Amon (66.67%.). The 
maximum commission error in Aus-Amon (33.33%) and minimum in Boro- 
Others (11.11%). The overall accuracy 77.19% and kappa value 50.72. The Rangpur  
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(c) 

Figure 5. ALOS-2 ScanSAR based seasonal rice cropping pattern over the selected tiles in 
Bangladesh, (a) Boro season rice map, Boro Rice Paddy-2018; (b) Amon season rice map, 
Aus Rice Paddy-2018; and (c) Aus season rice map, Amon Rice Paddy-2018. 
 
tiles maximum producer accuracy in Boro-Others cropping pattern (90.91%) and 
minimum in Boro-Aus-Amon cropping pattern (59.09%). The Boro-Amon and 
Aus-Others crops pattern shows highest user accuracy. The lowest omission er-
ror in Boro-Others crops types (9.09%) and highest in Boro-Aus-Amon (40%). 
The overall accuracy is 73.39% and kappa value 68.47. In the Satkhira tiles the 
overall accuracy is 74.07% and kappa value 55.99. In terms of overall commis-
sion error, the Boro rice showed lowest and Aus-Amon is highest one. The error 
matrix of Satkhira and Dinajpur greatly reflected due to the very few ground 
truth data. The regional variation of physical properties also another probable 
causes of the variation. The overall accuracy assessment result demonstrated in 
Figure 6. 

3.4. ALOS-2 ScanSAR Rice Area Map Validation with Field Data  
and National Statistics 

The ALOS-2 ScanSAR derived seasonal rice area map of selected seven tiles va-
lidated with the collected GPS filed data. The field data point compared with the 
ALOS-2 ScanSAR based rice area map. Among the 35 GPS points of amon rice  
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Figure 6. The different accuracy assessment indices for the rice paddy field comparison 
between ALOS-2 and MODIS based rice area in three different study area. 
 
field data, 27 points classified amon rice paddy field, 2 fields are misclassified as 
boro and amon rice, 3 fields as aus rice and 3 fields as aus and amon rice crop 
field in ALOS-2 ScanSAR rice map. The probable misclassification between 
amon and aus rice class is late amon and early aus planted rice paddy field. The 
single amon to double boro and amon rice paddy fields and aus and amon rice 
field misclassified is mainly due to the field size change in the different season. 
Among the total 48 points of boro rice paddy field data, 38 GPS points on boro 
rice identified as boro and 2 points misclassified as boro and amon rice field, 3 
points as aus rice field, 4 points as boro and aus rice and 1 point as amon rice 
paddy field. Among the 32 GPS point on aus rice field data, 24 points classified 
as aus rice field and other points are misclassified as amon rice, boro rice, and 
boro and amon rice field in ALOS-2 ScanSAR rice paddy map. Among the 71 
points on boro and amon rice paddy field, 61 points identified as amon and mis-
classified 3 of them as boro rice, 2 as amon rice, 3 as boro, amon and aus rice 
paddy field. The higher user’s and producer’s accuracy found at boro-amon rice 
pattern are 84.72% and 85.91% respectively. The more GPS point, the most 
common rice cropping pattern are the probable causes of higher accuracy. The 
lower producer’s and user’s accuracy in the boro-aus rice cropping pattern and 
the probable causes are the rarely cultivated pattern and fragmented small field 
size. The aus rice paddy also shows lower accuracy (70.59%) as the fluctuated 
planting date in between boro and amon rice-growing season and misclassified 
as boro and amon rice paddy field. The double and triple rice cropping pattern 
also illustrated comparatively lower accuracy mostly due to the changing field 
size from one season to another. The overall accuracy between the GPS field data 
and ALOS-2 ScanSAR rice paddy map is 78.65% with the kappa value 0.76. Ta-
ble 1 demonstrated the detail error matrix. 
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Table 1. Accuracy assessment of GPS field plot data and ALOS-2 ScanSAR based seasonal 
rice paddy map over the study area, 2018. 

Classified 
Data 

Reference Data 

Amon Boro B-A Aus A-A B-A B-A-A 
Classified 

Total 
User’s 

Accuracy 

Amon 27 1 2 2 0 2 0 34 79.41 

Boro 0 38 3 2 0 2 0 45 84.44 

B-A 2 2 61 2 3 1 1 72 84.72 

Aus 3 3  24 1 3 0 34 70.59 

A-A 3 0 1 0 16  2 22 72.73 

B-A 0 4 1 2 1 13 1 22 59.09 

B-A-A 0 0 3 0 4 0 31 38 81.57 

Reference Total 35 48 71 32 25 21 35 267  

Producer’s 
Accuracy 

77.14 79.17 85.91 75.00 64.00 61.90 88.57 
Overall Accuracy = 0.7865, 

Kappa = 0.7622 

(Here, B-A = Boro-Amon Rice, A-A = Aus-Amon Rice, B-A = Boro-Aus Rice, B-A-A = Boro-Aus-Amon 
Rice). 

 
Moreover, the ALOS-2 ScanSAR seasonal rice area in major administrative 

boundary level compared with the Bangladesh Bureau of Statistics (BBS) re-
ported rice area statistics [24]. Among the administrative boundary, the My-
mensingh district is the top rice-producing area. The estimated amon rice area 
and reported amon and boro rice area are almost same, whereas the estimated 
aus rice area is overestimated in the district. Similarly, in the case of other dis-
tricts, the estimated and reported amon and boro rice area showed higher 
agreement. But the estimated and reported aus rice area demonstrated overva-
lued and higher discrepancy. The ALOS-2 ScanSAR amon rice area and the BBS 
reported rice area is shown very good agreement (R2 = 0.98) followed by boro 
(R2 = 0.94) and aus (R2 = 0.71) in the selected administrative district level. The 
total estimated and reported amon rice area is 1,017,983 ha and 995,505 ha, re-
spectively in the study area. The boro area also showed good agreement whereas 
reported area is 1,101,538 ha and estimated area 1,029,036 ha. The aus rice area 
shows higher discrepancy between the reported and estimated area (Table 2). 
 
Table 2. Comparison of seasonal ALOS-2 ScanSAR estinmated rice area with national 
statistics by administrative districs. 

District 
ALOS-2 Estimated rice area (ha) BBS Reported rice area (ha) 

Boro Rice Aus Rice Amon Rice Total Boro Rice Aus Rice Amon Rice Total 

Dhaka 35,361 5448 32,986 73,795 47,156 747 16,716 64,619 

Faridpur 44,309 9997 83,172 137,478 27,804 6580 82,090 116,474 

Gazipur 48,218 2796 36,963 87,977 54,316 1356 42,502 98,174 

Madaripur 26,218 2813 31,631 60,662 33,677 1525 26,511 61,713 
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Continued 

Manikgonj 36,481 1752 43,652 81,885 46,533 142 38,891 85,566 

Munshigonj 36,377 845 29,138 66,360 26,450 940 20,745 48,135 

Narayangonj 25,106 4578 20,361 50,045 26,018 690 10,883 37,591 

Narshingdi 43,892 6127 42,720 92,739 50,213 331 41,483 92,027 

Mymensingh 271,349 41,233 257,157 569,739 266,243 16,626 259,040 541,909 

Rajbari 22,488 5539 38,712 66,739 12,664 1310 46,256 60,230 

Shariatpur 34,911 4634 26,610 66,155 21,172 9180 17,689 48,041 

Tangail 153,148 9931 122,680 285,759 191,878 837 116,482 309,197 

Magura 40,850 3075 51,254 95,179 42,696 3310 58,715 104,721 

Narail 43,826 5561 37,737 87,124 59,063 5459 39,975 104,497 

Pabna 68,888 24,759 85,268 178,915 56,317 16,974 94,727 168,018 

Sirajgonj 97,614 6455 77,942 182,011 139,338 4725 82,800 226,863 

Total 1,029,036 135,543 1,017,983 2,182,562 1,101,538 70,732 995,505 2,167,775 

4. Conclusion 

The multi dated ALOS-2 ScanSAR data with unsupervised classification and su-
pervised labeling used for seasonal rice paddy. The methodology shows very 
good accuracy (59% to 84%) to identify even the complex rice cropping pattern. 
The rice crop calendar mapping with ALOS-2 based rice paddy mapping showed 
a great potential for seasonal cloud affected region like Bangladesh. The K-means 
class ScanSAR data with GPS ground truths data detected the seasonal rice crop 
calendar with high accuracy. Although, the temporal and spatial resolution vari-
ation between the ALOS2 and MODIS based rice area map. The producer accu-
racy varies from 62% to 90% in different regions and boro rice in Rangpur dem-
onstrated 90% accuracy. The result showed 66% to 88% user accuracy from re-
gion to region and similar to producer accuracy boro rice showed maximum us-
er accuracy. 
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