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ABSTRACT: 13 

 14 

The Indo-Gangetic basin is one of the productive rice growing areas in South-East Asia. Within this extensive flat fertile land, lower 15 

Gangetic basin, especially the south Bengal, is most intensively cultivated. In this study we map the rice growing areas using 16 

Moderate Resolution Imaging Spectroradiometer (MODIS) derived 8-day surface reflectance product from 2014 to 2015. The time 17 

series vegetation and wetness indices such as Normalized Difference Vegetation Index (NDVI), Enhanced Vegetation Index (EVI) 18 

and Land Surface Water Index (LSWI) were used in the decision tree (DT) approach to detect the rice fields. The extracted rice 19 

pixels were compared with Landsat OLI derived rice pixels. The accuracy of the derived rice fields were computed with 163 field 20 

locations, and further compared with statistics derived from Directorate of Economics and Statistics (DES). The results of the 21 

estimation shows a high degree of correlation (r = 0.9) with DES reported area statistics. The estimated error of the area statistics 22 

while compared with the Landsat OLI was ±15%. The method, however, shows its efficiency in tracing the periodic changes in rice 23 

cropping area in this part of Gangetic basin and its neighboring areas.    24 

 25 

 26 

* Corresponding author 

1. INTRODUCTION 27 

The Indo-Gangetic basin (IGP) is one of the prominent rice 28 

growing areas in South-East Asia. The extensive fertile alluvial 29 

plain couple with dense irrigation network and monsoon rain 30 

have made this flat alluvia deposit as one of the most productive 31 

rice growing regions. The lower Gangetic basin, especially, the 32 

south Bengal, in entire IGP, is intensively cultivated with ample 33 

varieties of crops. Most of agricultural fields here is triple 34 

cropping system with rice as dominant crop (Panigrahy and 35 

Upadhyay, 2011). Couple of previous studies showed cropping 36 

pattern in IGP and lower Gangetic basin using time series SPOT 37 

NDVI data(Panigrahy and Upadhyay, 2011) and combining 38 

AWiFS and SAR data (Manjunath et al., 2011). These studies 39 

used combination of threshold and unsupervised classification 40 

approach to classify crop pixels into different cropping pattern. 41 

In this study, however, we tried to use higher time-resolved 42 

coarse resolution images to map rice crop pixels. The coarse 43 

resolution MODIS and AVHRR images in mapping crop area 44 

and cropping patter are widely practiced worldwide (Gumma et 45 

al., 2014). The successful commission of these studies in 46 

differentiating crops provides the opportunity to use these high 47 

frequency (temporal) coarse resolution satellite images in 48 

deriving the rice growing fields. The accuracy of the derived 49 

rice area is also assessed with respect to the combination of in- 50 

situ and reported area statistics.  51 

 52 

2. STUDY AREA 53 

The study area under lower Gangetic plain extends from 54 

21°32’22” to 25°32’16.97” N and 85°49’34.90” to 55 

89°05’46.91” E (Figure 1). The topographic characteristics of 56 

the area is vast alluvial plain in the central and eastern part, 57 

whereas, western part is featured by undulating topography of 58 

eastern plateau, called ‘Chotonagpur plateau. The western part 59 

therefore is drained by the tributaries originated in eastern 60 

plateau. The region is dominated by the monsoon climate with 61 

periodic wet and dry conditions. The annual average maximum 62 

and minimum temperatures are 29.6o and 21.1o C, respectively. 63 

The monsoon rainfall coupled with well-articulated irrigation 64 

network provide conducive environment to grow rice crop in 65 

this part of lower Gangetic basin. The average farm size is 0.77 66 

ha (Directorate Economics and Statistics) which is below the 67 

national average of 1.15 ha. The high degree of land 68 

fragmentation combining with intensive cultivation produces a 69 

large variety of cropping patterns. Most of these patterns are 70 

triple cropping system with the predominance of rice-rice-rice 71 

system. 72 

 73 
Figure 1. Physical setup of the study area 74 
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3. DATA AND METHODS 75 

The level-3 8-day composite surface reflectance product of 76 

MODIS (MOD09A1) from August 2014 to July 2015 was used. 77 

The level-3 surface reflectance products were produced based 78 

on the maximum value of the surface reflectance over a period 79 

of 8 day. Landsat OLI (level 1B) data for the selective date (26- 80 

01-2015) at the time of rice transplantation was also used. The 81 

time series NDVI, EVI and LSWI were computed from 82 

MOD09A1 surface reflectance data (Equation 1-3). 83 

  84 

EVI = G  (1)  85 

 86 

NDVI =   (2) 87 

 88 

LSWI =    (3) 89 

 90 

Where, C1 (C1=6) and C2 (C2=7.5) are the coefficients of the 91 

aerosol correction for blue and red band, respectively. L is the 92 

canopy background adjustment (L=1). G is the gain factors 93 

(G=2.5). , , , and  are reflectance at blue, red, 94 

near infrared and shortwave infrared. 95 

 96 

The computed vegetation indices were stack to get time series 97 

signals of NDVI, EVI and LSWI. Although level-3 surface 98 

reflectance products were generated after removing the cloud 99 

and aerosol effects, the residual atmospheric effects are still 100 

present in these derived products. To deal with that, we used 101 

Savitzky-Golay filter to remove the unexpected spikes in the 102 

time signals and to make it smooth (ref). Savitzky-Golay filter 103 

used a 2nd order polynomial function (Equation 4) to fit the data 104 

in selected time window.  105 

 106 

( ) +   (4) 107 

 108 

Where, f(t) is fitted value in the selected time window.ꞵ1 and 109 

ꞵ2  are coefficients of the polynomial equation. The smoothed 110 

time signals of these vegetation indices were then passed 111 

through the DT approach to separate the rice growing areas 112 

from other land cover categories. We used standard deviation of 113 

time signals in DT to exclude the other land cover categories. 114 

Since cultivation of rice is associated with flooding (or water 115 

logging) of the fields followed by transplantation at the time of 116 

sowing, and mixture of naked soil and rice residue at the time of 117 

harvesting, a sequence of LSWI and NDVI were used first 118 

during flooding and transplanting phases, whereas EVI was 119 

used during maturity and harvesting season. A sum of 163 in- 120 

situ locations were used to generate standard reference of time 121 

series signals of rice growing and other fields. Threshold values 122 

in DT were carefully selected based on these standard 123 

references. For the purpose of cross checking the results, we 124 

computed LSWI and EVI on the Landsat OLI image on the 125 

selected date. The time of the acquisition of OLI image was in 126 

tune with the transplantation stage of rice. Since transplantation 127 

also include the flooding signal, LSWI was subtracted from EVI 128 

to get the value greater than 0 for all rice pixels. DT was applied 129 

to OLI derived LSWI-EVI index to extract the rice pixels. The 130 

difference in estimated rice area from MODIS and OLI was 131 

reported. The area statistics derived at each districts were 132 

compared further with DES reported rice area. 133 

 134 

Based on the field information (start of season (SOS), maximum 135 

greenness time (MGT) and end season (EOS)), all of three 136 

paddy rice systems are separated from other cropping systems. 137 

Maximum cropland in the study area during Kharif season is 138 

used for aman-rice purpose and their SOS start from 20th July 139 

to 13th August, MGT from 14th September to 30th September 140 

and their EOS time varies from 25th November to 11th 141 

December. So, we put a threshold value of EVI (EVI > 4) at 142 

their maturity time (on 07 October) which easily separate aman- 143 

rice pixel from other non-crop pixel. In rabi season, considered 144 

as the time of maximum crop diversification, the boro-rice 145 

separate from others crop pixel based on MGT and EOS with 146 

EVI threshold greater than 0.4 on 22 March and less than 0.25 147 

on 01 May, respectively. In this way, amn-rice also separate 148 

from other crop and fallow pixel with EVI threshold is greater 149 

than 0.4 and less than 0.45 during MGT. 150 

 151 

 152 

4. RESULTS AND DISCUSSIONS 153 

 154 

4.1 MODIS derive Rice Area 155 

Figure 2 shows samples of standard time series vegetation 156 

signals from three different cropping systems. All of these three 157 

cropping pattern unanimously show a high LSWI value at the 158 

beginning of rice season. LSWI, however, decreases gradually 159 

giving way to increase the NDVI and EVI with the physical 160 

growth of the rice crop. A notable increase of LSWI is observed 161 

again at the peak physical maturity period due to the watering of 162 

the agricultural field. Under rice-fallow-fallow system, the EVI 163 

and NDVI ranges between 0.18 – 0.3 and 0.35 – 0.5, 164 

respectively after harvesting of first crop. Under double 165 

cropping rice-rice-fallow system both NDVI and EVI ranges 166 

between 0.18 – 0.25 after harvesting of the second crop. In both 167 

these cropping systems NDVI and EVI at the peak maturity 168 

period reaches up to 0.75 – 0.8 and 0.55 – 0.6, respectively. 169 

However, in triple cropping system such as in rice-rice-rice, the 170 

NDVI and EVI at the time of physical maturity of third crop 171 

remain well below 0.5. It happens, perhaps, due to shorter crop 172 

cycle coupled with low water availability at the field.  173 

 174 

 175 
Figure 2. Time series signal of major cropping systems 176 

 177 

Apart from these three rice systems we have analyzed other 178 

combinations of crops with rice. Using these vegetation indices 179 

in DT, all the rice pixels were identified. The spatial distribution 180 

of the first rice (Aman) crop (as per crop calendar of south 181 

Bengal), shows a wide spread occurrence during kharif season 182 

with the onset of monsoon (Figure 3a). MODIS drive aman-rice 183 

area is 35919101 ha which 10 % is over estimated as compared 184 

to DES reported area (Table 1). In rabi season, i.e. in winter, the 185 

rice pixels are concentrated along the central part, however, 186 

clusters of rice pixels are also observed in eastern part of the 187 

alluvial plain (Figure 3b). The derived area statistics shows 188 

about 6.46% cropland during this season is underestimated with 189 

respect to DES reported area (Table 2). During zaid season, i.e. 190 

in pre-monsoon season, the rice pixels are agglomerated mostly 191 

in southern part (Midnapore) and eastern part (Nadia) (Figure 192 

3c). About 1.90% cropland area during zaid season is 193 

underestimated with respect to DES reported area (Table 3). 194 

However, some cluster of rice pixels are also observed in 195 
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eastern Bankura and Bardhaman which are belong to the central 196 

part of the plain. 135583 197 

 198 

 199 
Figure 3. Seasonal and spatial distribution of paddy rice. (a) rice 200 

in kharif season, (b) in rabi season and (c) in zaid season 201 

 202 

4.2 Comparison with Landsat OLI derived Rice Area 203 

Figure 4 shows distribution of EVI (Figure 4a) and LSWI-EVI 204 

(Figure 4b) on OLI image. The pixels with values greater than 0 205 

in both EVI and LSWI, and a value less than 0.6 in LSWI 206 

comes under rice growing areas (Figure 4b). The results based 207 

on this selected tile of Landsat (Figure 5a) during rabi season 208 

show an identical pattern of spatial distribution of rice pixels 209 

between MODIS and OLI (Figure 5b, 5c). The distribution of 210 

error in area statistics between MODIS and OLI is within ±33% 211 

predominantly (Figure 5d).  212 

 213 

 214 
Figure. 4. Landsat OLI drive spatial variation of (a) EVI and (b) 215 

LSWI-EVI on 25.01.2015. 216 

 217 
Figure 5. (a) MODIS drive spatial distribution of cropping 218 

diversification in rabi season in South Bengal. (b) Boro-rice 219 

area estimated from MODIS (c) Boro-rice area estimated from 220 

Landsat OLI (c) Percentage of difference between MODIS and 221 

OLI in 2014-15. 222 

 223 

4.3 Comparison with DES Statistics 224 

The comparison of the MODIS derived rice area statistics with 225 

DES reported area statistics shows a high degree of correlation 226 

with less than 10-15% of absolute error. The scatterplot in all 227 

three seasons (Figure 6) shows a significant positive coefficient 228 

(slope) with R2 more than 0.8. It is notable, however, that 229 

correlation is highest during kharif rice season (Aman rice) and 230 

remain comparatively week during rabi rice season (Boro rice). 231 

Such discrepancy in the area statistics may happens due to the 232 

inherent limitation of the selected algorithm or sometimes due 233 

to under-reporting of the actual rice area under each season. 234 

 235 

 236 
Figure 6. Comparison of area statistics between MODIS and 237 

DES reported rice area for (a) aman-rice, (b) boro-rice and (c) 238 

aus-rice.  239 

 240 

 241 
Districts  Aman-rice 

DES MODIS Difference (%) 

1.24 PARAGANAS NORTH 139767 174195.5 24.63 

2.24 PARAGANAS SOUTH 325501 347902.4 6.88 

3.BANKURA 294204 323696.7 10.02 

4.BIRBHUM 315561 340096 7.78 

9.HOOGHLY 190221 203263.9 6.86 

10.HOWRAH 71064 79660.85 12.10 

12.MALDAH 141455 190618.7 34.76 

13.MEDINIPUR EAST 254064 268325 5.61 

14.MEDINIPUR WEST 496134 538294.7 8.50 

15.MURSHIDABAD 222718 218245 -2.01 

16.NADIA 94963 131194.9 38.15 

17.PURBA BARDHAMAN 419814 444987.6 6.00 

18.PURULIA 279151 331419.6 18.72 

Total 3244617 3591901 10.70 

Table 1. Comparison between DES and MODIS rice area 242 

(Aman) 243 

 244 
Districts  Boro-rice 

DES MODIS Difference (%) 

1.24 PARAGANAS NORTH 70898 41332.11 -41.70 

2.24 PARAGANAS SOUTH 63392 66395.96 4.74 

3.BANKURA 40185 40628.94 1.10 

4.BIRBHUM 66581 79029.18 18.70 

9.HOOGHLY 79654 58863.69 -26.10 

10.HOWRAH 43456 44788.37 3.07 

12.MALDAH 59802 59292.74 -0.85 

13.MEDINIPUR EAST 159819 171513.9 7.32 

14.MEDINIPUR WEST 195960 210784.2 7.56 

15.MURSHIDABAD 126504 102627.1 -18.87 

16.NADIA 98286 43393.95 -55.85 

17.PURBA BARDHAMAN 150267 161610 7.55 

18.PURULIA     

Total 1154804 1080260 -6.46 

Table 2. Comparison between DES and MODIS rice area 245 

(Boro) 246 

 247 
Districts  Aus-rice 

DES MODIS Difference (%) 

1.24 PARAGANAS 

NORTH 

      

2.24 PARAGANAS 

SOUTH 

      

3.BANKURA 21698 14945.35 -31.12 

4.BIRBHUM       

9.HOOGHLY       

10.HOWRAH 2836 3503.933 23.55 

12.MALDAH       

13.MEDINIPUR EAST 15111 15565.09 3.01 

14.MEDINIPUR WEST 33141 39317.94 18.64 

15.MURSHIDABAD       

16.NADIA 49599 43393.95 -12.51 

17.PURBA 

BARDHAMAN 

13198 16280.18 23.35 

18.PURULIA    

Total 135583 133006.4 -1.90 

Table 3. Comparison between DES and MODIS rice area (Aus) 248 

 249 

 250 
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5. CONCLUSION 251 

 252 

The analysis reveals a concise method of identification of rice 253 

growing areas based on the time series signals of selected 254 

vegetation indices. In comparison to the previous studies in this 255 

part of IGP that uses high resolution data, the results of this 256 

work is indifferent. In some season, such as in kharif season, the 257 

degree of association to the reported rice area by DES is much 258 

conformable than any of the previous studies. Hence, coarse 259 

resolution and high temporal frequency MODIS image can 260 

effectively be used in periodic mapping of rice area. Such 261 

periodic mapping can also be extended to agricultural policy 262 

framing in the era of rapidly growing demands for cereal crop.    263 

 264 
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