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Abstract
The present study focused on the recent flood inundation (July 2020) that occurred in the 
lower Indo-Gangetic-Brahmaputra plains (IGBP) using concurrent C-band Sentinel-1A 
Synthetic Aperture Radar images in Google Earth Engine. The study exhibited that a sub-
stantial proportion of IGBP (40,929 km2) was inundated primarily in Bangladesh (9.09% 
of the total inundation), Assam (8.99%), and Bihar (6.29%) during June–July 2020. The 
severe impact of flood inundation was observed in croplands (4.41% of the total cropland), 
followed by settlements (20.98% of the total settlements) that affected a large population 
(~ 10,046,262) in IGBP. The prevailing COVID-19 pandemic has debilitated the efforts of 
mitigation and responses to flooding risks. The study necessitates adopting an integrated, 
multi-hazard, multi-stakeholder approach with an emphasis on self-reliance of the commu-
nity for sustenance with local resources and practices.
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1  Background

Recurrent flooding in the Indian sub-continent has prevalent phenomena in the last few 
years due to the increased frequency of high erratic and anomalous precipitation (Tanoue 
et  al. 2016). It has devastating effects in Indo-Gangetic-Brahmaputra plains (IGBP) due 
to the increased severity in terms of loss of lives and property (Kale 2003). The Ganges, 
Brahmaputra, and Meghna rivers in the lower basin of IGBP bring an enormous volume of 
water that leads to recurrent flooding approximately every year (Mohanty et al. 2020). The 
higher melting of glaciers in the central and the eastern Himalayan region, coupled with a 
sudden decrease in river bed slope, and the torrential precipitation during the Indian sum-
mer monsoon, intensify the run-off in the downstream and causes annual flooding (Dimri 
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and Allen 2020). The land-use alterations, increased soil erosion, increased siltation in the 
river, and growth of human settlements in low-lying areas augmented the flood severity 
many folds (Mullan et al. 2019). It has been reported that floods in India caused damage to 
over a billion US$ from 1993 to 2018 (Nagar 2018), due to high climatic extremes coupled 
with increased anthropogenic influences (Milly et al. 2002). In 2020, several districts (149 
in India and 64 in Bangladesh) in the lower basin of IGBP (including Bihar, Assam, West 
Bengal in India, and in entire Bangladesh) were on high alert due to a rise in the level of 
water above the danger mark simultaneously with heavy and incessant rains (CWC 2020). 
Later, the region observed the devastating effects of the flood amid the COVID-19 period. 
Therefore, in the present study, the spatial extent of flood inundation in the lower basin of 
IGBP was mapped, and later, its impact on land use/land cover (LULC) and population 
were analyzed.

2  Materials and method

Google Earth Engine (GEE) cloud platform was used to execute multiple tasks impec-
cably from concurrent SAR satellite data retrieval for flood mapping, and to deduce its 
impact on LULC, and population on a parallel processing architecture. The Sentinel-1A 
VH polarization images were retrieved during the pre-flood period (15 May to 15 June 
2020) and the peak flood period (30 June to 18 July 2020). The various pre-processing 
techniques, including orbit correction, radiometric calibration, removal of noise, ortho-
rectification, and conversion of sigma to decibels, were performed. The peak flood mosaic 
was divided by the pre-flood mosaic to deduce the change per pixel. The threshold of 1.25 
was applied to deduce flood hazard in the lower basin of the IGBP. The JRC Global Sur-
face Water dataset (2018; 30 m resolution) was used to mask the areas covered by water 
for > 10  months  year−1. The population density (person  pixel−1; 250  m resolution) was 
acquired from JRC Global Human Settlement Population Layer (GHSL; 2015) and used to 
estimate the number of marooned populations by overlaying the flood inundation layer. The 
MODIS Land Cover Type product (500 m resolution) was reclassified and used to deduce 
the impact of flood inundation on different LULC especially on cropland, and settlements.

3  Results and discussion

The C-band Sentinel-1 SAR-based flood inundation study exhibited that the flood inun-
dated a large portion (6.24%; 40,929.02 km2 area) of the lower basin of IGBP from 30 June 
to 18 July 2020. The flood inundation substantially affected Bangladesh (16,210.83 km2; 
9.09% of the entire Bangladesh), followed by Assam (9136.98 km2; 8.99% of the state), 
Bihar (7682.38 km2; 6.29%), West Bengal (6593.83 km2; 6.05%), Jharkhand (771.54 km2; 
0.76%), Meghalaya (270.28  km2; 0.93%), and Tripura (264.12  km2; 1.98%). The upper 
central and northern West Bengal, northern Bihar (Ganges basin), central and northeastern 
Assam (Brahmaputra basin) as well as western and central Bangladesh at the confluence of 
both the basins were significantly affected. It is to note that the severe flood occurrence in 
the upper catchments of the River Brahmaputra, and in the River Ganges gets accumulated 
in Bangladesh, and induces very devastating flood conditions in the region. In contrast, 
Jharkhand, Meghalaya, and Tripura observed the least flood inundation.
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The impact of the flood was analyzed on land use/cover that exhibits a significant 
impact of flood inundation on cropland (4.41% of total cropland; 19,391.42  km2), and 
built-up area (20.98%; 1509.91  km2) during 30 June to 18 July 2020. The recent flood 

Fig. 1  a MODIS-based LULC during the pre-flood period, and b impact of flood inundation on LULC dur-
ing peak flood period in the lower basin of IGBP (June–July 2020)
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(July 2020) significantly affected the croplands in Bangladesh (7242.09  km2; ~ 6.46% of 
the total cropland of Bangladesh), followed by Assam (4100.94  km2; ~ 8.46% of crop-
land of the state), Bihar (~ 3997.17  km2; 3.60%), West Bengal (3706.83  km2; ~ 4.14%), 
Jharkhand (268.71 km2; ~ 0.35%), Meghalaya (66.20 km2; ~ 8.73%), and Tripura (9.48 km2, 
i.e., ~ 0.51%). Similarly, flood affected settlement primarily in West Bengal (807.38 km2; 
30.75% of settlement of WB), Bangladesh (451.74  km2; 32.75% of settlement of state), 
Bihar (201.00  km2; ~ 11.25%), Assam (48.66  km2; 13.32%), and Jharkhand (1.13  km2; 
0.12%). In contrast, flood inundation has the least impact on the settlement in Meghalaya 
and Tripura due to its safer site and situation. The GHSL (2015)-based population exhibits 
that the flood affected a very large population (~ 10,046,262 people) in the region, primar-
ily in Bangladesh (37.56% of the total marooned population), followed by Bihar (33.87%), 
Assam (20.85%), whereas the population in West Bengal (6.51%), Jharkhand (0.98%), 
Tripura (0.14%), and Meghalaya (0.07%) were comparatively less affected due to the flood. 
The effective efforts of managing disasters are being debilitated due to the recent situation 
of COVID-19 pandemic globally (Ishiwatari et al. 2020; Lal et al. 2020). Shifting a vast 
population in relief camps during flooding conditions and maintaining social and physical 
distance to contain the spread of COVID-19, were the major challenges (Fig. 1; Table 1).

4  Conclusion

The study reported the recent flood inundation (July 2020) in the lower basin IGBP that 
led to the inundation of an extensive area (~ 40,929.96 km2) and affected an enormous pop-
ulation (10,046,262 persons) with worst in Bangladesh (39.61% of the total inundation; 
37.55% of the total marooned population), followed by Assam (22.32% inundation; 20.85% 
of the marooned population) and Bihar (18.77% of inundation; 33.87% of the marooned 
population). The flood severely affected ~ 4.41% (19,391.42  km2) of total cropland and 
20.98% (1509.91 km2) of settlements in the region. The concurrent flood study necessi-
tates adopting an integrated, multi-hazard, multi-stakeholder, approach with an emphasis 
on disaster risk mitigation, preparedness, streamlining of the relief distribution system, 
with emphasis on self-reliance of the community for sustenance with local resources and 
practices.
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