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ABSTRACT:

The present paper aims to understand the spatio-temporal dynamics of the Brahmaputra river islands locally known as chars in
Assam for agriculture crop expansion using long term multispectral satellite data and Google Earth Engine. This study also provides
information on existing agriculture lands on these chars. For the study Landsat data is analysed to find the long term stable islands
(1988-2018) and the present status of these islands for seasonal crop expansion. Validation of results was performed by using high-
resolution satellite data. It is found that total area of vegetative chars has increased in past three decades and approximately 146
thousand hectares area of char is stable from past ten years. This study also reveals that the major crop cultivation is in Lower
Brahmaputra Valley (LBV). In Upper Brahmaputra Valley (UBV), the crop cultivation is almost negligible compared to the large
islands size. It can be inferred that less stable chars which are mostly located in upper Assam has negligible agriculture. It is also
observed that at many places in lower Assam, double cropping system is followed. This study can be further extended by including
factors like soil type, soil texture, rainfall, socio-economic etc. to study suitability for different crops. Proper facilities and incentives
are to be provided to farmers of this region for better food security.

1. INTRODUCTION

In Assam, agriculture is the most dominant sector contributing
significantly to the economy of the state and providing
employment to lakhs of people (De et al. 2014, Gogoi et al,
2011). Due to limited agriculture land, low yield, small farm
holding the crop productivity in the region is less compared to
the national average. With changing climatic conditions and
volatility in markets, the food production also remains uncertain
(NITI Aayog report 2015). This demands the government to
take constructive measures for increasing the food production in
the region. For increasing the food production not only the
cropping intensity in the existing cropland has to increased but
also the area under food production has to be expanded and new
suitable areas in the state has to identified (Gogoi et al, 2011).
Every year due to migration of the Brahmaputra river, erosion
of thousands of hectares of land including the agriculture land is
continuously occurring both sides of the river thus leading to
more shortage of land (Sarkar et al. 2012, Thakuriah et al.
2018). Due to limited land in the mainland Assam, the
alternative area for crop expansion has to be explored. For this,
the Brahmaputra river islands locally known as chars provide
alternatives for crop expansion in the non-flooding seasons. But
the dynamics of these islands has to be understood properly for
better utilization of them for agriculture purposes.

In Assam, Brahmaputra river extends over 650 km covering
thousand hectares from upstream at Dibrugarh to the Dhubri
town in lower Assam near Bangladesh border (Lahiri et al 2012,
NESAC Report 2003). The Brahmaputra is characterised by its
highly braided channel pattern which has given rise to number
of river islands(chars) of various sizes and shapes (Best el al.
2007, Sarkar et al. 2012). With yearly occurring floods these
islands keep on changing in shape, sizes and orientation (Lahiri-
Dutta 2014, Hazarika et al. 2015). Many of such chars remain

stable for long period of time allowing vegetation to grow up
and settlement to establish (Rahman et al. 2012).

These islands, which are stable for long duration (a decade or
more), may be utilized for growing horticulture and plantation
crops, while islands, which are relatively less stable (less than a
decade) may be used for growing short duration seasonal crops
such as vegetables. But majority of these chars remains fallow
and unutilized for the entire duration. These chars have the
potential for agriculture expansion as the soil is fertile and
productive (Best et. al, 2007). Keeping in view the changes in
the river configuration of the Brahmaputra main channel this
study has been undertaken using the google earth engine
platform with the following objectives.

1) To identify the stability of the river Island/vegetative islands
(char) over the thirty years period from 1988 to 2018 using
multi-spectral satellite data.

2) To identify and map the present status of the chars for the
year 2017-18 and understand the status of the agriculture
pattern in these chars.

2. STUDY AREA

The study area consists of the Brahmaputra river boundary in
Assam state of India. The river has its origin in the Himalayas
and flows through China, India and Bangladesh. Its extensive
river system drains unique physical settings of diverse
environments such as the cold, dry plateau in Tibet, the steep
rain drenched slopes of Himalayas, the landlocked alluvial
plains of Assam and the vast dialectic plain in Bangladesh. The
river traverses the total distance of 2906 km through the Tibetan
plateau, The Himalayan mountains and hills and plains until
reaching the Bay of Bengal. The Brahmaputra basin covers the
area of 580 thousand sq. km of which 195 thousand sq. km falls
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within India. In Assam, Brahmaputra River flows through a
distance of approximately 650 km. The location of Brahmaputra
river in Assam is shown in the Figure 1.

For mapping and quantification of the chars having agriculture,
the entire Brahmaputra stretch is divided into three regions,

1. Lower Brahmaputra Valley (LBV) - From Bangladesh
Border in Dhubri to Saraighat Bridge in Guwahati.

2. Central Brahmaputra Valley (CBV) - From Saraighat to
Kolia Bhomora Bridge near Tezpur and

3. Upper Brahmaputra Valley (UBV) - From Kolia Bhomora
bridge to Tinsukia bordering Arunachal.

Figure 1. Brahmaputra River in Assam, India

3. DATA USED

For this study, geometrically corrected Landsat satellite images
converted from radiance to reflectance were fetched from
United States Geological Survey (USGS) server using Google
Earth Engine (GEE) (Gorelick et al. 2017). Satellite data for the
months from November to April for the years 1987-1988, 1997-
1998, 2007-2008 and 2017-2018 is used. Monthly, cloud free
scenes from November to April is taken, median reflectance
values of these scenes are combined to prepare a single cloud
free composite image for the entire stretch of Brahmaputra as
shown in the figure 1 above. For identifying the present status
of the islands Sentinel-2 imagery for the non-monsoon season
(November-April) is used. For validation of the results, high
resolution Planet lab satellite data is used. The river extent was
taken according to the river extent boundary for that particular
year calculated during the non-monsoon season.

4. METHODOLOGY

The stable river islands or chars remain stable for long period of
time allowing vegetation to grow thus turning into vegetative
islands. These vegetative chars were mapped using the
Normalised Difference Vegetation Index (NDVI) values over
the entire Brahmaputra stretch, using the Landsat Cloud free
composite images. A decision rule based algorithm is used for
mapping and separating these chars from the existing sandbars
and the river water. The NDVI values of the chars which
remain stable for long duration shows signs of vegetation thus
gives higher NDVI compared to sandbars or water. The spectral

reflectance and NDVI values of chars having agriculture land
also keeps on changing for the entire crop cultivation season
from sowing to harvesting. All the data sets within Brahmaputra
boundary layer were analysed in the Google Earth Engine

Landsat time series data (1988-2018)
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platform. Later the results are exported in GIS platform for
generating the statistics. The flowchart of the methodology
adopted is shown in figure 2. Temporal vegetative island maps
were integrated in GIS environment for detecting of
stability/instability and quantification of stable portions of chars
over the stipulated 30-year period from 1988 to 2018. Area and
the count of the stable chars were also calculated. For
calculating the statistics of area and count, the chars were
categorized into islands of less than 1 hectare, 1-10 hectares,
10-100 hectares, 100- 500 hectares and above 500 hectares in
size.

Figure 2. Methodology flowchart

5. RESULTS AND DISCUSSIONS

5.1 Identification of stable river islands over thirty-year
period

It is observed that total area of vegetative chars has also
increased by 52 thousand hectares from 173 thousand hectares
in 1988 to 225 thousand hectares in 2018 as shown in figure 3
The chars having area of 500 ha or above has continuously
increased in the last three decades whereas chars having area
less than 1 ha, 1ha to 10 ha, 10 ha to 100 ha, 100 ha to 500 ha
has either increased or decreased. Total stable char area is
approximately 68,180.00 ha. The maximum area (approx. 65
%) of these stable chars is occupied by islands having size of
more than 500 ha. At present, there are only 17 islands having
size greater than 500 hectares which are stable and most of
them are in Upper Assam. The total area of stable islands in
2018 was approximately 225 thousand hectare out of which 146
thousand hectare is stable from past 10 years. Among these
stable islands of past 10 years, approximately 68 thousand
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hectare are stable since past 30 years i.e. from 1988 onwards.
The figure 3 below shows how the river changes its course
every decade and the formation and deformation of island with
the river course change. The figure 4 below shows the statistics
of size wise decadal change of Brahmaputra river islands within
the river.

FCC 1988

Figure 3. Decadal change of Brahmaputra river and the
chars within it

Size wise distribution of island
250

200

150

100

Area (000" ha)

50

10ha-100 | 100ha-500

<lha lha-10ha ha ha

Above 500 Total

m1988 0.98 3.52 1733 32.19 117.50 17152
m1998 114 4.11 21.48 49.47 129.49 205.69
2008 0.86 4.09 26.93 49.69 134.57 216.14
m2018 115 4.10 23.35 48.25 144.62 221.46

Figure 4. Size wise distribution of Brahmaputra river
islands

5.2 Present status of agriculture pattern in chars

It is observed that chars having settlement always shows signs
of agriculture crops specially in LBV as shown in figure 5.
Thus it can be inferred that people staying in these chars have
agriculture as the main source of livelihood. This pattern was
validated by analysing the change in NDVI profile throughout
the entire stretch of Brahmaputra River. But the vice versa of
this pattern was not noted everywhere as many islands which
had agriculture land didn’t showed signs of settlements. Study
reveals that the major crop cultivation is in Lower Brahmaputra
Valley (LBV) as shown in figure 6. It was also observed that in
many chars, the char dwellers are cultivating not one but two
crops during the non-flooding months from November to April.

This was evident from the average NDVI peaks obtained during
the non-flooding seasons from the crop fields as shown in
Figure 6. In Upper Brahmaputra Valley (UBV), the crop
cultivation is almost negligible compared to the size of the
islands as shown in figure 7.

i Agriculture on chars — Lower Brahmaputra ;
Valley (Dhubri to Saraighat) ’
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Figure S. Chars in the Lower Brahmaputra Valley which
has agriculture and settlement as seen from Sentinel-2
satellite image
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Figure 6. Change in NDVI profile for the non-monsoon
season depicting the cropping intensity within the chars in
LBYV as seen from Sentinel-2 imagery.
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It can be inferred that less stable chars have less agriculture and
settlements. The Central Brahmaputra Valley (CBV) shows
presence of crops, but there are very less settlements. From this,
it can be inferred that though the habitation in the islands of
CBYV is less but seasonal migration of the char dwellers is more
for crop cultivation in the region. This can also be validated by
the fact the CBV region comprise of districts Morigaon,
Nagaon, Darrang etc. which has high productivity of vegetables
and short duration seasonal crops in the state
(https://des.assam.gov.in).
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Figure 7. Change in NDVI profile showing fallow land/ no
crop within the chars in UBV as seen from Sentinel-2
imagery.

6. CONCLUSION

This study shows that island area is increasing continuously, in
past thirty years and island area has increased approximately by

50 thousand hectares. The Brahmaputra River has thousands of
hectares of unutilized or underutilized alluvial soil especially in
UBV and CBV. Soil characteristics, climatic and socio-
economic factors etc. are required to be studied for site
suitability analysis for agriculture and horticulture crop
expansion. This finding will help the decision makers to better
understand the problems of Brahmaputra river bank dynamics
and help in proper utilization of river islands for agriculture
applications. The local people have no idea about stability
/instability of these chars, local people generally grow the
seasonal crops without planning. This study can help local
peoples to plant the crops according to the change in
Brahmaputra river water and to the agriculture department to
monitor those agriculture fields. In this way, this study can help
in strengthening food security in the region.
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