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Abstract: Land use and land cover change has impacts on the fimctioning of sociceconomic
and environmental systems. Remote sensing images and Geographical Information Systems
(GI8) are being used to identify and analyze land use and land cover changes. The present
study is carried out to identify and quantify spatio-temporal changes due to river course
diversion in part of Kosi river basin, Bihar, India, using multitemporal satellite datasets of
Landsat MSS (1976), Landsat TM (1990) and IRS P6 LISS IIT (2004). Tt was ascertained
through remote sensing and time series analysis that there has been a major land cover
changes were taking place in the proximity of river course. During 1976 to 1990 a shift of
5 km is found in north western part and 3 km in central and north eastern part of study area.
During 1990 to 2004, also Kosi river shows a significant shift of 3.5 km in north western
part, followed by central and north eastern parts of river with 2.5 km shift.
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INTRODUCTION

Land is very important natural resource, which provides basis of life to terrestrial and aquatic flora
and fauna in one way or the other. Land-cover refers to the physical characteristics of earth’s surface,
captured in the distribution of vegetation, water, soil and other physical features of the land, including
those created solely by human activities ¢ g.. settlements. Land-use refers to the way in which land has
been used by humans and their habitat, usually with accent on the functional role of land for economic
activities (Louisa and Antonio, 2001). Water is the most powerful agent in shaping the earth’s surface
through the processes of rivers, glaciers, ground water, weathering, mass movement and oceans
(Mirza, 2004).

Land Use and Land Cover Change (LUCC) has important impacts on the functioning of
socioeconomic and environmental systems with important tradeoffs for sustainability, food security,
biodiversity and the vulnerability of people and ecosystems to global change impacts (Lesschen ef a/.,
2005). There are various causative factors of land cover change, including natural factors. Of which
river course change being the most important one. These changes may leads to the sociceconomic
imbalance by reducing crop yield, infrastructure damage and leave a footprint in the livelihoods of the
poor people in the society. In addition, it leads to the ecological degradation and local climate change.
Various Natural Resource Management, Planming and Momnitoring programs depend on accurate
information about the land cover in a region. Satellite remote sensing and Geographical Information
System has allowed the scientific community to study large expanses of land and observe how it
changes over time.
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Fig. 1: Location map of part of Kosi river basin, Bihar, India

Sinee the early 1980s, remote sensing images and Geographical Information Systems (GIS) are
being used to identify and analyze land use and land cover changes. The results provide researchers
with information enabling them to make rapid decisions using recent data (Ricketts, 1992).

MATERIALS AND METHODS

Study Area

The Kosi River (The Sotrow of Bihar) is well-known in India for rapid and frequent avulsions of
its course and the extensive flood damages it causes almost every year. The Kosi is one of the major
tributaries of the Ganga River and rises in the Nepal Himalayas. After traversing through the Nepal
Himalayas, it enters India near Bhimnagar. Thereafter, it flows through the plains of north Bihar and
joins the Ganga River near Kursela, after traversing for 320 km from Chatra. The river has been causing
alot of destruction by lateral movement and extensive flooding. As its waters carry heavy silt load and
the river has a steep gradient, the river has a tendency to move sideways. To check the lateral
movement as well as for flood control, embankments on both sides of the river were constructed, five
to sixteen km apart. Although this has confined the lateral shift of the river within the embankments,
but the problem of flooding is still a challenge in this area (Ghosh et al., 2004). There must be a
realization that minimizing the risk and damage from floods may be more rational way of flood
management rather than formulating structural measures along the dynamic rivers such as the Kosi.

The study area selected for the present study is loeated in between 25°09 to 25°30" and
87°03' to 87°31", spread in parts of Bhagalpur, Kathar, Purnea and Madhepura districts of Bihar State
(Fig. 1). It has a flat terrain (MSL <150 m) and a southerly to southeasterly slope. The basin was
formed during late Paleogene-Neogene times and is related to the upheaval of the Himalayas vis « vis
flexural downwarp of the Indian Lithosphere under the supracrustal load of the Himalayas (Wadia,
1961). It has a northern piedmont belt where water oozes to the surface, followed by a broad belt of
swamnpy lands, depressions and lakes and finally an aggregation of alluvial fans as all these northern
streams bend to form confluence points with the Ganga (Singh and Kumar, 1970). The plain is subject
to frequent channel avulsions, flooding and resultant sedimentation. These events have influenced the
pattern of its wetlands, most of which originate from the meandering action of the streams.

Land Use and Land Cover Changes

The present study is an atternpt to find out the land use and 1and cover changes as a reflection of
river course shift in surface water bodies. The study is carried out using multiternporal satellite data
of Landsat M55, 13th November, 1976 (path/row: 150/42), Landsat TN, 21st November 1990
(path/row: 139/42) and IRS P6 LISS I, 22nd October, 2004 (path/row: 106/54). Ancillary data like
Survey of India topographical maps on 1: 50,000 scale and ground truth information are also used.
Erdas Imagine 9.1 software was used for geometric correction and digital image processing. The image
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to image registration of data is carried out using orthorectified Landsat ETM + data, which was
obtained from Anonymous (2004). For registration Ground Control Points (GCPs) are well distributed
throughout the scene. The first order polynomial transformation with nearest neighbor resampling
technique has been adopted and a registration error (root mean square error) of the transformation 0.28
was obtained (<1 pixel error). Landsat MSS, Landsat TM and TRS P6 LISS IIT satellite datasets were
resampled to 57 m to maintain similar spatial resolution as like Landsat MS5.

After the registration of digital images, the training samples for each land use and land cover
classes have been collected from the field. The multispectral classification was carried out using
supervised classification techniques with maximum likelihood classifier. Prior to this, homogenous sites
in the image were located in each land use class. These are called training sites. Then multivariate
statistical parameter viz. mean, standard deviation, covariance matrices, correlation matrices ete, were
extracted for each training site. Every pixel both within and outside these training sites is then evaluated
and assigned to class by using maximum likelihood classifier. Classification was performed separately
for multitemporal image datasets. Spatio-temporal change analysis was determined by comparing
multi-temporal images. Change detection {(matrix model) was carried using ERDAS Imagine.

RESULTS AND DISCUSSION

Six primary land cover types were delineated using satellite data viz: water bodies, marshy land,
forest, crop land, fallow and sand. It was ascertained through remote sensing and time series analysis

False Coloar Composites of Biver Gangn and its Surmsndings near Kahalgaon, Bihar, India
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Fig. 2: False Colour Composite images, Classified and Change detection maps: part of Kosi river basin,
Bihar, India
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that there has been a major land use/cover changes were taking place in the proximity of river course.
There is considerable shift of river course was observed in the different periods (Fig. 2). During 1976
to 1990 a shift of 5 kim is found in north western part and 3 km in central and north castern part.
During 1990 to 2004, also Kosi river shows a significant shift of 3.5 km in north western part,
followed by central and north eastern parts of river with 2.5 km shift.

A significant change of land cover from water bodies and vice versa was evident from the
interpreted results of the images taken in 1976, 1990 and 2004. In about 200 years the river has moved
laterally by about 150 km (Gole and Chitale, 1966; Wells and Dorr, 1987). During the period 1731-
1963 the course of Kosi river shifted westward by about 125 km (Mall er &/., 2006). The Kosi river has
moved westwards by 120 km in the past 250 years through more than 12 distinet channels. The river
which used to flow near Purnea in the 18th century now flows east of Saharsa (Anonymous, 2007).
Based on these studies shift of river course was calculated as 1.3 to 2.1 km per year. Our study
reports the shift of river course during 1976 to 2004 (last three decades) is in the range of 200 to
300 m per year.

According to the recent vegetation and land cover map 66 and 8.6% of area was occupied by crop
land and fallow, respectively (Table 1). It infers that the study area was agriculturally most productive.

Within a period of three decades, dynamic changes were observed in study area. Between 1976
and 1990, there was a radical conversion of water bodies to other land cover, which was accounted to
be 163 km?. Other land cover goes into surface water bodies are quantified as 108.3 km?® Only
52.7 kin® area (24%) was found to be constant during 1976 to 1990 {Table 2).

In recent period of 1990 to 2004 also significant change in the areal extent of water bodies was
observed. An area of 75.2 kin® under water bodies were converted to other land cover, which was
estimated as around 47% of the coverage (Table 3). These hotspot areas frequently battered by extreme
water hazards and put people as well as economy at risks (Mirza, 2004).

Over all change analysis from 1976 to 2004 with reference to forest cover indicates, negative
changes (loss of forest area) accounted for 2.4 km? s area.

Table 1: Areal extent of Vegetation and other Land cover in study area (area in ki)

Land cover 1973 1990 2004 % of area (2004)

Water bodies 216.0 161.0 250.9 13.9

Marshy land 191.2 353.2 180.8 10.0

Crop land 1059.8 887.2 1196.3 66.0

Fallow 261.9 357.7 155.6 8.6

Sand 69.2 40.5 16.5 0.9

Forest 134 11.9 11.0 0.6
1811.0 1811.0 1811.0 100.0

Table 2: Change area matrix of Vegetation and other Land cover in study area from 1976 to 1990 (area in km®)

1973 to 1990 Water Marshy land Crop land Fallow Sand Forest Grand total
Water 52.7 457 77.2 27.8 12.6 0.0 216.0
Marshy land 13.4 70.0 8l.6 232 3.0 0.0 191.2
Crop land 57.9 170.8 580.2 236.4 14.4 0.1 1059.8
Fallow 20.9 514 124.7 59.5 53 0.0 261.9
Sand 161 15.2 222 10.6 51 0.0 69.2
Forest 0.0 0.0 1.4 01 0.0 11.8 134
Grand total 161.0 3532 887.2 357.7 40.5 11.9 1811.0

Table 3: Change area matrix of Vegetation and other Land cover in study area from 1990 to 2004 (area in km?)

1990 to 2004 Water Marshy land Crop land Fallow Sand Forest Grand total
Water 85.8 21.4 43.5 4.3 6.0 Q.0 161.0
Marshy land 67.6 57.8 198.1 26.9 2.6 0.0 3531
Crop land 59.8 76.7 664.4 81.7 4.3 01 887.0
Fallow 26.0 19.5 269.1 40.8 2.2 0.0 3577
Sand 11.8 54 20,0 1.9 1.4 0.0 40.5
Forest 0.0 0.0 1.1 0.0 0.0 10.8 11.9
Grand total 250.9 180.8 1196.3 155.6 16.5 11.0 1811.0
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CONCLUSIONS

Based on previous findings, the shift of river course was 1.3 to 2.1 km per year (Gole and
Chitale, 1966; Wells and Daorr, 1987, Mall et af., 2006; Anonymous, 2007). Present study reports the
shift of river course during last 30 years is in the range of 200 to 300 m per year. It indicates the steady
stabilizing trend in the geographical system.

The study reveals the utilization of multitemporal satellite datasets for detection and monitoring
of changes in the surface water configurations. Continuous monitoring of both satellite-generated data
and ground patterns of surface water is required for better management. The present images helped to
identify the trend of spatio-temporal changes of the dynamic water configurations in the study area.

From the above it can be concluded that change in river course is an environmental problem of
serious concern. The long term planning would be clearly required for adaptation measures for river
course change impacts.
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