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ABSTRACT

An attempt has been made with an aim to document the land use and land cover changes in treated and
untreated catchments in the Tungabhadra sub basin using geospatial data of the last three decades
representing 1996, 2006 and 2016. The satellite data obtained from Landsat thematic mapper were used for
land use and land cover classification. The data sets were processed for False Color Compositeby using
ERDAS Imagine 9.3. Three decadal analysis results revealed that barren land is increased to 4.89% and
waste land to 37.12%. Alarmingly, the built up area is increased from 143.83 Sq.km (1996) to 583.34 Sq.km
(2016). Statistics reveal that, larger area of the catchment was treated with various engineering and biological
measures by the authorities (26,350 Sq.km) and whereas a smaller portion of 2766.60 Sq.km is untreated. As
it is an irrigated area,the more treatment activities need to be covered by the Watershed Development
Department. Land cover analysis revealed that, there is no significant exponential change observed in
untreated catchment compared to treated catchment. Hence, due to ineffectiveness or failure of treatment
activities in the treated catchments leads to serious ramification on siltation of Tungabhadra reservoir.
Thus, water storage capacity has reduced and the purpose of reservoir for which it was built could not be
fulfilled.
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Introduction

Land use refers to purpose of land functions and
land cover is defined as physical utilization for vari-
ous human activities. Mapping of natural resources
over a period of time provides significant insights
with respect to land and water utilization trends.
The spatial and temporal alterations in riverine
catchments often results in hydrological changes
and affects biotic community (Standford et al., 1996
and Nied et al., 2013). Anthropogenic activities pose
threats for reduction in stream flow due to uncon-
trolled usage of water for irrigation and agriculture
activities. Human induced alterations, construction
of dams / obstructions across the rivers / streams

and climate change variations led to a catchment
disturbances and ecological settings (Richter et al.,
1998 and Vorosmarty, 2000). Changes in vegetation
pattern in the river catchments has influenced over
the spatial variability of soil moisture content in the
river basins and hydrology (Korres et al., 2015).

As part of Catchment area treatment (CAT) and
to reduce soil erosion, many such activitieswere
implemented in upper Tungabhadra sub-basin over
a period of decades by the Watershed Development
Department, Government of Karnataka. However,
the rate of siltation of the reservoirs is considerably
increasing every year. Thus, effectiveness of the
CAT programs and their implications are unknown.
Unscientific construction of check dams across
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streams to reduce soil erosion is temporarily and
having short term effects causing downstream ero-
sions. Wherever, protection of catchment with suit-
able plating of vegetation is possible, it has long
term positive effects. Hence, land use changes are
important and sustainable while treating the river
catchments (Carolina et al., 2008). Similarly, land use
/ land cover change in the catchment are facing sev-
eral changes over decades leads to lower water
availability in the reservoirs. Hence, spatiotemporal
analysis of treated and untreated catchments over
different variability of land use and land cover is
unknown.

Understanding catchment area changes with re-
spect to human interactions spatially is important
for policy makers for better catchment area manage-
ment to avoid sedimentation of reservoirs. With the
advancement and in combination with Remote
Sensing (RS) data and geographical information
system (GIS) spatial analysis of various land use
systems over a period of decades becomes a practi-
cal tool for policy makers (Lo and Choi, 2004).
Landsat-TM monitors earth surface continuously
over three decades and provide useful information
on changes in land use and cover for various geo-
graphic area. Quite a good number of studies were
documented the methodology and data pre-pro-
cessing techniques involved in RS and their impor-
tance towards obtaining accurate data (Scheidt et al.,
2008 and El Bastawesy et al., 2013). Integration of
remote sensing with spatial analysis plays a signifi-
cant role during decision making processes for re-
sources based planning for the issues/challenges
presently faced by the Tungabhadra sub-basin. The
present study aims to document the land use and
land cover changes in treated and untreated
catchments in the Tungabhadra sub basin using
geospatial data of the last three decades represent-
ing 1996, 2006 and 2016.

Materials and Methods

Study Area

Tungabhadra sub basin is a part of Krishna basin
spread across 29116Sq.km with 45 watersheds con-
stituting 11.2% of the basin. The geographical coor-
dinates of the sub basin extends between 13005| N
and 75015| E and 15040| N 7600| E. The sub basin is
drained with major rivers namely Tunga, Bhadra,
Varada, Kumadvati, Karla Halla, DoddaHalla,

Vadaghatte Halla and Hire Halla. These rivers are
originating in the Western Ghats with its diverse
array of biodiversity. The annual average rainfall in
the forest catchment of the sub basin is 2300 mm
and 800mm in the non-forest catchments. The basin
has two major dams viz., Bhadra Dam is located at
the foot hills of Bhadra Tiger Reserve with the gross
water storage capacity of 71.50 TMC and
Tungabhadra Dam is housed in non-forest catch-
ment storing 132 TMC of water. A medium Dam of
Tunga is also present foothills of the forest area with
storage capacity of 12.24 TMC of waterand many
barrages and lifts are being used for irrigation in the
basin. The annual average yield of Tungabhadra
sub basin is 580 TMC and out of which 338 TMC of
water is used for in basin consumption. The soils of
the basin are classified as Clay, loamy and clayey
and loamy skeletal. Agriculture is the major occupa-
tion in Tungabhadra sub-basin with major crops in-
cludes maize, paddy, pulses, cotton, jowar, ragi and
sugarcane.

Unlike other basins, Tungabhadra sub basin is
also suffering with land use land cover changes due
to deforestation, soil erosion, developmental and
infrastructure activities leading to sedimentation of
reservoirs. The tank irrigation in the Tungabhadra
sub basin is drastically reduced from 53.4% in 1957-
58 to 9.8% in 2003-04. This reduction is mainly at-
tributed by changes in land use in the catchments
and increased siltation in tank bed areas (Paranjape
and Joy, 2015). Due to siltation, Bhadra and
Tungabhadra reservoirs were reduce inwater stor-
age capacity of 3.38 TMC and 32 TMC respectively
(CWC, 2015). The study area map is given below.

Fig. 1. Study Area Map
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Methodology

The satellite data obtained from Landsat thematic
mapped were used for land use and land cover clas-
sification (Table 1). The data sets were processed for
False Color Composite by using ERDAS Imagine
9.3. Layer stacking and sub setting of images were
done by using the delineated ground truthing, Nor-
malized Differential indices for Vegetation and Wa-
ter bodies and built up were used. Maximum Like-
lihood Algorithm in Supervised Classification
method was used to identify the land use land cover
classification and by ground truthing, uncertain ar-
eas were confirmed. The change detection and
analysis were employed for collating qualitative
and quantitative information from the satellite data
(Rawat and Kumar, 2015; Arveti et al., 2016). Maxi-
mum likelihood classification was used for land use
and land cover classification. By using ground
truthing, the misclassified or unclassified areas were
corrected using Kappa Khat Method. In the present
study,twelve classes of land use types were identi-
fied in basin viz., barren land, built up, crop lands,
deciduous forests, evergreen forests, fallow land,
grass land, mixed forests, plantations, scrub land,
waste land and water bodies. Details of CAT status
implemented under various programs were ob-

tained from Watershed Department, Government of
Karnataka and delineated the boundaries to analy-
ses land and land cover change in treated and un-
treated areas.

Results and Discussion

Status of land use cover and change

The studies show that over two decades (2006-
2016), there is a significant change in land use land
cover predominantly in terms of waste lands (17.54
sq. km. in 2006 to 873.29 sq. km. in 2016) with a
change of 37.12%, barren lands (24.65 sq. km. in
2006 to 125.52 sq. km. in 2016) with a change of 4.89
%, built-up area (143.83 sq. km. in 2006 to 583.34 sq.
km. in 2016) with a change of 1.06% and mixed for-
est (1227.86 sq. km in 2006 and 2428.07 sq. km. in
2016) by 1.03% (Table 2). The results are in agree-
ment with the previous research studies (Venkatesh
and Ramesh, 2018) Other observations includes that
there is a decrease in the area of crop land by 0.03%,
fallow land by 0.45%, plantation by 0.70% & scrub
lands by 0.44% and that there is an increase in the
area of deciduous forests by 0.04%, grasslands by
0.15% & water bodies by 0.16% (Fig. 2). This shows
that the human anthropogenic activities such as ur-

Table 1. Data used for land use land cover analysis

Year Sensor Spatial Resolution

1996 Lands at 5 Thematic Mapper (TM), Enhanced
Thematic Mapper (ETM+), Linear Imaging
Self-Scanning Sensor – 1, LISS I 30 and 72 m(resampled to 56 m)

2006 Landsat 5 and Resources at ETM+, LISS III 30 and 23.5 m
2016 Resources at IRS-P6 LISS-III 23.5 m

Table 2. Land use and land cover (Sq.Km) in the study area

Sl.No Type 1996 2006 %Change 2016 % Change

1 Barren Land 24.65 21.31 -0.14 125.52 4.89
2 Built-up 143.83 283.73 0.97 583.34 1.06
3 Cropland 19228.99 19140.45 0.00 18492.72 -0.03
4 Deciduous Forest 2521.96 2447.43 -0.03 2552.30 0.04
5 Evergreen Forest 858.40 859.63 0.00 920.02 0.07
6 Fallow Land 361.55 397.47 0.10 217.86 -0.45
7 Grassland 231.08 229.70 -0.01 265.09 0.15
8 Mixed Forest 1227.86 1198.63 -0.02 2428.07 1.03
9 Plantations 1778.87 1933.85 0.09 587.17 -0.70
10 Scrub Land 1569.39 1550.74 -0.01 876.03 -0.44
11 Waste Land 17.54 22.91 0.31 873.29 37.12
12 Water Bodies 1152.73 1031.03 -0.11 1195.45 0.16

Total 29116.85 29116.85 29116.85
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banization, local encroachments, pressure on exist-
ing trees for fuel wood, improper management of
forest land, tree felling activities, etc. have signifi-
cantly affected the land use and land cover of the
Tungabhadra sub basin especially built up area and
waste lands.

During the first decade (1996-2006), there is a
minimal decrease in the barren land by 0.14%, de-
ciduous forest by 0.03%, grass land by 0.01%, mixed
forest by 0.02%, scrub land by 0.01% and water bod-
ies by 0.11%. During the second decade (2006-2016),
there is a minimal decrease in the cropland by
0.03%, fallow land by 0.45%, plantations by 0.70%
and scrub land by 0.44%. This is mainly due to hu-
man anthropogenic activities such as encroachment
for developmental activities, pressure on existing
tree species within the forest land and scrub lands
for fuel wood by local people.

Similarly, during the first decade (1996-2006),
there is a minimal increase in the built up land by
0.97%, waste land by 0.31% and there was no distur-
bance caused to the area of the evergreen forest.
During the second decade (2006-2016), an increase
in the barren land by 4.89%, built up by 1.06%, de-
ciduous forest by 0.04%, evergreen forest by 0.07%,
grassland by 0.15%, mixed forest by 1.03%, waste
land by 37.12% and water bodies by 0.16%. This is

mainly due to urbanization, local encroachments,
pressure on existing trees for fuel wood, improper
management of forest land, tree felling activities,
etc.

Status of land cover change in treated and
untreated catchments

In the treated catchment of the Tungabhadra sub-
basin, there is a continual increase in the land use
land cover percentage of built up area by 1.44% dur-
ing 1996-2006 and 1.24% during 2006-2016, Ever-
green forest by 0.07% during 2006-2016 and signifi-
cant increase in the waste land by 0.31% during
1996-2006 and 35.31% during 2006-2016. Other sig-
nificant observation was that there is increase in the
barren land by 4.84% (Table 3) and mixed forest by
1.09% respectively during 2006-2016.

Similarly, in the untreated catchment of
Tungabhadra sub-basin, there is a continual in-
crease in the land use land cover percentage of built-
up area by 0.31% during 1996-2006 and 0.56% dur-
ing 2006-2016 and evergreen forest by 0.01% during
1996-2006 and 0.04% during 2006-2016. In addition
to this, the barren land usage percentage has in-
creased by 1.07% during 2006-2016 and fallow land
by 3.02% during 2006-2016.

Fig. 2. Land use/ Land cover classification of Tungabhadra sub basin
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Conclusion

The results indicated that, the human anthropogenic
activities have increased in both treated and un-
treated catchments were observed with an increased
percent of built up area and wastelands. In addition
to this, only a minute increase in the evergreen for-
ests is noticed. The percentage of the forest land is
very low in both treated and non-treated
catchments. The threat on the forest land/scrub
lands in the region apart from the protected areas
and its Eco-sensitive Zones is very high due to re-
moval of vegetation for various purposes. This con-
veys the significant role played by the trees/vegeta-
tion in altering the micro-climatic change, soil con-
servation, ground water table and surface water in
the catchment. This also questions the effectiveness
of the implementation of the catchment area treat-
ment plan in the Tungabhadra sub-basin. Mainte-
nance of soil moisture contents in the catchment
area especially in non-forest landscapes helpful in
increasing water availability as well. The soil ero-
sion occurrences were noticed significantly in the
non-forest land compared to forest land. This leads
to sedimentation and siltation of existing reservoirs
thereby lead to downstream floods during the mon-
soon. Therefore, it is essential to ensure the effec-
tiveness of the implementation of CAT plan in the
study area irrespective of the area being treated by
the existing/upcoming irrigation schemes or by the
Watershed Department of the Government in the
surrounding areas.

The land use and land cover changes of treated
and untreated catchments in the Tungabhadra sub-
basin over a period of time definitely plays a signifi-

cant role in the understanding the impacts of devel-
opmental activities, negligible mindset towards con-
servation aspects, etc. The process of urbanization
and human anthropogenic activities such as conver-
sion of vegetation land into built up area, removal
of trees for unscientific purposes, improper manage-
ment of existing lands leads to the formation of
wastelands making it unfit for any further greenery
activities. It is also essential to ensure the effective-
ness of the CAT plans being implemented in the
Tungabhadra sub-basin and ensure the plantation
activities being done along with its maintenance.
Because in doing so, the impact of soil erosion/sedi-
mentation/siltation lowers considerably and pre-
vents flooding in the downstream areas thereby sav-
ing acres of agricultural yield and livelihood of
people.
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