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Abstract— The main efforts of this study is to understand the land use land cover change impacts on the runoff. Land
use land cover impacts on the basin hydrology can be assessed by combining the influence of land use land cover
changes on water resources in the catchment. The study was carried out on Upper Malaprabha Basin. Remote
sensing and geographic information system technologies proved to be a very effective means of detecting the changes
in land use land cover patterns. ArcMap 10.1 is used as the user interface for detecting the changes by the process of
image classification. The image classification was carried out for the years 2002 and 2009. The results of image
classification reflected that the forest area decreased by 49.4%, water bodies have seen raise of 1.6%, urban
settlements increased by 57.1%, agriculture lands have also increased by 25.8%. Whereas the agricultural plantation
and barren land have declined by 97% and 51.7% respectively. To study the impacts of the above land use land cover
changes on runoff the Soil and Water Assessment Tool (SWAT) model was used. The simulation was carried out for
the study area incorporating the prepared LULC maps. The calibrated and validated model reflected the R?value to be
above 0.7 and proved to be satisfactory. The average runoff in the years 1992 to 2002 was 38 m*/sec and for the years
the average runoff was 30.4 m%sec. The average flow trends reflect that there is decrease of about 7.6 m*/sec in
runoff. The reasons for decrease in runoff is majorly due to increase in agriculture area, water body and decrease in
barren lands.

Keywords— Land Use Land Cover, Image Classification, ArcMAP , SWAT, GIS
I INTRODUCTION

Land is turning into a rare asset because of its use by increasing populace and industrialization. This results in rapid
change in land covers and utilization of land. Urbanization has a huge hydrological impact on runoff and other
hydrological activities. The major factor that is contributing to LULC directly or indirectly depends upon population
explosion. The increase in population of a particular area increases, the requirement for built up area also increases and
the other land cover such as barren lands, vegetation, etc. decreases for catering the demand for built up area. Therefore,
accurate and up to date LULC details required to understand and assess the environment impacts. The remote sensing
technique has the ability to capture variations and extract data for the purpose of change detection assessment. Landuse
Land cover has dynamic role in water conveyance in hydrologic cycle and it mainly aids in controlling the runoff. The
LULC plays a major role in energy balancing in hydrological cycle. The hydrology of watershed locally vary
considerably as well as flow pattern of water is frequently dependent on LULC, combination of soil and elevation
characteristics of a particular area. It is also be seen that social undertaking can affect the integrity of natural resources
within the eco system. New patterns of LULC conditions can be enhanced by cautious planning the welfare of people.
Some general reasons for variations in surface runoff are as follows 1) Increase in impermeable surfaces due human
activities such as paving of surfaces, consolidating top soil layers, etc decrease the natural infiltration capacity.2)
Increase in population usually leads to irregular developments in flood prone region. 3) The variations in rainfall
intensities due to climate change. 4) Rise in Ocean levels due to various global concerns such as global warming, etc.
hinder shore development works. 5) Failure of flood control structures owing to faulty designs and management. 6) Lack
of communication between the interstate departments or transnational flood management organization, which ever the
case may be.

The objective of this study was- 1) To prepare Land Use Land Cover map for two datasets : 2002 and 2009. 2) To assess
the land use land cover and identify the areas of change variations using change detection method. 3) Set up the swat
model for monthly surface runoff by calibrating and validating the model. 4) To assess the impact on LULC changes on
surface runoff generation in the study region.
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1. STUDY AREA

STUDY AREA - UPPER MALAPRABHA BASIN
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The study region for present research work is Upper Malaprabha river basin. The river stretch is considered till the
Chloachgudda river discharge gauging station. The entire study area fall between the following latitudes 15.0° and 16.10°
N and longitude 74.0° and 76.0° E. Malaprabha river originates in the Sahyadri mountain ranges at altitude of 792.40 m
in Kanakumbi village which is located about 16 km from Jamboti village to the western side in Belagavi district. The
region has diversified hydro-climatic zones ranging from humid region with annual rainfall of 3047mm to semi arid
regions with rainfall of 477 mm. The average annual rainfall is 766 mm. Soils of this region are black or red loamy type.
The catchment has two cropping seasons in a year Kharif and Rabi. The crops grown include mainly sugarcane, cotton,
groundnut, jower, maize, sunflower, vegetables, etc. The topography of the study area is predominantly undulating. A
rugged terrain marks the western parts of Khanapur and Belagavi district with deep cutting ravines on the foot hills of
Western Ghats. The area includes tertiary basalt for major portion and also has sedimentary developments. The land use
characteristics majorly include agriculture activities, industrial areas and urban zones

1. METHODOLOGY AND MATERIALS
A. METHODOLOGY

B. 1).In the first phase, watershed extents are determined by incorporating the Cartosat DEM data with ArcMap
10.1 as user interface. 2) The second phases commences after the first phase is completed. In this phase, the landuse land
cover change detection is assessed for different time period i.e 2002 and 2009. The Image Analysis plug-in is utilized in
ArcMap10.1 interface. For the purpose of image classification the satellite images of landsat7 and landsat8 are utilized.
The supervised classification is done using the maximum likelihood classification to prepare the land use land cover
images. 3) In the third phase, the Soil and Water Assessment Tool (SWAT) model is setup using thee prepared land use
land cover images. Once the model is setup, the model is calibrated against the observed mean river discharge values and
then validated to know the impacts due to land use land cover variation on stream flow for different time period. 4) In the
fourth phase the swat model output are analyzed to study the change trends and conclude the work.

C. MATERIALS

The data required for land use land cover change detection are as follows:

1. Satellite images of the study area for the year 2002 and 2009 are downloaded from Earth Explorer of 30.0 m

resolution and the panchromatic band of 15.0 m resolution.

The data required for swat model implementation are as follows:

1. Digital Elevation Model (DEM) of 32.0 m resolution for the study area is procured from Indian Space Research
Organization’s Geoportal- BHUVAN.

2. Land use maps are taken from the end results of image classification process with respect to the year

3. Digital soil map is obtained the web portal of Food and Agriculture Organization (FAO)

4. Climate data for the time period of 1992 to 2014 were borrowed from Statistical Department and Indian
Meteorological Department

5. Discharge data of Malaprabha River at Cholachgudda gauging point, for the purpose of calibration and validation of
the model was taken from geoportal for water resource information system of India

V. RESULTS
A) Image Classification
The image classification was done for two time period that is for year 2002 and 2009. The outcomes of the two time
periods are compared so that the variations in LULC can be detected at same place at different time periods. Image
classification was done with aid of ArcMap10.1.
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1) Image Classification for the year 2002
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The Land Use Land Cover have been classed into six major

classes. The classes are as following-Forest, Water body, urban

settlement, Agriculture land, Agriculture plantation, Barren

land.

The scenario in the year 2002 reflects that, the forest covered is about 227.23 sg. km, water body covered 32.31 sq. km,
urban settlement was 1414.64 sg.km, agriculture land was 5105.96 sq. km, agriculture plantations was 928.21 sg. km and
barren land was seen to be 2157.03 sg. km.

2) Image Classification for the year 20009.
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Figure 4: Land Use Land Cover Map For 2009
The scenario in the year 2009 reflects that, the forest covered is about 115.02 sq. km, waterbody covered 32.85 sq. km,
urban settlement was 2222.77 sg.km, agriculture land was 6423.85 sq. km, agriculture plantations was 28.17 sq. km and
barren land was seen to be 1042.77 sg. km.

B) SWAT Model Output.

The SWAT model was setup with the aid of Digital Elevation Model (DEM) data, Land Use Land Cover data which was
prepared during the process of image classification, Soil Data of the study area and Slope profile of the study area. The
calibrated and validated model reflected the R? value to be above 0.7 and proved to be satisfactory. Curve number,
EPCO, Base flow and Ground water delay were identified as sensitive parameters.

V. CONCLUSIONS

The average runoff between the years 1992 and 2002 was 38

m?*/sec where as in the years 2003 to 2009 the runoff was 30.4 m®sec. There was a drop in runoff between the two time
periods of 7.6 m*/sec. The decrease in runoff was due to the following reasons. Increase in agriculture area, which means
that there is a increase in agricultural activities. Increase in water bodies which tends to more storage in site and less
water is allowed to flow in natural drainages. Decrease in barren lands has also affected the surface runoff there is more
resistance to easy flow of waters. Increase in urban settlements has led to increased groundwater exploitation resulting in
loss of moisture contents in deeper soil strata which leads to higher infiltration. Surface water resources are also depleted
due high water demands for domestic and industrial use resulting in empty dams and barrages and other water storing
structures lower runoff.

IJTIMES-2018@All rights reserved 178



[1]
[2]
[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]
[11]
[12]
[13]
[14]

[15]

[16]

[17]
[18]
[19]
[20]
[21]

International Journal of Technical Innovation in Modern Engineering & Science (IJTIMES)
Volume 4, Issue 10, October-2018, e-ISSN: 2455-2585, Impact Factor: 5.22 (SJIF-2017)

REFERENCES

Arnold, J. G., Moriasi, D. N., Gassman, P. W., Abbaspour, K. C., White, M. J., Srinivasan, R., ... and Kannan, N.
(2012). “SWAT: Model use, calibration, and validation. ” Transactions of the ASABE, 55(4), 1491-1508

D. Khare, D. Patra, A. Mondal, and S. Kundu, “Impact of landuse/land cover change on run-off in the catchment of
a hydro power project,” Applied Water Science, vol. 7, no. 2, pp. 787-800, 2015.

Dwivedi, L., Sengupta, D., &Tripathi, S. (2015). “Change Detection Mapping of Land Use/Land Cover Area in
Satna District: Using Remote Sensing and GIS Technique”. International Journal of Multidisciplinary Research
and Development, 2, 150-154.

F. Githui, F. Mutua, and W. Bauwens, “Estimating the impacts of land-cover change on runoff using the soil and
water assessment tool (SWAT): case study of Nzoia catchment, Kenya / Estimation des impacts du changement
doccupation du sol sur lécoulement a laide de SWAT: étude du cas du bassin de Nzoia, Kenya,” Hydrological
Sciences Journal, vol. 54, no. 5, pp. 899-908, 2009.

J. Y. G. D. Santos, R. M. D. Silva, J. G. C. Neto, S. M. G. L. Montenegro, C. A. G. Santos, and A. M. Silva,
“Assessment of land-use change on streamflow using GIS, remote sensing and a physically-based model,
SWAT,” Proceedings of the International Association of Hydrological Sciences, vol. 364, pp. 38-43, 2014.

K. Abbaspour, E. Rouholahnejad, S. Vaghefi, R. Srinivasan, H. Yang, and B. Klgve, “A continental-scale
hydrology and water quality model for Europe: Calibration and uncertainty of a high-resolution large-scale SWAT
model,” Journal of Hydrology, vol. 524, pp. 733-752, 2015.

K. M. Kafi, H. Z. M. Shafri, and A. B. M. Shariff, “An analysis of LULC change detection using remotely sensed
data; A Case study of Bauchi City,” IOP Conference Series: Earth and Environmental Science, vol. 20, p. 012056,
2014.

K. Smarzynska and Z. Miatkowski, “Calibration and validation of SWAT model for estimating water balance and
nitrogen losses in a small agricultural watershed in central Poland,” Journal of Water and Land Development, vol.
29, no. 1, pp. 31-47, Jan. 2016.

Khan, R., and Jhariya, D. C. (2016). “Land Use Land Cover Change Detection Using Remote Sensing and
Geographic Information System in Raipur Municipal Corporation Area, Chhattisgarh”. SSARSC International
Journal of Geo Science and Geo Informatics, 3(1), 1-4.

Mohammed, I. H. (2017). “Land Use and Land Cover Change Detection Using Remote Sensing
Techniques”. Imperial Journal of Interdisciplinary Research, 3(7).

P. Cur. and S. B., “Land-Use Land-Cover Change and Its Impact on Surface Runoff using Remote Sensing and
GIS,” International Journal of Advanced Remote Sensing and GIS, vol. 6, no. 1, pp. 2103-2113, 2017.

P. Prabu and M. A. Dar, “Land-use/cover change in Coimbatore urban area (Tamil Nadu, India)—a remote sensing
and GIS-based study,” Environmental Monitoring and Assessment, vol. 190, no. 8, Feb. 2018.

S. Reis, “Analyzing Land Use/Land Cover Changes Using Remote Sensing and GIS in Rize, North-East
Turkey,” Sensors, vol. 8, no. 10, pp. 6188-6202, Jan. 2008.

Thakur, S. ,Kant, D., Hardaha, M. K., and Sharma.S.K. “Land use/land cover change in a hydrologic regime using
swat model-A Review”.

Y. Brouziyne, A. Abouabdillah, R. Bouabid, L. Benaabidate, and O. Oueslati, “SWAT manual calibration and
parameters sensitivity analysis in a semi-arid watershed in North-western Morocco,” Arabian Journal of
Geosciences, vol. 10, no. 19, 2017.

Z. Deng, X. Zhang, D. Li, and G. Pan, “Simulation of land use/land cover change and its effects on the hydrological
characteristics of the upper reaches of the Hanjiang Basin,” Environmental Earth Sciences, vol. 73, no. 3, pp. 1119—
1132, 2014.

https://www.mapsofindia.com

https://earthexplorer.usgs.gov

http://bhuvan3.nrsc.gov.in/applications/bhuvanstore.php

http://www.fao.org

https://india-wris.nrsc.gov.in

IJTIMES-2018@All rights reserved 179



