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Abstract

Human beings keep on modifying their environment, especially land use/land cover (LULC), in pursuance of comfort and
development. The subsequent impact of urbanization to the environment, especially land cover change, now occurs on scales
that significantly affect hydrologic variations. The altering environment makes it necessary to understand and quantify
various hydrological components for efficient water resource management. Regarding this matter, the hydrological modelling
technique can help to gain an understanding of the hydrological system in order to provide reliable information for managing
water resources in a sustained manner at a larger scale.

The Asan River watershed, Dehradun district, Uttarakhand State, India, has been chosen as the study area since the evident
urbanization/industrialization has been taken place in the watershed. This research studies the change in LULC initially.
Then, its impact on hydrology of watershed is studied. For this purpose, LULC change detection during the year 2000
through 2010 has been carried out using the satellite data of Landsat TM of this period. The variable infiltration capacity
(VIC) semi-distributed hydrological model is used for hydrological simulation due to its various advantages. It is a grid-based
model which includes the representation of sub-grid variability in soil infiltration capacity and vegetation classes. To run this
model, it requires four main input files, namely vegetation library, vegetation parameter, soil parameter and meteorological
forcing.

The monthly LAI and albedo correspond to each LULC class were derived from MODIS data products, and other vegetation
parameters were taken from LDAS database. Soil map has been procured from NBSS&LUP, and standard parameters were
used based on FAO. The gridded rainfall and temperature data procured from IMD has been used to generate forcing file. For
topographic parameters, ASTER GDEM 30 m resolution has been utilized. The results show that there is a huge increase in
built-up/urbanization by 27.25 % (within class) and ~1% (overall) during the period under consideration. Consequently,
increasing trend in runoff has been observed. It was realized that a slight change in LULC impacts the entire hydrology of the
watershed significantly.
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1. Introduction

Water has a vital role in human life. Water is useful in each and every purpose such as agricultural, industrial,
commercial, civil, etc. However, urban development has affected the availability of water and its quality.
According to the hydrologic cycle, the water balance is in terms of moisture contained in the atmosphere, surface
and oceanic water, and groundwater. The amount of water is circulated through global system by various process
namely precipitation, infiltration, evaporation, transpiration and percolation; those have been studied through
hydrological models. However, aggravated human development has affected the environment, especially the
change of the land use land cover (LULC). The small change in LULC affects the above mentioned hydrological
processes and, finally, the water balance.

In pursuance of excel, comfort and development, human beings keep on modifying the environment,
especially LULC resulting in huge urbanization that significantly affects hydrologic variations. The altering
environment makes it necessary to understand and quantify various hydrological components for efficient water
resource management. The water resources management requires a system approach that includes not only all of
the hydrological components, but also the links, relations, interactions, consequences, and implications among
these components. A thorough knowledge and understanding of the different hydrological phenomena and
hydrological cycle as a whole is required in studying the implications of these changes. In this regard, the
hydrological modeling technique can help to gain an understanding of the hydrological system in order to
provide reliable information for managing water resources in a sustained manner at a larger scale.

Therefore, this project has been taken up to study the impact of urbanization on hydrological regime of Asan
River watershed, Dehradun, India. Huge industrialization has taken place within the watershed since Uttarakhand
has been declared separate state from Uttar Pradesh. In the present study, variable infiltration capacity (VIC)
semi-distributed hydrological model has been used for hydrological simulation. It is a grid based macro-scale
model, but its takes in account the sub-grid variability in soil infiltration capacity and vegetation classes.

1.1 Objectives

e To detect land use and land cover change in Asan River watershed
¢ Hydrological modeling of Asan River watershed
e To quantify the effect of urbanization on watershed hydrology

1.2 Research questions

What is the impact of urbanization on watershed hydrology?
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Fig. 1. Study Area: Asan River Watershed
2. Asan River watershed

The Asan River watershed is located between latitudes 30_ 14' 14" N to 30_ 29' 54" N and longitudes 77_ 39'
42" E to 78_ 05' 30" E, Dehradun district, Uttarakhand State, India as shown in Figure 1. It covers an area of
approximately 654.47 km. It is bound in the north by the Lesser Himalayan range and in south by the Siwaliks. It
forms an asymmetrical synclinal valley. The study area is a part of the intermountain valley situated in the foot
hill of lesser Himalaya. Physiographically, the area can be broadly divided into three regions. The northernmost
part of the area is occupied by the Himalayan Mountainous Ranges, and high denudation processes occurr in it.
Geomorphologically, it can be classified as a denudation hill. Northern Siwalik ranges can be found between the
Himalayan ranges and alluvial plain as a structural hill. In the southernmost part of the area, Siwalik ranges are
highly dissected by the streams due to the lesser compaction of Upper Siwalik rocks and formed as highly
dissected structural hill.

Asan river is flowing in the central portion of the area from south-west to north-east direction and flows into
the Yamuna river, as a western margin of the area. The tributaries of these two rivers make gentle slopping
piedmont plain on both sides of the Asan river. The river terraces can be seen in the area. Due to neotectonic
activities of the area, alluvial material underlain by the Siwalik rocks are uplifted and formed as residual hills
near the northern margin of piedmont zone with the structural hill. The major drainage present in the area are
parallel to sub-parallel, sub-dendritic, trellis, angular, rectangular, intermittent and braided. The drainage of the
area is the result of the climatic condition, tectonic structures, unlying geologic formation and geomorphology.
The major tributaries of Asan river are Koti, Nun, Suarana, Tons and Sitla Rao. These tributaries emerge from
the south slope of Mussoorie hills flowing S-SW and joining the NW flowing main river. And also, many other
minor ephemeral tributaries are accompanied during monsoon season. Sub-dendratic pattern and structurally
controlled drainage is normally seen in the upper reaches while sub-dendratic to sub parallel drainage is found in
the region of Siwalik formation.

The climate of the studied area is sub-tropical to temperate on higher elevation (more than 1,800 m.) It varies
greatly from tropical to severe cold depending upon the altitude of area. The average annual temperature is 21°C
in the summers and 5°C in the winter. Most of the annual rainfall in the studied area receives the most rain during
the months from June to September, July and August. The mean annual rainfall in the watershed is around 1,917
mm. Relative humidity is recorded as 91% in January. There are three distinct seasons of Monsoon, winter and
summer. The extreme temperature recorded in the area was 0° to 42° during the winter and summer seasons
respectively.
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3. Methodology adopted

The effect of the urbanization on the hydrological regime of Asan River watershed has been studied through
the hydrological modeling approach. Initially, the change in LULC has been detected between the two periods;
i.e., 2000 - 2010. For this purpose, the cloud free Landsat TM satellite images, which cover the entire Asan River
watershed area of date 25 November 2000 and 15 December 2010 (Path 146, Row 39) are downloaded

(http://glovis.usgs.gov) as shown in Figures 2 and 3, respectively

¥ outlet
B8 [Jwatershed boundary

Legend
% outlet
[Jvatershed boundary

Fig. 3. Landsat TM satellite image of the study area (date: 15.12.2000)
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These Landsat images have been used to derive land use/ land cover map of each year 2000 and 2010. The
supervised classification derived LULC maps of year 2000 and 2010 are shown in Fig. 4 and 5, respectively. The
LULC has been classified into eight classes namely cropland, Sal forest, Pine forest, grassland, plantation, built
up, water and dry riverbed. The Selaqui, Sahaspur and Sidhonwala were good agriculture and forested areas
before year 2000. However, now Selaqui, which has become huge industrial area after the declaration of
Uttarakhand state in year 2000, can easily be interpreted visually. The Sidhonwala region, which was dense Sal
forest, is now the hub for new educational institutions and universities. Similarly, Sahaspur and Premnagar towns
have grown much faster to cater the needs of these industrial and institutional areas. The year wise fraction of the
area of each class and subsequent change has been given in Table 1. It was noticed that most agricultural area
has been converted into urban in the watershed.
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Fig. 4. LULC map of year 2000
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Table 1. LULC class area and change from 2000 to 2010
% Change
LULC Areain Areain Change
Description year 2000 (km?) | year 2010 (km?) (km?)
Within Class Overall
Pine forest 59.47 61.37 1.90 3.19 0.29
Sal forest 315.75 316.60 0.85 0.27 0.13
Grassland 4.73 0.90 -3.83 -80.97 -0.58
Cropland 206.63 201.92 -4.71 -2.28 -0.72
Plantation 8.84 8.79 -0.05 -0.57 -0.01
Built up 22.31 28.39 6.08 27.25 0.93
Dry Riverbed 37.44 36.70 -0.74 -1.98 -0.11
Water 0.90 1.40 0.50 55.56 0.08
Total 656.07 656.07

621



622 K.A. Kiriwongwattana and V. Garg / Proceeding - Science and Engineering (2013) 616-629

350.00 -

300.00
250.00 -
200.00
150.00 -
100.00 -
Year 2000
50.00 l ® Year 2010
0.00 ‘ ‘ : ; - . ‘ ‘

Pine forest Salforest Grassland Cropland Plantation 'x Builtup - Dry Riverbed Water

Canas®

",
..
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Fig. 6. (b) % Land use/land cover change on year 2000 & 2010 (overall)

Table 1.and fig. 6. depict that there is change in LULC, mainly from cropland to built-up due to industrialization/
urbanization. Therefore, there will certainly be some impact of these changes on hydrology of the watershed as
well. To analyze these impacts, the hydrological modeling approach has been adopted. In order to simulate
watershed hydrology, the VIC macroscale hydrological model has been adopted, which works on grid basis.

3.1 VIC hydrological modeling

VIC is a semi-distributed macroscale hydrological model, developed to study surface energy, hydrological
fluxes and states at scales from large river basins to the entire globe. It is a grid based semi distributed
hydrological model which quantifies the dominant hydrometeorological process taking place at the land surface
atmospheric interface. VIC computes the vertical energy and moisture flux in the grid cell based on the
specification at each grid cell, considering soil properties and vegetation coverage. Also, it includes the representation
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of sub grid variability in soil infiltration capacity and all mosaic of vegetation classes in any grid cell. The further
details about the model can be found at VIC website http://www.hydro.washington.edu/Lettenmaier/ Models/VIC.
The successful application of the model for hydrological simulation can be seen in Liang (1994), Liang et al.
(1994), Liang et al. (1996), Abdulla et al. (1996), Nijssen et al. (1997), Wood et al. (1997), Lohmann et al.
(1998a, b), Cherkauer and Lettenmaier (1999), Lettenmaier (2001), Maurer et al. (2001a,b), Yuan et. al. (2004),
Liang et al. (2004) and Gao et al. (2009). The model has also been used to study the impact of LULC change on
hydrology by various researchers across the world (Matheussen et. al. 2000; VanShaar et al. 2002; Dadhwal et al.
2010).

As mentioned above, the model works on grid basis, a square grid of area 1 x 1 km. was generated over the
studied area (Asan watershed) as shown in Fig. 7.
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Fig. 7. The 1 x 1 km grid map of the Asan watershed

The grid map was intersected with the watershed boundary, and it was identified that 676 numbers of grids out
of 1,120 lie within the watershed boundary which are to be run for analysis. The extracted grid network for the
watershed was used to overlay with the other thematic layers and, hence, to define the distribution of various
parameters and properties in watershed. The VIC model requires the definition of input parameters for each grid
distributed uniformly over the area. In order to implement the VIC model, five main input files are required
namely forcing, soil parameter, vegetation parameter, vegetation library and global parameter file in ASCII
format.

The main aim of the study was to study the impact of LULC change on hydrological regime of Asan River
watershed; therefore, the meteorological forcing has been kept constant. For the preparation of the
meteorological forcing, the Indian Meteorological Department (IMD) gridded data of daily rainfall (0.5);
maximum and minimum temperature (1.0_) corresponding to year 2005 was used. However, the soil parameter
file was derived based on the texture retrieve from the National Bureau of Soil Survey and the Land Use
Planning(NBSS&LUP) as shown in Figure 7. It was observed that mainly loam, sandy clay loam and silt loam
are present in studied area. The soil parameters such as bulk density, field capacity, wilting point, saturated
hydraulic conductivity (ksat), slope of retention curve (b) corresponding to each texture were taken from the
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standard table and the remaining was calculated as available/directed on the VIC model website under the VIC
model input section. The ASTER digital elevation model (DEM) with 30 m resolution, shown as base map in the
Fig.1, has been used for elevation and slope parameters. For the average rainfall, 30 years (1976 - 2005) IMD
gridded rainfall data has been averaged for each grid under consideration.
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Fig. 8. NBSS&LUP soil map of the Asan River watershed

The vegetation parameter and vegetation library files were prepared corresponding to LULC classes present in
LULC maps derived earlier. The fraction of each LULC class under each grid has been extracted and saved as
vegetation parameter file. However, the parameters namely leaf area index, albedo, roughness length,
displacement height, over-story, architectural resistance, minimum stomatal resistance corresponding to each
LULC class for the generation of vegetation library file have been taken from the Land Data Assimilation
System data (http://Idas.gsfc.nasa.gov/nldas/NLDASmapveg.php). Finally, the global parameter file, which is the
main control file, comprised of all instruction and location of all input files has been prepared. Then, the VIC
model has been run on the Linux platform, and the results obtained are discussed in following section.

4. Results and Conclusions

To study the impact of LULC change on thehydrological regime of Asan River watershed, the VIC
hydrological modeling approach has been adopted. The VIC model is a grid based model as mentioned above.
Initially, the grid has been identified where the maximum change especially urbanization has taken place. In this
section, results based on runoff potential have been discussed for the grids that have been transformed to
urban/industry from some other LULC class. It was noticed that mainly such grids are located in the Selaqui and
Premnagar regions of the basin. For example, the grid wise results of grid number 870 and 910 which belong to
Premnagar; and grid number 577, 537 and 617 those belong to Selaqui industrial area are discussed here with
a bar chart showing some change in their runoff potential in Fig. 9.
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A summary of the result of the impact of LULC change of hydrology (runoff potential) of each grid under
consideration is provided in Table 2.
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Table 2. Summary of results showing change in built-up fraction and consequently Runoff

Fractional Area of Built Up Estimated Runoff (mm)
Grid No.
2000 2010 Change % Increase 2000 2010 Increase % Increase
617 0.22 0.48 0.26 118.18 538.85 545.21 6.36 1.18
537 0.15 0.39 0.24 160.00 538.85 545.21 6.36 1.18
577 0.38 0.67 0.29 76.32 542.52 549.66 7.14 1.32
910 0.28 0.62 0.34 121.43 458.16 466.56 8.40 1.83
870 0.27 0.77 0.50 185.19 537.82 550.37 12.55 2.33

According to Table 2, grids 577, 537 and 617, belong to the Selaqui industrial area; those are mostly
comprised of the built-up area, especially the industries. They have come after the year 2000 when Uttarakhand
State has been divided from Uttar Pradesh State. As the capital and plane region of hilly state Uttarakhand, the
Dehradun city is a favorable spot for industrialization. Moreover, the Government of Uttarakhand has taken steps
to develop industry in Dehradun city for economic growth of the state. Since then, huge industries are established
and the number of industries are being constructed in this area. However, grids 870 and 910, those belong to
Premnagar, Dehradun city, exposed to maximum increase in built up area, become urban to cater the needs of
Selaqui industrial and Sidhonwala institutional areas.

The impact of this industrialization/urbanization has been studied in the present study. It was noted that
wherever built-up area increases, runoff potential increases. Such change in hydrology may lead to urban
flooding in years to come in the region. Moreover, the industrialization in the region has been taken place along
the tributaries of the river Asan, which may lead to pollution and deteriorate the quality of water. It was also
realized that due to its distinguishing characteristics such as subgrid variability in land surface vegetation classes,
soil moisture storage capacity, base flow as a nonlinear recession, and the inclusion of topography (that allows
for orographic precipitation and temperature lapse rates), the VIC model results in more realistic hydrology in
mountainous regions.
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