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Abstract:

Khadakwasla watershed was investigated to generate the runoff maps using the Arc CN runoff tool which is an extension of
the ArcGIS with the help of remote sensing and geographical information system. Attempt was made to understand the
basaltic terrain in spatial context to find out runoff from Landsat Thematic Mapper imagery and other collateral data.
Subsequently, these layers were processed to derive runoff from Soil Conservation Service Curve Number (SCS-CN)
method using Arc-CN runoff tool. In conclusion, the method used in present study deciphers the more precise, accurate and
ability to process large catchment area to generate the runoff maps.
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1. Introduction

The runoff maps using the Arc CN runoff tool is the precise and the easiest menthod to create a runoff maps for the larger
watersheds. Identification of the runoof of total watershed is important to plan for the rainwaterharvesting structures and the
sources of the siltation to the reservoir because of the slope of the watershed.

To assess the rainwater harvesting potential, Khadakwasla watershed has been selected.Water budget is balance between
incoming rainfall and water loss by evapotranspiration, groundwater recharge and runoff of an entire watershed (Jasrotia et al.
2009). Out of which, runoff is one of the important parameter to predict potential rainwater harvesting sites. Furthermore, runoff
is primarily dependent on soil type, landuse/landcover and antecedent moisture conditions of the area (Winnaar et al. 2007). Thus,
a detailed understanding and analysis of various interrelated parameters mentioned above are functions of slope, rainfall and
lithology (Kim et al. 2003). Various methods such as water balance approach (Jasrotia et al. 2009); agricultural non point source
(Mohammed et al. 2004), Thiessel polygon (Kim et al. 2003) and Soil Conservation Service Curve Number (SCS-CN) method
have been used to study the rainfall runoff of watershed. However, SCS-CN method is used to calculate runoff parameter and
having its advantages over other above said methods, if integrated with advance tools such as remote sensing and geographical
information system. This enhances the accuracy and precision of runoff prediction, eventually helps for better identification of
potential rainwater harvesting structures for cost effective water resource management. This method accounts for many of the
factors affecting runoff generation including soil type, land covers and land use practice, surface condition, and antecedent
moisture condition (early moisture condition of the watershed prior to the storm event of interest), incorporating them in a single
curve number parameter (Winnaar et al. 2007; Mishra et al. 2008; Bo et al. 2011).

2. Materials and Methodology

Spatial data such as landuse/landcover map of 1:50,000 scale was derived from digital satellite data of Landsat Thematic Mapper
of 16th October 2006 using supervised classification. Soil classification map (scale 1:500,000) was upgraded to 1:50,000 scales by
Landsat data image ratios and principal component analysis. Further, soil classification of study area is reclassified on the basis of
USDA soil classification system.

Geological map of Geological Survey of India (scale 1:250,000) was also used. Survey of India toposheets of 1:50,000 scales
were used to derive base, contour and drainage map. Digital elevation model was derived from contour layer and validated with
differential global positioning system surveyed points and survey of India toposheet. The drainage map was generated from the
toposheets and updated using satellite data and digital elevation model using Arc soil water assessment tool (Arc SWAT).Climatic
data was acquired from India Meteorological Department, Pune. Rainfall data of the watershed (Pune City rain gauge station) for
the period from 1995 to 2007 was analyzed for recurrence of storm/flood event. Since the precipitation data has been collected
from single available station, the variations in antecedent moisture conditions could not be accounted. Hence, antecedent moisture
conditions 11 is considered for the entire watershed for the given storm event Table 1. The runoff estimates for different
combinations of soil group, land use classes and antecedent moisture conditions classes are estimated by following the procedure
of SCS-CN method.

SCS-CN method is very sensitive to curve number values, necessitating accurate determination of this parameter. Curve number is
again as a function of hydrological soil group, land use and antecedent moisture conditions. The antecedent moisture conditions
are determined by total rainfall in the 5-day spell preceding a storm. As the soil moisture increases due to rainfall in early spell,
runoff during storm event increases. Since, rainfall data used in this work derived from a single meteorological station, curve
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numbers were evaluated for antecedent moisture conditions Il condition only (Geetha et al. 2007). Knowing the value of curve
number, runoff from study area was computed from Egs. 1 and 2.

AMC Class 5 day total antecedent rainfall (mm) Condition
Dormant season Growing season
| <125 <35 Dry
1l 12.5t0 27.5 35t052.5 Normal
1 >27.5 >52.5 Wet

Table 1: Classification of antecedent moisture conditions (Geetha et al. 2007)

This simplified assumption (Ponce and Hawkins 1996) resulted in the following runoff equation, where, CN (0<CN<100) (USDA
1972) represents a convenient representation of potential maximum soil retention (S):

Runoff = (Rainfall-0.2S)2
Rainfall +0.8S

If Rainfall >0.2S
If Rainfall <0.2S

For Indian Conditions
S=(1000/CN)-10 Inch and S =(25400/CN)-254 in mm, Sl units (Ramakrishnan et al. 2009).
In this study, curve numbers were weighed with respect to the watershed area (generally <15 km2) using following Eq. 3:

CNw=Y (CNi X Ai)
- A

Where
e CNw is weighted curve number
e CNiis curve number from 1 to any number N
e Aiisarea with curve number CNi; and
e Alistotal area of watershed.
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Figure 1: Methodology of Research

3. Analysis

Usually, an area weighted average curve number for the entire watershed is used to study the runoff of a watershed. The details of
the spatial variation in the watershed are often lost. However, ArcCN-Runoff extension of ArcGIS 9.3 is used for accurate and
precise determination of runoff.

Soil and landuse/landcover data were processed for preparation of runoff potential map. Soil and landuse/landcover data were
clipped to watershed boundary layer (study area). the soil data was reclassify according to USDA soil classification system from
six different classes to four classes (A, B, C and D).

Landuse/landcover and soil data was intersected based on the attributes of ‘soil type’ in soil data and ‘class name’ in
landuse/landcover data. Soil and landuse/landcover data were intersected to generate new and smaller polygons associated with
soil type and landuse class name.

Figure 1 depicts a detailed illustration of the methodology. Accuracy assessment was carried out by overlaying the existing
structures identified at ground truth survey on derived potential rainwater harvesting map for their matching percentage
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S.N. LULC % Area | Significance Recommended Rain water Harvesting Structures
1 Water 4.37 Unsuitable -
2 Vegetation 2.87 Suitable Farm Pond
3 Scrub Land 45.45 Suitable Percolation tank, Check dam, Farm pond
4 Barren Land 22.06 Suitable Percolation tank, Check dam, Farm pond
5 Agriculture 7.17 Unsuitable -
6 Fallow Land 12.19 Suitable Gully plug, Check dam

Table 2: Land use classes and their applicability for rain water harvesting

Soil infiltration rate and its texture determine the structure to be located for its runoff potential (Jasrotia et al. 2009). Soil physical
and chemical characteristics are the manifestation of disintegration of parent lithology, however, soil from study area is derived
from basaltic rocks, shows alkaline nature due to presence of alkaline earths (Kale et al. 2010).

Runoff Infiltration

0 .
S.N. | ID | Name | Hydrogroup | Area% Type of Sail Potential Rate

Significance

soils have moderate infiltration rates
when thoroughly wetted and consist
chiefly of moderately deep to deep,
moderately well to well drained soils
with moderately fine to moderately
coarse textures. These soils have a
moderate rate of water transmission
(0.15-0.30 in/hr).

Moderate rate
Moderate Moderate of water
transmission

Loamy

. B 65.91
soil

Soils have low runoff potential and
high infiltration rates even when
thoroughly wetted. They consist High rate

A 7.71 | chiefly of deep, well to excessively Low High of water

drained sands or gravels and have a transmission

high rate of water transmission
(greater than 0.30 in/hr).

Sandy

2 118 .
soil

Soils have low infiltration rates
when thoroughly wetted and consist
chiefly of soils with a layer that

Clay impedes downward movement of
: C 26.38 AR .
soil water and soils with moderately fine
to fine texture. These soils have a
low rate of water transmission (0.05-
0.15in/hr).

High rate
Low Low of water
transmission

3 | 266

Table 3: Hydrological Soil Group

4. Results

The computed runoff values are shown in Table 4. The hill shows reserved forest with soil group B revealing least runoff potential
(8.76 mm). On the basis of histogram distribution, the runoff potential map was classified into four classes.However, 68.59 % of
the area is dominated by moderate runoff potential zones, where as high runoff potential zone covered an area of 35.26 %. High to
Moderate runoff potential zones were suitable for selecting rainwater harvesting structure.

Hydro Class Name AREA (M) CN RUNOFF

Group (MM)
B Barren Land 71348305.858 55 16.37
B Scrub Land 175840000.000 61 17.73
B Agriculture 20638306.819 77 20.75
B Vegetation 40089394.510 58 17.07
B Fallow Land 27911142.054 66 18.76
B Water 2815963.523 100 24.00
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Hydro Class Name AREA (M) CN | RUNOFF

Group (MM)
A Barren Land 5356363.243 30 8.76
A Scrub Land 18741838.631 39 11.93
A Agriculture 1868798.587 67 18.96
A Vegetation 247066.122 30 8.76
A Fallow Land 15171539.710 48 14.59
A Water 126998.616 100 24.00
B Barren Land 3036253.183 55 16.37
B Scrub Land 8942344.456 61 17.73
B Agriculture 1120164.006 77 20.75
B Vegetation 2348103.041 58 17.07

Table 4: Runoff estimated for different soil group and land use classes

5. Accuracy of the Results

The landuse/landcover classification accuracy evaluated by error matrix, showed 82 % and 94 % accuracy for the producer and
the user estimates respectively. Higher accuracy is maintained by using Landsat thematic mapper imagery of 30 m resolution to
identify possible rainwater harvesting sites. Accuracy assessment was carried out by overlaying the existing structures identified
at ground truth survey on potential rainwater harvesting map.Such a higher accuracy of the study (75-100 %) offers a good
guidance for field implementation.

Runoff Map for Study Area
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Figure 2: Runoff Potential Map of Khadakwasla Figure 3: Slope map of Khadakwasla
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