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ABSTRACT
A geo-spatial study was conducted to estimate the runoff by Soil Conservation Services – Curve Number
(SCS – CN) method, in Nagapattinam Taluk (areal extent of 303.96 km2), Tamil Nadu, India. In this study,
the spatial data of land use (2007) was derived from satellite images. A hydrological soil group thematic map
was also prepared using ArcGIS 9.3. The thematic maps were overlaid with each other and assigned the SCS–
CN values, and the runoff potential map was prepared on the basis of curve number classes. The highest,
moderate and low runoff potential zones (2007) were obtained, and the area covered under each category was
found to be 165.96, 121.65 and 15.81km2, respectively. To determine the suitable locations of rainwater
harvesting structures, land use, soil group and slope map were overlain. From the overlain map attributes viz.,
soil, land use and slope, the suitable locations of rainwater harvesting structures like check dams (84 Nos.),
percolation ponds and nalla bunds (76 Nos.) and farm ponds (20 Nos.), respectively, were found. The geospatial identified structures were validated through existing structures in the study area with their GPS coordinates, and it was found that some of the structure locations were exactly in line.
KEYWORDS: Remote sensing (RS), Geographical information systems (GIS), SCS-CN, Soil
hydrological group, Land use/land cover, Runoff.

infrastructures, economic activities and sometimes in a
catastrophic loss of human lives. Surface runoff is a
vital hydrologic parameter used commonly in water
resource studies. The rainfall-runoff progression is a
non-linear, dynamic and complex process, which is
affected by many physical and often interrelated
factors. Consistent predictions of magnitude and rate of
runoff from land surface into streams and rivers are
very tricky and time overwhelming. Different scientists
have developed a variety of methods to estimate the
human manipulation on changes in surface runoff
(particularly storm runoff) and their resultant effects on
downstream activities.

INTRODUCTION
Among all kinds of natural hazards in the world,
floods are the most devastating, wide spread and
frequent. Since flood consequences and damages are
heavy, it is necessary to plan land resources and
hazards assessment, in order to reduce the impact of
these natural processes. The major causative factors of
flood and drought are the land use/ land cover changes
(Rogers, 1994). Floods caused by excessive rainfall
result in high river discharge, damage for crops,
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The vast development of urbanization would have
the major hydrological impact of peak rate of runoff,
controlling rates of erosion and delivering pollutants to
rivers (Goudie, 1990). Because of severe soil erosion
and water paucity in many areas, conservation of
natural resources is a vital issue. In urban areas, the
rainfall-runoff processes are directly shown in classical
hydrological cycles and are quite different from their
natural conditions. The outcome of urbanization, even
if it varies, affects the dimension of the flood. The
measurement of fairly larger floods with increased
recurrence interval decreases the effect of urbanization
(Hollis, 1975). The dissimilar stages of urban
development like the activities of removal of trees and
vegetation, construction of houses, pavement of streets,
culverts,… etc., would have the impact of reducing
evapo-transpiration,
interception,
infiltration,
groundwater table and increased stream sedimentation
(Kibler, 1982).
The runoff estimation from conventional methods is
difficult, error prone, costly and time consuming due to
urban zones and unreachable areas. Moreover, the
majority of the catchment basins do not have an
adequate number of rain gauges to record rainfall and
runoff (Nassaji and Mahdavi, 2005). Due to
unavailability and insufficiency of reliable rainfall
runoff data, there is a serious problem which
researchers and planners face in the study of hydrology
of watersheds. Thus, novel tools, like remote sensing
and GIS, were used to develop land based data for
water harvesting in watershed planning and adopting
soil conservation measures. The extensive application
of integrated remote sensing and GIS is the most
powerful and efficient tool for hydrological studies
(Yeh and Li, 1996; Yeh and Li, 1997; Harris and
Ventura, 1995).
The role of remote sensing and GIS in runoff
computation is usually to supply a resource of key data.
The Soil Conservation Service-Curve Number (SCSCN) method, which was initially developed by the
Department of Agriculture, USA is extensively used
for estimating straight runoff volume for a known
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rainfall event. Akhondi (2001) observed that
dissimilarity between observed and estimated discharge
using SCS-CN method is decreased by increasing the
watershed area. The present study focuses on the use of
remote sensing and GIS techniques to build up a
database pertaining to all the information of the
watershed area for straight runoff depth computation
using the SCS-CN method.
NEED AND SCOPE
The recent study shows that the Nagapattinam
region receives an annual rainfall of 1282.9 mm
(March 2013 statistics), and the region-being a flat
plain, sloping very gently to the sea on the east- is
thereby prone to heavy floods. The estimation of runoff
volume can serve as an informative tool and help in
land use planning, drainage systems, flood control,
locating suitable water storage structures and for
warning purposes.
STUDY AREA
The Nagapattinam Taluk is chosen as the site for
this study, since it is one of the most flood prone areas
in Tamil Nadu. The study area lies at 100 41’ N to 100
55’ N and 790 39’ E to 790 52’ E with an extent of
303.96 km2. The study region is bounded by the river
Uppanar in the south, Bay of Bengal in the east,
Puducherry in the north and Thiruvarur district in the
west. The city receives an average annual rainfall of
1400 mm and has a humid climate throughout the
months of March to May. High humidity is available
over the entire year, and during August to May it
reaches 70%, due to proximity to the sea. One of the
tributaries from Cauvery river; namely Vettar, is
amongst the major water bodies in and around the
study area. The study area is also one of the cyclone
prone zones, which get affected with the full impact of
the monsoon.
METHODOLOGY
The study was conducted in two phases. In the first
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used for predicting the runoff or infiltration from
rainfall excess. The Curve Number method was
developed by US Department of Agriculture, Natural
Resource Conservation Service. Many researchers
(Gandini and Usunoff, 2004; Zhan and Huang, 2004;
Nayak and Jaiswal, 2003; Pandey and Sahu, 2002)
have effectively utilized the Geographic Information
System (GIS) to compute runoff through curve number
value. In India, Pandy and Sahu (2002) observed that
land use is a significant input constraint of the SCS-CN
method. Nayak and Jaiswal (2003) established that
there was a good correlation between the observed and
anticipated runoff depth using GIS and NRCS-CN
method, and continued that GIS is a well-organized
tool for the grounding of most of the input data
necessary for the SCS-CN method. Sadeghi (2008
found a correlation coefficient of 57% between the
measured runoff in humid Amameh watershed and the
estimated runoff by SCS-CN method. In China,
Xianzhao and Jiazhu (2008) observed that the
simulated runoff with CN method was in good affinity
with observed runoff, and the replication precision was
over 75%.
The runoff was estimated from GIS output results
of land use and soil hydrological group using SCS
curve number method. The hydrologic relation between
rainfall (P), soil-site storage (S) and direct runoff (Q) is
given by:

phase, the runoff potential map was delineated in the
study area. In the second phase, the runoff volume was
estimated using SCS-CN techniques through GIS
software. Finally, the study was concluded with
identifying suitable locations of different types of water
harvesting structures in the study region. The detailed
methodology for the study is explained below.
DATA COLLECTION
Spatial Data Collection
The spatial data of land use/ land cover (Linear
Image Self Scanner (LISS)-2007), the soil hydrological
map and the Village map of the study area were
obtained from Institute of Remote Sensing (IRS), Anna
University, Chennai, Tamil Nadu, India.
Non-Spatial Data Collection
The SCS-Curve Numbers for different soil
hydrological groups were obtained from SCS-CN table
developed by the United States Department of
Agriculture, Natural Resources Conservation Service
(USDA, NRCS). The daily rainfall data of the study
area for the year 2007 were collected from the Indian
Meteorological Department, Chennai, Tamil Nadu,
India.
PREPARATION OF THE THEMATIC MAP
The collected land use and soil taxonomy maps
were converted into thematic layers using digitization
tools with ArcGIS software. Adding attributes like soil
profile, soil hydrological groups, soil taxonomical
groups, land use types’ respective polygons were
generated on the maps and overlain with each other
using intercepted overlay tool. The CN values were
assigned in the overlain attributes with respect to land
use and soil hydrological group.

Q

(P  I a )2
(P  I a  S )

(1)

where, Q = Runoff (mm); P= Rainfall (mm); I a =
0.3 S (Kishan Singh Rawat et al., 2012; Tejram Nayak
et al., 2012).
25400
S
 254
(2)
CN

CN ( I ) 

SOIL CONSERVATION SERVICE CURVE
NUMBER (SCS-CN)
The Soil Conservation Service-Curve Number (also
called runoff curve number) is an empirical parameter

4.2 CN ( II )
10  0.058 CN ( II )

CN ( III ) 
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Total Runoff Volume = Runoff (Q) x Area.

bodies and wetland.

LAND USE MAP
The land use map of 2007 was prepared from
Indian Remote Sensing (IRS) LISS IV image. The map
is converted into a thematic map and delineated the
land uses of aquaculture, built-up land, coastal sand,
crop land, fallow land, plantation, roadway, water

SOIL HYDROLOGICAL GROUP
The collected soil taxonomy map was converted
into a soil profile map and was subsequently converted
into the soil hydrological group (Sehgal, 2002). The
conversion of soil taxonomy to soil profile and to soil
hydrological group is given in Table 1.

Table 1. Soil conversion from taxonomy classes to soil hydrological group
Taxonomy
Entic chromusterts
Fluventic ustropepts
Typic chromusterts
Typic ustifluvents
Typis ustipsamments
Udorthentic chromusterts
Vertic udifluvents
Vertic ustropepts

Soil profile
Vertisol
Inceptisol
Vertisol
Entisol
Entisol
Vertisol
Inceptisol
Inceptisol

OVERLAYING OF LAYERS AND ASSIGNING
OF CURVE NUMBERS
The thematic layers of soil hydrological group and
land use were overlain with each other to obtain land
use wise soil hydrological group map. The overlain
map attributes from soil type with a specific land use
were assigned by SCS-CN value (V.T. Chow, 2010;
Nagarajan and Poongothai, 2012; Nagarajan et al.,
2013) with reference to the soil group and land use.
The values of CN for different conditions were taken
from SCS-CN standard table.
RUNOFF POTENTIAL MAP PREPARATION
The overlain map attributes were assigned CN
values of each specific land use polygon with soil
group. Based on the given curve number values, the
overlain maps were regenerated into CN thematic
maps. The assigned curve numbers were reclassified
into a maximum of 3 distributions viz., low runoff
potential zone where CN values are within low ranges,
moderate potential zones and high runoff potential
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Soil hydrological group
D
B
D
C
C
D
B
B

zones where CN values are maximum.
RUNOFF ESTIMATION
In this study area region, 2 rain gauge stations were
identified viz., Nagapattinam Collector Office
(10.4799478N, 79.487394E), Krishi Vigayan Kendra
(KVK)- Agricultural Research Station, Sikkal,
Nagapattinam (10.4460N, 79.4290E), respectively. The
average amounts of rainfall were found from the above
two stations and used in the runoff calculation. The
runoff was estimated during the year 2007 (available
spatial data) with their respective rainfall received in
the study area. The cumulative annual rainfall of the
respective years is found to be 1857 mm. The detailed
procedure of runoff estimation using SCS-CN method
is given below.
Determination of Antecedent Moisture Content
(AMC)
Antecedent moisture is a preceding wetness
condition that describes the comparative wetness or
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aridness of a watershed, which changes incessantly and
can have a very important effect on the flow responses
in these systems during wet weather. AMC is high
when there has been a lot of recent rainfall and the
ground is moist. Antecedent moisture conditions will

be low when there has been little rainfall and the
ground becomes dry. The antecedent moisture content
is obtained by adding the preceding 5-day rainfall from
the daily rainfall data obtained which is presented in
Table 2.

Table 2. Seasonal rainfall limits for AMC classes
Antecedent Moisture
Condition (AMC) Class

5-day Antecedent Rainfall (mm)
Dormant Season

Growing Season

I

<12.5

<35

II

12.5 - 27.5

35 - 52.5

III

>27.5

>52.5

Figure (1): Runoff estimation-sample screen shot – I

Determination of Potential Maximum Retention (S)
The potential maximum retention of the soil is
determined from (Eq. 2). ‘S’ is classified into S1
(AMC I), S2 (AMC II) and S3 (AMC III) depending
upon the AMC conditions specified in Table 2.

DETERMINATION OF DIRECT RUNOFF
VOLUME
From the antecedent moisture content values
obtained for each day, the S value is chosen. The
chosen ‘S’ value is used in (Eq. 1) and the volume of
actual runoff is calculated for each day. The cumulative
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runoff volume is also calculated on monthly, seasonal
and annual bases as shown in Figs. 1 and 2. The entire
estimation was carried out through ArcGIS attributes

which are derived from overlain map of soil and
hydrological group.

Figure (2): Runoff estimation - sample screen shot – II

Figure (3): Land use map (2007)

Figure (4): Soil taxonomy map
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Figure (5): Soil hydrological groups

Figure (6): SCS-CN values (2007)
 Land use must be either barren land or shrub land.
 Infiltration rate of the soil must be moderate.
 Soil texture must be silt loam.

LOCATION
OF
SUITABLE
WATER
HARVESTING STRUCTURES
From the knowledge of the obtained runoff volume,
to collect and store it effectively, the suitable water
harvesting structures at appropriate locations shall be
suggested. For this purpose, a spatial intersected
overlay of the land use, soil and slope maps is
performed. The slope map is derived from Digital
Elevation Model obtained online from SRTM data. The
regions for suitable location for water harvesting
structures are chosen based on the following conditions
(Singh et al., 2009):
1)





3)




Nalla Bunds and Percolation Tanks
Slope should be less than 10%.
Land use may be shrub or barren land.
Infiltration rate of the soil should be moderately
high.
 Soil texture must be silt loam.
RESULTS AND DISCUSSION
LAND USE MAP
The land use maps of 2007 were converted into
thematic maps (as shown in Fig. 3) and the land use
area was delineated into: aquaculture, built up land,
coastal sand, crop land, fallow land, plantation,
roadway, water bodies and wet land. The major area is
covered by cropland and the least area was covered by
coastal sand and the areas of the respective land use are

Check Dams
Slope must be less than 15%.
Land use must be barren, shrub land and riverbed.
Infiltration rate of the soil must be low.
Soil texture must be sandy clay loam.

2) Farm Ponds
 Slope should be less than 10%.
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presented in Table 3.
Table 3. Land uses in the study area
2007 (Area in km2)
4.59
61.44
0.61
181.69
16.28
21.52
10.89
6.62
303.64

Land use
Aquaculture
Built-up Land
Coastal Sand
Crop Land
Fallow Land
Plantation
Water Body
Wet Land
Total

Table 4. Soil taxonomic group area distribution
S. No.

Soil Taxonomy

Area (km2)

Soil Profile

Soil Hydrological
Group

1

Udorthentic Chromusterts

71.79

Vertisol

D

2

Entic Chromusterts

82.40

Vertisol

D

3

Typic Chromusterts

2.83

Vertisol

D

4

Typic Ustifluvents

3.90

Entisol

C

5

Typic Ustipsamments

23.27

Entisol

C

6

Vertic Udifluvents

11.92

Inceptisol

B

7

Vertic Ustropepts

93.40

Inceptisol

B

8

Fluventic Ustropepts

14.49

Inceptisol

B

Total Area

SOIL TAXONOMY
GROUP MAP

AND

Area (km2)

157.03

27.18

119.81

304.02

HYDROLOGICAL

The soil hydrological group was derived from soil
taxonomy and soil profile based on Sehgal (2002) and
Sarkar (2003) as shown in Fig. 4 and Table 4. There
are three soil groups identified in the study area;
namely B, C and D. Out of the three groups, the D
group, which indicates highest runoff potential and
least infiltration rate, is the predominant soil group in
the study area as depicted in Fig. 5.
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PREPERATION OF RUNOFF POTENTIAL
ZONATION MAPS
The overlain map attributes were assigned by SCSCN values with respect to land use and soil group. The
curve numbers for each soil type with a specific land
use is obtained from TR55 of USDA. The curve
number values were assigned to the respective
attributes derived from the overlain maps and CN map
for the year 2007 is shown in Fig. 6. The assigned
curve numbers were reclassified into a maximum of 3
distributions. The first classified zones are called low
runoff potential zones where CN values start from 58
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to 74, followed by II classified zones called moderate
potential zones where CN values start from 74 to 86
and III classified zones with highest runoff potential
where CN values range from 86 to 100. The classified

CN values with respect to the runoff potential zones are
presented in Fig. 7 and the distribution of areas over
different zones is given in Table 5.

Table 5. Curve number and run-off potential
Curve Number Ranges
69-71

Runoff Potential Zones
Low

2007 Area (km2)
15.91

71-88

Moderate

121.85

88-100

High

165.96

Total Area

303.72

Thematic Map of Runoff Volume
The runoff volumes for the different regions of the
study area (year 2007) were determined with the help
of the obtained rainfall data (2007), and the runoff

potential maps were generated. The volume of runoff
obtained in the year 2007 with the respective rainfall
was found to be 198.96 Mm3 (Fig. 8).

Figure (7): Run-off potential zonation map (2007)

IDENTIFICATION OF SUITABLE LOCATIONS
OF WATER HARVESTING STRUCTURES
In order to reduce the high runoff which creates
flood, it is essential to identify the suitable rainwater

Figure (8): Map representing runoff volume for
2007 rainfall
harvesting structures with appropriate locations. In this
regard, the slope maps were prepared and overlain with
soil and land use maps.
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DEM and Slope (%)
The SRTM DEM (90 m) was downloaded from
Consultative Group on International Agricultural
Research (CGIAR) website and the study area was
delineated using Area Of Interest (AOI) tool from
Earth Resources Data Analysis System (ERDAS)

Imagine software. From the Shuttle Radar Topography
Mission (SRTM) topography data, the contour map
was obtained, and applied interpolations of DEM (Fig.
9) for the study area were prepared. The study area
falls on elevations from 5 m to 30 m. From DEM, the
slope percentage map was obtained.

Figure (9): Digital elevation model of the study area

Figure (10): Locations of water harvesting structures

Figure (11): Overlain soil map, land use, slope and water harvesting structural types
Site Selection
The suitable site selection maps were obtained
using overlaying of the soil hydrological group, land
use and slope maps and through intercepted overlay
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analysis tool using ArcGIS software. The screen shot
(Fig. 10) shows the selection of suitable polygons
(zones) for the location of water harvesting structures,
using ArcGIS software. The factors which are
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Village-wise Location of Rainwater Harvesting
Structures
The village boundary-wise maps were overlain with
water harvesting structures location map and the
locations of harvesting structures in different villages
were depicted as shown in Fig. 12. From this figure, it
is found that most of the villages, particularly the
boundary villages which are coinciding with drainage
lines (2 and 3 orders), are found among the proper
locations of water harvesting structures.

responsible for suitable rainwater harvesting structures
like check dams, percolation ponds and nalla bunds,
are presented. Based on the above factors, different
rainwater harvesting structures in the appropriate
locations were obtained through spatially and nonspatially overlain data. From this study, 84 Nos. of
check dams, 76 Nos. of percolation ponds and nalla
bunds and 20 Nos. of farm ponds were identified with
their appropriate locations in the study area as shown in
Fig. 11.

Figure (12): Water harvesting structures in various villages
Validation of Identified Water Harvesting
Structures
The identified water harvesting structures were

compared with some of the existing water harvesting
structures available in the study area, which were
identified with their GPS location (X, Y) values. The
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randomly collected GPS values were directly
incorporated in the water harvesting location map. The
structures like check dams and farm ponds are typically

harmonized with identified water harvesting structures
in the location map. The collected GPS data with
specified structures are given in Table 6.

Table 6. Validation through existing water harvesting structures

S. No.

Village Name

1

Thiruchengathangudi

2

3
4
5
6

Agarakondagai

Agaraorathur
Virukudi
Therkupoigainallur
Nagapattinam

X and Y Coordinates
(Decimal Degrees)
through Geo-Spatial
Study
X
Y

Name of the
Structure
Percolation
Ponds and Nalla
Bunds
Percolation
Ponds and Nalla
Bunds
Check Dam
Check Dam
Farm Pond
Farm Pond

X and Y Coordinates
(Decimal Degrees) by GPS
through Field Study (1m
Accuracy)
X
Y

79.720001

10.8626

79.743

10.826

79.807701

10.8689

79.810

10.842

79.793999
79.6698
79.841301
79.842499

10.7345
10.8364
10.7029
10.789

79.792
79.654
79.843
79.827

10.711
10.832
10.705
10.764

CONCLUSIONS
From the runoff potential zonation map and runoff
volume map, the runoff in the Nagapattinam Taluk was
found to be moderate to low. The predominant land use
pattern is agricultural and fallow land. This runoff, if
not properly disposed of into water bodies, could lead
to disasters such as floods. Also, land being converted
into settlements increases the risk of human casualties.
The study area, being mainly used for agricultural
purposes, is vulnerable to crop damage by such floods.
This necessitates the construction of flood mitigating
and water harvesting structures.
From this study, it is clear that percolation tanks
and nalla bunds can be erected in some of the villages
like Thiruchengathangudi, Tirukannapuram, Enangudi
and Thittacheri. Farm ponds can be installed in
Therkupoigainallur and Nagapattinam town, and check
dams can be constructed in Sellur, Agaraorathur,
Vazhkkudi and Nagapattinam town in and around the
study area. This study has proven the effectiveness of
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GIS and RS techniques with minimum accessible
hydrological data. The study can further be used for:
 Identification of ground water potential zones to
increase the recharge.
 Identifying zones prone to soil erosion.
 Town planning.
 Predicting runoff depth and runoff volume for
future years.
 Estimating the capacity of existing water harvesting
structures, as well as proposed structures.
ACKNOWLEDGMENTS
The authors wish to forward sincere thanks to
Professor and Head, SWMRI, Thanjavur for his
support and guidance. The authors also wish to deeply
thank the Registrar and Vice-Chancellor of SASTRA
University, Thanjavur, Tamil Nadu, India. Deep sense
of gratitude is extended to Indian Meteorological
Department for providing the rainfall data for this
study.

Jordan Journal of Civil Engineering, Volume 9, No. 4, 2015

REFERENCES
Akhondi, S. (2001). “An investigation of curve number
model in flood estimation using Geographical
Information System (GIS)”. MSc Thesis. Tarbiat
Modares University, Iran.
Gandini, M.L., and Usunoff, E.J. (2004). “SCS-CN
estimation using remote sensing NDVI in a GIS
environment”. J. Environ. Hydrology, 12, 1-9.
Goudie, A. (1990). “Textbook of the human impact on the
natural environment”. 3rd ed. The MIT Press,
Cambridge, Massachusetts.
Harris, P.M., and Venturam, S.J. (1995). “The integration
of geographic data with remotely sensed imagery to
improve classification in an urban area”. J.
Photogrammetric Engineering and Remote Sensing,
61(8), 993–998.
Hollis, G. E. (1975). “The effects of urbanization on floods
of different recurrence interval”. J. Water Resources
Research, 11, 431–435.
Kibler, D.F. (ed.). (1982). “A Textbook of urban storm
water hydrology”. American Geophysical Union,
Washington, DC.
Kishan Singh Rawat, Anil Kumar Mishra, George Paul,
and Rakesh Kumar (2012). “Estimation of groundwater
recharge in Shankergarh block of Allahabad (India)
using remote sensing and statistical approach”. Global
Journal of Science, Engineering and Technology, 1, 3448.
Nagarajan, N., and Poongothai, S. (2012). “Spatial
mapping of runoff from a watershed using SCS-CN
method with remote sensing and GIS”. J. Hydrol. Eng.,
17 (11), 1268-1277.
Nagarajan, N., Poongothai, S., and Arutchelvan, V. (2013).
“Impact of land use/land cover changes on surface
runoff from a rural watershed, Tamil Nadu, India”. Int.
J. Water, 7 (1/2), 122-141.
Nassaji, M., and Mahdavi, M. (2005). “The determination
of peak-flood using different curve number methods
(case study, Central Alborze area)”. Iranian J. Nat.
Resources, 58, 315-324.

Nayak, T.R., and Jaiswal, R.K. (2003). “Rainfall-runoff
modeling using satellite data and GIS for Bebas River
in Madhya Pradesh”. J. IEI, 84, 47-50.
Pandey, A., and Sahu, A. K. (2002).” Generation of curve
number using remote sensing and geographic information
system”. Available from: www.GISdevelopment.net
[accessed May 2009].
Rogers, P. (1994). "Assessing the socio-economic
consequences of climate change on water resources". J.
Climatic Change, 28, 179-208.
Sarkar, D. (2003). “A textbook of fundamentals and
applications of soil pedology”. Kalyani Publishers,
Ludhiana.
Sehgal, J.C. (2002). “A textbook introductory pedology:
concepts and applications”. IARI, New Delhi.
Singh, J.P., Darshdeep Singh, and Litoria, P.K. (2009).
“Selection of suitable sites for water harvesting
structures in Soankhad watershed, Punjab using remote
sensing and geographical information system (RS and
GIS) approach – a case study”. J. Indian Soc. Remote
Sens., 37, 21-35.
Tejram Nayak, Verma M.K., and Hema Bindu, S. (2012).
“SCS curve number method in Narmada basin”.
International Journal of Geomatics and Geosciences, 3
(1), 219-228.
Ven Te Chow. (2010). “A textbook of applied hydrology”.
International Edition, Singapore: McGraw-Hill, ISBN:
0-07-100174-3.
Xian Zhao, and Li Jiazhu. (2008). “Application of SCS
model in estimation of runoff from small watershed in
Loess Plateau of China”. J. Chin. Geogr. Science, 18
(3), 235-241.
Yeh, A.G.O., and X. Li. (1997). “An integrated remote
sensing- GIS approach in the monitoring and
evaluation of rapid urban growth for sustainable
development in the Pearl River Delta, China”. J.
International Planning Studies, 2 (2), 193-210.
Zhan, X., and Huang, M.L. (2004). “Arc CN runoff: an
ArcGIS tool for generating curve number and runoff
maps”. J. Environ. Modeling Software, 19, 875-879.

- 467 -

