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Abstract /l
Surface runoff prediction is a very intricate, evolving, and exponential
phenomenon controlled by numerous interconnected components. Regulated
by numerous types of related factors, surface runoff production is a highly Article History
complex, dynamic, and non-linear phenomena. Advancement and long- ;{gzcgived: 27 November
term control of water resources depend on run-off forecast. For runoff Accepted: 24 July 2024
forecasts, many techniques and models are at hand; Among strategies,
“Soil Conservation Services curve number(SCS- CN)” approach stands out. Keywords
In order to determine potential outflow from a drainage system or region, Antecedent Moisture
. . . . ) Conditions;
the SCS implemented the Curve Number index. It is possible to figure out Hydrological Soil Group;
the curve number of a drainage basin by taking into account the antecedent Initial Abstraction;
moisture conditions(AMC), the soil, land surface use and land cover (LULC). Sub-watershed.
Considered also is the Hydrological Soil Group (HSG). Four kinds of soils
are offered at HSG: “A, B, C, and D”. Whereas soil type D stands for low
penetration rates and greater surface flow capacity, soil category A comprises
higher penetration rates below the surface and less runoff potentiality. The
study's research site was the Sanjai river basin in Jharkhand. Arc Gis 10.1 and
Erdas 14 software helped produce thematic layers like soil maps, LULC maps,
and so on. The whole catchment was divided into sub-watersheds in order to
more accurately measure runoff. The findings demonstrate that the SCS-CN
simulation performs productive runoff estimates. The research demonstrates
that more sustainable water use results from suitable surface runoff analysis.
Introduction the most populous nation in the world, stresses the

Among the most valuable and important naturally  need to increase boosting crop yields to reach a
occurring resources is water. At a time when water  higher rate of agricultural sustainability. Thus, one
demand is always growing, the government of India,  of the primary challenges for giving out the essential
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water supply for agricultural areas should be
sustainable water management practices. Achieving
this target depends critically on modeling methods
like water resource management or surface runoff
projections.

Surface runoff is one hydrological occurrence
throughout the hydrological cycle. Groundwater,
artificial infiltration, water conservation planning,
and sustainable water output in a watershed all
depend on surface runoff determination. The water is
considered to be among the most vital and precious
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resources readily available to human beings.
With the highest population in the world, India is
always thirsty, hence the government emphasizes
increasing food production to meet growing needs
of agricultural sustainability employing water. One
of the main topics should be sustainable water
management techniques taken into account
to provide the necessary water availability for
agricultural land. To reach this aim, it is necessary
to use water resource management, surface runoff
forecast, and sustainable development modeling, in
addition to other approaches.
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Fig. 1: Geographical Area Map of the Research Region Prepared by the Researcher

Surface runoff is a hydrological phenomena within
the hydrological cycle. Assessing the possible
water output of a watershed, planning for water
conservation, groundwater, artificial recharge

systems, floods, and other problems all depend
on an estimate of surface runoff. According to
Sarangi et al. 2005 "In India, precise runoff data is
scarce, and the majority of agricultural watersheds
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lack any kind of recorded data at all" This is not a
special circumstance for India; other countries also
experience this. Among many models the researcher
chooses SCS CN model as this is the fundamental
model as well as the best fitted model for run off
calculation.

The current research investigation adopted the use
of run-off modeling harnessing the GIS platform.
The discharge volume of the Sanjai catchment
was calculated using the Curve Number model in
ArcGIS10.1 and Erdas Imagine 14.

Developed this model by the “United States
Department of Agriculture (USDA)”. Often referred
as "blue collar" hydrology, " This model has a
lengthy and productive track record of applications.
" (Hawkins et al. 2010).

Research Area

The present area of emphasis for the run off model
is the catchment area of the Sanjai River. This
study's geographic scope extends from 85°17'33" E
to 86°05'18" E, and from 22°25'50"N to 22°26'12"N.
With a minor amount in Ranchi and Khunti, the
basin is primarily located in the districts of Paschimi
Singhbhum and Saraikela.
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Methods and Materials

The SCS-CN runoff model technique consists
of multiple segments. Listed below are the many
methods that were provided earlier.

LULC map emerged from the Landsat 8 OLI satellite
imagery, which was collected in April 2021. The
NBSS and LUP furnished the soil surface map.
IMD, Ranchi provided daily rainfall figures. A digital
elevation model has been employed to create the
watershed map.

Initially, Erdas Imagine 14 was employed to determine
the LULC . The researcher subsequently transformed
the published soil map into a computerized version
of the soil surface map. Arc Gis 10.1 was used for
generating the watershed map. Subsequently, the
LULC map and the soil map were superimposed.
After that, a number of micro watersheds were
studied using the overlay LULC and soil map. In the
region where | am investigating, there are nine micro
watersheds. The Hydrological Soil Group (HSG)
and a distinct LULC are used to figure out the curve
number. Based on each CN and each LULC area,
the weighted CN (WCN) is predicted.

‘ Soil Map | ‘ Rainfall Data

Satellite Imagery ‘ DEM I
LULC ‘ Watershed

‘ Digital Soil Map |

Soil and LULC Union MAP

v

Curve Number |

hJ

Soil Retention Rate

RUN OFF

Fig. 2: Methodologyof the Research
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Weighted CN = (Area of Dense Vegetation X CN) +
(Area of Crop Land X CN) + (Area of Settlement X
CN)...... (Area of Canal X CN)/(The overall surface
of the Sub-Watershed)

The Soil Retention Rate has been determined
by converting WCN with diversified Antecedent
Moisture Conditions (AMC).

Finally, the Runoff volume of each sub-watershed
has been determined by considering the Soil
Retention Rate and antecedent rainfall volume

“SCS-CN Model”: Run-off computation in the world
mostly uses SCS-CN models.

The formulae necessary to construct this model are
as follows,

F/IS=Q /P - la) (1)

The parameters described by F, S, Q, P, and la are
the actual retention, prospective maximum retention,
cumulative runoff, initial abstraction, accumulated
downpour, appropriately, represented in millimeters.

Following the onset of precipitation, every further
precipitation either becomes discharge or true
retention.

F=P-la-Q” .(2)
After integrating all these equations
Q equals (P-la)?/ P-la+ S ...(3)

In this context, Q symbolizes the sum of the
runoff in millimeters, P defines the overall depth of
downpour in millimeters, and la embodies the initial
abstraction in millimeters, penetration, Surface
storage and interception occur immediately before
the commencement of the outflow in the catchment
area. An equation has been devised to describe the
initial abstractions. The relationship is,

la = 0.3(Considering the specific circumstances
in India)
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‘S’is the Possible highest retention rate and it is
highlighted in the equation.

S = (25400/CN) — 254 (4

CN is ranging from 0 to 100 where S = « and S =
0 equivalently

(P-0.3S)?/ (P-0.7S) = Q ..(5)

S stands for potential water retention, P as
precipitation/ Downpour, and Q represents surface
runoff volume in this particular instance.

This technique displays the suitability of soil for
penetration of water related LULC and Conditions
of Antecedent Moisture.

“As per US Soil Conservation Services, soil can
be categorized into 4 hydrologic soil categories
concerning the degree of potentiality and frequency
of ultimate penetration.” (S. Satheeshkumar
et al.2017)

A trio of humid environments (AMC) occur on land,”
according to CN. These are

. Arid State (CN I)( Wilting point not yet
achieved)

. Moderate State (CN II)

. Condition of Saturation (CN I11)

AMC | and Il conditions are simply established
via AMC Il on the basis of curve numbers. “Using
the following formulas helps one to ascertain the
conditions for AMC-l and AMC-I11.”(Chow et al.2002)

The formulafor “CN(l)is 1/2 of CN(11)/2.281-0.0128CN(lI)
...(6)

“CN(I1)/0.427+0.00573CN(I1)=CN(llI) (7)
Here, CN |, or the Arid State Curve Number

A moderate state's CN Il is its curve number
CN Il or the Saturation Condition Curve Number
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Table 1: AMC Conditions

AMC Soil Condition 5 day previous rainfall in mm
Class
Season of Dormancy Season of Growth
I Arid <12.7 <35.6
Il Mean 12.7-27.9 35.6-53.3
1 Saturated >27.9 >53.3

(Source: After Soil Conservation Service1972)

Hydrological Soil Group (HSG)

SCS has devised a soil classification based on
infiliration rate that consists of four distinct groups
of soil. Such as :

. ‘A’ — Indicates the probability of minimal
discharge and a high rate of penetration.
. ‘B’ — ‘shows a quite moderate rate of

penetration and a rather fine to moderately
deep texture in moderately drained to

well-drained soil’.(USDA, NEH section 4,

Hydrology).

. ‘C’- It has an inefficient rate of infiltration when
regularly wetted and a poor water transfer
rate.

. ‘D’ — When completely wetted, it has the

potential for substantial discharge and the
infiltration rate is quite low.

Table 2: The group of Hydrological Soils

Soil Soil Texture Run-off Transmission Ultimate
Group Potentiality of Water Infiltration
A Sand and gravel, deep, Minimal Excessive rate >7.5
thoroughly drained
B intermediate deep to deep, Intermediate Intermediate rate 3.8-7.5
fairly well to well drained
C Muddy loam soils, deep Intermediate Intermediate rate 1.3-3.8
sandy in texture loams,
intermediate to small textural
quality soils
D Clayey soils which expand Excessive Minimal rate <1.3

noticeably when moist

Source: Soil Conservation Service Classification, 1974

Results and Discussion

Soil

Soil map has been collected from www.daas.ornl.
gov.com and NBSSLUP. The hydrological soil group
has defined four soil classes based on infiltration
rate, Especially “A, B, C, and D.

Now the Weighted curve number will be measured.
The equation is presented below,

Weighted Curve Number(WCN) = (CN*Area)/ Total
Area ...(8)

For the computation of the Depth of Surface Runoff,
equations number 4 and 5 will be utilized.
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A soil group spreads across 823 sq km. of the
research region. B soil group covers an area of 415

85°3?'0"E

sq km., 289 sq km the region stands for soil group
C and the expansion of D soil group is 743 sq km.
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Fig. 3: The Research Area's Hydrologic Soil Map

Source : www.daac.ornl.gov.com and Eastern Region Office of NBSSLUP
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LULC 1137.95 sq.km., or 50.13% of the total area, are

The Supervised classification was used to create
the LULC research map.. This technique resulted
in the establishment of eleven classes. These are:
Dense vegetation occupies 668.97 sq.km. or 29.47%
of the total area. 315.79 sq. km. or 13.97% of the total
area, are presented with Fairly Dense Vegetation.

made up of cropland. Settlement 53.44 sq km (2.35%
of total area). Lakes, ponds, reservoirs, and other
bodies of inland water are examples of inland water
bodies. It makes up 1.83% of the whole area, or
41.59 sq.km. With an area of 8.86 sq.km. the river
makes up 0.39% of the whole. Comprising 0.05%
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of the total research area, the 1.12 square kilometer
swamp has several hills and valleys that define the
research area. This rocky outcrop encompasses
around 32sq. km. area and 1.42% of the overall
area. Fallow land is 0.68sq km. and 0.03% of the

85°20'0°E 857250  85°300E  85°350°F  854U0E  85°4S0'E  BSS00E  855S0E  BEUUE
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total area Build-up area is created by human activity.
Nowadays this sort of area is expanding. In my study
area, it comprises 9.07sq km. and 0.40% of the
overall area. The canal is spreading across 0.35 sq
km. area and 0.02% of the overall region.
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Fig. 6: Surface Runoff map of the Research Region
Source : Prepared by the Researcher

Table 3 : Run off Volume

Sub- Area of Sub- Run off
Watershed. Watershed Volume
No (sq km.) (mm.)

1 334 151.69
2 385 127.88
3 202 116.84
4 148 127.88
5 231 96.88

6 195 125.99
7 245 80.86

8 135 80.86

9 259 72.97

Total Run off = 981.85mm.

The Union tool in Arc Gis10.1 is used to merge the
soil and LULC maps. Then, based on the various
LULC and soil types, curve number values for

Hydrologic soil cover complexes were allotted. The
catchment region was now separated into 9 sub-
watersheds, from which a combined soil and LULC
map was produced.

The surface runoff volume is 981.85mm. Because the
basin possesses secondary porosity, the runoff value
is unusually high in contrast to annual rainfall, which
is 1054.6mm. The following discussion indicates that
the runoff characteristics are structurally regulated.
The total quantity of runoff is bigger in hilly sub-
watersheds as the slope amount is higher, infiltration
becomes lower and lower in plain ones because of
low degree of slope.

Conclusion

The SCS-CN technique is effective for calculating
surface runoff. This strategy may also be employed
for watershed management. The quantity of runoff
in the Sanjai River Basin fluctuates with deviations
in LULC and soil conditions. According to the LULC
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map, agricultural land has the largest area of any
class in the basin. According to the soil map, the soil
category 'A' is the dominant soil in the basin. Finally,
the SCS-CN Technique may be employed to locate
artificial recharge locations that will be used as an
irrigation source in agriculture.
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