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ABSTRACTS

The relationship between climatic parameters of East Singhbhum district was analyzed by compitatid
rainfall data from 2001to 2013 annually to extrdme runoff data and along with this the data ofgerature from 1991to
2002 was taken to correlate the relationship batwtemperature and runoff of the study area. Thg-tenm trend of the
hydrological time series including temperaturenfal and runoff were studied using correlation lgsia. Rainfall and
runoff patterns affect mans activities in so margysvso these two form an important climatic paransestorm water
managementThis paper has used some of the statistical asalysithod to study the relationship between climatic
elements (rainfall, infiltration rate and temperajuwith runoff. The study was found that the rielatbetween runoff and
infiltration, between rainfall and runoff was cdated strongly. Whereas the correlation betweerp&rature and runoff
was found weak. Therefore, the role of climatiomsats such as temperature, rainfall and runofhénstudy area is quite

concrete.
KEYWORDS: Climatic Parameters, Environment, Correlation, RdinRunoff

INTRODUCTION

The most important relationships for any waterslaee the relationship between rainfall and runofhisT
relationship is basically depends on some factach @s characteristics of rainfall, runoff, temper@ and infiltration.
Though the factors which are mentioned about itehavmajor impact on volume of runoff. A consistentrelation
between rainfall-runoff enables to increase morsuifiicient time for formulation of appropriate d&on making for the
local authority. Runoff is generally generated minstorms whose occurrence and quantity are relantthe
characteristics of the rainfall. The relationshiganfall-runoff is one of the most used proceduire hydrology. Different
methods have been developed by different researdbersimulation of rainfall runoff process. Tandand Nimbalkar
(2014) have developed a relationship of runoff eaidfall and validated by using statistical modeiis process is similar
to those in rural areas but they generally occwnaller time and space of urban areas than ith aveas (Delleur, 2003).
This is an important component which contributetersively to the hydrological cycle, hydrologicdtustures and
drainage morphology. Runoff is generally generdigdrainstorms whose occurrence and quantity aiantebn the
characteristics of the rainfall. Along with thesénfall characteristics, there is also a numbasretise factors on the event
and volume of runoff as direct effect (Pradhanle2810). Due to the outstanding spatial and temipoariability of

watershed characteristics, this relationship forra of the most intricate hydrological phenomenordncerned with the
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physical processes. The model of rainfall-runofoaplays a important role in management and planh water
resources (French et al. 1992; Karunanithi et 84)9Direct rainfall-runoff is estimated efficientbut is not possible for
most of the location at desired time. This runisflctually the drainage or flow of precipitationrh a catchment area of
the surface canal which present the output front#tehment at a given time. Before the instigatibrunoff there is need
of precipitation, evapotranspiration, initial lossfiltration and detection storage which has toftlélled first, then the
excess precipitation moves to the land surfacesutir smaller channels as overland flow which fostwsage surface.
Flows from several small channels join to form &@rghannels which ultimately flow into a largerestm of the
catchment. A part of the precipitation that inéilies into the soil of the upper crusts of the swrfahich returns to the
surface at some location that is away from the tpofnentry into the soil. The amount of interflovemends on the
geological conditions of any catchment (Subrama@®9). It is hope that this study will provide lzaglea of runoff
generation in relation to climate conditions (ralhftemperature and infiltration). Therefore, th@aimobjectives of this

paper is to study about correlation between iatfilim, rainfall, temperature with runoff and thestationship

Rainfall can be viewed as the dynamic potency rai@fall - runoff relationship. After a certain ped of time of
rainfall, that runoff is seen. As soon as the m@infccurs, some part of the rainfall is intercepby leaves and stems of
trees and rest of them are absorbed by the grounfidcs which infiltrate into the soil. After cenaperiod of infiltration
the soil started to become saturated and wherath&l intensity exceeds the infiltration rate,teraflows on the surface
which actually known as surface runoff. Rainfalbise of the major elements of the hydrologic cyalé primary source
of runoff (Beven, 2001b). It is effectively requirdor fulfillment of various demands such as adtime, industries,
ecology etc. It is understood that the rainfalaisatural process which occurred due to atmosplédalation and has
large variability at different space and of timeahy attempts have been made worldwide to modelpaedict rainfall
behaviour using different types of empirical, stétial, and numerical techniques (Namias, 1968g&mvaram and Alvi,
1969; Ramamurthy et al. 1987; Jha and Jaiswal, ;188w et al, 1993; Kuo and Sun, 1993; Langu, 1998her and
Jha, 2011(a); Meher and Jha, 2011(b)). Still tteeeemore research are needed to focus on the eaipapproaches for
estimation and prediction of rainfall exactigenerally data are collected by using rain gaugeshware considered as
point precipitation data. Still, the use of a senghin gauge as precipitation input carries lotsindertainties related to
estimation of runoff (Faur'es et al.,, 1995 and Qeguet al., 1999).That creates a lot of problemtf@ discharge
prediction, especially when the rain gauge is ledaiutside the basin (Schuurmans and Bierkens,)2887 result, some
utilities such as hydrological modelling (Syed &t 2003; Kobold and Su’selj, 2005; Gabellani et 2007; Cole and
Moore, 2008; Collischonn, et al., 2008; Ruellandakt 2008; Moulin et al., 2009) need rainfall d#tat are spatially
continuous. The result is therefore estimated kygtinality of the continuous spatial rainfall (Sind®97; Andr’eassian et
al., 2001; Kobold and Su’selj, 2005; Leander et2408; Moulin et al., 2009). In the past there als® various spatial
interpolation techniques which have also been tsabtain representative rainfall over the entiasib or sub-basins for

the calculations of runoff.
STUDY AREA

East Singhbhum District is situated at the extremamer of the southeast of Jharkhand. From thestnigili
growth and mining quarrying point of view distrizas a leading position in Jharkhand. Occupyingraa af 3533 sqg. km
which is about 2.03% of the whole state. About 53%he total area of district is covered by residuauntains and hills

consisting of granite, gneiss, schist and locatethé Chotanagpur Plateau in Jharkhand State. Hifrmdrange extends
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from west to east covered by dense forest on ththeérm side. The Subernarekha River flows from wessouth-east
direction. The district is rich in minerals and $keare found abundantly. The district encompasse848 and 86° 54' East
Longitudes and 22°12'and 23 °01' North latitudefalls under survey of India toposheet No. 73 J31J/05-12, J/14-16.
The district headquarter is at Jamshedpur. Theidisomprises of eleven blocks, 200 Gram Panchayet1788 villages.
It has 11 developed blocks namely Patamda, Jamshediptka, Ghatshila, Musabani, Chakulia, Dalbhuimga
Baharagora and Dumaria, Boram and Gurbandha. Figwgieows the location map of study area which a@ap of thirty

sampling points.
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Figure 1: Location Map of Study Area (East Singhbhm, Jharkhand, India)

East Singhbhum district has remarkably unique ggoéd history. From Beharagora in the South Eastoulpast
of Jamshedpur a major thrust zone is present whither enters in to Saraikela Kharsawan distridte shear zone
separates a northern terrain of highly metamorpghoseks and southern terrain of relatively lessam&trphosed rocks.
Sarkar and Saha (1977) have shown that this sbhearseparates two Precambrian provinces of thanrghield: an older
province in the south which stabilized after thenliore orogenic cycle closing about 2900 milliomngeago and younger
province in the north that underwent the Singhbluogenic cycle closing at about 850 million yeags.aThe study area

is situated in the south of this thrust zone ageéreral stratigraphic sequence of this area (CGX0B3).
CLIMATE

The district receives an annual rainfall of 1500 .namd most of it occurs during the rainy seasonaiannual

temperature is above 260 C. The temperature rdng@sl60 C in winter month to 440 C in summer manth
RELATIONSHIP BETWEEN RUNOFF AND INFILTRATION RATE

According to K. Subramanya (2009), the relationdtgpwveen runoff and infiltration rate can be catetl from

past thirteen years of average monthly rainfaladat estimating correlation coefficient which givihe relation between
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runoff and infiltration rate. Theindex for any catchment, during a storm dependsupe soil type, vegetal cover, initial
moisture condition, storm duration and intensitgn@lete information is achieved for the interrelaship between these
factors, a thorough exclusive study of the catchiniemecessary. As such, for practical use in ttémation of flood
magnitude due to critical storm a simplified redaship for¢index is adopted. As the maximum flood peaks are
consistently produced due to long storm and a bsualthe wet season, the initial losses are assutoebe negligibly
small. Further, only the soil type and rainfall doend to be critical in the estimate of théndex for maximum flood

producing storms.
Method for Runoff-Infiltration Relationship

On the basis of rainfall and runoff correlatiore flollowing relationship has been given by tR\C, 1973)for
the estimation of-Index:

Table 1: Variation of Coefficient a According to (CWC, 1973)

S. No. Type of Soil Coefficient a
1 Sandy soils and sandy loam 0.17 t00.25
2 Coastal alluvium and silty loam 0.251t0 0.34
3 Red soils, clayey loam, grey and brown alluvium 420
4 Black-cotton and clayey soils 0.42 to 0.46
5 Hilly soils 0.46 to 0.50
R=al1.2 (1)
=|-R/24 (2)

Where R = runoff in cm

| = rainfall intensity from 24-h (cm/h)

And o= a coefficient which depends upon the soil typamdiated in table.1.
The value of a&-Index can be assumed as 0.10 cm/h.

Based on the table.2, estimation of average rum@$ calculated from average rainfall intensity whis

represented in table.3.

Table 2 Monthly Average Rainfall data of Study Area (2001-R13)

Year | Jan | Feb | March | April | May | June | July | Aug | Sept | Oct | Nov | Dec é\r{%
2001 0 15.5 49.8 35.1 164{4 469.4 480.1 388.7 1849%.8 0 0 15.65
2002 | 16.7 0 4.3 21.8 61. 315 149.8 319 280.7 0 313.4| 9.88
2003 0 45 26 5.8 31.7 82.8 2031 153.3 94 114.9 0 66.35

OT

2004 0 155 11.5 61.1 64. 1918 2492 5168 161 275 0 0 11.22
2005 | 25.5| 24.8 21.1 7.2 68. 156.6 246.8 163.4 81b237.3 0 67.3 8.93
2006 | 0.3 0 2.3 425 193 35118 706.3 3312 377.9.62 174 0 17.10
2007 0 64.8) 30.11] 40.9 10. 146.5 646.4 4985 3y42r.2 | 32.3 0 15.60
2008 | 30.8] 7.5 8.6 46.4  85. 655.1 2756 313.2 200.8.4 0 0 | 135.69
2009 | 2.9 0 11 0.4 130. 66.8 39 228.1 268 153.5.3 226.3 | 10.72

6
51)7 99/6 13B.1 137.2.34810.6| 38. 5.13
400.8 140.2 437.4 365381.1 0 0 12.57
189 4183 29014 268.6.6 4050.2| 22.1] 11.88
2295 334.2 3723 327 9 34 0 0 15.40

2010 | 05| 6.2 5.8 104 74.
2011 | 34 1.2 27.1 42.4  66.
2012 | 42.4| 17.6 0 504 34.
2013 0 12.4 1.8 374 184

NEJ USRI
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Table 3: Estimation of Runoff from Rainfall Intensity

S.No. | a (Coefficient) I(Rainfall of intensity) Runoff
(cm) (cm)
1. 0.19 15.65 5.16
2. 0.21 9.88 3.28
3. 0.18 6.35 1.65
4, 0.12 11.22 2.18
5 0.22 8.93 3.04
6. 0.17 17.10 5.13
7. 0.18 15.59 4.86
8. 0.18 135.69 65.21
9. 0.17 10.71 2.93
10. 0.18 5.13 1.28
11. 0.17 12.57 3.55
12. 0.17 11.87 3.31
13. 0.18 15.40 4.79

The infiltration rate is the average rainfall abavieich the rainfall volume is equal to the runofflume. Thet-
index is derivative of rainfall hyetograph with thesulting runoff volume. The initial loss is alsonsidered as infiltration.
The ¢ value is found by treating it as a constant irdtibn capacity. If the rainfall intensity is letisan ¢, then the
infiltration rate is equal to the rainfall intensitand if the rainfall intensity is larger tharthe difference between the
rainfall and infiltration in an interval of time peesents the runoff volume. So the relationshipvbet runoff and
infiltration rate can be obtained which has beasented in table.4.

Table 4: Relation between Runoff and Infiltration Rate (2001-2013)

S No.| Year | (Rainfall of Intensity) | Runoff | (Infiltration Rate) ¢
(cm) (cm)
1. 2001 15.65 5.15 0.44
2. 2002 9.88 3.28 0.28
3. 2003 6.35 1.65 0.20
4, 2004 11.22 2.18 0.38
5. 2005 8.93 3.04 0.25
6. 2006 17.10 5.13 0.50
7. 2007 15.60 4.86 0.45
8. 2008 135.69 65.21 2.94
9. 2009 10.72 2.92 0.32
10. 2010 5.13 1.28 0.16
11. 2011 12.57 3.54 0.38
12. 2012 11.88 3.31 0.36
13 2013 15.40 4.79 0.44

Based on data of the above Table.4, the relatipniseiween runoff and infiltration rate can be aidi in the

figure 2. As the value of r is nearer to unity twerelation is said to be good so figure 2 reprisstre best fit straight line.

Impact Factor (JCC): 1.5429- This article can be danloaded fromwww.bestjournals.in



20 Prasoon Kumar Singh & Parveen Purty

.50

¥y =00421x + 01995
R*=0.993

8

2.50 A

8

150

Infiltration rate (cm/h)
-
8

050 A

OO

D.00 10.00 20.00 30.00 40.00 50.00 50.00 70.00
Runoff (cm)

Figure 2: Correlation between Runoff and Infiltration rate (2001-2013)
METHOD FOR ANNUAL RAINFALL-RUNOFF RELATIONSHIP

This method (or formula) is adopted by Subramar2@09) for formulation of linear regression linejdta line
adopted between R and P to show the result of letioe coefficient whose result is considered aasr@eto unity which is
known to be good result. The equations for theigditeine regression between runoff R and rainfallis given as

following:
R=aP +b (1)
And the values of a and b are given by

_NEPR)-(EP)ER)
T NEP)-(ZR? (2

b :zR—;(z P) )

Where, N= number of observation of sets R and [e.ctefficient of correlation r can be calculated as

r=— NAPRI-GPIER) (4)
VINEPH-E PYIINE RH-(E RY

The value of r lies between 0 and 1 as R can hale mositive correlation with P. The value of 0.6&r0

indicates good correlation. Further, it should beed that RO.

For accurate results, the sophisticated methodsadopted for synthetic generation of runoff dataanyl
improvements have been attempted for the above baisifall-runoff correlation Antecedent rainfatifiuences the initial
soil moisture and hence the infiltration rate a #itart of the rainstorm. The calculation of anmaaifall-runoff has been

shown in table.5.

Table 5: Calculation of Annual Rainfall-Runoff (2001-2013)

2001 15.7 7 246.49 49 102.61 23 4 0.6389
2002 9.9 4 98.01 16 38.76 24 4 0.6667
2003 6.4 2 40.96 4 14.84 25 4 0.6944
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Table 5 Continue.......

2003 11.2 5 125.44 25 50.84 26 4 0.7222
2004 8.9 3 79.21 9 30.64 27 4 0.7500
2005 17.1 7 292.41 49 123.82 28 4 0.7778
2006 15.6 6 243.36 36 101.18 29 4 0.8056
2007 13.6 6 184.96 36 77.93 30 3 0.8333
2008 10.7 4 114.49 16 45,94 31 3 0.8611
2009 5.1 2 26.01 4 9.01 32 3 0.8889
2010 12.6 5 158.76 25 63.2% 33 3 0.9167
2012 11.9 5 141.61 25 58.1( 34 2 0.9444
2013 15.4 6 237.16 36 98.35 35 2 0.9722
Sum 154.1 63 1988.87 | 330 | 815.32

The coefficient of the best fit straight line fivetdata are obtained by the least square erromoaets mentioned

in table.1. According to the data given in tablét, following calculation has been done.
a=0.422
Based on above calculation annual rainfall and ffumas presented in table.6.

Table 6: Annual Rainfall and Runoff (2001 -2013)

Year | Annual Rainfall (cm) | Annual Runoff (cm)
2001 15.7 7
2002 9.9 4
2003 6.4 2
2004 11.2 5
2005 8.9 3
2006 17.1 7
2007 15.6 6
2008 13.6 6
2009 10.7 4
2010 5.1 2
2011 12.6 5
2012 11.9 5
2013 15.4 6

b =-0.156

R =0.422

P =-0.156

Therefore the required annual rainfall- runoff tielaship of the study area is given by
R=0.476

P=-0.842 (both P and R are in cm and@®

From Eq. (4) coefficient of correlation is:

r=1.082
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y =0.4545x - 0.575
R*=0.2987
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Figure 3: Annual Rainfall-Runoff Relationship of Study Area (2001-2013)

As the value of r is equal to +1 which is a positoorrelation, signifies that both variables monehe same
direction. It also signifies that the two variablesing compared have a perfect positive relatignghiat means these two
are strongly related. The closer the value of toist1, the stronger the linear relationship. Pesitvalues indicate a
relationship between rainfall and runoff such thathe rainfall increases, runoff also increasesth& value of r is nearer
to +1 the correlation is said to be good, figureefresent the data points and the best fit strdiigl. Using the average
annual rainfall along with annual runoff scatteagtem is drawn. The rainfall-runoff relationshipg feast Singhbhum
district indicates a good correlation between htsperties with Rof 0.99 (p<0.05). The linear regression is presgim
figure 3. Of rainfall-runoff relationship. As we rcaxpect a direct relationship between annual adliahd runoff of the
district. If the coordinates of the annual rainfaild runoff can be plotted in a coordinate systeamis of them can be fitted
to a line or curve. Figure.3. shows the relatiopshetween annual rainfall (cm) and annual runoff)(dor East
Singhbhum district. From the slope of the line whig 0.998, a mathematical relationship betweemfalliand runoff can
be achieved. It can be seen that the curve hasextdke center coordinates but have 0.575 mm apethat is, in the year
2010 the annual rainfall was less than 6 mm, ardetls virtually no runoff. Also from mathematicsipt of view using
this relationship between rainfall and runoff iscluded that except year (2010), in the remainiegrywith increased

rainfall, the annual runoff is high. The equati@nde written as:
So the equation can be written as:
Y = 0.4545x - 0.575
R*=0.998

The amount of annual rainfall and runoff can alsegbesented in form of line graph representedguré.4.
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Figure 4: The Amount of Annual Rainfall and Runoff Data in the Study Area
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THE RELATIONSHIP BETWEEN TEMPERATURE AND RUNOFF

Temperature and Rainfall are the two most importemtamic factors for the crop production and theilable
water resources for year-to-year variability. Mareq agriculture directly depends on the magnitase temporal
distribution of the rainfall (Garrousi and Chandralsara, 2012). The area receiving rainfall is @samportant factor in
determining the water availability to meet differelemands, such as agriculture, industrial, domegiter supply and for
hydroelectric generation of power (Jain and Kun2f]12). The altering of temperature and radiatiolarz together
changes rainfall pattern which change the hydrahlgeycle of the earth—atmosphere system (Subagtsitha, 2014).
Simulation of empirical evidences and climate matteionstrate warmer climates, which lead to extrpmeeipitation,
due to increased water vapor, therefore incredmesigk of floods (Hennessey et al. 1997; IPCC 200He report given
by the Intergovernmental Panel on Climate Chang€Q), the Indian subcontinent will be adverselgetd by improved
variability of climate, rising temperature and cioiesable reduction of summer rainfall in some pantsl there will be
water stress by the 2020s (Cruz et al. 2007). Naugestudies were undertaken for investigation efttends in long term
precipitation and temperature, its interannualsseal and decadal variability at different scaleshsas local, regional,
national, continental spatial scales (Chen et 2921 Chaudhari 1994; Kadioglu 1997; Izrael et 897; Mirza and Dixit
1997; Rankova 1998; Ren et al. 2000; Brunetti €2@00a,b; Salinger and Griffiths 2001; Wibig anidw@cki 2002; Lu et
al. 2004; Domroes and ElTantawi2005; Gadgil andide®005; Tomozeiu et al. 2006; EINesr et al. 2010)

Table 7: The Monthly Temperature and Runoff Data ofStudy Area (1991-2002)

Month | Temperature | Runoff
Jan 25.20 4.82
Feb 27.97 10.46
Mar 33.15 9.42
Apr 36.63 8.13
May 37.83 43.69
Jun 34.67 97.40
Jul 30.72 129.05
Aug 30.03 180.17
Sept 30.49 110.86
Oct 30.27 49.31
Nov 27.88 2.84
Dec 25.38 0.55

The following table.7 compares the amounts of teatpee and runoff in the East Singhbhum Districis&d on
data of the above table, the relationship betwempérature and runoff can be obtained in figure 5.

Y =0.243x-2.108 |

R* =0.0265
2000

18.00 - s
16.00

‘S 14.00

S 1200 - ¢

P *

= 1000 &

5 8.00

& 600 /
400 *
2.00
0.00 ? W LR

0:00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
Temperature (°C)

Figure 5: The Relationship between Temperature an®unoff in the
East Singhbhum District (1991-2002)
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According to the scattered figure 5, there is @&rsed relationship between monthly temperatureranaiff, since
the regression value is very less which is not iclemed as good correlation, so it is not relatedaoh other and there is no
correlation between them. If the coordinates asavdr there will be a grace line. This is a mathérahtelation between

temperature and runoff.

In this figure, curve won't cross the center of do@rdinates, but it has -21.075 intercept, sditreeequal can be

written as:
Y=2.4299X - 21.075
R?=0.0265

The amount of temperature and runoff also presentémm of line graph in given figure 6.
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Figure 6: The Amount of Temperature and Runoff in hie East Singhbhum

Figure 6 shows a relationship between monthly teatpee (°C) and runoff (mm). According to figureuhoff
increases in Aug (because of temperature increpsiigo there are the maximum amounts of tempeegatsirin May
(37.83°C and 43.69 mm runoff) and the minimum amairtemperature is in January (25.20°C and 4.82 nonnoff).
There are some reports about the same trends bivétijani and Kavyani, 2002; Heidi and Siebers0Z20Garrousi and
Chandrashekara, 2012. This relation shows the latioe between temperature and runoff with the eéase of

temperature runoff decreases.

CONCLUSIONS

This event of rainfall and runoff play an importamte in hydrological process. This study showsitpas
correlation between runoff and infiltration andnfail and runoff. The correlation also between tempure and runoff
was found weak however it shows positive correfatiy correlation is considered as strong when disie is equal to or
greater than 0.8, whereas a correlation is wealnwhdue is less than 0.5. These values can fluetdepending upon the
data type being used for analysis. Therefore séiedita that are developing for study may reqairgtronger correlation

than for data for social sciences.
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