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Abstract

Water budgets provide a foundation for evaluating its use in relationship to other impo,,
influencing conditions such as other ecological systems and features, as wcl'l as social and ecop,,
components — how much water is being used by agriculture, industry and residents etc. A wqye
commonly provides the info of quantity and place of it. Water budget studies consider the
Within the various reservoirs of the hydrologic cycle and the flow paths from recharge
reservoirs of surface and underground water are about 1542.695 MCM; Out of this
water is required for use. Water budgels are developed by measuring or estimating

of a hydrologic system. Inputs are the processes that add water to the system; these include Precipitatig,

and inflow from surface water and groundwater. Outputs are the processes that remove water Jrom the

system; these include evapotranspiration, the various uses of water by humans, and outflow from Stirface
water and groundwater. General hy

drological equation to compute water balance and runoff has been
estimated. The average surface water village wise runoff of the study area is estimated. There is great degq|
of variations in terms of volume of runoff by different villages. The entire tahsil is drought prone and faces
the problem of water scarcity throughout the year. Observing these outcomes in the present context, this
paper calculates the water budget of the Indapur tahsil. The outcomes of these studies qr

e b.ﬂ-{’ﬂy
presented in this paper. It has been observed that the water resources are not uniformly available iy the
study area.

Key words: Precipitation, evapolranspiration, runoff, surface water, groundwater water balance, water
budget.
Introduction

A water budget is a basic tool that ¢
through the natural environment. Water bud

to other important influencing conditions s
and economic components —

(Hh‘
mic
" buudge,
volumes of Watey
to discharge The

the inputs ang OUlpygg

an be used to evaluate the occurrence and move
gets provide a foundation
uch as other ecological sy

how much water is being used by agriculture, industry and residents etc. The
water budget process can encompass various levels of assessmen

t which start simple and grow more
complex if there are concerns about how much water is available at any level. Water budgets commonly
provides the info of quantity and place of it. Water budget studies consider the volumes of water within the
various reservoirs of the hydrologic cycle and the flow paths from recharge to discharge. Water budgets
need to consider this information on a variety of spatial and temporal scales (Hazel Breton 2010). The
maximum water holding capacity of soils, rainfall and potential evapotranspiration are the basic controlling
elements of water balance. The distribution of these clements decides droughts or water surplus condition.
Therefore rainfall, potential evapotranspiration, aridity, humidity and soil moisture are become primary
controlling factors of agriculture (Saikia 1994). In the present study water balance technique is used to
estimate the availability of rainwater resource in the study area. The nature and distribution of rainfall of
the study area discussed earlier indicates that about 90 percent rainfall takes place during the short period
of four months from June to September. There is a great variation in the number of rainy days.

Objectives

1. To identify inputs and outputs of a hydrologic system
2. To identify place and quantity of water.
3. To caleulate the runoff of the study area.

4.To make favourable suggestions to low runoff and sufficient water available.
Study area

Indapur tahsil is one of

ment of water
for evaluating its use in relationship
stems and features, as well as social

the tahsils in the Pune district consisting of 142 villages along with one
urban centre in the study area. There are eight revenue circles in the tahsil. The area extends from 17° 53°
42" to 18° 19" 58" North latitudes and 74° 39’ 16" to 75° 09’ 39"

East longitudes (Fig. 1). The area is
drained by the river Bhima on north and east both sides, Nira River flows south of Indapur tahsil. Total
geographical area of the tahsil is 1575.38km? (Census 2011), out of which Nira river catchment area
compress about 586.8 km’ and Bhima river catchment covers an area of 902.43km®. Nira River joins the
Bhima River at famous tourist place i.e. Narsinhapur village after travelling a course of 209 Kms from
origin. The slope of region is towards east. There are three soil

types, namely, coarse shallow, medium
black and deep black soils occupying 30, 40 and 30 percent respectively,
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Fig. 1 Location map

Database and methodology
For the present research work secondary data

source are used. This work is to develop digital
database at large scale using spatial and aitribut_c data.
The spatial data comprise of all the thematic and
topographic maps and the attribute or l‘lon-spal!m data
is created mainly water details utilities information etc.
All the supported data is collected from survey of
India, Maharashtra State Gazetteer Punc. l?lsu:lcl,
Maharashtra Governments department of irrigation,
department of agriculture, department of. water
conservation. General hydrological equation 1o
compute Water balance used is P = Q+E+AS. The
Dickens, Inglis and Nawab Ali Jung Bahadur formula
was used to estimate the runoff. These data base
com:erted to Microsoft access format to suit to the link up for processing through Arc View 9.3, Surfer
version 10, Global Mapper version 11.
Present water Inputs and Outputs of the study area '
Water budgets are developed by measuring or estimating the inputs and outputs of a hydrologic
system. Inputs are the processes that add water to the system; these include precipitation and inflow from
surface water and groundwater. Outputs are the processes that remove water from the system; these include
evapotranspiration, the various uses of water by humans, and outflow from surface water and groundwater.
It is also observed that the critical examination of ground water recharge potential of the study area reveals
that infiltration is negligible and hence not considered in the present computation of water budget. The
components of a water budget are illustrated in Table no. 1. Many inputs and outputs can be measured
directly or estimated using various techniques.

Location Map of The Sllﬁ}' Arca

Purs Dhariy

Table no. 1 The components of a water budget

Sr. Water in Water in
No. Inputs MCM Outputs MCM
1 | Rainfall 1052.468 | Runoff 327.7116
Canal and Reservoir 214.587 | Actual evapotranspiration 771.212
3 | Recharging of groundwater 275.64 | Infiltration *
Total 1542.695 1098.918

Source: Tahsil office and agriculture office Indapur, Irrigation offices, Baramati and Daund,
GSDA office, Pune, 2018.

* Being too low ground water recharge potential Infiltration has not been considered in the present
component. Ref. Fig. 2.

ThEIE moee bk Aad

Ground Water Recharge Potential
in the Study Arca

"

o
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|
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Source: National rain fed area authority planning commission New Delhi 2011
Fig. 2.
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Water budget estimation Elsillg ljy
General hydrological equation (o com
P=QtE+AS
Where, :
P is precipitation, ‘
E is evapotranspiration and AS

ol of Researd

drological equation o
pute Water palance used 12

@ is runofl,

is the change in SLOruge in soil or the bedrock

Inputs

' B s mean annual rainf; .
i fact that need to be emphasized here, is hat the nu.i:l g ;nl il of g,
" the fact that nee ; “the stations receive : Css i
Que of the fact the bove 362 mm for all of the am!inns e 1% T
stations in the study area 1s above during the lust 15 years periog G ™

et i the S (W _
throughout the year. The lowest rainfll in 1!"' .hm%ﬂgrm;d maximum value was K17.99 gy ;0
minimum value was around 128.12 mm in the year o received is 18806 MCM and 1200 7o e
2009 with this rainfall the volume of rainfall that i 3 Mo
respectively.
2. Canal and reservoir al runs through the study area, hence gy,
e S WAL My (Khﬂdawmlal) C?"‘L'rif.?f; data foml 93.963 MCM wmw{.: "o
level of contribution to the irrigation. On the basis of the hy i§ b s . I. il
from these two canals this is ullimately recharge the groundwater by e e linwbnr" ¢ Merey,,
the level of groundwater, Dam and reservoirs may largely regulate the tc{ rr;)no?fctlowni e ‘r:'m.,},,‘,;___,
since they temporarily store surface water and hence, erll({C 5_“’”“ ‘f’l"a i ok T g SUCH,
In terms of water budget, overall surface runoff may be significantly reduc O porative
from (he reservoir and abstraction of stored water.Irrigation tank, percolation tank, K. T. Weir etc. p.,, lie
;JJ'&Rﬂi dam are the water resources for the area.
- Rechargin round water
lnglhg :lf;%yn:rtla 1he‘:otal rechargeable fresh groundwater is computed as 275,64 MCM ang the
net ground water availability is to the tune of 261.86 MCM. The present gross groundwater d}'aﬁ for a
Purposes is 221.15MCM. The Stage of groundwater development for the study area, as whofct 15 84454,
is indicates that on an average 84.45% of yearly replenishable groundwater is being used in the Studh
area. Considering the domestic and industrial requirement the allocation of groundwater for next 23 years
comes out to be 18.79 MCM. Leaving this allocation, the groundwater available for irrigation in futyse

4C I3
around 53.33 MCM. The canals and reservoirs are other main sources of groundwater recharge in the study
area,

Outputs
1. Runoff

A. Runoff estimation and computation of its volume

Tl:wre are several rainfall-runoff models available in the study of hydrological field. In this study,
the following empirical formulae have been used and runoff has been estimated by the three methods

Design flood for Indapur tahsil has been worked out by empirical formulae are given below:
1. Dickens formula

Q=CAM
Where Q = flood discharge in cumecs

C = constant depending upon the rainfall depth which may be
taken as 13.9 to 19.5 for central India basins

A = catchment area in sq.km,
2. Inglis formula

Q = 124A/ (A+10.4)*
Where Q = flood discharge in cumecs
A = calchment area in sq.km.
3. Nawab Ali Jung Bahadur formula
Q= C (0.386A) (0.925 = (1/14) log 0.386A)
Where Q = flood discharge in cumecs
C = coeflicient varies from 49 to 60 with maximum value 86
A = catchment area in sq.km,
B. Distribution of surface runoff -.
Runoff is that portion of rainfall, which enters the stream immediately after the rainfall. It ogeyes
when all losses are satisfied and if rain is still continued, with the rate greater than in-filtration fate, at this
stage waler starts flowing over the land as overland flow. For the design of any soil and water COnseRyVation

73

CamScanner


https://v3.camscanner.com/user/download

ol 0f Research & Developmens® 4 Multi
| A Mulri
Impact Factor-7, 265, (A

SR VT - ____‘ ‘{121\'2{_\,' Per spechy

lixe .

\f\“)‘i":““{ﬂl Itermational 1evet R forved and Peer Reviewed Jornal,
Ve n,"f. <20.9578, Mhme-2021 Votume-I 1, Iaswe- 9,

— .“_‘_”ik':mm__',i'_{m"‘“ Sctenee and Social Seleme

aetures and waterways or ¢ P e
:::111':!!1' rate is L‘Xl’rcssc)tl n :l:ll:l:l'::ll:{ .Iflnnﬁ volume and peak rate of runoff arc required to be estimated,
,encrally expressed as m’ Fig, 3a 'l'ht\:t[ l’l'-‘" seconds and runoff' volume or water yield from watershed is
'\-' F ". " ¢S '"'L‘"""- o e ek ‘ 5 e )
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Fig. 3a
In the study area it is observed that the mnximunga 402.25 km” (25.57 %) area under more than 125
cumecs runoff and 235.51 km? (14.95%) area under less than 25 cumecs. More than 125 cumecs area
found western high altitudinal area, castern side strip between river Bhima and Nira and two patches are
foupd o afm.xnd Nimgaon Ketki and Indapur settlement, Low runoff (< 25) has found in the Northern area,
besides this it found around in patches in the middle and Eastern part of the study area. Besides this 25-50,

50-75, 75-100 and 100-125 cumecs runoff found in patches all over in the study area (Fig 3a & Fig 3b).
Table 2 watershed wise runoff

Sr. [Runoff in Area 26 e
NO- cumecs 2 Descnption i 7
Km % 25.00 21.25 2271

1 | <25 | 23551 | 14.95 | Verylow || 2900 14.95

2 | 25-50 334.86 | 21.25 | Low 15.00 9.48

3 | 5075 | 357.76 | 2271 | Medium || 10.00 6.04

4 | 75-100 | 14932 | 948 | High ;gg - 7
2 Very hi '

5 | 100-125 | 95.08 | 6.04 | Veryhigh B I R

615135 - 4025 2557 V- S
Total | 1575.38 | 100.00

Fig 3b Average surface water runoff (% area)

The average surface water runoff of the catchment is estimated to 327.72 MCM/year (Table 3 &

Fig. 4). This is about 31.14% of the total volume of rainfall for the entire study area. There is great deal of

variations in terms of volume of runoff by different watersheds. The maximum contribution of runoff in

the watershed no, BM67 area that is amounting 46.08% and lowest contribution can obviously be expected

from BM61 Bhigwan area which is only 0.37%. From the following table no, 5.2 it becomes clear that,

due to variation in rainfall and size of considerable amount of rainfall volume does not get converted in to
runoff.

Table 3 and Fig, 4 Watershed wise area and runoff of Indapur tahsil

Sr, | Name of Watershed Surface Area in Runofl in
No. Area Km’ % MCM in %
1 | Bhigwan-BM61 24,53 1,56 1.20 0.37
74
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2 | Loni-BM66 19493 [ 37| 1207] 3]

3 | Palasdev-BM67 238.97 15.07|  150.99 46,08

4 | Akole-BM68 125.67 7.98 50.57 15.43

5 | Sansar-BM76 337.88 21.45 49.33 ——-E_(_)L

6 | Nimgaon-BM77 281.63 17.88 29.98 ﬁ_gﬁ._l_sﬁ

7 | Indapur-BM78 371.77 23.59 33.57 __1_{1_21_

Total 1575.38 100.00 327.71 M

Source: Author, A

& Bhigwan-BM61
| Loni-BM66

W Palasdev-BM67
H Akole-BM68
u Sansar-BM76

: & Nimgaon-BM77
apen in watershed wise runoff, dapur-BM78

2, Actual w_ipotranspiration

Cvapotranspiration data obtained from 2006 year has been used for the present study. The spatiq]
d!str}but!(m pattern of actual €vapotranspiration (AE) is shown in the Fig. 5. It has distinct to that of PE
dlsln_butmn. But in this case, highest values are observed in the eastern side area and decreasing from east
to middle portion of the study area.

ot

ey
i

Actual Evapounnspirmion in i o
Indapur tahsil

ERLRE

1o ey,

Legend

AET in mmiyr
D <288 ¥ ey
(2 J2s81.80
5131.7%
750141073
B - on

Ljare regmrvonr

T
™ by = ey

Source: Remote Sensing and Hydrological Modeling of the Upper Bhima Catchment (2006) Fig. 5
_ The highest value of 1500 mm is at the village Ganjewalan, Ajoti and Kandalgaon; where the area
experiences very heavy rainfal] comparatively rest of the study area and in the area of Ujani dam. Ap

increasing trend towards east has been observed in actual evapotranspiration, this is seen in the case of
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ential evapotranspipati :

qnual potential evapotranspiration. Thie L :

‘milnﬁ‘lll. The lowest values of :u:lua]']tl:l:rb . bccm!SC of the dependence of actual evapotranspiration on
!Slkdi? Vyahali, Kauthali, Karewadi Nifl’ﬂlmnsplrulion are over the places Nirgudc‘ : M|:'|sl()[;)’|1:i]ib\"l[;i
o . ) 7, et . d: ' [ ’
Galandwadi No.2, which i already disc:l]l]sii?ln-'km:\]’ Tarangyag Zagadewadi, Gokhali Vadapuri and

anspirati °, 15 the lowest rain: - ' 1 2

actual evapotranspiration has been ghgeryeq between 56 West rainfall part of the study arca. In this area
3, Infiltration capacity of the soj) mmto 113mm,

The study area is in the rain shadoy gng semi-arid climati
infiltration 15 relatively ineffectiye because of Imatic

e
—

condition, In this climatic condition the direct

: : e rari s e
high potential evaporation. Furthermpe the hj anty of rainfalls, low mean average precipitation and
» - 1C Mgh potential evaporation compared to precipitation in semi-

:‘:;S ;;:‘?:é“gigt EIE:;::LS"HI; lrg:edf;sk?? b of rainwater. The enfire tahsil is the basement of Deccan

osity and permeability play an o the *Hard rock terrain® ang their physical propertics such as
- dwater.Therefore, in the Py an - importay role in the movement and accumulation of
l'.;.unThcre a.re more tﬁan QS;tudy " e Bround water of acceptable quality and Sgntildtltsl:all lies very
o back water and near th ok i Study area shows very low ro{md »\(flalcr rt?::har e ya]mllg the
i ly 74.67 km® (4.74%) e luenioe of river Bhima and Nira Jow fechar ¢ the round!:w’aler There
are only /4. e ro) arcarecommendeq fo; groundwater development 1%1 the s%udy area. Th'csc are

found in the patches in SW and NE part £ .
for groundwater development, i study area. Another 1500.71 km? (95.26%) area is notable

village wise computation of rungff volume
The average surface water village vvi i
(Fig. 0), this is about 31.14% of the tota]g olume of i Y e etimted 10 321,72 e dsof

2 volume of raj : .
variations in terms of volume of runoff by differgntrilirlllt;agll for the entire study area. There is great deal of

Akole area that is amounting 79.889 MCM ang e ;
Lamjewadi village that is amounting 0.007Mc ;:In lowest contribution can obviously be expected from

g
e
_‘__—_———-_l___\__::‘_ Uil i
A i

J- i ; Village Wise Runoff Estimation of | i
. Indapur Tahsil

e

Legend

RunofY in cumees

Eil«s

B0

BEl 0. 15 e

[ Tt

[ L
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T Viltage bowmdary
Ujami reservoir

> T
4y et vy

T
v =y

Source: Author Fig.6

Classification of villages based on hydrological equation

It can be deduced from the figure no. 5.5 that, hydrological equation implied for water budget
assessment clearly demonstrates that, the entire tahsil is drought prone and faces the problem of water
scarcity throughout the year. In order to make the differences again to find out the villages facing very high
shortage of water. By adopting the grid operation, reclassification has been achieved and two classes have
been determined. One class below ‘0’ indicates more severity covered 566.92 km~ (35.99%) area (50
villages) and 0-1 shows less severity 1008.46 km? (64.01%) area covered (93 villages).
Conclusions . 4 :

It has been one of the challenging studies for quantifying 1I1t~; climate chm?ge impact wherein the water
balance simulation modelling approach has been used to maintain lht? dynamics of hydrology and lhcmby‘
make assessments of vulnerability which are more authentic and reliable, The average annual \'(:llum? of
rainfall is 1052.46 MCM. The very low rainfall volume is observed to the northern side sub basin of the

76


https://v3.camscanner.com/user/download

y ’ swerd Referred and Peer Review
: ont’ ¢ liselplinary International L vel Referre Wel Jory,,
et o R'\"w““}:;‘:;::i; st . 3930.9378, 25 ne-2021, Volume-11. Isse-19, /

j e o'l H (4N

Changing Perspectives of Language, Literatire, Sctence _.f_".*.!_f‘g. wial Schernce
g Perspectives of Language,

o4 and very high rainfall volume is obseryeq o, ,

95 MCM which covers around 23 54,

d that, around 49.08 % area (65 vjy

e O
tahsil (BM-61) accounts I6.43.MCM ic. 1.56 e
side sub basins of Indapur 1u!1511 (BM-T&%) accrurf:h.s.'.m).t 4 N
sl arey At e sty ol emeiris i(?rlml‘ﬂ' !?8] illages), 50.92% arca comparatively sh hey) ;n_hl[
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analysis through the principles of map al%ebra,bctz:r:l{lli::g:;::rb'rl]:: averugc(uﬁ ol ':U‘l\l‘l‘::;r tl;.—|iu ,r“':ll.'r
Tt Fl0 e inr 1ave be 2l INes i i S Of rai Mg
\lv(;ggljigvﬂg}vldlflr‘ﬁ?x: \lrgli fafil?gﬁri}glume is observed tp the nnrlhcm side sub basin of (he IIL:T 'u bis
61) accounts 16.43 MCM i.. 1.56% and very high rainfall volume 15 olvbcrgc;t;r{ihc casten g
basins of Indapur tahsil (BM-78) accounts 247,95 MCM whu:h Lojvcrajgrc:\l}:ll Sy .bi,-A]] .‘..)I the togy Slug
area. The ‘High’ ground water potential areas arc lh?se having ;,rml; wate ta. Lh;u? than § | (r},
sdmeasires about 394.79 km? (25.06%). The ‘Medium’ areas ar¢ those 1:/1wn% vlva er t:al .c in the range U;_ |
to 15 m bgl this groundwater potential zone covers 553.12 km” (35.11 G)IU tll(S: lﬂlab study arey an
‘Low’ ground water potential areas are those having water table more than |T1 ‘g! and unger o ¢
having maximum area i.¢. 627.47 km? (39.83%) of the total study area. In the study area it is obsery, di :lL
the maximum 402.25 km? (25.57 %) area under more than 125 cumecs runoff and 235.51 k‘m2 (14955,
area under less than 25 cumecs. More than 125 cumecs arca estimated for western hlg'h altituding) arc?)
eastern side strip between river Bhima and Nira and two patches are found at around Nimgaon Key; ,
Indapur settlement. Low runoff (< 25) has estimatgd for Northern area, besides this it found aroung
patches in the middle and Eastern part. Besides this 25-50, 50-75, 75-100 and 1‘00-125 eumecs ryny e
found in patches all over. The average surface water runoff of the catchment is estimated ¢, 3277;
MCM/year.
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