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ABSTRACT

Among the existing and proj ected impacts of cllmate change, unpacts on water
resources are expected to exacerbate the current and future threat of global water
scarcity. In the present study, water scarcny is examined as, an 1mpact of climate
change in Barinallah watershed. Vlllages dependent on this watershed for water needs,

conflrms that climate change is one of the factors causing depletion of water IeSOUICES. -

In order to show the linkage between climate change and water scarcity,
evidence “is presented on changes occurring in these villages on local climate
parameters. such as snowfall, rainfall and temperature. Also evidence is analyzed in
changes occurring in the hydrology of the water bodies that make water available to
these villages. This establishes that water scarcity in these villages has been induced

not only by increasing demand, but alsb by decreasing supply of water.

In view of the water scarc1ty facmg in the region, an 1nvest1gat10n of the.
measures taken to address this issue is presented, which reveals that the primary
adaptive response employed in these v_111ages is supply augmentation. Additionally,
climate ‘change considerations have been le.rgely absent in the ‘policy/ planning
proeessee that govern water managemeht in the study area, implying that the responses
of this area to water scarcity have been . influenced by the puisuit of short-term
econiomic benefits in a local -economy that fails to recognize the importance of the
integrity of water resources to its sustenance. The perpetuation of unsustainable
economic development and. failure to account for clirhate change impacts in local water
management points to the 'presenc_e of several techhological, structural, financial, and
political barriers to the planning/ implementation of holistic climate-centric strategies

for adaptation to water scarcity in Barinallah_watershed.

To conclude in brief, the study makes an attempt to establish the climatic’
response in the avallablhty of water resources in the region. The study confirms the
1ncreasmg varxa‘uon in temperature and rainfall pattern in each passing days, resulting
" in erratic and uneven rainfall. F inally, restoration measures through tapping the falling
ralnfall in the region is suggested by constructlng check dams, gablons etc. in dlfferent ]

streams/ nallah in Barinallah watershed.
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» CHAPTER 1”’ R
INTRODUCTION

e 1. 1 General

Water, next to the air, is the most 1mportant requirement for human life to ex1st._

Water is the integral fabnc in the’ qullt of life. The Earth’s ecosystems, societies and Y

‘_1nd1v1duals need it. Wrthout it, food securrty and human health, energy supplies. and -

i 1ndustr1al productron Would be unobtamable Plants and wrldhfe and therr ecosystems

_need water. Water helps in.regulating the global chmate and as we are contmumg to see,

= water resources themselves are affected by global chmate change

Earth is the only planet known where water exists in its three forms as water i

vapour, as flowing water and as ice. The global water cycle between the sea, the

atmosphere and the continents is a vital c1rculatory system for nature and man. This . -~

g systern brmgs about 110, 000 km® of water 1o the continents every year by precxpltatlon
Most of it evaporates back into the atmosphere from the ground and vegetation. The

' jremalmng water refills groundwater aqurfers, spnngs, lakes and rivers.

In earlier tlmes the major town and 01t1es developed on the banks’ of river systems
i ag these weré reqtured to fulfil the basrc need of water for drmkmg, bathmg, cookmg etc.

cIn hllly areas the springs, streains. are the main sources of water. Due to human act1v1t1es o

. _like urbamsatlon increase in populatron, deforestatlon etc.- in the catchment of the

drscharge sprlngs streams is reducing day by day The demand of water is increasing due '

' toincrease in populatron, change in hvmg standard etc. The dlscharge from these sources -

“lis reducmg gradually and at the same- time the demand is mcreasmg ‘Due to. mcrease in’ :

'demand and decrease in the drscharge in the water resources like springs andA streamstherr -

) restorat1on is more important as they are the only sources of water supply.

Indla bemg the monsoontc country, the: ram falls only for 3 to. 4 months in a year
:w1th high intensity, which results in more runoff and soil erosion. Total - rain occurs in
* about 100 hours out of 8760 hours i ina year Further thie rainfall is erratic.and fa11s once
in revery 3104 years. Th1s is very common in many parts of the country '
The perennial rivers, springs lakes are becoming dry ‘and ground ‘water table is S
" depleting in- most of the areas. The solutlon of the water problem, which i is in our hand, is
to harvest rainfall. Hence it is necessary to conserve the rainwater where it falls accordmg_ :

L to the local and geological needs. In this process the ground water is recharged in addition _ - -

-



to'au'gmenting' the supply. Vat water source. —Hence this would stop the decline of the water .
K levels supplements the ex1st1ng supphes and surplus ‘water is made avallable to tlde over .

the shortage in the dry seasoris.

In India, our approach to. water consumptlon and management is unsustamable

e :Few envuonmentally degradmg practlces whlch affect water resources 1nclude
o Over-extraction from rivers, mo‘s_tly for the benefit of irrigation-and _mdustry: .
« Over-extraction of groundwater of particular c’oncern is the unregulated o

.'o:fReductlon in 1nﬁltratton and aqu1fer recharge and max1mlzmg run- off through i

’mcreasmgly 1mperv1ous urban surfaces, roads car parks, houses, etc.
. Incre‘asing water de_r'n‘an‘d-basedk o'n'_ profligate usage and lifestyle choices o

- ‘Water scarcity is not only 'lurlited to the arid regions but also is occurring in high .

j;ramfall areas. Cherapunji gets more than ll OOOmm of average annual ramfall but face

‘ ‘ drmkmg water problem before monsoon commences whereas 1n Ralegoan Slddhl in . .. B

i Mabharastra there is no water scarclty problem though the annual average rainfall i is about o

* 450mm. Hence to mitigate water problem there is an urgent need to follow tradrtlonal -

a way of Water harvestlng mcludmg latest technologles adopted in soil and water s

e conservatlon ineasures on watershed bas1s

The main source of all the . water supphes is rainfall. As ‘the txme pass it become .

- necessary to find out the substitutes for ramfall as source of water supply 71%: of the total

L earth’s surface is covered by sea. and the remammg 29% by larid. The total quant1ty of

i water on the surface of the earth is éstimated as 145 5%108km’. The percentage dlstrrbuuon .
“of water resources in the earth i is as follows: Coen

Table 1.1 D1str1but1on of water - v

'Water inthe ocean = . ) C97%
Fresh water - ol 3%
From 3% fresh water g : ‘
Ice caps and glaciers | .- 68.7%
Ground water.|. 30.1%
- Other:| - o 0.9%
Surface water | : 0.3%.
0. 3% surface water :
~ Lakes | . T 87%
Swamps 11%
" Others |- 2%




India has 2.4% of the World's total area’ has 16% of the world's popula‘uon but has' L

) only 4% of the ‘total avallable fresh water Thrs clearly mdlcates the need for water. o

resources development, conservation and their optlmum use. Fortunately, ata macro level
India is not short of water. The problems that seem to loom large .over the sector. are -

o 'manageable and the challenges facmg it are not insurmountable.

Chmate change is one of the major chal]enges to researchers in recent trmes The

' impact of climate change on water resources around the globe has serious 1mp11cat10ns

) llke changmg water levels and chmatrc temperatures which in turn affect the economy“

'and future as a whole. In addition, water resources. are depleting day by day due to the”

-exponentlal demand.- “from sectors hke 1mgat10n -domestic consumptlon and- mdustry o

Water avarlab1hty and quahty wﬂl be the main pressures on, and i 1ssues for, societies and
. the env1ronment under chmate change Along W1th quantlty, quahty is also deterloraung:
3 malnly due to the mdlscrrmmate use of water to hazardous levels, pollution: of r1vers and

. 1mproper management of waste water

Thr's necessitates water conservation strategies to be adopted. at the national, state "
-and _loca_1_ levels. Climat'e—related'-irnpacts “on water resources :are already being
‘ documented In-all cornets of the world, there is growing empirical evidence of increased
. seVere weather events, ﬂoodlng, and dlmlmshed ice cover, all of whrch can be attributed :
. to climate _change. Numerous screntlﬁc studles also reports mcreases in the rntensny,'
duratron and spatral extent of droughts higher atmosphenc temperatures warmer sea‘
' ‘surface temperatures, changes in prempltatlon patterns and’ drmlmshmg glacrers and.'

- snowpack

Several studles have been undertaken worldwide by researchers to assess the water

. resources in. the changing chmate scenario. An International Panel on Climate Change.'

(IPCC) has been formulated comprising of scientists, policy makers to ascertdin impact of - ‘

climate change on water resources. ‘As pet IPCC, four main factors aggravating water

- stress worldwide are:

. . Poputation growth.:-‘in the last centtrry;.'WOrld population ha_s tripled. It is exp'ectedx
to rise from the present 6.5 billion ‘to ‘8.9 billion by 2050_. Water.use_ has‘-vbe'en'v"
growtng at more than twice. the rate of population increase in the last eentury and,
-although there i is no global water scarcrty as such, an 1ncreasmg number of reglonsr .

. are chromcally short of water



» Increased urbamzatlon will focus on the ‘demand for water among a more - -

‘concentrated populatron A51an cities alone are expected to grow by l b1ll1on
people in the next 20 years. - ' ' )
. "ngh level of consumption: as the world becomes more developed the amount ‘of
R domestic water used by each person is expected to rise 51gn1ﬁcantly

. xChmate change w111 shrmk the resources. of freshwater:

_ - Most of. the stuc'hes on the chmate change have undertaken encompassing large
’ areas concentrating mainly to assess the impact on water, resources. Cllmate change 1s'
inevitable. Mankind can not check the problems arising due to climate change But,-

i .certamly we can think of its mitigation and. adaptatlon strategies. The present study is an .

: ’»attempt to assess the water resources avallab1l1ty in-the changing cllmate scenario'in a - .-

hilly region. Also the study prov1des an ms1ght how to restore the dymg water’ sources in ‘

v-lhrlly areas including its structural de51gn wrth the following specific Obj ectlves
1.2 Ob]ectlves of the Study .
The specific ob_] ectives env1saged in the present study are:-

1.  To assess the long term hydrologlcal trend in the study area
2. To quantlfy the water resources availability in the study area and 1ts‘

" supply- demand assessment thereby using ArcSWAT model
‘ 3.1 To find out the restoration plan for water resources under. . changmg-

climate

13 Scope of the Work

] Along with achieving the objectives dlscussed above, the study further provrdes a
.scope to- model the study area - us1ng ArcSWAT (2009), ERDAS 92 and ArcGIS 9.3 ‘
:model The output from the ArcSWAT program has been cal1brated and vahdated w1th the .
observed data : B

. 14 Organization of Dissertation Work

The present thesis has been divided into six chapters. CHAPTER '1 introdl‘mes the 'prohlern and

- defines the objectives of the study. CHAPTER 2 presents a review of the hterature CHAPTER 3. '
‘contains study area and data availability. CHAPTER 4 presents the methodology CHAPTER 5 -

presents analysis and discussion of results. Finally, CHAPTER 6 concludes the study.



CHAPTER 2
LITERATURE REVIEW

2.1 General
Water ‘resources of.a countty constJtute one of its v1tal assets ]ndla rece1ves '
“ annual pre01p1tat1on of about 4000 km®. The rainfall in India shows very high spatlal' k
and temporal vanablhty and paradox of the situation i 1s that- Cherapunjr which I‘CC&IVCSY

the hrghest rainfall in the world, also suffers from a shortage of water durmg the nion-

-‘rainy season, almost every year. The total average annual flow per year for the Indian -

nvers 1s estlmated as 1953 km3 The total annual replemshable groundwater resources -
are assessed as 432 km’. 'The annual utlllzable surface water and groundwater'
resources of Ind1a are e_st-rmated as. 690 km3 and 396 km® per year, r_espeetlvel_y. With

* rapid growing population and imp‘roving ‘li-‘vlng standards the pressure on our water -

résources is-inereasing and per capita availability of water resources is reducing day by

day. Due to Spatlal and témporal ’variabllity in preclpitation the cbuntry faces the
problem of ﬂood and drought syndrome Overexplo1tat10n of groundwater is leadmg to.-
- reduction of low flows in the rivers, dechmng of the groundwater resources, and salt
© water intrusion in aquifers of the coastal areas. The climate change is expected to affect-.

precipitation and water availability.
2.2 Cllmate System

Cllmate of region represents the long-term-average of weather (more thar thirty !
years) It is .a resultant of extremely complex system consisting of d1fferent »:
) meteorologtcal varlables, whlch vary with time.. Climate in'a natrrow sense is defined as"
“average weather , or more rigorously, as th_e statistical descrlptlon in terms of mean
v and variability of relevant’ quantities' of weather parameters 'over a nerlod of time
. ranglng from months to thousands or millions of years. The classical perlod is 30 years
as defined by WMO. These parameters are most often surface variables such s

temperature, precipitation and wind. '

" The Climate change is a very commen word in the present day world, The

e conimon marn, medja and scientists all seem to be concerned with this phenomenon. It

is. generally because the mean global temperature of earth is showing an increasing .

"tren‘d. However, this might not be trize in a regional scale, but enough evidences have o
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, been gathered -showing this increasing trend of temperature. The important evidences‘ o
- 1nclude worldwrde retreat of glacrers in all Iatrtudes, rising of the mean sea Ievel i
‘ breakmg of Antarctrc ice sheets etc Such changes may have severe impact on mankmd,
and all other llvmg specles Such seenatios of projection have urged researchers from

a]l over the world and of all ﬁelds of science to study the problem ina greater depth.

The chmate is deﬁned as the mean physmal state of the chmatrc system which

- is constituted by atmosphere, hydrosphere cryosphere hthosphere ‘and brosphere

: whrch are intimately mterconnected Therefore the climate is determmed by a set of -

. tune—averages of quantmes that descrrbe the structure and the behavrour of. the various -

"parts of the’ chmatrc system, as well as. by the correlatlons among them (Perxoto and
“Oott, 1992). Chmate system is comphcated system, which has various components
‘ Cllmate system consrsts of the atmosphere, cryosphere hydrosphere and land '
; mteractmg through physrcal chemrcal and brologrcal process The atmosphere the‘
hydrosphere, the cryosphere, the land surface and the brosphere forced or mﬂuenced'

by various external forcing mechamsms the most important of which is the Sun Also S

" the drrect effect of human act1v1t1es on the chmate system is consrdered an- external

. forcmg

The atmosphere is the- most unstable and raprdly changing part of the system .
Clts composrtron which -has changed with the evolution of the Earth is of centrall
."1mportance to the problem which occurred in Earth. The hydrosphere is the component B
comprrsmg all liquid surface and subterranean Water both fresh water, including rivers, ‘
'-lakes and aqurfers and saline water of the oceans and seas. The cryosphere, mcludlng» 3
the i fce sheets of Greenland and Antarctrca contrnental glaciers and snow fields, sea ice
and permafrost derives its 1mportance 16 the climate system from its hlgh reﬂect1v1ty;

(albedo) for solar radlatron, 1ts low thermal conductrvrty, its large thermal inertia and

: ‘.especrally, its critical role in- driving deep ocean water crrculatron Because the 1ce

) -sheets store a 1arge amount of water Varratlons in then' volume are a potent1al source of

séa level varlatrons

Vegetatron and soils at the land. surface control how energy recerved from the A
Sun is returned to the atmosphere Some is returned as long-wave (mfrared) radlatlon
heating' the atmosphere as the land surface warms. Some serves.to evaporate water,
either i in the s011 or in the leaves of plants, brrngrng water back into the atmosphere .

Because the evaporat1on of soil: morsture requires energy, soil morsture has a 'strong
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" influence on the surface temperature. The texture of the land surface (its roughness)
influences- the atmosphere dynam1cally as. wrnds blow over the larid's surface.
Roughness is determined by both topography and vegetatron. Wind also blows dust
-from the surface into the atmosphere','wluch _hlteracts with the atmospheric—radiation.
-The: marine and terrestial biospheres have a major impact on. the atmosphere's
Acomposrtlon The biota 1nﬂuences the uptake and release of greenhouse gases. Through B

the photosynthetrc process ‘both marine and terrestrial plants (especrally forests) store

) srgmﬁcant amounts of carbon from ca.rbon dioxide. Thus, the brosphere plays-a central' T

_rolei in‘the carbon cycle, as well as in the budgets of many other gases, such as methane'

and nitrous oxrde

) Many physical, chemlcal and brologrcal 1nteractron processes occur among the
o varrous components of the cllrnate system on a wide range of space and time-scales,

makmg the system extremely complex All subsystems are open and interrelated. As an

"example, the atmosphere and the oceans are strongly coupled and exchange among h

" others, water vapour and. heat through evaporatlon This is part of the hydrologlcal'
cycle and leads to condensation, cloud formation, precipitation and runof_t,.and supplres '
energy to.weather systerns.' On ‘the other hand, precipitation has an influence’ on

salinity, its distribution and the thermohaline circu_lation. Atmosphere and oceans also -

exchange, among other gases, carbon dioxide, maintaining a balarice by dissolving it in

" ‘cold polar water which sinl(s into the deep ocean and by out-gassing in 'rel_atiyely \y_arr‘n‘_ ) L

upwelling water near the equator. Some other examples: sea ice hjnders the exchanges - .

~ between atrnosphere and oceans; the 'bios'phere -influences . the carbon dioxide:

_ concentratlon by photosynthesrs and resprratron which in turn is influenced by - chmate

change The biosphere: a.lso affects _the input of water in the atmosphere through

evapotransplratlon, and the atmospheres rad1at1ve balance through: the amount “of :

Asunlrght reﬂected back to the sky (albedo) (IPCC 2001)
221 Deﬁnltlon of Climaté Change

Classwal cllmatology provrdes a classrﬁcatlon and descrrptlon of the various -
: 'clrmate reglmes found on Earth Clrmate variés from place to place, dependmg on

latltude dlstance to the sea, vegetatron presence or absence of mountams or other:

- geographrcal factors. Clrmate varies also in trme from season to season year to year,

decade to decade or on much longer time- scales such as the Ice Ages Statrstrcally :

- significant variations of the mean state of the climate or of its varlabrlrty, .ty_plcally
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persrsnng for decades or longer, are referred to a8’ clima'te change"

Chmate change in -United Natron Framework Convention Chmate Change,
(UNFCCC) is defined as a change ‘of chmate which is attributed drrectly or mdlrectly
1o human act1v1ty that alters the composmon of the global atmosphere and whlch is in

add1t1on to natural chmate varlabrhty observed over comparable time per1ods

Climate change ( Intergovemmental Panel on Climate Change) is deﬁned as .-

referred to.in the observauonal record of chmate occurs because of 1ntemal changes
W1th1n the chmate system or in the 1nteractlon between its components, or because of
changes 1n external forcing either for natural reasons or because of human act1v1t1es It

Cis. generally not p0551ble clearly 1o make attnbutlon between these causes Projections

“of future chmate change reported by IPCC generally consrder only the 1nﬂuence on:

chmate of anthropogemc increases 1n greenhouse gases and- other human—related.

: factors :
222 Causes of Cllmate Change :

Many factors determme the Earth's weather and chmate whrch from naturali
_ factors, such as the intensity of solar radratlon, ‘¢oncentrations of atmospherrc gases and
particles, interactlons yvith the oceans and the changing character of the land surface
and human influence. The: factor whlch causes of climate change can be determlned

" into two categorres

2221 Natural Causes -

‘. Plate Tectonlcs

Over the course of mlll ions of years, ‘the miotion of teetomc plates recon ﬁgures L

' gl'obal land and ocean areas and generates topography This can affect both global and- L

" local patterns of climate and atmosphere—ocean circulation. (Forest et. al 1999) The'
ex1stence of mountains (as a product of plate tectomcs through mountam bulldmg)'
can cause orograph1c pre01p1tat10n Humrdrty generally decreases and diuirrial °

) temperature swmgs generally increase w1th increasing elevation. Mean temperature and

the length of the growing season also decrease with increasing elevation. This, along

with orographic pIeCIPItathIl, is nnportant for the existence of low—latrtude alpme o

B gla01ers and the varied flora and fauna along at drfferent elevatrons in mountam

ecosystems (V lllarroya and Padre, 201())
‘The posmon of the eontr‘nents detennines- the geometry of _the oceans and
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therefore inﬂueno_es patterns of ocean'oirculati_oh. Because the circulation of the o_ceah,
and the atmosphere are fundarnerxtally lin_kec’l,‘ the locations of the contin_ents are-
important in Acontrolling the transfer of heat and moisture across the globe, arrd
therefore, in determining global climate. '

.- The size of continents 1s also. irnportant. Because of the stabillzing effect of the
. oceans on temperature.'yEarly temperathre variations are generally ‘lower in' ooastal
areas than they are inland. A larger. super-contment will therefore have more area in
:whlch chmate is strongly seasonal than will several smaller continents and/or 1sland
arcs. '
b. Solar Output ) )

The predommant source: of warming is energy received from the Sun in the
form of solar radiation. Both long and’ short: term variations in solar 1nten51ty are hoted.
to. affect g]obal climate. -Ehergy from the Sun.enters the top of the atmosphere With an - .
average intensity of about 342 Waﬁs ‘per square meter. About 25% of this energy is
" 1mmed1ately reflected back to space by clouds, aerosols and other gases -in the‘
atmosphere An addltlonal 5% is reflected back to space by the surface rnakmg the

overall reﬂect1v1ty (or albedo) of the Earth about 30%. Of the other 70% of incoming
" solar radiation, about 20% is absorbed in the atmosphere and the rest 1s absorbed at the
surface. Thus, 70% of i 1ncom1ng solar -energy is the dr1v1ng force for weather and ,
climate (Kichl-and Trenberth 1997).. ‘ '

Solar output also varies on shorter time scales, mcludlng the 11 year solar cycle -
(Willson et ali, 1991) and longer term modulatlons .The 11 year _suns_pot cycle.
produces only a small change in 'tempe'ratu_re near Earth's surface (on the order of 2"
‘tenth of a degree) but has a greater influence in the atmosphere's upper laye'rs’ Solar .
1ntensxty vanatlons are considered-to have been mﬂuentlal in trlggermg the Little Iee
Age, and for some of the warming ebserved from 1900 to 1950. The cyclical nature of .
the sun's energy output is not yet fully understood, it differs from the very slow change
that'is happening within the sun as it a'ges' and evolves, “with sonte studies pointihg'
toward solar radiation 1ncreases from cyclical sunspot act1v1ty aﬁ“ectmg global ’
warming (Svensmark et al. 2009) )

c. Volcanlsm _ " X .

For many years, chmatologlsts have notlced a connection between 1arge

exploswe volcamc eruptlons and short term climatic change. Volcamsm is the process-

of conveying material from the crust and mantle of the Earth to its surface.. Voleanic -
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(eruptrons .geyser, and hot spnngs, are examples of volcanic processes wlnch release-
‘gases and/or partlculates into the atmosphere _ ) '

7 Eruptlon large enough to affect chmate occur on average several tlmes per
century, and cause coohng for a period of a few years Tt was thought that the dust
ejected into the atmosphere from: large volcanic eruptrons was responsrble for longer— .
term cooling. by partrally blockmg the transmlssmn of solar radratlon to the Earth's -

rsurface However, measurements - 1ndlcate that most of the dust hurled mto the

atmosphere may return to the Earth's surface w1th1n as little as 31x months, glven the’

L rrght COI‘IdlthI‘lS

Emlsswn of Aerosols, whrch emltted by explosive volcamc eruptrons have the

. potentral to inject substant1al amounts of sulfate aerosols into the lower stratosphere In.
. "contrast .to . aerosol emrssrons in the lower troposphere aerosols that enter’ the
. stratosphere may remaln for several _years before settling out, because of the relative ;
- :., absence of turbulent motions there. Consequently, aerosols from Eex_plosw,e voleanic -
eruptions haye the potential to. affect Earth's climate. Less e)tplosive eruptions,_ or’
eruptions that are less vertical in orientation, have a lower potential for substantial o
 climate impact. Another emission from volcanoes is Carbon dioxide (C02), it is a
: greenhouse gas which has a warmingfeffectl (USGS, 2006). For. about tw_o;thi_rds' of the
. last 400 million years, geologic evidence suggests CO2 levels and temperatures .v'\./erev_.
» considerably higher than present. One theory is that volca.nic eruptions from rapid sea v
ﬂoor spreadmg elevated CO2 concentratrons, enhancmg the greenhouse effect and
ralsmg temperatures However, the evrdence for thls theory is not conclusrve and there )
7 are alternatlve explanatlons for h1stor1c Cco2 Ievels (NRC 2005).

"'d Ocean Currents

The heatmg' or coo_ling of the 'Earth’s surface can cause changes In: ocean

. currents Because ocean currents ‘play a significant role in distributing heat a_round»the o
: Earth changes in these currents can br1ng about significant changes in climate from -
region to region. Short- térm ﬂuctuatlons (years to a few decades) such as. the El Nifio-
Southern Osc1llat10n the Pac1f1c oscrllatlon the North Atlantic oscrllatron and the
‘ Arctic oscrllatron represent chmate vanablllty rather than climate change. On longer
trme scales, alterations to ocean processes such as thermohahne circulation play a key
B role in redrstnbutmg heat by carrying out a very slow and extremely deep movement ‘of

water and the long-term redlstnbutlon of heat in the world's oceans.
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‘ Another possible consequence of global warmlng isa decrease in the global

ocean cn'culatron system known as the thermohalme crrculatron or great conveyors belt . -

Th1s system mvolves the sinking of cold sallne waters in the sub-polar regions of the.
. oceans, an actro_n that helps to drive warrner surface waters pole ward from the
"~ subtropics. As a result of this process, a warming influence is carried to Icelancl and the ‘
* coastal feglons of Burope that moderates the climate in those regions.

2.2.2.2 Anthropogenic Factor . .

Anthropogemc factors are  human act1v1t1es that change the environment.

’ Vanous hypotheses for hurnan-mduced chmate change have - been argued for many - .

years. Presently the screntlﬁc consensus on chmate change is that human actrvxty is
- very likely the cause for the rapid increase m global average temperatures over the past ST
several decades (IPCC 2007). ’ ’

Global warming is the increase 1n the average temperature of the Earth's near-'_
surface air.and ‘oceans since the mrd_20th century aund its prOJect_ed contmuatxon. .
" Increasing greenhouse gas concentrations resulting_ from human _actiVity such as fossil”
- fuel burning and deforestation caused most of the observed temperature increase since
‘the 1 middle of thezo" century The i 1ncrease in CO2 levels due to ermssrons from fossﬂ‘
Fuel combustlon followed by aerosols (partlculate ‘matter in the -atmosphere) and .

cement manufacture.

Gase_s that trap heat in the atmospheré are often called. greenhou_se gases. Some

‘greenhouse gdses such as carbon dioxide occur naturally and are emitted to the - o

vatmosphere through natural processes and human activities. Other’ greenhouse ‘gases
(e = ﬂuorlnatedgases) are’ created and emitted solely through human actrvrtres The

prmmpal greenhouse gases that enter the atmosphere because of human activities are:

Carbon dioxide (CO2), it ‘entersrthe atmosphere through _the burnrng of fossil
fuels (oil, natural gas, and coal) solid yvaste trees and wood products' and- also as a'
: result of other chemical reactlons (e.g, manufacture of cement). Carbon dioxide is also
removed from the atrnosphere (or ”sequestered") when'it is absorbed by plants as part ]

" of the blologlcal carbon cycle

Methane (CH4) it ‘is emltted durrng the production and transport of coal
‘natural gas, and oil. Methane emissions also result from livestock and other agricultural \

practioes and by the decay of organic waste in municipal solid waste landfills.

1



~ Nitrous Oxlde NO2), it is emltted during agrrcultural and mdustrral act1v1t1es

- as. well as durmg combustlon of fossﬂ fuels and solid waste. ) )
Fluormated gases such -as hydro ﬂuorocarbons, per-ﬂuorocarbons and sulphur

v »hexaﬂuorlde are synthetlc, powerfu[ greenhouse gases that are emltted from a variety
Cof mdustrr_al pr_ocesses. Fluorinated gases are sometimes used as subsututes for ozone _
"depleting (i.e., CFCs, HCF Cs, and halons). These gases are typically emitted in srnaller -

quantities, but because they are potent greenhouse gases, they -are sometrmes referred :

L to as ngh Global Warmmg Potent1a1 gases ("ngh GWP gases")

o 2,2.3‘ Imp‘act of Climate Change in Hydro]ogy and Water Resources N ‘

Water .is involved: in. all components of the climate system (atmosphere :
hydrosphere ccryosphere, land surface and biosphere). The effect of climate change on -
stream flow (Manol, etal 2006, - Ma. Xing et.al. 2009) and groundwater recharge -
(Wllham and Monrca 2007) varies regiohally and ‘between chmate scenanos, largély

followmg prOJected changes in precrp1tat10n Flood .magnitude and frequency could”

increase in many regions ‘as a consequence of increased - frequency of heavy e

‘prempltatron events, which can mcrease runoff in most areas as well as groundwater
recharge in some ﬂoodplams (Xu et. al. 2008 Zhang et al. 2006) Land-use change. -
B K could exacerbate such events, while land cover chan_ge may have a rnoderate impact on

) annual stream flow, which strongly tnﬂuences' seasonal stream flow and alters the..
annual hydrograph of the basin. (Changnon.S:A., 1996, Wang. etal., 2007). Stream
ﬂow,during seasonal low flow periods would decrease in manyrareas diie to great_er

evaporation (Zhang et. al., 2001);'changes in precipitation may exacerbate or'offset the

et’fects'of increased evaporation (Adamowski et.al. 2003)

Consequently, there have been a great’ many studies into the potential - effects of

chmate change on hydrology (focusmg on‘ cycllng of water) (Gosaln A K et.al. 2006, ° - -

Ma. Xrng et.al. 2009) and. water resources (focusing on human and envrronmental use

of water) (Eastham. J et. al., 2008, Matondo and Msibi; 200 T; and Chen et al2007).

- The majortty of these studies have concentrated on possrble changes 1n the water

. balance; they have looked for example at. changes in stream flow through the year i

Mrlly et al. (2002) mvestrgated the changes i in risk of great floods by using both stream

flow measurements and numerical sxmulatrons of the anthropogemc chmate change:

" They fouind that there was evidence of an incteasing nsk of great floods in a warmmg- .
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climate as the, result of an intensification of the global water cycle. Chiew and L

chMahon (2002) investigated the effects of climate change on runoff in catchments

across _Australia by comparing the water  balance ‘components 51mulated by a .-~

hydrologlcal model usmg present clunate data and future chmate change scenarios B
_a. Impact on Preclpltatlon

Precipitation is the main driver of variability in the water balance-over space
- and time, and changes in precipitation have very important implications for hydrology'
and water resources. Hydrological variability over time in a catchment is influenced by :
i vanatlons in precipitation over daily, seasonal annual, and decadal tlme scales. (Chen.
Huan. et. al., 2007, Xu. ZX et. al., 2007) Rainfall predlction plays an important role in

‘ de51gmng the water harvesting structures,’ eros10n control measures and for developrng

‘the managemeit pla.n for the crrtrcal eroswn-prone areas of a watershed. Several, v

research workers across the world have developed ramfall prediction models to solve o

the aforesaid problems (Rlcha.rdson 198 1).

Precipitation 1ntens1ty increases almost everywhere ‘but particularly at mid and’
high latrtudes where mean precrpitatlon also:increases. Some studies about trends in
' precipitation shows that there are different trends in. different parts of the ‘world, with a’
general i mcrease in Northern Hemisphere mid and high latitudes (particularly i in autumn
and w1nter) and a decrease in the tropics and subtropics in both hemlspheres (Chen‘
Huan et al., 2007) There is evidence that the frequency of extreme ramfall has '
increased in the United States (Karl and nght 1998) and in the United Kingdorn(UK)
'(Osborn et al 1999); in both the countries, a greater proportlon of precrpltatwn 1s

_fallmg in large events than in earher decades
b. 'Irnpact on Evaporation

Evaporation from the land surface includes evaporation from open. water, soi I,
shallow groundwater, and water stored on vegetation, along with transpiration through .
- plants. The rate of evaporation from" the :land surface is. driven essentially >by'
meteorologrcal controls, mediated by the charactenstics of vegetation. and soils,’ and-
constramed by the amount of water avallable
: The primary meteorological controls on "evaporation from ‘a well-watered
surface (often known as potential evapora_tlon) are the amount of energy available .

(characterized by net radiation). Increasing temperature generally results in an increase
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~in potentlal evaporation, largely because the water-holding capac1ty of air is mcreased .
Several studles have assessed the effect of changes in meteorologlcal controls'
on evaporation _(e.g., Chattopadhyary and Hulme, 1997), using modelsv of the
: evaporation }arocess, and the effect of climate change has been sho_wn to depvend o.nr
~ baseline climate {and the relative importance of the diﬂ‘erent controls) and the amount
~oof change. Chattopadhyary and Hulme (1997) calculated increases in potential
] evaporatron across India from GCM s1mulat10ns of chmate The actual rate of
. ', evaporation is constrained by water availability. Ameli (1996) estlmated for a sample :
" of UK catchments that the rate of actual evaporatron would mcrease by a smaller
. percentage than the atmosphenc demand for evaporatlon wrth the greatest difference .

in the "driest" catchments, where water hmltatlons are greatest
¢, Iimpact on Sml Monsture

_ The amount of water stored i in the soil is funda.mentally 1mportant to agrlculture '

- and is an influence on the rate of actual evaporation, groundwater recharge, and
generation of runoff, Soﬂ moistire contents are directly simulated by global climate
models, albeit over a very coarse spatial resolutlon and outputs from these models g1ve -
an mdmatlon of possible directions of change .

The local effects of climate change on soil moisture, ‘however, will vary not'
only lth the- degree of chmate change but also w1th soil characteristics. The water-
holdlng capaclty of soil will affect p0551ble changes in soil m01sture deﬁc1ts the lower -
the capacrty, the greater the sensitivity to climate change. Chmate change dlso may
affect soil characteristics, perhaps through changes in water logging or craclqng?_whlch;
in turn may affect soil moisture storage. properties. Infiltration __cap:acity and water-

"holding - capacity of many- soils are inﬂrxeneed by the frequency and intensity of

freezing, (Arnell, 1992; Chiew et al., 1995)
d. Impact on Groundwater and Resources

Chmate change affects the rate of groundwater recharge and depths of ground
water tables. (M1kko T et.al., 2007) However, knowledge of current recharge and levels
in both developed and developmg countries is poor, and there has been very little
A research on the future 1mpact of climate change on groundwater or ground water-
surface water interactions. . (Eckhardt and Ulbrich, 20‘0,3) _Groundwater systems

generally respond more slowly -to clinl‘ate»-:change than surface- wa'ter"systems.'
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Groundwater levels correlate more strongly with precipitation than with temperature,

but temperature becomes more important for shallow aquifers and in warm periods.

At high latitudes, (thawing of permafrost) causes changes in both the level and
quality of groundwater. As groundwater level change and recharged from surface
water, impacts of surface water flow regimes are expected to affect groundwater.
Increased precipitation variability may decrease groundwater recharge in humid areas
because more frequent heavy precipitation events may result in the increased
infiltration and capacity of the soil being exceeded more often (Mileham et al., 2008)
In semi-arid and arid areas, however, increased precipitation variability may increase
groundwater recharge, because only high-intensity rainfalls are able to infiltrate fast
enough before evaporating, and alluvial aquifers are recharged mainly by inundations

due to floods.
e. Impact on Runoff and River Flow

Changes in river flows, as well as lake and wetland levels, due to climate
change depend primarily on changes in the volume and timing of precipitation and,
crucially, whether precipitation falls as snow or rain (Boyer et al.: 2010) Changes in
evaporation also affect river flows. Several hundred studies of the potential effects of
climate change on river flows have been puplished in scientific journals, and many
more studies have been presented in internal reports (Sankarasubramanian and Vogel,
2003, Thodsen.H.,2007, Liu and Cui 2009). A very robust finding is that warming
would lead to changes in the seasonality of river flows where much winter precipitation
currently falls as snow, with spring flows decreasing because of the reduced or earlier
snowmelt, and winter flows increasing. The timing, volume, and extent of mountain
snow pack, and the associated snowmelt runoff, are intrinsically linked to seasonal
climate variability and change. Warmer cold season temperatures reduce snow
accumulation, as a greater fraction of the precipitation comes as rain (lower snow to
total precipitation (SIP) ratio), while warmer spring temperatures hasten snowmelt,
thereby shifting the timing of runoff to earlier in the season and reducing the amount of
summer and fall flows (e.g. Stewart et al., 2005).

Annual runoff is also increased or decreased by alterations in precipitation and
evapotranspiration (ET) rates (e.g. Singh and Kumar, 1997, Lee and Chung, 2007). The
few global-scale studies that have been conducted using both runoff simulated directly

by climate models and hydrological models run off-line show that runoff increases in
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high latitudes and the wet tropics and decteases in mid-latitudes and some parts of:the
- dry tropics.(Qiang. L et al. 2009). Runoff is notably reduced in southern Europe and v

" increased in south-east Asia and in high latitudes, where there is consistency among,

models in the sign of change (although less in the magnitude of changej The Iar“ger'_ :

- changes reach 20% or more of the simulated \980-1999 values, which range from 1to5
' , mm/day in wetter regions to below 0 2 mm/day in deserts. (JPCC' Report WG Jy 2007)

f Impact on Water Quality -

A cllmate—related warming of lakes and rivers has been observed over recent

' jdet‘:ades. A‘sv a result, freshwater ecosysterns have 'shown changes. in species. .-

composition, . organism abtmdance' p'roductivity and phenomenon shifts (including.

éarlier fish migration) (Bllby R et. al, 2007) Also due to warmmg, rhany lakes have

‘CXhlblted prolonged stratlﬁcatlon w1th decreases in surface layer nutnent' e

. concentrat1on and prolonged depletlon of oxygen in deeper layers Due to strong» e

- anthropogemc impacts not related to.chmate_change, there is no evidence for con51stent )
_climate—related trends in-other water quality parameters (e.g., salinity, pathogens or

. nutrients) in lakes rivers and groundwater (H. Somiura et al., 2009)

"The prOJected climate change would degrade water quality through hrgher water‘

] temperatures and increased pollutant load from runoff and overflows of waste fac1ht1es a
- (Jun Tu., 2009). Quahty would—be degraded further where flows decrease, but increases )
in flows may.mi-tigate toa certain‘e)‘(tent sorne degradation in water qualityiincreasing .

dllut1on Many studies around the world have also shown that land use has a strong
unpact on water quality (Slrva and erlrams 200 I) However very few studies have

. analyzed the combmed effects of cllmate and land use changes on stream ﬂow and,

water quality (Chang, 2004; Qi et al., 2009)
2.3 Water Resources and its R_estoration_ '

Water is the most important and-precious natural asset. It also provides life -
support system for all living beings like: human, animals and vegetations etc. It is also
a vital part of socio-economic system.’ -

2.3.1 Rainwater Harvesting

The eapture and utillzation of rainwater is an ancient tradition which dates back
" to similar techniques used‘in today's India arouncl' 5000 years ago. Modeérn methods. -
usually represent- improvements. with respect to technical variations (Mbilinyi 2005).
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o The term ‘rajnfall harvesting' is broad.l-yA defined as the collection of any- form of
precipitation from a catchn'rent (Babu and Simon 2006). Rainwater harvesting (RWH)
is the pr_ocess of collecting and storing rain'water from rooftops, land surfaces (steep.

slopes, -road surfaces and rock catchme'nts) using simple components ¢pots, tanks, .

~ cisterns) or more complex methods (underground dams) ( Zhu ez al. 2004).

Kahinda et al. (2008) deﬁned RWH as the collection, storage and use of

] rainwater for -small-scale productive purposes. Critchley (l991),deﬁned it‘ as the
collection of runoff for productive use. Oweis (_2004) defined it as the concentration of

. 'rai'nwater through runoff into smaller target areas for beneficial use. Mati et al. (2006)
defined RWH as the dehberate collection of rainwater from a surface known ‘s

catchment and its storage in physwal structures or within the soil profile. -

A RWH can be categorized according .the catchment method ~used as:. in-field
) RWH (IRWH) ex—ﬁeld'(XRWH) and .domestic RWH (DRWH) In IRWH, part or all

of the target area is used as the catchment area. In XRWH the catchment area is -
separate from the target area and harvested water is transported through channels to the -

' target area (Kalnnda et al. 2007). In DRWH, rainwater is collected on rooftops or other '

. compact surfaces and stored in underground (UGTs) or aboveground tanks (AGTs) for -

domestrc uses and other small- scale activities (Kahmda etal. 2007). .

RWH can also be d1v1ded 1nto two major systems runoff ramwater harvestlng o
and rooftop rainwater harvesting. In the former system, water collected isofa low.
~quality as it follows a similar route as surface water in that area (Kahinda et al. 2007)»
and thus requires an added ef_fort on treatment of harvested water before domestic use.
Studies show that of the two systems, rooft_opvrainwate'r harvesting: (RRWH), yields'
harvested waters “with contam,inants i_n levels acceptahle by international drmking
water standards (Kahinda et al. 2007; Zhu et al. 2004) and is thus thought to be a’
superior option when considering domestic water supply, m particular potable water.
Components of a typlcal RRWH system are: the catchment (roof area), down p1pe and
A gutters and storage tank..

RWH has become a popular optlon for obtammg a.relatively clean accessrble )
water supply in many areas with limited water supply Other than as a direct source of
. water for human consumption, RWH oﬁen serves as an art1ﬁ01al recharge (AR) o,

groundwater that has been over explorted (Sundaravadlvel 2007). Lowenng of the
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water tab]e due to depletron of groundwater can cause envrronmental problems like :
’land collapse, loss of vegetatron desertlﬁcatron and soil erosion. In’ the case of
groundwater_,pollutlon, such as eplsodes of arsenic contamination in ]'.ndla_ (Pandey e_t "
al. 2003), rainwater: can be ’use-d to dilute contaminants within the aquifer"
‘ (Sundaravadlvel 2007). Using RWH to replenish groundwater is constdered the rnost

cost efficient way of storrng rarnwater (Sundaravadrvel 2007)

Albert RWH is an. old tradrtron, scientific mterest 1n the deslgn and :
1mprovernent of these systems recently expanded after open pred1ctrons of global water, ’
' crisis, arose For this reason, most’ literature ‘on the topie lightly focuses on past uses
and more on the need to 1mplement RWH wrthm government pohcy Some stuches ;

" discuss the use of RWH to supplement water supply for agrlcultural use durrng dry

seasons’ rn parts of Southeast Asia and Sub Saharan Africa. Domestic use systems are o

o put in operatlon in many countrles 1n Africa, Asia (Sundaravadlvel 2007) and evena

'few areas in Eastern Europe and western Umted States ’

Research shows that there 1s strll a consrderable amount. of untapped ramwater -

potentral in Asra that can be used to supply adequate water to an meense portron of -

the populatlon (UNEP 2008). However,‘before adopting RRWH systems, it is. "

' important to verify the RWH potential of the area of interest and’f:on-clude whether the

condrtronal parameters produce a satlsfactory reliability for water supply

The RRWH potentral of any Tegion depends on the amount of rarnfall the
surface (rooﬁop) area used to capture thie rainwater and surface runoff coefficient (that
is; the, proportron of total ralnfall that can be captured). The runoff coefﬁment used
depends on the type of mater1a1 of the roof surface {Table 1). The potent1a1 rainwater
supply of the system . 1s usually deduced by the followmg equatlon (Trrpathy and", '
'Pandey 2005) '

S=RxAxcr .: C : . _' : ' (@ ?1)_"- e

 where, S is the potent1a1 rainwater supply in. m R is the mean annual rainfall

inm, A is the catchment area in'm and Cr is the runoff coefficient. -

(Llaw and Tsai 2004) deterrnmed that RRWH reliability of a system deﬁnes 1ts B
' quahty of performance through two equa’uons e

RRWH reliability of a system. deﬁnes its quahty of performance and can be
d'etermmed thtough two-equations (Lraw and Tsai 2004): (1) the volu_metrrc reliability, -
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that is, the total actual amount of ra]nwater supply over demand or (2) the fractlon of
tlme that demanid can bé met: ' ' e
Re=1-oN = N X))
where, nis the number of t1me umts (days) When demand exceeds storage Whlle -
1s the total number of time unrts in the time sequence.
In their study, Trrpathr and Pandey (2005) used the equation 1 to calculate the

: rooftop ralnwater potentral for Zura vdlage m Kutch drstnct in Gujarat, India. The

number of households with different r_oof areas was used to determlne_ the total rooftop-

- area which was, then multiplied by the annual rainfall and runoff coefficient to obtain .

the amount of water stored collectrvely. from the pucca houses in the village.-- Th‘_e

researchers then divided the stored ‘water supply by the demand (total populatio'n x-

daily per capita water d‘emand) to 'determined the amount of time the collected water -

could be used (wrthout replemshlng) by the vrllage Tnpathl and Pandey concluded' o

that the RRWH can be used as a source of domestic water supply for srmllar water

stressed. (500 mm of an.nual ramfall) v111ages in arid parts of India.
: In ano,th_er study done by M. Dlnesh Kumar (2004) in the city'of Ahm_adabad in’
a semi-arid part of India, ‘the RWH equation‘ was used to determine 'the per capita Water )

harvested for 3 different household stocks, mdependent bungalow,- 3- story apartment

and 10~ -story apartment. Rooﬁop areas were dependent on the household stock and: the

h1ghest average and lowest precrprtatlon values with -once in 6 years probablhty of -
~ occurrence were used to ‘access the feasrblhty of RWH in Iow-ramfall a.reas (Kumar. »
v 2004) The study concluded that the physrcal feasibility of RWH i 1n urban areas with
low ramfall is less than desuable In addition government subs1d1es for RWH systems,
were not recommended for areas characterlzed with annual ralnfall of less than 400

mm.

These two studies con51dered both the reglonal variation .of. RWH . and its

dependence on the social demography of the study area: Several other studies (Kumar’

2007 Pudyastut1 2006; Thomas 1998) show that RWH is su1table in areas that recelve .

above 1200 mm of rainfall to solely sustain domestlc demand However -the study on )

 Zura vrllage in. India shows that even under low tainfall condrtrons the number of L

) 'households used in harvestmg and- the populatron allowed for a satlsfactory water

supply through rooﬁop harvestmg, perhaps due to large roof areas and storage volume'
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(Kumar .2007)., In addition to storage and  demand characteristics, poor roofing
structures, high household density and sparsely distributed houses, typical in ‘many
Asian and Afrlcan countrres, are factors that can greatly reduce the practrcahty of

RWH in Iow rainfall areas.
2:3.1. lAdoptron of RWH

. As a traditional practrce RWH has gamed popularity in the formal settmgs o
within the last decade. The practrce that is still used in many troplcal 1slands and
semiarid rural areas (Tnpathl and Pandey 2005) has been 1ntroduced more efﬁmently
into urban areas and in temperate reglons as a way to satisfy hrgher demand or as a
water conservatlon method Although literature  on - this technique is not extensrve
current literature does hlghllght the mam geographlcal regions that play key roles in

the development and research of RWH
02312 Cr_it_icai factors for RWH site selection
Althou_gh the government and nori—governmental organizations have been
 advocating the use of RWH, its performance and adoption rate is not as much as it was

anticipated as different evaluation studies. It must be underscored, however, that the ~

’ 'techrrolr’)gy by itself is often not the p’r'oblem for the low performance and adoption, but o

rathér the poor 1mplementat10n Proper 1mplementat10n rncludmg area selection and'r

de51gn could improve the performance of RWH and improve the- livelihoods of many,

poor.

The identiﬁcatiorr of potentiol areas suitable for RWH is therefore the key for a
successful RWH intervention. One of'the mam reasons for failure of RWH structures is
the lack of . smentrﬁcally Verified 1nformatron which could be used to identify areas

' where RWH ‘can be apphed and for which type of RWH techniques. The potent1al of
areas for RWH depends on a multltude of parameters, either phys1cal factors like
rainfall, land use, soil and topography and/or the combmauon 'of the physxcal factors

' and socio-economic factors. ; '

FAO (2003) by Kahinda es al '(2008)" lists six key factors to- be considered
when identifying RWH sites: climate (-rainfall), hydrology (rainfall-runoff relatrorlship X
and 1nterm.1ttent watercourses), topography (slope), agronomy {(crop characterlstlcs),
soﬂs (texture,  structure and depth) ‘and socio- economlc (populatron den51ty, _work:

force, people's priority, expenence with RWH, land tenure, water laws, accessibility
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and related costs) Rao et al (2003) used land use, soil, slope, runoff potentlal and
prox1m1’[y to the ut1lrty points (l1ke 1rr1gat10n and drinking water supply schemes), .
. geology, and dramage as criteria to 1dent1fy smtable sites for RWH To develop a GIS-

: based RWH model (RSM) that combrnes a Multr Criteria Evaluatron (MCE) process, 4;

Kahmda et al. (2008) used phys1cal (land use, ralnfall soil textute and soil depth), D

ec_olo._grcal (ecological 1mportance and sensitivity. category) and socro—econotmc
‘ }factors Rarnakrishnan et al. (2008) used slope, porosity and peﬂneability, runoff o
) potentral stream -order and catchment a.rea as criteria to select suitable sites for various
- RWH /rechargmg structures in the: Kah watershed Dahod district of GuJarat us1ng S

. remote sensmg and GIS techmques

Un1ted Nations Envrronment Programme (Mati ef al. 2006) conducted a study

to determme 1f RWH technologles can be mapped at continental and country scales . o

- The project utilized a number of’ GIS data sets 1nclud_1ng,ramfall, Tand use, land slope, -
' and'population density to identify four major corrlrnonly adalptable RWH technologies"_
roof top RWH surface runoff collectron from open surfaces into pans/ponds ﬂood o

- flow storages and sand/sub surface dams and in-situ RWH.

For rel-atwely small areas the crrtrcal factors ‘can be asseSSed by field surv‘eys' S
However for larger areas the applrcanon of GIS can be helpful’ for a first surtabrhty

: screemng w1’th less t1me cost and labour
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CHAPTER 3
STUDY AREA AND DATA ACQUISITION

3.1 ﬂdcaﬁon

In the present study a watershed in the Ravi river basin in Himachal Pradesh has
been considered. Himachal Pradesh, situated north of India, is also known as the 'Land of
Snow' rests in the foothills of Himalayas. The total area of the state is 55,673 km’. It is
surrounded by landforms from all sides, Uttaranchal on the southeast, Punjab on the west,
China on the east, Haryana on the southwest and Jammu and Kashmir on the north. It lies
between the latitudes 30°22°40” North to 33°12°40” North and longitudes 75°45' 55" East
to 79°04' 20" East. The entire region of Himachal Pradesh is hilly with the altitude ranging
from 350 meters to 7000 meters above from sea level. The altitude increases from west to

east and from south to north.

Barinallah watershed is a part of Ravi river basin. It is situated in the Chamba
district of Himachal Pradesh. Chamba district is situated North West of Himachal Pradesh.
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Fig. 3.1 Location of Study area.
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The Barinallah .watershed is located-between 76°01°45"" E to 76°05°00” E longitude and
32938°00”° N te 32°40°00”° N latitudes on the western hills in Chamba district. This -
watershed has some springs. and small nallahs Water supply schemes for drinking water "’
have been constructed to the nearby villages from these springs and nallahs. This area is:
characterized by elevation 760 m to 1880 m r_arrgmg mountains and valleys with dramage

‘ featilres.-Th'e location map of the study area is shown in Fig. 3.1.
3.1.1 Climate

; The s'tltdy area part of District Ch_am_ba enjoys a pleasant elimate. Summers-are
generally 'warmrand winters are cold. ‘Duriné winter the temperature varies from 1°C to
12°C and in bs_ur-nm_er it varies between 25°C to 39°C respectively. Mean daily maximum -
temperature is highest in the'month of June being 39°C and mean -daily minimum

temperature is lowest in the month of J anuary being 1°C.

This area receives about 1265 mm of annual rarnfall durmg southwest monsoon A
‘(July to Septembe_r) whlch contributes a_bout 60-70% of the annual ral_nfall and due to
western disturbances (Dec'ember to March) whlch contributes about 30-40% of the annual
ramfall The relative humrchty in monsoon months varies from 70%. to 95% The annual *
average evaporation rate of the area is 5.6 mm/day Evaporation in the dry season of Aprll

to June is relatively higher than in the wmter»season of November to March.
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Figure 3.2 shows the mean monthly temperatures while Fig. 3.3 shows monthly
rainfall. The highest temperature occurs during the period April to October and maximum
rainfall occurs during the period July to September. Figure 3.4 shows the annual rainfall in
the year 1976, 1978, 1990 and 1996 is more than 1200 mm during the year 1963, 1970,
1982, 1987 and 1991 is less than 600 mm and the average annual average temperature is
varying between 18.5 °C to 20.6 °C .
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3.1.2 Topography
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The elevation of Barinallah watershed varies from 760 to [880 m above MSL. The

topography of the study area is hilly and is less suitable for agriculture and other social

activities.

3.1.3 Soils

The soil map was collected from The Department of Agriculture, Himachal
Pradesh. Soils vary in texture, color and depth depending upon the topography and
land use. The main soils in the study area are sandy loam, loam and sandy clay

loam.
3.1.4 Land use/ Land cover

The dominant land use in the region is forest land and fallow land. The main food
crops include maize, wheat vegetables, beans, potatoes. Dairy farming is also practiced
together with traditional livestock keeping. The watershed provides water for domestic

water supply, agriculture through springs, nallahs etc.
3.2 Data Source

Data used in this rescarch was collected from various institutions and agencies
while some were downloaded from the World Wide Web. These included hydro-
meteorelogical data, soil, land cover, digital ¢levation model (DEM) and satellite imagery.

Quality control was done by usc of graphical, statistical and ground-truthing methods.
3.2.1 Database

Toposheet 52D2 in the scale of 1:50,000 has been used to prepare the reference
map for the study area with supplementary information from satellite images. The
Barinallah originates at an altitude of 1880 m above M.S.L and the altitude of the outlet is
760 m above M.S.L.. The stream is joined by numerous small springs and streams (locally
known as Nallahs), from the hills on both banks. The Barinallah i1s a perennial stream and
is flashy and effluent. Water of this naillah is an important natural resource for the
economic development of the peopie of this region. The Barinallah has a length of 9.28 km

in south-west direction flowing and finally joins river Siul, a tributary of river Ravi.
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3.2.2 Data Acquisition
3.2.2.1 Meteorological Data

The meteorological data were collected from the Office of the Chamera Power
Station-I. These are daily rainfall, maximum and minimum temperature data for 11 years
(2000-2010). The monthly data for average temperature and rainfall were obtained from
India Water Portal website for 50 years (1953 to 2002) are given in Table 3.1 and 3.2.

Table 3.1 Average monthly temperature

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1953 | 6.87 | 13.03 | 1842 | 21.84 | 26.36 | 28.96 | 27.91 | 26.29 | 24.84 | 21.02 | 14.73 | 11.90
1954 | 6.73 | 10.30 | 16.34 | 22.24 | 25.80 | 28.12 | 27.16 | 26.71 | 25.31 | 1894 | 13.89 | 8.96
1955 | 8.11 11.76 | 17.19 | 19.06 | 23.10 | 29.09 | 27.14 | 2647 | 24.77 | 19.88 | 1493 | 9.77
1956 | 7.71 11.89 | 15.17 | 22.15 | 28.26 | 28.31 | 26.84 | 25.64 | 25.46 | 20.00 | 14.08 | 9.13
1957 | 7.28 9.67 | 1430 | 19.07 | 23.39 | 27.32 | 27.83 | 26.02 | 24.16 | 20.07 | 14.52 | 10.15
1958 | 10.16 | 11.63 | 16.00 | 23.15 | 24.73 | 28.68 | 27.70 | 26.31 | 2499 | 21.00 | 1534 | 11.18
1959 | 8.00 892 | 16.61 | 21.90 | 24.70 | 29.37 | 26.69 | 27.15 | 25.15 | 21.93 | 14.18 | 10.98
1960 | 7.78 | 14.24 | 14.21 | 19.86 | 25.96 | 28.94 | 27.66 | 27.02 | 25.22 | 20.85 | 14.03 | 11.57
1961 | 8.84 9.21 | 1632 | 21.00 | 25.70 | 29.21 | 27.62 | 26.96 | 26.64 | 21.70 | 14.04 | 8.28
1962 | 842 | 11.81 | 1564 | 22.18 | 24.98 | 28.59 | 27.92 | 26.78 | 24.60 | 20.42 | 14.94 | B.88
1963 | 8.46 | 11.42 | 14.76 | 20.70 | 24.69 | 29.04 | 27.60 | 26.31 | 2446 | 21.63 | 1552 | 9.73
1964 | 7.37 9.69 | 16.04 | 21.55 | 24.05 | 27.46 | 26.19 | 26.94 | 25.28 | 21.40 | 14.37 | 10.50
1965 | 8.87 | 10.52 | 14.99 | 19.61 | 24.23 | 2795 | 26.83 | 25.18 | 24.60 | 21.32 | 1591 | 9.59
1966 | 7.67 | 11.63 | 15.20 | 20.67 | 25.02 | 28.27 | 27.05 | 26.46 | 2397 | 19.57 | 13.63 | 9.42
1967 | 7.64 | 12.01 | 14.76 | 20.68 | 24.08 | 28.42 | 28.03 | 26.33 | 25.20 | 19.24 | 14.03 | 9.71
1968 | 6.17 7.84 | 15.57 | 21.24 | 24.39 | 28.99 | 27.18 | 26.07 | 25.67 | 19.25 | 13.99 | 9.95
1969 | 8.09 | 11.03 | 17.77 | 20.88 | 24.73 | 28.31 | 27.30 | 27.31 | 24.87 | 21.47 | 16.15 | 1037
1970 | 9.27 | 10.92 | 15.71 | 22.63 | 27.11 | 28.21 | 27.85 | 26.82 | 26.01 | 21.48 | 14.53 | 10.43
1971 | 854 | 11.09 | 16.63 | 22.03 | 25.55 | 28.83 | 27.07 | 26.15 | 24.11 | 21.18 | 14.71 | 10.69
1972 | 9.75 8.51 | 16.64 | 20.30 | 25.52 | 28.78 | 26.69 | 25.53 | 23.83 | 18.70 | 15.04 | 10.32
1973 | 8.61 12.04 | 15.05 | 22.84 | 26.11 | 29.27 | 27.62 | 26.41 | 25.58 | 20.32 | 15.05 | 9.59
1974 | 8.56 887 | 16.95 | 22.97 | 25.70 | 27.07 | 26.53 | 26.34 | 24.35 | 20.87 | 13.78 | 8.43
1975 | 8.08 9.13 | 13.87 | 21.06 | 25.27 | 27.14 | 2532 | 2546 | 2443 | 21.19 | 13.05 | 10.00
1976 | 9.15 9.83 | 14.71 | 20.42 | 25.37 | 27.29 | 27.61 | 25.39 | 24.16 | 20.56 | 15.00 | 10.01
1977 | 8.76 | 10.35 | 17.00 | 21.45 | 24.15 | 26.88 | 27.54 | 26.19 | 2441 | 21.28 | 16.12 | 10.12
1978 | 8.26 | 10.25 | 13.45 | 20.94 | 27.20 | 29.56 | 27.04 | 26.41 | 2441 | 2098 | 13.71 | 10.82
1979 | 7.84 | 10.53 | 14.37 | 23.05 | 24.12 | 28.41 | 27.11 | 26.63 | 23.20 | 21.72 | 15.78 | 10.85
1980 | 8.99 | 10.82 | 15.17 | 23.08 | 26.55 | 28.27 | 26.87 | 26.20 | 23.87 | 20.27 | 14.45 | 9.00
1981 | 9.04 | 11.64 | 1744 | 21.77 | 2694 | 27.73 | 26.71 | 25.66 | 24.16 | 19.93 | 13.80 | 9.13
1982 | 943 9.50 | 13.68 | 20.32 | 23.61 | 27.41 | 26.84 | 26.04 | 23.60 | 20.02 | 14.50 | 10.26
1983 | 8.18 9.50 | 13.12 | 19.25 | 24.33 | 26.34 | 26.03 | 26.26 | 25.35 | 19.89 | 14.01 | 10.00
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1984 | 816 | 9.27 | 17.40 | 2141 | 27.25 | 2975 | 26.49 | 26.92 | 2339 | 20.14 | 14.14 | 1041
1985 | 839 | 1166 | 17.77 | 2232 | 26.00°| 2821 | 26.73 | 26.45 | 25.02 |.20.29°| 14.01 | 10.89
1986 | '6.05 |.10.75 | 14.90 | 20.70.| 23.78 | 27.44 | 2620 | 25.87 | 24.21 | 2024 | 15.19 | .31
1987| 679 | 1171 | 1635 | 21.58 | 22.61 | 27.13 | 27.50 | 2679 | 25.59 | 2077} 1510 | 10.12°
1988 | 10.50 | 1223 | 15.12 | 22.87 | 2675 | 27.79 | .27.00 | 2574 | 24.63 | 20:04 | 1513 | 1045
1989 | 7.58 | 10463 | 15.06 | 19.89 | 24.97 | 26.87 | 2626 | 24.54 | 2427 | 2043|1439 | 1025
1990 | 11.21 |.11.76 | 1405 | 2057 | 26.81 | 29.30 | 26.75 | 26.04 | 24.84 | 20.09 | 13.90 | 985

1991 | 5.88 | 10.54-] 15.65 | 1973 | 24.65 | 27.55 | 2752 | 25.97 | 24.61 | 19.71 | 14.06 | 10.68
1992 | 9.52 | 10.01 | 15.00 | 20.78 | 24.27 | 27.41 | 26.10 | 25.85 | 23.96 | 20.56 | 14.86 | 11.41
1993 | 817 | 1237 | 1358 | 21.43 | 26.12 | 28.01 | 2610 | 26.45 | 24.51 | 2041 | 15.66.| 10.42
1994 | 9.65 | 10.48 | 17.28 | 195 | 25.93 | 2897 | 27.72 | 26.47 | 24.14 | 20.02 | 15.08 | 1041
1995 | 6.50 .| 10.01 | 1495 | 20.17 | 26.87 | 29.41 | 2655 | 25.57 | 24.02 | 20.81 | 1492 | 1027

1996 | 8.65 | 1233 | 1644 | 2182 | 2430 | 27.15 | 26:25 | 24.36 | 24.74 [ 1998 | 1408 | 8.99°
1997 | 9.5 | 11.07 | 1567 | 21.14 | 24.15. 2671 | 27.80 | 2558 | 2534 | 1937 | 14.32 [ .9.70
998 | 6.75 | 1171 | 14.16_| 2170 | 26.41 | 28.66 | 27.56 | 26.69 | 25.50 | 21.65 | 14.29 | 1026
1999 | 8.42 | 13.55 | 17.03 | 24.97 | 26.50 | 27.30 | 28.13 | 26.69 | 26.03 | 21.63 | 1620 | 11.16
2000 | 9:69 | 970 | 1532 | 2324 | 27:66.| 2739 | 27.22 | 26.38 | 25.42 | 22.42°| 1677 | 1178
12001 | 9.88 |12.05 | 16.89 | 21.71 | 27.37 |:27.00 | 27.86 | 26.98 | 24.86 | 22.22 | 1589 | 1148
2002 | 9.83 | 1122 | 1692 | 23.30 | 27.02 | 28.41 | 27.87 | 26388 | 23.17 | 2171 | 1653 | 10.64
Table 3.2 Average monthly rainfall

Year Jan " Feb Mar | Apr May Jun. | Jul Aug Sep Oct Nov- | Dec
1953 | 53.92. | 3584 | 4946 | 2162 | 438 | 90.44 | 453.86 | 192.08 | 230.87 | 19.18 | 3.12 | 28.59
1954 | 44.61 | 9579 ["1079 | 5.64 | 3943 | 7222 | 184.63 | 98.60 | 48132 | 1431 000 | 648
1955 | 41.98 | 326 | 7712 | 22.61 | 37.24 | 46.36 | 132.02 | 229.08 | 197.36 | 33.56 | 0.00 | 5.04
1956 | 35.82 | 3474 | 4922 | 59.86 | 2276 | 15175 | 16041 | 22348 | 21.88 | 43.82 [ 0.00 { 1299 | .
1957 | 10048 | 19.88 | 4273 | 75.12 | 2162 | 7591 | 96.95 | 479.90 | 72.02 | 38.39 | 26.71 | 4557
1958 | 26.43 | 1235 | 2452 | 2306 | 20.03 | 4630 | 131.18 | 237.81 | 22256 | 2321 | 225 | 47.14
1950 | 4482 | 2504 | 32446 | 1431 | 93.19 | 2436 | 564.83 | 15251 | 53.02 | 18.53 | 32.64 | 3.51
1960 | 2578 | 1046 | 34.06 | 2296 | 33.90 | 9532 | 26661 | 19820 | 65.41 | 1636 | 0.00 | 11.88
1961 | 11497 | 3626 | 2043 | 24.63. | 12.01| 5445 | 257.88 | 129.68 | 13205 | 1690 | 4.05 | 27.22
1962 | 4852 | 31,19 | 2745 | 1646 | 11.61 ] 654 | 19554 | 118.77 [ 30852 | 0.06 - 11.65 | 3487 |
1963 | 062 | 46.68 | 109.77 | 9.45 | 2689 | 13.01 | 91.68 | 9040 | 82.05 | 0.67 | 3.00 | 35.20
1964 | 40.67 | 24.03 | 1920 | 33.51 | 22.00 | 122.33 | 290.69 | 233.67 | 96.86 | 0.05 | 321 | 16.04
1965 | 1540 | 4529 | 31.61 | 6421 [ 2055 | 593 | 22559 | 149.60 | .16 | 26.09 | 11.24 | 020
1966 | 371 | 7741 | 68.86 | 37.09 | 38.28 | 125.07 | 144.05 | 15841 | 341.66 | 3048 | 2517 | 1.16
1967 | 2.11 | 5343 | 65.83 | 1254 | 4030 | 693 | 96.86 | 29511 | 43.81 | 6.87 | 320 | 67.59
1968 | 34.12 | 4282 | 1551 | 1537 | 828 | .14.23 | 18730 | 24753 | 122 | i5.43 | 067 | 1845
1969 | 1667 | 35.66 | 43.10 | 10230 | 39.10'| 18.37 | 190.44 | 17107 | 162.04 | 16.17 | 0.00 | 0.20
1970 | 3629 | 3495 | 1920 | 6.44 | 15887 61.18 | 60.39 | 19453 | 67.42 | §28 | 0.00 | 042
1971 | 3.91 | 2002 | 5.46 | 39.96 | 80.37 | 105.59 | 201.89 | 284.64 | 5001 |18.73 | 0.00 | 0.2
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1972 | 20.69 | 28.84 | 54.10 | '10.11 | 47.54 | 2149 | 151.84 25594 | 4634 | 18.89 | 1638
1973 | 4526 | 29.84 | 33.75 | 21.98 | 23.90 | 82.08 | 19548 | 387.66 | §7.91 | 1134 | 0.00 | 22.31
1974 | 5863 | 5748 | 27.88 | 2.85 |35.10 | 98.87 [ 21520 8854 | 7920 | 145 | 049 | 2238 |
1975 | 4665 | 49.66 | 81.86. | 9.12 | 11.99 | 12507 | 305.07 | 332.02 | 207.62 | 7.96 | 0.00 | 2.74
1976 | 2458 | 5524 | 2264 | 13.64 | 1811 | 223.56 | 167.75 | 688.11 | 15183 [ 2122 | 0.00 | 168
1977 | 6536 | 546 | 3.52 | 87.80 | 49.09 | 197.18 | 20570 | 142.25 | 71.85 | 40.38 | 2.65 | 20.38
1978-| 16.08 | 1231 | 92.38 | 23.39 | 9.87 | 144.34 | 43321 | 409.39 | 23549 | 0.05 | 28.27 | -3.46"
1979 | 1811 | 68561 | 5576 | 10.00 | 33.53 | 43.77 | 181.69 | 8593 | 152.52 | 11.09 | 15.12 | 7.47
1980 | 18.94 | 46.64 | 30.71 | 1048 | 2232 | 116.54 | 484.45 | 268.87 | 143.14 | 10:00 | 10.65 | 16.04
1981 | 99.61 | 30.62 | 5428 | 4039 | 2393 | 33.27 | 37232 | 14327 | 491 | 9.68 | 51.88 | 095
1982 | 28.13 | 31.67 | 10931 | 30.63 | 4643 | 1423 | 45.13 | 18520 | 544 | 1994 | 4150 | 37.27
1983 | 5832 | 36.01 | 11250 | 71.90 | 78.34 | 139.38 | 250.84 | 233.50 | 76.63 | 27.66-| 0.00 | 165
1984.| 138 | 7063 | 1626 | 31.50 | 21.10 | 21.97 | 459.70 | 249.54 [ 19534 | 0.05 | 1.03 | 31.82
1985 | 3412 | 331 | 2033 | 5081 | 2735 | 98.64 | 394.43 | 240.57 | 100.56 | 27.98 | 2:06. | 41.57
1986 | 3.76 | 51.96 | 4748 | 2140 | 3553 | 116.56 | 273.11 | 224.71 | 15442 | 11.33 | 17.94 | 49.55
1987 | 5556 | 3524 | 3136 | 3519 |31.19 | 120.27 | 82.79-| 11107 | 2.06 | 2923 | 0.00 | 25.10
1988 | 3062 | 2525 | 11041 | 17.10 | 195 | 12221 | 360.12 | 180.72 | 261.44 |-31.58 | 0.00 | 47.86
1989 | 68.74 | 14.89 | 25.98 | 9.36 | 20.87 | 31.76 | 301.19 | 165.02.| 49.79 | 605 | 13.22 | 6.04
1990 | 29.19 | 108.26 | 104.40 | 26.70 | 63.62 | 19.72 | 294.84 | 237.50 | 241.25 | 4.79 | 13.21 | 59.67
1991°| 1757 | 3273 | 25.89 | 66.49. | 3521 | 12125 | 24.19 | 157.20 | '84.93 -| 4.16 | 0.67 | 1367
1992 | 9424 | 6711 | 49.67 | 17.33 | 41:18 | 3446 | 151.32 | 195.05 | 203.50 | 6.19 | 3158 | 5.63
1993.| 27.41 | 2772 | 4572 | 3350 | 2274 | 7532 | 236.39 | 1899 | 158.27 | 0.05 | 0.00 | 0.20
1994 | 56.15 | 35.13 | 2797 | .1680 |65.98 | 3830 | 189.57 | 17281 | 15893 | 2.78 | 0.00 | 27.73
1995 | 54.55 | 13831 | 1666 | 1035 | 441 | 108.16 | 334:60 | 342.85 | 10847 | 3:51 | 2967 | 5.92
1996 | 77.45 | 79.71 | 63.43 | 38.94 | 55.85 | 260.37 | 151.00 | 483.40 | 6052 | 1604 | 030 | 11.58
1997 | 23.99. | 17.25 | 32.83 | 6153 |.26.02 | 16545 | 224.90 | 373.06 | 107.07 | 12.60 | 22.85 | 10.92
1998 | 71.16 | 62.78 | 6025 | 5425 | 46.05°| 3036 | 16031 | 136.96 | 169:59 | 23.12.| 3.96 | 1177
1999.| 47.90 | 36.18 | 19.14 | 4232 | 32.10 [ 67.98 | 153.61 | 26007 | 7421 | 526 | 9.14 | 496
2000 | 33.99 | 5228 | 24.99 | 9.73 | 28:50 | 90.19 | 14549 | 141.65 | 79.87 | 0.05 | 3.21 | 3.80
2001 | 13.23 | 22.02 | 1906 | 2584 | 36.52 | 81.89 | 27587 | 14649 | 92.17 | 473 | 844 | 835
2002 | 35.20- | '63.98 | 6447 | 20.18 | 14.71 | 100.60 | 97.89-| 187.76 | 21677 | 2.27 | 0.00 | 2.86

3.2.2.2 Hydrological Data

Dlscharge data of Hamled statlon was collected from the office. of HP Irrlgatlon

- . cum Public Health Department. The monthly average discharge data were available for the

year 2002 to 2004. The dlscharge data from the year of 2002-2003 were used for

calibration and the dlscharge data- for the' year 2004 was used for vahdatlon of the -
ArcSWAT hydrological model. ‘
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Table 3.3 Monthly discharge data of stream at Hamled station (2002-2004)

Period | Jan |- Feb Mar Apr | May | Jun Jul Aug Sep Oct Nov Dec

2002 0.79__3 4.939 12.66A 10.26 | 1.914 | 3.11 5.89 20.27 | 28.45 | 13.65 | 7.147 | 3.007

2003 | 2.344 | 4719 | 19.71 | 14.9 0.68 2.71. | 5.029 | 26.32 | 18.66 "14.77 7.553 | 491

2004 | 3.212 | 9.13 | 10.47 | 3.287 | 0.762.| 5.315.| 16.78 | 34.53 | 22.07 [ 13.72 | 9.876 | 531

~—=—Monthly Discharge
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Fig. 3.5 Monthly discharge (2002-2004) in the Hamled station
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S CHAPTER 4
METHODOLOGY

4.1'General

’ The niet}redolbgy for this study is divided into three parts. T_he fitst part is to.
review the climate change using statistical method to evaluate the trend that the climate -
has exhibited in the past in order to determine recent ¢climate behaviours. The secend
partv 1s to assess the water_resoﬂrees'availabilit}; in the study aréa and gap thereby. The
third part is to aééess the effect of climate change on design of structures for restoration
of water resources. ' ' .
4. 2 Statrstlcal methods

Observational and hiStorical hydro-climatic data are generally used for planning

and designing water resources projects. Therefore, the need to study the climate change
trends in the Bari nallah watershed, such as rainfall and temperature is irnportant
Using: the statrstrcal method, this study- examlnes the temporal trends and their spatral»
'drstrrbutron of hlstorlcal annual precrprtatron and temperature series in the study area.
Three different methods has been used to assess the rainfall and temperature trend in -
the study area based on long term data viz. movrng average, Mann-Kendall test and

Sen’s Slope Estlmator
4.2 1 Movmg Average method

In Statistics; a movrng average, also called runmng average, is used to analyze a set
of data by creatrng a series of averages of different subsets of the full data set. Given a.
‘series of numbers and a fixed subset»size,' the moving average can be obtained By first
taking the average of the first subset. The fixed subset size is ‘then shifted forward,
cre‘atirrg anew subset of nuniBers, which is averaged. This process is repea‘ted over the
entire data series. The plot line contiecting all the (fixed) averages is the moving '
average. Thué, .a moving average is not a single number, but it is a set ef numbers, each

of which is the average of the corresponding Subset of a larger set of data poirrts.‘
4.22 Mann Kendall (MK) Test =

There are many parametric and non- parametric methods which have been
apphed for detection of trends. Non—parametrrc trends tests only requlre the data to be.

independent and can tolerate outliets in the data. The Mann-Kendall test is a non-
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ﬁar_arnetric test for identifying trends. in-time series data. The test compares the relative
‘magnitudes of sample data rather than the clata values themselves (Gilbert?‘l987). One
benefit of this test is that the data need not conform to any particular distribution.
Mereover -data reported as non"—detects can be-included by assignihg them a common
value that is smaller than the smallest measured value in the data set.. The procedure
that will be descnbed in the subsequent paragraphs assumes that there exists only one

" data value per time penod When multlple data points exist for a s1ng1e t1rne per1od the

" median value is used. The data values are evaluated as an ordered. time . series. Each'_
data value is compared to all subsequent data values .The initial value of the Mann- )
Kendall statlstlc S, is assumed to be 0 (e. g ‘no trend) If'a data value from a later time
period is higher than a data value from an earlier time period, S is lncremented by 1.
On the other hand, if the data value from a later time period is lower than a data value. .
sampled earlier,”S is decremented by 1. The net result of all such increments and

decrements ylelds the final Value of S

The Mann Kendall test searches for a trend in a time series without specifying

‘whether the trend is linear or nonlinear. The trend-test is apphed to, a time ‘series X .

- ranked from i=1, 2...... «...n-1, and xJ ranked from =L 2, n. BEach data point

Xiisused as a reference point and is com_pared,vmh all other data ppmts X;j such that

+1>(x— Xx)
Sgn (x;x)= - » 0= (xj—%i) )
U< (x5 xp) ' : »(4.1)

-The Kendall _statistics S is estimated as
S Z E] =i+1 sgn(x] - xl) s . _ . (4_-2).

The variance of the statistic S is defined by

n(n—1)(.2n+5) =2t (D (E-1)(2i+5)

Var(S) = 5

@3) |

In which t; denotes the number of ties up to sample i
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The test statistics z, is estimated as

-1
(M ——, 5>0
JVar(s) g
Zo= =< 0, $=0 o (4
S+ S<0

~ JVar(S) J

In which 7, follows a standard normal distribution. A positive (negative) value
of Z indicates an upward (downward) trend. A significance level a 1s also used to test
for either an upward or downward monotone trend (a two-tailed test). [ 7, 15 greater

than Z» where a denotes the significance level. then the trend is significant.
4.2.3 Sen’s Slope Estimator

In cases where a linear trend is present in a time series. then the true slope can
be cstimated by using a simple non-parametric procedure developed by Sen (1968).
The slope estimate of N pairs of data are first computed by

_ Xj —Xk

Qi =7

Where x; and x, arc data values at times j and k (j=k) respectively. The meridian

for i=123.. ......N e (4.5)

of these N values of Q; is Sen’s estimator of slope. If N is odd, then Sen’s estimator is
computed by Quea = Qe and if N is even, then Sen’s estimator is computed by
Qmea=[Qun Qe n]/2. Finally Qumeg 1s tested by a two sided test at 100(1-a) %

confidence interval and true slope may be obtained by the non-parametric test.
4.3 GIS Database Preparations

14.3.1 Hardware and Software

The hardware includes the input device. the output device and the system on
which it is operated. The computer forms the backbone of the hardware, where data are
input through the Scanner or a digitizer board. Scanner converts a picture into a digital
image for further processing. The output of scanner can be stored in many formats e.g.

TIFF, BMP.JPG etc.

Personal computer equipped with ERDAS [IMAGINE 9.2, ArcGIS 9.3 and

ArcSWA'T 2009 sottwares were used for this study.
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4.3.2 Scatming and Geometric registration of topographic maps ‘

" The scanned topographic maps were geometrically corrected with -ERDAS
IMAG_INE 9.2 using 4 control points as the graticule intersections. The scanned maps.
were displayed and rectanglb.llap 'coordinates {zsf:ete entered in plece of spherical -
co'or_ditlates. Then these were geotnetficallY ttansformed and transferred to the
apprdpriate location on the blank raster database to finally provide a geometrically
rectified map in the digital mode. The geometrlc precision was tested by comparing
the Root Mean Square Error (RMSE) of the correspondlng gratlcule 1ntersect1ons with

-their theoretlcal coordmates kept. wnhm one pxxel
4.3.3 Digital Elevation Mod_el (DEM)

Digital Elevation Models are data ﬁles_that contain the elevation. of the _tet'rairl
over a_speclﬁed area, usually at a fixed grid interval over the surface of the earth. The-.
intervals between each of the grid.- points; will always be referenced 'to some
geographical coordinate system. This is hsually either latitude—longitﬁde or Universal

‘ Transve’rse Mercator (UTM) coordinate systems- The closer together the grid points are
located ‘the 'more detailed the mformatlon will be in the file. The detalls of the peaks "
and valleys in the terrain will be better modelled with small grid spacing than when the
grid mtervals_are very large. Eleyatlons other ‘than at the specific grid- pomt locations .
aré not cottained in the file. As-a ree}xlt, peék poirlts and valley points not coincident

with the grid will not be recorded in the ﬁle.

The-files can be in either Americarl Standard Code for Infofmati’o,n Interchange
(ASCH) or binary. In order to read the files directly one must know tlle exact format of
the entite file layout. Usually the >na,me> of the file gives the reference location to some'
map corner point in the file. The files. usually.contain only the z value (elevation value)
and do not contain the actual geographical | 'location that is associated’with that polht

"The actual locatlon associated with that elevat1on data is calculated by softwa.re readmg
the actual DEM file, knowing the précise location of the data value 1ns1de the DEM
file. In addmon there will be some needed reference information in the header (first
part) of the file. When an elevat1on is calculated at locations other than the actual grid

" points, some method of mterpolatmn from the known grid points is used Agam this i 1s'

done in software that is external to the actual DEM file.
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The DEM file also does not contam civil 1nformat10n such as roads or
bulldlngs It is not a scanned image of the paper map (graph.lc) It is not 4 bitmap. The
DEM does not contain elevation conrours, only the specific elevation values at specific

grid pomt locations.
434 Generatmn of Varmus Thematxc Maps :

The different maps 1nclud1ng base maps thematic/ derived maps and actlon'

plan map were prepared using the collateral data and satellite data.
43.4. 1 Base Map

_ For the present study, as a preparatory work the Survey of Indla toposheet
number 52D2 with the scale of 1: 50 000 was used for preparmg base map Various
basé ‘maps such as watershed boundary, drarnage network and contour maps were
prepared us1ng the satellite data and topographlc map. Later these maps were converted

into digital maps -through the process of d1g1t1zat10n using GIS software.
4.3.4.2 Watershed Map

The watershed map ‘was prepared by the technique of codification, such as'sub,.
mini, and nano micro watersheds regions. This can be inferred by areal extension,
namely 5000 hectares is sub, 500 is. mini and 250 are micro watershed regions.
4.3.4.3 D_rain‘age Map , v

. This map was prepared with the help of Survey of India (SOI) toposheet. The
drainage pattern present in SOI topographlc sheet was d1g1t1zed Dlgltlzed drainage

pattern was compared with satelhte observed drainage pattern Some of the streams are

- seasonal in nature and remaln dry i in non-rainy seasons.
4. 3 4.4 Contour Map -

The contour map of the study area was drawn with the help of the. toposheet

. w1th contour mterval 40 meter.
4.3.4.5 TIN and DEM
In order to establish flow accumulation points and possible strearn tetwork an
 elevation rastér was created. For this contour data thus generated in the vector format

was used to generate TIN (Trlangulated Irregular Network) using ArcMap 3D analyst ‘

vfunctlons and the elevatron of the watershed was divided into parts wl'uch values ranges
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from 760 m to 1880 m. Later this TIN has _Taeen converted to DEM (Digital Elevation
Model) raster form by spatial analyst functions__. and the value of ‘elevation.ranges from.
760 m to 1880 m. ' '

4.3.4.6 Soil Map

Soil map was collected from The Department of Agriculture, Himachal
Pradesh. Georeferencmg is done using ERDAS IMAGINE 9.2° and digltahzatlon is
dong with ArcGIS 9.3 software. )

4.3.4.7 Land Use/ Land Cover Map

The land use/ land cover map ‘was generated using satellite image downloaded
from the website for the year 2006, The cla551ﬁcat10n of the unage was done using
superv1sed algorithm into “four dlfferent land use categories viz. forest agrlcultural -

land water bodies and barren/ fallow land. -
4.4 ArcSWAT Model

The maj or goal of the ArcSWAT model development is to-predict the impact of
management measures on water, sedlment and ‘agricultural chemical yields in large -
ungauged basins. The ArcSWAT model simulates the surface runoff usmg the SCS
curve number method (USDA-SCS, 1972). Sediment yield is computed for each_sub—
basin with the Modified Universal Soil Loss Equation (MUSLE) (Willia‘ms’ and Berndt,
1977) The ‘modél predicts sub-basin nutrient yield and nutrient cychno using EPIC '
model (Wilhams et al., 1984) The ArcSWAT ‘model uses a command structure forb
routmg runoff and chemicals through a watershed similar to the structure of HYMO'
model (Williams and Hann, 1973). The crop_.model is a simplification of the EPIC crop
model (Williams ef al., 1984). Crop‘yield is estimated in the modei- using the harvest
inde'x‘ concept. The ArcSWAT tillége component was designed to incorporate surface. -
residue into the soil. Fertilizer applications can also be scheduled by the user or

. ,automancally applied by the model.
4.4.1 Theoreti_cal consideration

A brief description of sub-basin components and the' mathematieal relationships
used to simulate the processes and-their interactions in the model as described by
Armold et al. (1996) are considered m this study. The mathematical relationships used

in the model for simulating runoff volume and sediment yield are described below:-
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4.4.2 Runoff Volume

.ArcSWAT predicts surface  runoff for daily rainfall by using the Soil
Conservatlon Servrce (SCS) Curve Number (CN) method (USDA- -SCS, 1972) The
~model ad)usts curve numbers based on Antecedent Morsture Condrtron (AMC). The

- basic equatlons used in SCS curve number method are as follows

(R-02s) S .
= R+ogs ¢ K702 - (46)
0 =00, R<02s o N C )

where, Q is the daily runoff, R isrth_ei daily rainfall, and s is the retention.
param‘eter The retention parameter varies in space because of varying soil, land use,
management and slope; and in time, because of cha.nges in soil water content.  The
parameter s is related to CN as follows _ S '
(100 T S '
=254 (—‘—1) i : ... (4.8
PEleN T ; , “8)
. The cerlstant, 254, in Eq '(4.'8)‘ gives s.in mm. Thus, R ahd_ Q are also expressed
in mm. Curve numbers for moisture conditierrs I (CNI)'and I (CN3) can be -estimated

- using CN, as follows;

20(100—CN,) |
100~ CN, +exp 2533 - 0.0636(100 — CN, )]

CN, =.CN, - r (49)

CN, = CN, éxp [0.00673(100= CW,)] - S (410)
__Eq.'(4.1v1) describes change_ih reténtion parametér based on fluctuations in soil

WatCI‘ content.:

' [  FFC -
Ss=95|1-
FFC +exp [w, WZ(FFC) @11y

where, s, is the value of s associated with CNj, w, and - w _are the shape.

parameters and FFC is the fraction of field capacity and can be c_Qmpqted using Eq.
- (4.12): o ' o L ) _

- SW - ' - e '
FFC = ¥+ , RN CR )
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where, SW is the sdil water eontent in the root zone, WP is the wilting point

- water content and FC is the field caﬁacity water content. - '
- Values for w; and w; can be‘obtai'ned from a simultancous solution of Eq. 4.11
according to the assumptions that §= s when FFC 0.6 and S =83, when (SW-FCY (PO-
F C) 0.5; ’ : ‘

w,=in{L—6OJ+60w2 o L @13)
\1-s,/s ; A o ‘

o 11‘1[, 60 ]—h{ POFC —POFC] < o

e TS5 ) L= sy/si /- SRS "’(4-14-)
o -POFC - 60 o

where s3 is the CNj3 retent10n parameter and POFC is the porosity-field capa01ty
ratio and can be computed w1th the followmg equatlon

M

> (P_O,,"—‘ FC,')

POFC =100+50 | S0———= 415

> (FC,—wr,)

-1.
’ —Where,_’ PO is the porosity of_ 5011 layer‘-l._ Egs. (4.13) and (4.14) assure that CN1
_corresponds w1th the wilting point and vthat the curve number can not exceed 100: '
- The F FC value oetained in Eq. (4.12) represents soil water uniformly distributed
* through the top 1.0m _of soil. Runoff esﬁmafes can be irﬁproved- if the depth distribution - -
. of soil wz_a.terji»svknown. The model. es}timaters‘daily water content of each soil layer and
thus the deptlt'lj distributieﬁ is available. The "effect of depth distn'butien on Turioff .is
exp;essed in the depth weighting _funcﬁon; ' L

- Z/<10m - L @1e)

. where, FFC" is the depth weighted FFC value for use in Eq. (4 11), Z is the depth

inm to the bottom of soil layer 1, and M is the number of soil layers.
4, 4 3 Generatlon of dlscharge using the SWAT model

The ArcSWAT ArcGIS extens1on is a graphlcal user 1nterface for the SWAT
model (Arno[d et al., 1998). Baswa[ly, ArcSWAT_.ls a long term, physically based,
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continuous simulation watershed model,‘d'eveloped to quantify the impact of land
management practices in large, eomplex catehments A large 'nurnber of inputs are
requrred for runmng the model to obtam modeled dlscharge DEM, Landuse/Landcover
map and Soil map of the study watershed ‘are three spatial inputs requlred for the
model. Other inputs requlred for the modeI are long term weather data, s01l propertles .

“and dlscharge data.

Finally, the ArcSWAT model required discharge data at representative outiets
of the streams for calibration and v'alidation of the model. Diseharge data recorded at |

the outlet of the study watershed dunng 2002 2004 have been taken for these purposes
4. 4 4 Preparation of Arc SWAT mput data set »

To create an ArcSWAT ,Vdataset, the interface will need to access‘AreGI_S
compatible raster .(GRIDS) and vector datasets (shapefiles and feature classes) and
database files which provide certain types of information about the watershed The

necessary spatial ‘datasets and database ﬁles need to be prepared prror to runnmg the

C 1nterface

4.4.4.1 l)_igital Elevation Model (DEM)s ESR'I' GRID Format .
The ArcSWAT interface allows the DEM to use integer or real numbers for
elevatlon values The units used to deﬁne the ‘GRID resolutlon and the eIevatlon is not ‘
_ requlred to be 1dentlca1 The GRID resolutlon can be defined in one of the followmg,
units: meters, kilometres, feet, yards, mrles,v _declmal degrees. The elevation ‘can be
defined in one of the following units: meters, eentirneters, yards, and feet.”
The ArcGIS compatible raster (GRIDS) was extracted from: the DEM image.

file. The GRID resolution and the elevation for this study were both defined in meter's.

4.4.4.2 Landuse/Landcover Map: ESRI GRID Format

The categorres specified in the landcover/land use map needed to be reclassified -

into ArcSWAT land cover/plant types There are three options for recla551fy1ng the

categones -

“The first optlon is to use-a landcover/ landuse lookup table that is bu11t into the
ArcSWAT 1nterface The interface contains the USGS LULC and NLCD 1992 Iookup"
tables in the ArcSWAT2009 mdb database that 1dent1ﬁes the dlfferent ArcSWAT land
cover/plant types used to model the various USGS LULC or NLCD 1992 land uses.
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The second option is.to type in the 4-letter SWAT landcover/plant type code for
each category when the land cover/land use map theme is loaded 1n the interface. The
third option is to create a usér look. t1p table that identifies the 4-letter SWAT code for

the different categorles of land cover/land use on the ‘map.

The th1rd option is used for this study, the user look up table that identifies the
4-letter SWAT code for each category was created. The ArcGIS compatible raster
(GRIDS) image was extracted from the vector files. ’

4.4.4.3 Soil Map: ESRI GRID Format

The categones spec1ﬁed in the soil map needed to be linked to the 5011 database
(U.S. soﬂs data only) included with the interface or to the User Soils database a
custom so11 database de51gned to hold data for soils not included with the Umted State
soil database. There are four optlons for lmk.lng the map to the soil database

@ The STATSGO polygon (MUID) number method
(ii) ‘The STMUID method
L '(111) Llnkmg the soils map to the database.
(iv) Linking the soils data from the User Soils database are to be utlhzed

- The fourth option was used to rec‘lassﬂ"y the map categories, by hnklng the soil
data from the user soils database. A look up table was loaded which’ 'has this
mformatlon listed. The ArcSWAT spatlal datasets ‘were created in the same prOJectlon

as the DEM and Landuse/Landcover prolectron
‘ 4444 Weather Station set up |

- The user Weather Station set up was done by entering the'climatic variables
required by the SWAT model to the model database The climatic variables input to-set

up the weather station database are as follows

6] . Longltude and Latitude of the user_weather station.
(ii) Elevatlon of the weather station. »
(iii) -Average or mean maximum air temperature for month (°C) Average or meanA
_ minimum air temperature for month (°C) '
-(iv), Standard deviation for dally maximum air temperature in month (°C).
' (v) Standard deviation for daily minimum air temperature in month (°C).

(vi) ‘Average or mean total monthly preeipitation (mm).
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» ,(vli) Standard deviation for daily p_reeipitation in month (mm/day). ‘
(viif) Skew coefficient for daily precipitation in month. o
(ix) 'Probability of a wet day following adry day in the month.
v(x_)- Probability of a wet day followlng a Wet‘ day in the month.
" (%) Average number of days of prec1p1tat10n ina month '
(xii) Maximum 0.50 hour rainfall i in the entxre record period for month {mm).
(xiii) Average daily solar radiation for month (MJ/m?*/day).
“(xiv) Average daily Dew point temperature in month_ ("Cv).
‘ (xv):' Average daily wind_speed in month (m/s)A.r o

‘4.4.5 i Delineation of Stream network

Stream networks are delmeated from -a DEM using the output from the
ArcINFO grid flow drrectlon and flow accumulatwn functions. Flow d1rect10n uses a.
DEM. to determrne the direction - of ﬂow from every cell 1n the raster. Flow
accumulatmn in its sunplest form, is the number of upslope cells that ﬂow mto each

icell By applying a threshold value to the results of flow accumulatmn stream

networks are dehneated _
» 4 4.6 Establishment of Stream Network

After the threshold value has been selected for the ﬂow accumulatlon the
stream network havmg the th.reshold value or greater was generated by the ArcSWAT }

model This method' is arbltrary, because it is based on the threshold selected by the S

. user. The model generates the stream network in shape file format

The dralnage network is also extracted and digitized from the topographlc map
for comparison with the stream network generated by the model.. It is found that the .
stream network generated by the model closely follows the stream network extracted

from the topographic map.
447 Delineation of watershed and Subwatershed Boundary

It is the process of deline_ating" an-area that coniributes to drainage or flow to the

considered outlet. The watershed boundary. was delineated from the topographlc map in

the ArcGIS. env1ronment with the ERDAS" IMAGINE 9.2 software Thls boundary was

used as a mask in the ATcSWAT environment to. finalize the watershed. boundary,
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In the. ArcSWAT model each s1ng1e stream are assrgned 10 one catchment and
have a separate outlet. This was achreved by manually minimizing the numbers of the

sub—watershed outlet from the automatic watershed delineator in ArcSWAT.
4.4. 8 Map. overlay and Hydrologlcal Response Unit (HRU) analysm

The ArcSWAT model. subdlvrdes the sub basrns into smaller homogenous units
known as hydrologic Response Units _(HRU)t The HRUs are lumped land areas within -
the sub Vbasibn comprising of unique, features of land 'cover,_ soil and its management ‘
' (Amold et.al. 1993 and Neitsch et.al '2001). The land use and soil datasets were-
imported and linked to the ArcSWAT databases and reclassified. .

HRU analysis in ArcSWAT includes division of HRUs by slope classes in
addition to land use and soils. This is partwularly important if subbasins are known to
" have a wide range of slopes occurring w1th1n them. The slope cla551ﬁcat10n was made
" for rnult1ple slopes with 3 classes as 3% slope 5% slope and above 5% slope. Fmally,
‘the slope map was also overland to create a unique landuse/sorl/slope combination

(hydrologrc response units.or HRUs) for each subbasm
4, 4 9 HRUs generation

Subdividing the watershed 1nt0 areas having unique 1and use. and, soxl,
combinations. enables the model to reﬂect differences in evapotransplratron and other
hydrologlc conditions for different land covers/crops and soils. Runoff is pred1cted
separately for each HRU and routed to obtain the total runoff for the watershed This
increases. the accuracy of load predictions and provides a much better physical
) descrlptron of the water balance. Multlple HRUS are created for this study keeplng the
sensrtrvrtles for the land use, soil, and slope data are fixed at 5 %, 20% and 12 %‘

: 'respectlvely
4.4.10 Import weather data

Weather data to be used in a'watershed 'sir'nl.llation is imported once the HRU ‘
distribution has been defined. The weather data were formulated in dbf file conforming
to the ArcSWAT format Weather data is loaded using the first command in the Write
Input Tables menu item on the ArcSWAT toolbar. This tool allows users to load
weather station locations into the current project and assign weather data to the sub-
watersheds. For each type of weather data loaded, each- sub-watershied is lmked to one’

stream gauge.



4.4.11 Creation of Inputs _

The database files containing the infotmation needed to generate default input
for ArcSWAT was build using the Write Input eommand. This command is. enabled
after weather ‘data is successfully ioaded. These commands are enabled in sequence
(the next command is enabled only after ,the steps associated with the previous
command ":are. completed) and need to be processed only once for a project. Before
ArcSWAT can be run, the initial Watershed_input \ralues‘ must’ beideﬁned. These Yalues
_are set autonratically based on the v(ratershedr delineation and Ienduse/ soil/ slope

characterization.
4.4.12 Model Output

A riu_mher of outputs are created in every ArcSWAT simulation. These files are:
summary input files (input. std), the summary output file (output.std), the HRU output
file (oufput. hru), the subbasm output file (output sub), and the main channel or reach

output file (output rch).

The details of the data printed out in each file are controlled by the print code in
the master watershed file, Average dailyrvzrlues are always printed in the 'HRU,
subbasin and- reach files, but the time period ‘they are sumn‘rariz_é:d‘over will vary.
Depending upon the print code selected the output file can include all daily values,
‘daily amounts averaged over the month and dally amounts averaged over the year
4.4.13 Model callbrat]on o

Model calibration is the modiﬁcation or adjustment of model parameters, within
recomrnendedranges, to optirniie themmodel_. output so that it matches with ‘the .
. .obéerved' set of data. The calibration tool of ArcSWAT provided several different
parameters for adjustment through user 1ntervent10n These parameters can be ‘adjusted.
manually or automatically until the model output best matches with the observed data.
The discharge data recorded during the years 2002 and 2003 were used for the'
calibration of the model. The model calibration was done manually by changing the
various ArcSWAT' parameters one hy one until the simulated model output matches the

observed discharge data. -
4.4.14 Model-validation

- Validation is the process of determining the degree to which -a model or
simulation is an accurate representation of the observed set of data from the perspective
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"of the intended uses of the model. The valuee of simulated disch,arge' at specified
R location w111 be compared with the observed discharge for validation ‘of the model -
(Gassman et. al., 2007). The model performance can be evaluated usmg established
1ndlces llke (1) coefficient of determination (R )N (11) Index of agreement (d), (111) Nash

" and Sutcliffe efﬁcrency, and (iv) Relatrve ‘Error (RE) etc.

G- Coefﬁerent of ,detennrnatlonts given by.

. - . ‘ . 2

Rz = . n(Z Qmod:@obs)— (& Cmoa)-(Qaobs)
V(@00 o’ [n(aabs) 5 0obs)”]

L (4.17)

R?is most often used in hnear regressron Given a set of data pomts hnear_
regression gives a formula for the line miost closely matching those pomts It also gives
an R~ Squared value to say how well the result1ng hne matches the 0r1g1nal data points.
The value of R ranges from 0 to 1, a. value between 0.6 to 1. 0 1ndlcates a good

correlat1on

© (). Index of 'agreernent‘is given by

d = 1 O [ 21. 1(Qmad Qobs) SN ] . . : (418) V
b3 “Qmud Qavgl'*‘lQubs Qavgll : )
L The value of d raniges from 0 to 1. O nearer the value is to 1.0 better is the flow . -.
prediction. ‘
(111) Nash and Sutcliffe model performance coefﬁment is given biy:-
MR = 10— Z——————‘—l(Q"”S Cmod) _ 419

51 (Qobs— Qavg) o .
The value of Nash and Sutcliffe model coefficient ranges from 0 to 1.0 and higher is

" the va'lue better is the model prediction-output.

L (v)- ‘ Relat1ve Error:
: Z Qmod—Xt=1Qobs ‘ - v '
RE = =isixmod Szt : : . (4.20)
: 21_1Q0b5 . ) ) ( )

' The range of RE i is -1 to0.a, and zero'is the perfeet match. When the RE valueA

near 0 the prediction of the model i 1s more acceptable -

where, Quod is Model dlscharge,, ’

© . Qops is observed discharge,
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Qavg 18 average value of observed drscharge

- nis numbers of data being consrdered

Validation of the - calibrated model is essential to test its simulation
performance. Calibrated nrodel'was validated using the discharg-e data recorded during
the year 2002 and 2003 by the ofﬁce:of HP Trrigation ¢um Public Health Department.
The- simulated values were obtairled. on mohthly-basis. T-h‘e'_velue of simulated

: discharge at the outlet was compared with the observed discharge for validation of the.
model. The model performance was evaluated using above four established indices -
(Krause et al. (2005); Gas's‘marl et al. (2007)) viz., ‘Coefficient of determination (R2),
Nesh and Sureliffe efficiency (NSE) énd‘ index of agreement (d), and relaﬁve.error of
the stream flow volume (RE). Ahticipating differences in hydrologic behaviour.of the
watershed in rainy and non-ralny seasons the validation were separately tested for
entire perrod and for dry and ramy perrods
v 4.4.15 Sensrtwrty analysns

Sensitivity analysis is the determjnatien of the most influential independent

parameter of the model in pr'eriic‘ring the ﬂdw The ArcSWAT fnodel has various

inbuilt parameters affecting the flow with a prescribed range of value The process
involves varylng the various values of parameter of model to see the ‘effect on the

output value.

The analysis was done‘based_ on the hyd‘rological simulation at the catchment

outlet By varying the various parameters one by one and comparing the percentage

" deviation in the flow simulated. This heip’s the AreSWAT user in calibrating the model
and choosmg the nght and minimum parameter for calibration. The sensrt1v1ty -of

-parameters varies from basin to basm due to physrcal properties, landuse, and different .

climatic condmons The sens1t1V1ty analysrs was performed for the year 2004.
4. 5 Model apphcatlon )

The ArcSWAT model has the capability not only to create the bquhdary of the
watershed and subwatershed but alse calcuiate geomorphic characteristics of the sub-
basins and reaches giving the area of each, sil_bbasin, maximum and minimum elevation
and. slope‘ etc. The model also calculates the detailed charaeteristrcs of the stream

netWOrk which was generafed using ‘the rnput DEM. The ArcSWAT model gives the -
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) length of each streams and their outlet along w1th the stream maximum and minimum

elevatlon

The model also, by default gives all the outlets of the Subwatershed at every . -
conﬂ-uence_ point of the rivers. Subwatershed outlets are the points: in the drainage
network of a subwatershed where stream flow exits the sub;watershed area. The
ArcSWAT rnodel has a prov1smn for editing the outlet of a sub-watershed elther

removmg or addlng anew outlet through user intervention.

~ The ability of the A1cSWAT mode_l to generate detailed information of the
stream is utilized for identification of the RWH sites along the stream 'n_etwo_rk and

estimation of flow in each selectedpbtentiail sites.
4.6 Identification of sites for RWH .

The ArcSWAT model is run: Without editing subbasin outlet to have knowledge"
on the characteristics of the stream as the model by default gives subbasin outlet for
each single stream. Once the characters of the _stream are known, the search for
potential 51te is started. The DEM input is first analyzed to find posmon of the required
elevation in the upstream of the main outlet by clicking on each ,plxel‘ to know the
v elevation. The search for the required.elevation:'is carried out along the stream network
generated by the ArcSWAT model. After locating the pixel havmg the required

elevation, the: stream length is measured from the outlet to check for the distance

criteria. The subbasin outlet is then added manually in the stream network and the .

subwatershed is delineated agaln The detailed mformat10n generated by the rnodel is -
checked for the height and dlstance cr1ter1a When both the criteria are met the site is
selected as potentlal site for rain water harvestlng structures. The next site is assessed

in the same manner starting from the last selected site t111 the stream ends
4.7 Estlmatlon of flow

The discharge is generated using a validated ArcSWAT model for €ach of the
selected RWH ‘structures sites. Since the subbasm outlets are added to'each potennal
site at the time of head assessment, the dxscharge at each sites are obtamed ‘This gives
a more reahstw discharge for RWH s_tructu_res as the discharge at each site is 51mu1ated
separately. The model estimates the discharge on monthly basis which can be used for -

the design of reservoir of check dam as per the requirement.
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4.8 Surface Water Harvesting

During the last 100 years there has been considerable technological
development in the design and construction of water harvesting structures for various
purposes. The structures, which are commonly built for surface storage and / or ground

water recharge, are:
4.8.1 Check Dams:

These are concrete or masonry structures built across small streams for surface
storage and incidental benefit of ground water recharge as shown in Fig 4.1. The design
of these!structures are done taking into consideration the volume of water that can be
stored in the stream channel upstream, the surplus flood discharge that must be
evacuated safely, stability of the structure against various forces and the likely ground

water recharge.

These are the modified and improved versions of the traditional temporary or
semi-permanent structures that people in the villages usually build across natural

streams or drainage channels.

Fig.4.1 Schematics of a Typical Check Dam

4.8.2 Gabion Structure:

This is a kind of check dam commonly constructed across small streams to
conserve stream flows with practically no submergence beyond stream course as
shown in Fig4.2. A small bund across the stream is made by putting locally available
boulders in a mesh of steel wires and anchored to the stream banks. The height of such

structures is around 1.0 m and is normally used in the streams with width of less than
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10 m. The excess water over flows this structure storing some water to serve as source
of recharge. The silt content of stream water in due course is deposited in the interstices
of the boulders and with growth of vegetation, the bund becomes quite impermeable
and helps in retaining surface water runoff for sufficient time after rains to recharge the

aquifer.

Fig.4.2 Schematics of a Gabion Structure

4.8.3 Contour Bunding/ Trenching

In hilly/ rural areas, rain water harvesting is taken up considering watershed as
a unit. Surface spreading techniques are common since space for such systems is
available in plenty and quantity of recharged water is also large. Following techniques
may be adopted to save water going waste through slopes. These aim at augmenting

soil moisture retention and preventing soil erosion and land degradation.
4.8.3.1 Contour Bunding:

These are small earthen bunds built horizontally in parallel rows across the hill
slope. These help in augmenting soil moisture and prevent erosion of topsoil. Contour
Bunds are effective methods to conserve soil moisture in watershed for long duration.
These are suitable in low rainfall areas where monsoon run off can be impounded by
constructing bunds on the sloping ground all along the contour of equal elevation.
Flowing water is intercepted before it attains the erosive velocity by keeping suitable
spacing between bunds. Spacing between two contour bunds depends on the slope the

area and the permeability of the soil. Lesser the permeability of soil, the closer should
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be spacing between bunds. Contour bunding is suitable on lands with moderate slopes

without involving terracing as shown in Fig.4.3.
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Fig.4.3 Schematics of a Contour Bund
a. Spacing of Bunds:

Spacing of contour bund is commonly expressed in terms of vertical interval
(V.L), which is defined as the difference in elevation between two similar points on
two consecutive bunds. The main criterion for spacing of bunds is to intercept the
water before it attains the erosive velocity. Spacing depends on slope, soil, rainfall,

cropping pattern and conservation practices.
Spacing:of contour bunds is normally calculated using the formula
Vertical Interval (V.1.) = 0.305 (XS+Y), cus il B 21)

where, X is the rainfall factor, S is the land slope (%), Y is the factor based on

soil infiltration and crop cover during the erosive period of rains

The rainfall factor X' is taken as 0.80 for scanty rainfall regions with annual
rainfall below 625 mm, as 0.60 for moderate rainfall regions with annual rainfall in the
range of 625 to 875 mm and as 0.40 for areas receiving annual rainfall in excess of 875
mm. The factor "Y' is taken as 1.0 for soils having poor infiltration with low crop cover
during erosive rains and as 2.0 for soils of medium to good infiltration and good crop

cover during erosive rains. When only one of these factors is favourable, the value of Y
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is taken as 1.50. Vertical spacing can be increased by 10 percent-or 15 cm to provide

better location, alignment to avoid obstacles.

The horizontal interval between two. bunds is calculated using the formula

Horlzontal Interval (HD)=V.Ix lOO/Slope ' o ...,.(4.22)
b. Cross Section of Contour Bunds

A trapezmdal cross section is usually adopted for the bund. The d651gn of the
‘Cross sectlon ‘involves determination of he1ght top width, side slopes and’ bottom »
w1dth of the bund ‘ '

The he1ght of the bund depends on the slope of the land; spacing between -
bunds and the rainfall excess expected in 24-hour period for 10-year frequency in the
area. Once the height is determined, other dimensions can be worked out depending on
the nature of 'the-s,oil. _ ) ’

Height of the bund can be determined .by the following methods:,

a) Arbitrary Design: The depth of inlpounding is designed as 30 cm. 30 cm ‘is

' provided as depth of flow over the crust of the outlet weir and 20 cin is
proi/ided as free board The overall height of the bund in this case will be
80.cm. With top w1dth of 0.50 m and base width of 2 m, the side slope will

" be 1:1 and the cross séction, 1 m?. ’

b) The height of bund to impound runoff from 24 hour rain storm for a

given frequency can be calculated by the formula

H =__“-R§(’)‘-VI‘ o (423)

where, H is the depth of impounding behind the bund (m), Re i is the 24 hour

rainfall excess (cm) and VI is the vert1oal interval (m)

To the height so computed, 20 percent extra hetghts or a minimum of [5cm is

added for free board and another 15 to 20 percent extra height is added to compensate o

for the settlement due to consolldatmn

Top width of the bund is normally kept as 0.3 to 0.6 m to. fac1l1tate plantlng of :
grasses. Side slopes of the bund are dependent on the angle of repose of the soil i in the

area and commonly range from 1:1 for cla.yey soils to 2:1 for sandy soils. Base width
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of the bund depends on the hydraulic gradient of the water in the bund material due to
the impounding water. A general value of hydraulic gradient adopted is 4:1. The base
should be sufficiently wide so that the seepage line should not appear above the toe on

the downstream side of the bund.

Size of the bund is expressed in terms of its cross-sectional area. The cross
sectional area of bunds depends on the soil type, rainfall and vary from 0.50 to 1.0 m?

in different regions.

The length of bunds per hectare of land is denoted by the Bunding Intensity,

which can be computed as
Bunding Intensity = 100 x S/V.L.
where, S is the land slope (%) and V.1 is the vertical interval (m)

The earthwork for contour bunding includes the main contour bund and side
and lateral bunds. The area of cross-section of side and lateral bunds is taken equal to
the main contour bund. The product of cross sectional area of the bund and the bunding

intensity gives the quantity of earthwork required for bunding per hectare of land.
4.8.3.2 Contour Trenches

Contour trenches are rainwater harvesting structures, which can be constructed
on hill slopes as well as on degraded and barren waste lands in both high and low

rainfall areas. Cross section of a typical contour trench is shown in Fig.4.4.

STONE OR VEGETATIVE BARRIER

SPOIL BANK

TRENCH T

Fig.4.4 Schematics of a Contour Trench



_ The trenches break the slope at lntervals and reduce the veloc1ty of surface
runoff. The water retained in the trench will Lielp in conservrng the soil moisture and

ground water recharge

The size of the contour trench depends on the soil depth and normelly 1000 to -
2500 e cross sections are adopte‘d..The size and number of trenches are worked out
on the basis of the rainfall proposed to be retained in the trenches. 'The trenches may be’
continuous or interrupted and should be constructed along the contours. Contmuous
trenches are used for moisture conservation in low rainfall area whereas mterrmttent

trenches are preferred in hrgh rainfall area.

The horlzontal and vertical intervals between the trenches depend on rainfall,
slope and soil depth. In steeply sloping areas, the horlzontal distance between the two
‘trenches will be Iess compared to gently sloping areas. In areas where soil cover is :thin, '
clepth of trenching is restricted and more trenches at closer intervals need to be
constructerl. In general, the horizontal inferval may vary from 10 m in steep slopes to -

about 25 m in gentle slopes.
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CHAPTER 5
ANALYSIS-AND RESULTS _

5.1 General
In this study the analysis procedure is divided into fdllowing steps:

' 1) Assessment of climater change with statistical analysis, to find o‘ut
trend analySIS with historic data. - ‘

2) Hydrology modeling usmg “Arc So11 Water Assessment Tools” .
(Arc SWAT 2009) to find out 1mpacts of climate change in the
watershed. )

3) Input for watershed planning to get best condition to adapt.climate'

change.

5.2Trend Detection for Temperaturé and Rainfall

Monthly temperature and rainfall records from the recording stations
were summed to provide annual totals for each year. Monthly and annual time.

series were analyzed statistically by using Mann-Kendall (MK) test.

'fhe statistics for annual temperafu're .and rainfall are giv,én'in Table 51
which shows .that the annual temperétu‘re'ranges from 8.3 to 28.1 °C, with an '
avérage 19.4°C. The annual rainfall range from 1008 to1738 mm, with an
average of 1265 mm during the sthdy period from 1953-2002. -

Table 5.1 Statistics of annual temperature and ramfall in the watershed

Statistics . Temperature (°C) Ralnfall (mm)
Average - _ ‘ 19.4 ‘ . ) 1265
Standard Deviation . 0.48 231.67
Coefficient of Skewness _ 0.23 T 0354
Maximum value ‘ 28.1 1738. '
Minimum value 83 1008

A five year moving average analysis was carried out for annual average air
temperature and annual rainfall. The annual temperature data was tested to show

trénd of tempervature- change in tﬁé_Barinallah watershed in (Fig.’5.1) and the
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annual rainfall data was tested to show trend of change in rainfall pattern in the

Barinallah watershed in (Fig. 5.2).
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Fig. 5.1 Five years moving average annual temperature (1952-2002)
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Fig. 5.2 Five years moving average annual rainfall (1952-2002)



5.2.1 Temperature Trend

The mean temperature varies from 1°C to 12°C in winter and from 30°C to
39°C in summer. Typical seasonal annual air temperature trends for the long

term period (1953-2002) were analyzed using Mann-Kendall test.

The values of Mann-KendalI statistics Zpi and Sen's slope in long ,terr‘n
period for different months are given in Table 5.2. January and May giveé the
greatest slope 0.03°C, followed by December 0.02°C, February, April_and
Névember showed the smal,leAst. tendency, with slopes of 0.01°C. June gives the
maximum negative trend -0.02°C, followed by July, August and Séptembe; with

slopes of -0. 01°C while the months March and October shows no trend

Table 5.2 Variations of the Iong term penod temperature (°C) in The Barmallah
Watershed

19532002 Jan Feb Mar -Apr May Jun Jul Aug Sep - Oct Nov Dec

Mann

‘Kendall Zmk ?.2_1 0.87 ‘-0.38_ 067 192 -2.48 .-1..15 -1.07 -1.16 038 169 1.80

gl‘f;;se' Q 003 001 000 001 003 002 -001 001 001 000 001 002

Generally, temperature slopes are positive during the winter season and.
are negative during the rainy’ season. Buit during the summer season the
temperature have positive slopes in May and negative slope in June in the above

table.
5.2.2 Rainfall Trend

The values of Mann-Kendall staﬁs{ibs Zmk and Sen's slopé in long term
period for different months are given in Table 53 Long-term trend durving ﬁ'fty' )
years period, -in the rainfall is teste'd with Mann-Kendall (MK) methods. The"
values of Mann-Kendall statistics Zmk and Sen's slope in long term perlod for
different months is glven in Table 5.3. Tt is seen that two months out of the twelve
months showed a decreasmg trend. October gives the greatest trend at -0.32 mm,
December gikves the trend at -0.11 rhm. Two of the ten months showed an
increasing trend. June gives the greatest trend at 0.75 mm, Febljuar.y g>iv,es the

“trend at 0.35 mm, May and August gives the trend at 0.15 mm, July gives the
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trend at 0.12 mm, January and Apr1l glves the trend at 0.09 mm, March gives the

trend at 0.01 mm and November glves no trend.

In Monthly series, only month October is indicating downwards tendency
and also showing a significant downward trend at the o = 0:05 significant level,
but month June is indicating upwards tendency. The Sen's .slope is-pos'itive
indicating upwards tendency (except for the month of October and Decer‘nb’er)
The month of June and February are showrng a significant upward trend at the '

o=0.05 srgmficant level.

Table 5.3 Variations of the long. term period rainfall (mm) in Barinallah

watershed

1953-2002‘ _Jari Feb Mar' Apr ‘_lVI_ay Jun Jul- Aug Sep . Oct Nov ‘Dec

Mann " ag 6 T ap T e i '
Kendall Zox 039 1.57 0.03 0.69 0.95 _1.38 0.08 0.18 0.03 -2.70 0».54 -0.68
Sen's . ’ ' | “ -

Q 0.08 035 0.01 0.09 015 075 012 015 004 032 000 -0.11

Slope

5.3 Hydrol‘ogical ‘Modeling with ArcSWAT (2009)

As future changes in watershed hydrology caused by global warming is
1mportant toplc for water resource management ‘many researchers have studledb
the sensmvrty of stream flow and- hydrolog1cal elements to climate change "The
Arc Soil Water Assessment Tools (ArcSWAT) was used in this study. In-order to
model the impacts of climate change oh hydrologrcal cycles in watershed, as
many studies have been successfully made Modelmg simulation is done to’
predict the impact of land management on water, sediment over long perrods of

" time in complex Watersheds w1th different soll land use,. and management
condltrons with this tool. The process .and result of this modehng tool are -
analyzed which are described in sabse_quent sections. N
5.3.1. Model Set Up

) "l‘o.analyze the impact of different management practices and‘h'ydrologic
conditions in the watershed for.'stream firstly by preparing input' database
information and loadmg this 1nformatron in the model. It is prlmarlly step’

modellmg The following steps were followed to set up the model and load the

input database:
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5.3.1.1 ; Watershed Delineation
5.3.1.1.1 Digital Elevation Model (DEM) Set Up

In watershed delineation the Digital Elevation Model (DEM) (Fig. 5.3),
which is used with 30x30 meter pixel size was loaded to the system in an ArcInfo
grid format. The DEM properties were set up to verify the projection and the
horizontal and vertical units of measure were verified. After the DEM was
imported into ArcSWAT, the masking raster grid was created for the study area

to focus only on the Barinallah watershed.
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Fig.5.3 ArcSWAT Digital Elevation Model (DEM)
5.3.1.1.2 Stream Definition

In this section, the initial stream network and sub-basin outlets are
defined. Delineation of stream network from raster DEM is based on the
eight-pour point algorithm. Flow vector grid is created filling the sinks (raising
the elevation of the sink until overflows occurs). The flow accumulation grid is
created by counting the number of contributing cells to each unit in the grid (cells

whose flow path eventually passes through them). Cells which are potentially
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part of a stream network will have a larger flow accumulation value, whereas
cells near watershed boundaries and where overland flow dominates will have a
low accumulation value. The detailed study area of the watersheds is 12.02 km?

for 66 sub-watersheds (Fig. 5.4).
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Fig.5.4 ArcSWAT Sub-watershed Map
5.3.1.1.3 Outlet and Inlet Definition

In this section the outlet points were added which helped to compare the
measured and simulated flows and loads for some monitoring stations. For these
outlet points, the coordinate of flow measurement points were used to define the

outlet points of each micro watershed.
5.3.1.1.2 Main Watershed Outlets Selection and Definition

After setting all parameters described above, a map of watershed, sub
watershed and stream network restricted to the watershed was obtained when the
interface has completed the watershed delineation (Fig. 5.5). The total
ArcSWAT area of the basin after delineation is 12.02km?.
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Fig.5.5 ArcSWAT Drainage Channel Map

5.3.1.2 Land Use and Soil Characterization

The movement of water depends on the soil type and vegetation cover.
The amount of rain lost due to interception storage on the plants depends on the
type of vegetation and has a significant effect on the infiltration capacity of the
soil. As vegetation covers decrease, the surface runoff increases and results to
reduce groundwater recharge. Soil infiltration capacity depends on the soil
texture, the highest infiltration rates are observed in sandy soil, which indicates

the surface runoff is higher in clay or in a soil which has low infiltration rates.

5.3.1.2.1 Land Use/ Soil/ Slope Definition and Overlay
a. Land Use Map

The land use map for the study areas was prepared on the basis of the
ground truth by using the field area and the percentage of the land cover found in
the area of study. The type of land use was delineated into four different class
used as the ArcSWAT input (Fig. 5.6), and the corresponding areas are given in
Table 5.4.
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Fig.5.6 ArcSWAT Land Use Map
Table 5.4 Description of ArcSWAT land use and area covered
S. No. | Land Use Area (Km®) % Area
1 Agricultural Land 0.10 0.84
2 Water 0.04 0.29
3 Fallow Land 4.51 37.50
- Forest T2 61.37

Source: ArcSWAT model output

b. Soil Map

The soil map was taken from The Department of Agriculture, Himachal
Pradesh is used for the ArcSWAT input. After overlaying over the land use map
the distribution of soil type by ArcSWAT in the Barinallah watershed is shown in
Fig. 5.7 and Table 5.5. The main soils in this area are sandy loam, loam and sandy

clay loam.
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Fig.5.7 ArcSWAT Soil Map

Table 5.5 Distribution of ArcSWAT soil types and area covered

S. No. | Soil Type Area (Km®) % Area
1 Loam 2.96 24.61
2 Sandy Clay Loam 0.99 8.23
3 Sandy Loam 8.07 67.16

Source: ArcSWAT model output

c. Slope Map

After land use map and soil map overlaid, the next input was slope range.

Slope map of the area was prepared from the digital elevation map. Slope of the

area study were classified by ArcSWAT into three groups as shown in Fig.5.8

and Table 5.6. Most of the area has range is greater than 5%, which is consist of

high land hilly area above 800 meters in altitude.
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Fig.5.8 ArcSWAT Slope Map

Table 5.6 Distribution of ArcSWAT slope range and area covered

S. No. Slope Range (%) Area (Km?) % Area
J' = 0-3 0.66 5.50
2 3-5 0.12 0.97
3 >5 11.24 93.52

Source: ArcSWAT model output

3313 Hydrologic Response Units (HRU) Distribution

Subdividing the watershed into areas having unique land use and soil
combinations enables the models to reflect differences in evapotranpiration and
other hydrologic condition for different land cover/crops and soil (Neitsch,
2002).

The load prediction will be good and accurate if each HRU is considered
obtaining the total effect of different land cover and soils. In this study, for the

aim to by multiple hydrologic response unit, the percentage threshold for land
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use and soil over the area were set 0 % in order to get much better descnptmn for

all combmatlon land use and soil over the area.
5.3.1.4 Climate Data

One of the main sets of inpﬁt for simuiating the watershed in Arc SWAT is
climate data. Climate input consists of daily rainfall, maximum and minimum-
daily temperature, wind speed, solar radiation, and relative hu'midity. The daily
rainfall and temperature records (2000-2010) were used to develop the ‘
climate-input files required for t‘he model. The remaining Vcli'm'ate inputs were
gen,erate‘d internally within Arc SWAT hsin‘g monthly climatic statistics. The
rainfall station and température station is about 8 km away from the outlet of the

watershed area.
5.3.1.5 Model Input Set Up

After simulating the climate data,ithe next step was to set-up inpiuts
required for running the A1cSWAT model. These inputs were management data,

soil-data and weather generation data.

5.4 Model Calibration and Validation
5.4.1 Model Calibration

Model calibration was performed for the year 2002-2003 (Fig.5.9) and
graphically cornpared the model output with observed discharge data recorded »
durmg these years. It is observed that the model discharge closely matched the
observed discharge con51stent1y in both the calibrated years. The calibration was

done with the average daily dlscharge in a month for the whole year.

The regression analysis was performéd between the . observed and '
simulated discharge and the best fif line is also shown for the calibrated yéar
2002-2003. The coefficient of correlation (R?)is 0.9385 and which shows a close

relationship between the observed and simulated discharge.

Further, the efficiency ofvthe model for éimulating the runoff was also
tested using_established index (Table. 5.7). It is observed from the overall
standard deviation and mean that the model over prédict during Vthe year
2002-2003. A high value of Nash—Sutcliffe efficiency and jndex of ,agreem_enf 7

shows. that there is a good relationship between the model and'obsefved
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discharge during the calibration. The linear correlation of coefficient of the
observed and simulation mean monthly discharge in scatter plot is shown in Fig.
5.10.

Table 5.7 Statistical analysis of model and observed monthly discharge during

calibration.
Parameters Discharge
Model Observed

Mean 0.0112 0.0098
Standard Deviation 0.0087 0.0082
Maximum 0.0303 0.0285
Total 0.2690 0.2344
Coefficient of correlation (R”) 0.9385
Nash-Sutcliffe efficiency (NSE) 0.8958

d 0.9755

RE 0.1477

Calibration Period (2002-2003)
0.05

o
g

o
=)
W

Discharge (m*/sec)
=]
N

0.01
0
¢ 8 & &8 § § 8 8 8 8 3 3
& ] 3 3 3 & ] = 3 3
- = s = =5 = s =
Time (Months)
—— QObserved —=—Simulated

Fig 5.9 Mean monthly simulated and observed discharges in Barinallah

watershed for calibration period
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Fig. 5.10 Scatter plot of monthly simulated and observed discharge during the

calibration

5.4.2 Model Validation

Validation of a model is required to evaluate the performance of the model
and is achieved by running the model without changing any parameter and with
a different set of input data. Calibrated model was validated using the discharge
data recorded. For this purpose the model was continuously run from 2000 to
2004 and for evaluation, results of 2002 to 2004 were used as the observed
discharge data is available for these years. The validation was tested for the year
of 2004 and also for the years of 2002-2004 (3 years).

Model validation was performed for the year 2004 (Fig. 5.11) and
graphically compared the model output with observed discharge data recorded. It
is observed that the model discharge closely matched the observed discharge
consistently. The regression analysis was performed between the observed and
simulated discharge and the best fit line is also shown. The model slightly over
predicted the high value of discharge (Fig. 5.12). The coefficient of correlation
(R?) is 0.9361 shows a close relationship between the observed and simulated
discharge.

Further, the efficiency of the model for simulating the runoff was also
tested using the efficiency index (Table. 5.8). A few high value of discharge
during ;he monsoon were slightly over predicted. The value of Nash-Sutcliffe

value (0.8229), index of agreement ‘d’ (0.9600) and a lower value of relative
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error ‘RE’ (0.2589) indicates that there is a good relationship between the
observed and simulated discharge during the validation. Figure 5.9 describes the
scatter plot of monthly simulated and observed discharge during the validation

period.

Table 5.8 Statistical analysis of model and observed monthly discharge, 2004

Parameters Discharge
Model Observed

Mean 0.0141 0.0112
Standard Deviation 0.0104 0.0096
Maximum 0.0400 0.0345
Total 0.1693 0.1345
Coefficient of correlation (R2) 0.9361
Nash-Sutcliffe efficiency (NSE) 0.8229

d 0.9600

RE 0.2589

Validation Period (2004)

0.05 {
0.04 -
0.03 -

0.02

Discharge (m*/sec)

0.01 -

0.00 ; ; ; ) o

Jan-04
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May-04
Jun-04
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Aug-04 |
Sep-04
Oct-04
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Time (Months)

~—— Observed —=—Simulated

Fig. 5.11 Mean monthly simulated and observed discharges in Barinallah

watershed for validation period
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Fig. 5.12 Scatter plot of monthly simulated and observed discharge during the

validation

The high R? and NSE in the calibration and validation suggest that the calibrated
model can describe the stream flow of the watershed. Thus we can be confident the
calibrated model with set of optimized parameters can be applied to examine the

hydrological responses of the basin under the land-cover change and climate change

scenario.
5.4.3 Validation with Discharge Data of 2002 to 2004 Combined

The performance of the model was checked by statistical analysis (Table. 5.9).
Model validation was performed for the year 2002-2004 (Fig. 5.13) and graphically
compared the model output with observed discharge data recorded. It is observed that
the model discharge closely matched the observed discharge consistently. A regression
analysis was performed between the observed and simulated discharge and the best fit
line is also shown (Fig. 5.14). It is observed that the model discharge data are distributed

uniformly along the 1:1 line.

The efficiency of the model for simulating the runoff was also tested using the
efficiency index (Table. 5.9). A high value of coefficient of determination (0.9337)
indicates a close relationship between the observed and model discharge data exist. A
close relationship between the means and standard deviation of the observed and model
data shows that the frequency distribution is similar. The value of Nash-Sutcliffe value

(0.8424j, index of agreement ‘d” (0.9636) and a lower value of relative error ‘RE’
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(0.1882) indicates that there is a good relationship between the observed and simulated

discharge during the calibration and validation period.

Table 5.9 Statistical analysis of model and observed monthly discharge, 2002-2004

Parameters Discharge
Model Observed
Mean 0.0122 0.0103
Standard Deviation 0.0093 0.0086
Maximum 0.0400 0.0345
Total 0.4383 0.3689
Coefficient of correlation (R2) 0.9337
Nash-Sutcliffe efficiency (NSE) 0.8676
d 0.9695
RE 0.1882
0.05
0.04
o
2
"‘E 0.03 -
®
s 0.02
2
=]
0.01
5835338338 33233333
838332533523 5585858¢:8323%¢
Time (Months)
——Observed Data —=—Simulated Data

Fig. 5.13 Mean monthly simulated and observed discharges in Barinallah

watershed for calibration and validation period
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Fig. 5.14 Scatter plot of monthly simulated and observed discharge during
calibration and validation

55 Sensitivity Analysis

The sensitivity analysis in ArcSWAT of different parameters was carried out to
know how different parameters of ArcSWAT influence the model output. The analysis
was done, based on the hydrological simulation at the catchment outlet by varying the

various parameters one by one and comparing the deviation in the flow simulated.

Sensitivity analysis was carried out using those model parameters which were
used for calibration of the watershed within their recommended range. The calibrated
value of each parameter is selected as the base value for the sensitivity analysis. The
base value of the each parameter is varied by replacing the values of the parameters
within their recommended range. The parameters considered for sensitivity analysis are:
Threshold depth of water in shallow aquifer required for return flow to occur (Gwgmn),
Soil evaporation compensation factor (Esco), Channel effective hydraulic conductivity,
Ch_K,, Base flow recession alpha (Alpha Bf), Manning's coefficient 'n' for channel
(Ch_N2). The various parameters and their range considered for sensitivity analysis are

present in table (Table. 5.10).
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Table 5.10 Input ArcSWAT parameter for sensmv1ty ana1y51s for Barmallah watershed -

S. No. | Parameters ) Short form Range
1 Threshold depth of water in shallow aquifer Gwgmn | O- 15000 7
required for return flow to occur
2 Soil evaporation compensation factor Esco - T 001-1
3 Channel effective hydraulic conductivity Ch_ K 0-150.
4 Base flow recession alpha . Alpha Bf ) 0 - 1
5 Manning’s coefficient ‘n’ for channjel‘ » Ch_N; 0-1 l

Source: ArcSWAT model output

5.6 Identification of Suitable Sites and Design of Check Dam

In the present study, inform‘a,tion about various themes such as land use/cover,
drainage, soil, slope etc. were integrated in the GIS environment to arrive-at a-decision
regarding sites suitable for. consei'vation measﬁres. Survey of India toposheet of the
watershed ‘with a scale of 1:50000 and contour interval of 40 m was used to compute the
DEM. From DEM, slope grid was generated for the study area which wés again.
reela551ﬁed according to the Integrated Mission for Sustainable Development (IMSD)
gmdelmes (NRSA 1991).

Satellite data was used for generatioﬁ of land use/cover map. In addition to that
quantitative morphometric ﬁnalysis was carried out for all the sixty six sub- watersheds
independenﬂy for determining their linear aspe'cts.b GIS represénts -the most effective
mechanism for utilizing remotely sensed data and also enhancing the effectiveness Qf '
this data through correlation of ‘remote seneing input already stored in a GIS
environment. Integration of Remote Sensing and GIS techniques prov.ide, reliable,-
accurate and updated database on land and water resources, which is a prereciuisite for
any integrated approach in identifying potential zones and to ide'htify_ suitable sites for
water harvesting such as farm ponds, check dams and percolation tanks etc. The analysis
was carried out by ArcGIS software. The decision rule was formulated for selection of
sites for various water conservation stmetufes ‘as ﬁer the guidelines ,s-u‘ggested by the
Integrated Mission for Sustainable Development (IMSD, 1995) and Indian National
Committee on" Hydrology (m COH). Table 5.11 and Table 5.12 provide the slope and
site selection criteria respectively. The details of the prdcedﬁres followed for -

identification of suitable sites are given below:
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1. Dramage layer was overlaId on the slope, soil and land use map.

2. The dramage pattern, slope, soil and land use map of the watershed area were'

carefully studied.

"3. The strictures were located where the ground ié fairly level below steeply
sloped upstream land, the drainage path is-nearly straight and the soil is fairly
thick. - , '

4. The relationship of the wéte_r harvesting structures to high-priority sub-
watershed was determined considering the priority sub watershed . and

morphological parameters.

5. The water harvesting structures should be located along the streams and near the
settlement and cultivatedA area. Therefore, a buffer of 500 m was considered

betw_een the settlement and proposed structures.

Table 5.11: Slbpe categories used for design of soil and water conservation structures

SI.No. | Slope Category ) Slope (Percent)

1. Nearly level 0-1

2. Very gently sloping . 1-3

3. Gently sloping =~ ’ 3-5 -

4. .| ‘Moderately sloping”™ ©5-10

5. Strongly sloping B 10-15

6. Moderately steep to steep slopmg 15-35

7. Very steep sloping © 35-50

8. Extremely steep - : - >50

Table 5.12 Site selection criteria for soil and water conservation structures

Name of | Slope _ Land use Catchment
structure e - area
Check dams - Nearly level to gentle | River stream (Nearby | Upto 25 ha

slope agricultural land) ) '
Percolation tank | Nearly level to very Open land /Waste land | >5 ha

: gentle '

Nallah bunds Nearly level to very Open land/Waste land | >20 ha

steep

5.7 Water Demand Assessment Based on Population Growth
An assessment is made on the population growth vis-a-vis water requirement in

the region. Accordingly, total water requirement in the area based on the population is
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estimated considering per capita water requirement per day as 70 liters per day. Table
5.13 gives the population of the study area since 1971 to 2011 (as per census) and 2021
to 2031 (as per projection @ 1.75% increase per year). Figure 5.15 shows the graphical
representation of population in different years. Estimated water requirement in the

region based on population count is given in Table 5.14.

Table 5.13 Year-wise population in the study area

Villages
Loni+
Pranohin | Dular+ Behra | Karor Pukhri Total
Bhuman
Year
1971 279 320 227 450 454 1730
1981 328 431 262 532 606 2159
1991 326 510 330 608 673 2447
2001 346 567 397 684 776 2770
2011 388 636 445 767 870 3106
2021 462 757 530 913 1035 3697
2031 549 900 630 1086 1231 4396
1400

1200 /,-
1000 2
800 / / Pranohin
600 //‘W -~ —=—Dular+ Behra
///// — KA ror
- .:'/_::7-4—"" —— Loni+ Bhuman
Pukhri

1971 1981 1991 2001 2011 2021 2031

Population

Year

Fig. 5.15 Year-wise population in the study area
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Table 5.14 Estimated water requiremerit based on population growth in litre-per day ’

Villages
. Dular+ Loni+ .

Pranohin Karor . Pukhri Total

Behra Bhuman

Year :
1971 19530 22400 | 15890 31500 31780 | 121100
1981 | 22960 30170 | 18340 37240 42420 | 151130
1991 22820 35700 | 23100 42560 47110 | 171290
2001 24220 39690 27790 47880 |- 54320 | 193900
2011 | 27160 - | . 44520 31150 | 53690 60900 | 217420
2021 | 32340 52990 | 37100 | 63910 72450 | 258790
2031 38430 63000 44100 76020 86170° | 307720

5.8 Design Methodology of Check Dam
- 5.8.1 Gravity Dam

The gravity dams are of small heights of about 4 to 5 m and are proposed
to be constructed. As these are very small dams, section of which have been
chosen in accordance to the guide lines given in Bureau of Indian Standards
(IS-6512, 18-1893 and Small Dams, USBR Publications). Top width of check
dam has been proposed as | m and side slopes have been considered as 0.9H: 1V
till it meets the natural ground level. The details on the design aspect are givenin - .

Annexure I.

Sample design of check dam has been carried out fo-r two selected
watersheds, viz. sub-watershed NQ. 17 and 43, the detail of which are given in
Table 5.15 . Design of check dam for subWatershgd No. 17 and 43 revealed that
height of the check dam may be 4.5(:) m. Total catchment areé of the check dam -
for sub-watc:_fshed No. 17 and 43 is found to be 1:97 km? and 0.69 kﬁ]z. For this

design discharges were 0.041 m>/s and 0.026 m®/s respectively.
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Table 5.15 Calculation of capacity of Check Dam for sub-watershed No. 17

Area (mz) Interval (m) Volume (m”) Cumulative

_ Volume (ni3),

Al 12.025

A2 20.450 hl 0.50 8.1188 . 8.1188

A3 | 28320 | n2 0.50 121925 | 203113
A4 38.520 . h3 0.50 16.7100 - 37.0213

AS 48.260 ‘h4 -~ 0.50 21.6950 58.7163

A6 68.750 hs ] . 0.50- -~ .729.2525 87.9688.
Total 2.50 v_87.9688

Table 5.16 Calculation of capacity of Check Dam for sub-watershed No. 43 -

Area (m°) Inwryalun)' Volume (m°) Cumulative
‘ : Volume (m?)
Al 6.100. '
A2 14.250 hl 0.50 5.088 - 5.088
A3 20.540 h2 0.50 $.697 13.785
Ad 28.550 w3 | 050 12273 26.058
A5 38.860 hd 0.50 _ 16.852 42910
A6 45.640 s 0.50 21.125 64.035
Total 2.50 ~ 64.035
5.8.2 Surplus Escape

The surplus escape is a concrete structure proposed at the said location to release

the design flood from the Check dam withouit causing harm to the other components of

the head works of the schemie., Clear water way has been provided to release the excess |

water. The following formulae suggested by Varshany et al. (1993) has been considéred .

to release the design flood over the broad crested weir is

Q=CLH*

meter and H = head over the crest in meter.
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The upstream and downstream water level has been calculated corres'pondi;'ng to
the design ﬂoed and accordingly the crest level has been fixed. Fixing of crest level alsp
depends upen the pond level and Maximur'n Water Level (MWL) of the reservoir.
Provision of shutters of 51ze about 1. OO m x 1.00 m have also been considered to create
the pond level intact, so that the water can release comfortably to the command area. The*
automatic falling shutters are to be so designed that if the water rises above the pond

level the shutters automatically fall down to release the discharge-quickly.

Upstream cut off and downstream cutoffs have also been considered to control
seepage beneath the structure as well as to protect the structure from scouring effect.

Lacey's scour depth below the water level has been estimated as follows:
R=135q% /"

where "R" is maximum probable scour depth in m, "q" is discharge intensity in
cumec and "f" is the silt factor. A factor of safety of 1.5 in upstream cutoff and 2.00 in

downstream cut off have also been taken into consideration.

One stilling basin has also been proposed at the downstream end of the crest so as
to dissipate the quantum of energy acquired by fhe high velocity flowing v;/ater. Because
of the provision of stilling basin, the downstream end of the structure is protecfed from

.scouring effect and the less velocity water is release to the diainage channel>
downstream. UUSBR type of stilling basin has been adopted (Small Dams, USBR
Publications and IS 4997/1968).

The side retaining walls as well as upstream and downstream return walls have
also been designed with its top level above the maximum water level and suiting tothe V
embankment of dam's top level with its slope. Further, stability analysis has been

performed for its safety considerations.
5.8.3 Head Regulators

Dependmg upon the topographlc condition and permissible 11m1t of the contours,
the head regulators have been proposed at the banks of the Nallah so as to release the
water to the downstream area. As these are located at the high ground level, very simple
structures are demgned as retaining structure w1th a passage in between Provisions of
shutters are to be made to control the flow to the downstream for command area. These

are concrete structures provided with cutoffs at both upstream and d_ownstreém and as '
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per the requirements of command area waterways are provided through- these control’

structures.

5.9 Spacing of Contour Trenches:

The slope of the sub-watershed Nos. 36, 52 and 61 is more than 40%. Ther
average slope stands at 50% in the area. Here, the spacing of contour treriches is’

calculated using average slope of 50% as per the following equation:
Vertical Interval (V.1.) = 0.305 (XS+Y),
Using, -
 X=040 (Rainfall factor)
S = 50% (Land slope %)
Y = 1.0 (Soil infiltration factor)”
VI =0.305(0.40 x 50 + 1.0)
=6.405'm

- The hqriiontal interval between two bunds is calculated as

Horizontal Interval (H.1) = V.L x 100/Slope

Using,
| V.I. =6.405m
S =50%
HI =6405x100 /50
=12.81 m.
Contoﬁr trenching/ Bundi-ng_ Intensity = 100*8/V1

=100 #50/6.405
= 780.64 m/ hectare.

5.10 Model Reésponse to Future Climate Data

, The ilhpa(_:t of future climate were assessed by running the calibrated model-for“
the period 2011-2031 by keeping thé DEM, soil map, slope map and land use/ cover map
same. The‘predicted surface runoff for the y,eéré 2011, 2021 and 2031 has the average:
monthly changes as 2.45 %, 7.91 % and 16.95.% respectively which are "sho\%vn 111 Fig. .
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5.16. The surface runoff decreases throughout the year except for the months of June,
July and August for the year 2011 (Fig. 5.17). For the year 2021, the surface runoff has
decreased in January to May and October to December (Fig. 5.18) and increased in June
to September. The surface runoff has decreased in January to May and November to

December and increased in June to October for the year 2031 as shown in Fig 5.19.
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Fig.5.16 Monthly change in surface runoff in Barinallah watershed
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Fig.5.17 Monthly change in surface runoff in Barinallah watershed for 2011
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Fig.5.19 Monthly change in surface runoff in Barinallah watershed for 2031

At present none of the existing streams in the watershed are being treated with
water restoration structures such as check dams, gabions and contour trenches etc.
Howeve;', based on the population growth and model response to future climate data, it is
suggested to undergo water restoration plan in the region to mitigate climate change.
Table 5.17 presents the water restoration plan of the area for the period 2011 and 2031
through proposing structures in the suggested streams considering climate change as

well as in normal condition.
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Table 5.17 Watershed Restoration Plan considering Climate Change

Sl. Structure Type Pfes_ent _ ‘Water Restoration Plan
No. Position . o
In 2011 - In2031
(without climate (with climate
) L : change)- change)
1 Check Dain for Sub-watershed Not 7.83 o’ .72’
No. 17 existing :
-2 | Check Dam for Sub-watershed Not 27.00 m’ 58.59 m’
No. 43 - existing : '
3 Gabions for Sub-watershed No. Not 3 Nos 3 Nos
17 existing
4 Gabions for Sub-watershed No. Not 1 No. 1 No.
5 ) . - existing
5 Contour Trenching for Not 780.64 m per -
Sub-watershed No. 36 ex1stlgg hef:tare,
6 Contour Trenching for ~Not 780.64 m per
Sub-watershed No. 52 existing hectare.
7 Contour Trenching for Not 780.64 m per
Sub-watershed No. 61 e),ﬂsnng hectare. .

5.11 Concluding Remarks -

The hydrological parameters based on the analysis revealed an increasing

trend in precipitation and temperature. The catchment modelling was carried out .

using the ArcSWAT model.. ArcSWAT requires‘ specific information about

weather, soil properties, fop‘ography, vegetation, and land management practices-

occurring in the watershed. The ArcSWAT model divides the watershed into

sub-watersheds which allow accounting of land uses and soil properties impact

on hydrology. Model calibration was performed manually by adjusting five (5)

parametérs_ (wifhin their prescribed range) until the model output matches the .

observed discharge. The gauge discharge for a period of 2002 and 2003 was used

_ for calibration.
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The r/élidation of the ArcSWAT model was performed by comparing the - '
observed and model simulated discharge by comparing them g—raphieally and the
model performance was also evaluated us'ing four indices r;iz Coefficient of
determmatlon (R?), Nash and Sutcllffe Efficiency (E), index of. agreement (d)
relatlve error of the stream flow volume (RE). The model performance was
evaluated for the year 2002-2003, Further validation was also carrled out for the
year 2004 along with the calibration period (2002 2003).

Finally, three different ty.pes of structures viz. check dam, gabions and

contour trench have been identified using GIS technique and then suggested for N

1mplementat10n with therr de51gn details within the watershed. A plan for the A

restoration of water resources is _prepared considering the climate change. -

- -79-



CHAPTER 6
CONCLUSIONS

6.1 Conclusions

Based on the present study the following conclusions can be drawn:

e The study assesses the water ava11ab111ty in the region. Based on the 1nterpretat10n
of meteorologlcal data for the last 11 years, it is concluded that the region is facing A
water scarcity during peak summer. The dlscharges from natural springs, nallah '
etc are at minimal. o ) _ \

® Trend analysis was done lising Mann—KendalI tesr, Sen’s Slope Estimator and
Moving Average method. Trend analysis ef temperature dand rainfall for 5’0 years.
(1953-2002) confirms changing vclima'te in the regiorl. "The annual mean
temperature in the region is increasing gradually. Dry speH in the regioh’is_ also”

. frequent. Rainfall pattern is becoming erratic with high intensity rainfall.

e It is observed during trend anaiysis that temperature is showing an increasirlg
tendency_in six months out of twelve rrronths ef the year. I anuéufy and May gives
the greatest slope 0.03°C, ‘followed by December 0.02°C, February7 April and
November showed the smallest tendency, with slopes of 0.01°C. June g_iveé-the

~ maximum negative trerld -0.02°C, followed by July, August arld_Seprember _'witlr )
slopes of -0.01°C while the months March and cheber shows no trend.
Temperature slopes are positive drlring the winter season and are negative Vduringi
the rainy season. .

s Rainfall trend when analyzed it is observed that two months i.e. October and
December out of the twelve months witnesses decreasing trend with values -0.32

- mm and -0.11 mm respectively. However remaining months in the year Wltnesses
increasing trends excepting November showmg no trend.

o Satellite i image was regenerated into land use map for the region using supervised -
classiﬁcatien algorithm. The land use in the region is predominantly covered by
forest (61 37%) followed by fallow land (37.50%), agrlcultural land . 84%) and .

’_ water bodies (0.29%) out of the total area of 12. 02 km?. B

o Average monthly dlscharge data for three years (2002-2004) was calibrated and',
validated using ArcSWAT model_. It is observed from the ‘overall standard
deviation and mean that the model over predict during the }ieer 2002-2003. A high
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. value of Nash-Sutcliffe efficiency and index of agreement shows that there is a
good relationship between the ‘model and observed discharge during the
calibration. . '

¢ Model validation was performed for the year 2004 and graphically compaf_ed the
model output with observed discharge data recorded. It is observed that the model
dis‘chargevclosely matched the observed discharge consistently. The regression
analysis was performed between the observed and simulated diécharge and the best
fit line is also shown. The model slightly over. predicted the high value of

' dischaige‘. The coefficient of correlation (R?) is 0.9361 showing a close
relationship between the observed and simulated discharge.

e The efficiency of the model for simulating the runoff was also tested using the -

. efficiency index in the study. A few high value of discharge during the monsoon
were slightly over predicted. The Va_iue of Nash-Sutcliffe value-(0.8229), ind“éx of
agreement ‘d*(0.9600) and a lower value of relative error ‘RE’ (0.2589) indicates
that there is a good relationship between the observed and simulated discharge
during the validation. »

-« Two suitable sites were identified using satellite image and GIS technologies in the -
region where check dam is proposéd for storing and recharging runoff.
« A suitable plan has been prepared for the restoration of water resources within the

study area considering climate change.

6.2 Scp_p‘e for'Further Study ‘ )
* Study should be performed with ;ﬁore field data particularly the discharge data of
springs. '. . 7 .
o LANDSAT Satellite image passing in the year 2006 with a resolution of 30m x
30m has been used in the study to generate the land use/ land. cover as well as
identification of suitable sites. In future, high resolution latest satellite image can

be taken for research.
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APPENDIX

DESIGN OF CHECK DAM
Data required : .
D/S face of Dam = 0.90 Horizontal: 1  Vertical
Rectangular Height = " 450m
Roadway width = 1.00 m
D/S triangle height = 339 m
D/S Triangle width = 3.05m
Unit Weight of Water = - 1000 KN/m®
Unit Weight of Material = 24.00 KN/m®
Free board Height = 100 m
Tail race height = 0.00 m
Horizontal distance of tail race = 0.00 m
Assumed Maximum reservoir level = 4.00 m
Silt level = 0.00 m
Total base of Dam = 4.05 m
~ Centre of gravity of Base = 203 m
A) Calculation of Dead weight
i) D/s Triangufar Portion
W = 124.03 KN 1.00
Lever Arm = 0.01 m <>
ii) Rectangular portion : 00
W, = 108.00 KN 1
Lever Arm = 1.525 m-
B) Calculation of Water Pressure in NRL condition
A 2.50
Horizontal: ; . 239
i) U/S waler pressure 4,50 3.39
W = 61.25 KN
Lever Arm = 117 m . 1.00 - l
if) D/S water pressure . .
W2 = 0.00 KN . <—— 405 —>
Lever Arm = 0.00 m
C) Calculation of Water Pressure in MRL eondition
Vertical:
i) U/S Rectangular portion
W1 = 0.00 KN
Lever Arm = 2,025
ii) D/8 Triangular portion
Wy = 0.00 KN
Lever Arm = 2.025 m
Horizontal:
i) U/S water pressure
W = 80.00 KN
Lever Arm = 133 m
D) Calculation of Uplift Pressure ( NRL)
Vertical:
Ul = 54.00 KN Lever Arm = 0.68 m
E) Calculation of Uplift Pressure { MRL) s
Vertical: ) ,
Ul = 54.00 KN Lever Arm = 0.68 m
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LOADS AND MOMENTS ACTING ON DAM

| < 420 KN/m? (Safe)

<3000 KN/m? (Safe,

< 420 KN/m® (Safe)

91

, . Load in KN
. SL. Description of Load Symbol LCYEI‘ arm Moment
No. L Horizontal | Vertical mnm in KN-m
: Wi +124.03 | +0.010 +1.24
1 Dead Load
: w2 i +108.00 | +1.525 + 164.70
_Total 232.03 .165.94
TW 6¥TM
P minimum 'a' = - -
T T2
= 572914 - 60701 = -3.41 . KN/m®
: >w 6%y M
P maximum 'b' = —— +
T T
= 57291 + 60.701 = 117.99 KN/m®
i Reservoir Water Pressure in ~ § ! i ! .
Wwwl | - 61.25 P+1.17 - 71.46
* _INRL Ufs (Horizontal) whito : i+l 71
o Total 0.00 71.46
A% *TN
P minimum 'a’ =Z— - 6*IM
TZ
= 0 - 26139 = -26.14 KNm®
. o
P maximum b =—.Z—w + 6*IM
T . T2
=0 + 26,139 = 26,14 KNm®
3 {Uplift Pressure in NRL iUl {-54.00 | +0.68 - 36.45
. Total - 54.00 - 36.45
— "
P minimum 'a' =L— - —624—
T T?
= -13333 - -13.333 = 0.00 KN/m’
’ W %YM
P maximum 'b’ =—Z— + L
T T2
= -13.333 + -1333 = -26.67 KN/m®
4 {Uplift Pressure in MRL [ Ul g [ -5400 | +0.68 i -3645
‘ Total - - 54:00 - 36.45
- - 2W 6*TM
P minimum 'a! = ———— -
T T?
‘= -13333 - -13333 = 000 KNm’
. W .
P maximum 'b’ =—Z— + ﬂ
T T2 )
= -13333 + -1333 = 26,67 KN/m®

< 420 KN/m® (Safe)



Calculation of capacity of Check Dam for Sub-watershed No 17
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Population Per capita Water requirement
demand
Persons LPD LPD Cum per day
870 70 60900 0.000705
Month Averge  Water Demand - Departure Cumulative excessive  Cumulative
monthy : down stream flow @ excessive flow
discharge ‘ demand
in cumec in comec in curhet in cumec in cumec
Jan 0.00069965 0.00070 -0.00001 -0.00001 0.00000°
Feb. 0.00156963 0.00070 . 0.00086 -0.00001 0.00086
Madr ~ | 0.01193395 0.00070 0.01123 | -0.00001 0.01209
Apr " {0.00148369 0.00070 0.00078 - -0.00001 0.01287 -
May 0.00061941 0.00070 . -0.00009 -0.00010 - 0.01287
Jun | 0.00457507 0.00070  0.00387. -0.00010 0.01674
Jul 0.02247251 0.00070 0.02177 -0.00010 0.03851
Aug 0.0412434 0.00070 0.04054 -0.00010 0.07905
Sep 0.02130127 0.00070 0.02060 -0.00010 0.09965
. Oct 0.01213062 0.00070 0.01143 -0.00010 0.11108
Nov 0.00711945 0.00070 0.00641 -0.00010 0.11749 .
Dec 0.00081242| - 0.00070 0.00011 -0.00010 0.11760
Total - -0.00010
Required storage capacity = 86400 x 0.0001
8.64 m®
Population Per capita Water requirement
' demand
Persons LPD LPD ~ Cum per day
1231 70 © 86170 0.000997
Month Averge  Water Demand . Departure Cumulative excessive ~ Cumulative
monthy down stream flow ~ excessive flow
discharge demand ’
in cumnec in cumec in cumec in cumec in cumec
JJan.10.00077151 0.00100 -0.00023 -0.00023 0.00000
Feb 0.00201822 0.00100 0.00102 -0.00023 0.00102
Mar 0.01297874 0.00100 0.01198 -0.00023 0.01300 _
“Apr 0.00181417 0.00100 0.00082 -0.00023 0.01382
May 0.00060163 0.00100 -0.00040 -0.00063 0.01382
Jun 0.00467196 0.00100 0.00367 -0.00063 0.01749
Jul 0.02453468 0.00100 0.02354 -0.00063 0.04103
Aug 0.0413337 0.00100 - 0.04034 -0.00063 0.08137
Sep 0.03121688 0.00100 0.03022 -0.00063 0.11159
Oct 0.01491499 0.00100 0.01392 . -0.00063 0.12551
Nov 0.00814646 0.00100 0.00715 -0.00063 . 0.13266
Dec 0.00078882 0.00100 -0.00021- -0.00084 - 0.13266
Total ) : -0.00084
Required storage capacity = 86400 x 0.00084
Required storage capacity = 72.576° m’




Calculation of capacity of Check Dam for Sub-watershed No. 43

Population Per capita Water requirement
in 2011 demand
Persons LPD LPD Cum per day
636 70 44520 0.000515
Month Averge  Water Demand  Departure Cumulative excessive =~ Cumulative
monthy down stream flow excessive flow
discharge demand
in cumec in cumec in cumec in cumec in cumec
Jan 0.00030621  0.00052 -0.00021 -0.00021 0.00000
Feb 0.00192722  0.00052 0.00141 -0.00021 0.00141
Mar 0.00670321  0.00052 0.00619 -0.00021 0.00760
Apr 0.00454796 0.00052 0.00403 -0.00021 0.01163
May 0.00058805 0.00052 0.00007 -0.00021 0.01170
Jun 0.00041181 0.00052 -0.00010 -0.00031 0.01170
Jul 0.01355553 0.00052 0.01304 -0.00031 0.02474
Aug 0.01213252  0.00052 0.01162 -0.00031 0.03636
Sep 0.02038524 0.00052 0.01987 -0.00031 0.05623
Oct | 0.00918477  0.00052 0.00867 -0.00031 0.06490
Nov 0.004651 82: 0.00052 0.00414 -0.00031 0.06904
Dec 0.00071898 0.00052 0.00020 -0.00031 0.06924
Total -0.00031
Required storage capacity = 86400 x 0.00031
Required storage capacity = 26.784 m’
Population Per capita Water requirement
in 2031 demand
Persons LPD LPD Cum per day
900 70 63000 0.000729
Month Averge  Water Demand  Departure Cumulative excessive =~ Cumulative
monthy down stream flow excessive flow
discharge demand
in cumec in cumec in cumec in cumec in cumec
Jan 0.00051018 0.00073 -0.00022 -0.00022 0.00000
Feb 0.00253972  0.00073 0.00181 -0.00022 0.00181
Mar 0.00735675 0.00073 0.00663 -0.00022 0.00844
Apr 0.00117658 0.00073 0.00045 -0.00022 0.00889
May 0.00027008 0.00073 -0.00046 -0.00068 0.00889
Jun 0.00152402  0.00073 0.00079 -0.00068 0.00968
Jul 0.01865042  0.00073 0.01792 -0.00068 0.02760
Aug 0.01839438 0.00073 0.01767 -0.00068 0.04527
Sep 0.0256798 0.00073 0.02495 -0.00068 0.07022
Oct 0.00733647  0.00073 0.00661 -0.00068 0.07683
Nov 0.00268292 0.00073 0.00195 -0.00068 0.07878
Dec 0.00088673 0.00073 0.00016 -0.00068 0.07894
Total -0.00068
Required storage capacity = 86400 x 0.00068
Required storage capacity = 58.752 m’
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