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A Sudy in Water Balance and Climatic
Characteristics of Varanas

Anamika Singh! and. B.N.Singh?

Rainfall isthe main source of water supply on the earth surface and it determinesthe
moisture level at various depths of soil available to crops. The availability of moisturein
soil is a controlling factor for growth and development of all types of vegetation espe-
cially for existing cropsin an area. Day to day human activities are normally governed by
the prevailing climatic conditions of a region while on the other hand climate itself is
modified by different socio-economic activities of human beings like deforestation, farm-
ing practices, industrialization, rapid urbanization etc. The location and physiographic
factor s also combinedly influence the climatic characteristics of a region. Inthe sameway
climate helps to define climax vegetation of a region and also setslimitsfor crop growth.
In this context, the numerical estimate of climatic water balance and its study has ob-
tained an important place in geography

In the present study an attempt has been made to describe the climatic characteristics
of Varanasi and to evaluate the water balance parameters for Varanasi according to the
revised scheme of Thornthwaite and Mather (1955).

Keywords: potential evapotranspiration, actual evapotranspiration, water deficit and
water surplus, moisture adequacy index

Introduction

Present farming systemsarehighly adapted  main source of water and determinesthemois-
toloca climateaongwithtopographica char-  tureleve at various depthsof soil availableto
acteristics. Infact, agricultural practicesare  crops, the actual availability does not depend
strongly controlled by thermal and moisture  onrainfdl aone, asit should beba anced against
characterigtic of anarea. Thoughrainfalisthe  theamountsdueto evapo-transpiration (Singh,
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2005). Inthegrowing period, theavail ability
of moisturein soil isacontrolling factor for
growth and devel opment of all types of veg-
etation especidly for existing cropsinaregion.
The amount of moisturethat islost to the at-
mosphere through evapotranspiration depends
primarily upon the avail able moisture content
inthesoil, thetempora variation of which may
be determined from knowledge of rainfall dis-
tribution. (Sharma, 1983). To explainthecrop-
ping pattern, moistureadequacy, anatura fac-
tor, and theintengty of irrigation, aculturd fac-
tor should be carefully considered
(Mohapatra,2016). In agro-climatic studies
water balanceisakey factor to evaluate the
amount of continual interchange of water be-
tween root zones of soil to the atmosphere.
Thetermwater balance meansthe accounting
of dl water inall variousformsand statesat a
particular place (Mather, 1974). The precipi-
tation and temperature are thetwo main fac-
torswhich areessentid for biologica needsas
well asplant growth. Preci pitation constitutes
amost dl theentirewater supply to thelithos-
pherewnhich sgnificantly providesmoisturefor
various soil depths and later on this stored
moi sturethrough the process of transpiration
and evaporation isreturned to theatmosphere.
Inthisprocesswhen thewater reachesonthe
land surfacethroughrainfal, part of it diverted
asrunoff, soon after the soilsare saturated and
theinfiltered rain water returned in the upper
layer of the soil atmospherewhichisutilized
for vegetation or crop growth.( Sharmaand
Lakshmi-kumar, 2006). Temperature isthe
another climatic € ement which playsamajor
roleinsurviva and growth of plants. Solar ra-
diation asamajor source of atmospheric tem-
peraturesignificantly affectsthe magnitude of
soil temperature. Amount of radiation deter-

minesthe extent of evaporation, soil tempera-
tureaswdl assoil moisture. Sotheavailability
of moistureintheroot zone of soil increases
by rainfall and decreases by evapotranspira-
tion. Theexact information about thesoil mois-
tureavailability intime and space context give
theinformation about the cropping scheduled
and crop combinationin abetter way.

Thestudy of climatic water balanceisone
of theimportant aspects of applied climatol-
ogy. Inthis perspective theknowledge of wa-
ter balance elementsin spaceandtimeises-
sentid for theagriculturd practices. Infarming
practicesit providesinformation about water
requirement for cropsand vegetationsaswell
asthewater availability for thecropsand plants
uses. It also provides knowledge about the
assessment of supplementary irrigation for the
standing crops, if water deficit for aparticular
period exigts.

Theamount of moisture available can be
best derived from the knowledge of Moisture
Adequacy Index (Ima), which representsthe
ratio of actual evapotranspiration (AET) and
potentia evapotranspiration (PET). Moisture
Adequacy Index indicatesthe moisture status
inthesoil for particular period. Anexcessor
deficit of moisturein theroot zoneof soil and
eveninamaospherehighly dependsonthemag-
nitudeof rainfal.

Inorder to obtain soil moisture, aleading
climatologist Thornthwaite (1948) proposed a
book-keeping procedurefor the computation
of the elements of water budget by treating
preci pitation asincome, potential evapotrans-
piration asexpenditureand the moisturestored
inthesoil asareservefor useintimesof defi-
cient precipitation (Subrahma-nyam,et.al,
1963).
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In recent yearsthe growing demand of wa:
ter invarious sectorsof economy for different
purposes has drawn much attention of the sci-
entistsof many disciplineslikeapplied clima
tology, agronomy, hydrol ogy, industries, water
management, geophysics etc to make better
useof thispreciousresourcefor welfare of the
human being. Specialy, in agro-climatic stud-
iesaclear understanding of water balanceee-
mentslikespatio-tempora occurrenceand dis-
tribution of precipitation (water supply), actud
evapotranspiration (the amount of water that
actually evaporatesand transpires), potential
evapotranspiration (water need), thewater de-
ficiency (water requirements) and water sur-
plus (irrigation potential) hasbecomeanim-
portant considerationand asoit helpsin vari-
ousagricultural operations.

Objectives
Themain objectives of the present study are:

*  Toderivewater b ance parametersonthe
basisof climatic elementsto find out sea
sond vaiaioninwater surplus/deficit.

*  Todeterminemoistureadequacy index
Data sour cesand methodology

Therequired dataof climaticdementslike
rainfall, temperature, wereobtained fromthe
Director, IMD, Puneand Geophysi cs Depart-
ment of BHU,Varanas for the period of 30
yearson request. Some other important infor-
mationswere collected through online pub-
lished research papersand journds. Themodi-
fied scheme of Thornthwaite and Mather
(1955) has been applied for computation of
variouswater bd anceparameterslike PE, AE,
WS, and WD. Further, inorder tofind out the
seasonal variation in soil moisture, Moisture
Adequacy Index (Ima) as suggested by

J.O.Ayoade (1972) later onV.P. Subramanyam
(1983) hasbeen computed. Thelmavaluerep-
resentstheratio between Actua evapotrans-
piration and Potentia evapotranspiration ex-
pressed in percentage.

Sudy area

Varanas isoneof theoldest living city and
very famouseducational and religious centre
of theworld. It issituated inasub-tropica in-
terior of the middle Ganga plain having sub-
recent deposition of Pleistoceneperiod. It lies
between 25° 18' N. latitude and 83° 01' E.
longitude. Varanasi and itssurroundingsare
mainly underlain by Gangetic aluviumwhich
congtituteinter bedded layer of sand, silt and
clay (Singh and Singh 2010). The district
of Varansi coversan areaof 1535 km? at the
elevation of 76m (md).

Climaticcharacteristics

Varanas islatitudinaly situated in asub-
tropica interior part characterized by monsoon
climate. Thusthe study areaexperiencesthe
completereversa of thewesther conditionsby
seasonal reversal of wind direction. Theyear
ismainly divided into four distinct seasonsby
IndiaM eteorol ogica Department: south-west
monsoon season (Mid Jun-Sept), post mon-
Soon season (retreating monsoon, Oct-Nov)
winter season (Dec-Feb), and Summer Sea-
son (Marchto Mid June).

Climaticwater balance

Water balanceisakey factor to evaluate
the amount of continual interchange of water
between root zone of soil and theatmosphere.
In this perspective the knowledge of water
balance parametersin space and timeises-
sentia not only for the hydrological processes
but alsoto theagricultura practices. Thewa-
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ter balancegivesagoodinsight of ecologicaly
sengtive parameters. It provides useful infor-
mation about theexisting moisture condition of
anarea.
Evapotranspiration

To computethe evaporation/evapotrans-
piration from free water surface and land ar-
eas of theearth, aclimatic water balance es-
tablishesrdationship between precipitationand
evapotrangpirationin quantitativeterm. Inthis
regard a leading climatologist C.W.
Thornthwaite (1931, 1948 and later on in
1955) firstly introduced the concept of Poten-
tial evapotranspiration and proposed an em-
pirical formulato obtainitsvaueonthebasis
of mean monthly temperature.

Inwater ba ance studies, evapotranspira-
tionisamajor component to measurethede-
greeof drynessand wetnessof aregion. Like
precipitation it isalso animportant parameter
to determinethe climate of aregion. Froma
comparison of the seasona march of precipi-
tation with evapotranspiration, themagnitude
of moisture parametersi.e. water surplus, wa
ter deficit, soil moisture torage and water run-
off may bedetermined (Singh, 1977). Theterm
evapotranspiration refersto acombined | oss
of water through evaporation (from the soil,
water bodiesand snow cover) and transpira-
tion (from plant species). It representstransfer
of water from the earth back to theatmosphere.

Onthebasisof themarch of precipitation
from month to month and placeto placeare-

gion experiencesboth wet and dry seasonsin
ayear. The above aspects are explained as
follows (Thornthwaiteand Mather,1955): (1)
period of full storage, when precipitation ex-
ceedsthewater need and amoisture surplus
(S) accumulates, (2) the early part of adry
period, when the stored soil moistureand pre-
cipitation used inevgpotranspiration , istermed
asperiod of soil moisture utilization, (3) when
soil moisture storage steadily diminishes, the
actud evapotrangpiration falsmuch bellow the
potentid and amoisturedeficiency (D) occurs
and (4) amoisture season, when precipitation
again starts exceeding the water need, soil

moistureisrechargedtill it attainsitsfull ca-
pacity. After the completion of thisrecharge, a
surplus (S) commencesagan.

1. Potential evapotranspiration

PE is the amount of water that would
evaporate and transpirefrom awet vegetated
surfaceif soil moisturewereawaysavailable
insufficient amount for optimum use. Sothe
annual and seasonal patterns of PE exhibit a
closeresemblanceto thedistribution of tem-
perature. The average annua PE is about
1494mm. On an average, the maximum water
need is observed in the month of May (204
mm) and theminimum in January(25).

Theaverage seasond PE vauesare high-
est in SW monsoon season (719mm) because
of high temperature, longer day duration and
highest vegetd covers. However itisfound low-
estinwinter months (95)dueto low temperatur



Table 1: Water Bdance Parametersin mm (Field Capacity = 250mm),Varanas

A Study in Water Balance and Climatic Characteristics of Varanasi

Parameter [Jan. | Feb. Mar. | Apr. | May |Jun.| Jul. |Aug. | Sep. |Oct. |Nov. |Dec. | Annual
(mm)
T°C (159 |18.97 243 | 30.2 329 (327| 29.7 | 20.2 | 286 |265 | 221 |17.3 25.7
P 18 20 15 10 14 | 115| 292 325 270 34 8 16 1137
PE 25 40 102 172 204 | 202 | 186 175 156 | 134 68 30 1494
P-PE -7 -20 -87 | -162 -190 | -87 | 106 150 114 |(-100 | -60 | -14 370
ST 120 | 111 78 41 19 13 | 119 250 250 | 167 | 131 | 124
ST -4 -9 33 -37 -22 | -6 | 106 131 0 -83 | -36 | -7
AE 22 29 48 47 36 | 109 | 186 175 156 | 117 44 23 992
WD 11 54 125 168 | 93 0 0 0 17 24 502
WS 0 0 0 0 0 0 19 114 0 0 133

Source: Computed by author, Relevant data Obtained from IMD, Pune.

2. Actual evapotranspiration

Actual evapotranspirationisthe most important water balance parameter which may be
expressed asthe actua amount of water lost to the atmosphere under the existing climatic con-
dition and moisture stored in the soil. So its seasonal distributionishighly controlled by the
amount of rainfall and moistureavailableinthe soil region. Onanaverageitislowestinthemonth
of january(23mm) and highest inthe July (186mm) in the study area. Theamount of actua water
lossishighly variablefrom season to season.

PE, AE, P in mm,

VARANASI
CLIMATIC WATER BALANCE

In SWmonsoon season (JJAS) it ishighest (626mm). Inthisperiod AE increases dueto ad-
equate moisture supply through rainfall. Thereafter it started to decrease from the months of
Post-monsoon seasontill theend of winter season. From the beginning of summer monthsthe
amount of actual water lossgradually increaseswith rising temperature.
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Table2:

Seasonal Distribution of Water Balance Parametersat Varanas..

5 n Winter Season

Summer Season

Post Monsoon

SW Monsoon Season Season

Parometers p

FE|AEWD|WS| P | FE |AE|WD

WSs| P

FE | AE|WD |WS| P | FE | AE WD

A B|74) 21| 0| 0 |478|131| 347

Volue in mm

0 [1002|719|626| 9B 133 |42 | 4 |202|161| 41

P=Precipitation, PE - Potential Evapotraspiratiion. AE = Actua Evapotranspiration. WD = Water Deficit.

WS =Waler Surplus.

3. Water deficit

Thewater deficit isexpressed asthe dif-
ference between water need (PE) and actual
evapotranspiration (AE). Itissmply theshort-
ageof moisturethat isnot availablefor utiliza-
tion. Inmonsoond climatewherethe seasonal
rainfal variability ishigh, theclimate becomes
drier & theend of moist period. Exceptingthree
monthsof rainy (JAS) season, remaining other
months experience varying amount of defi-
ciency intheyear.

Onan averagethedeficiency occurshigh-
est (347mm) indry summer season duetolow
or no rainfall. Due to negligible or meager
amount of rainfal and low evapotranapiration
winter season observes|east amount of water
deficit (21mm).

It isone of the important water balance
parameter which indicatesthetimeof irriga-
tion scheduling for the standing agricultural
crops.

4. Water surplus

The surpluswater isthat part of rainfall
whichisexcessfromtheevapotranspiraonand
soil moisturestorage. Thereforethewater sur-
plusrepresentstheamount of water that isleft
after fulfilling the demands of theatmosphere
and the soil. The comparison of monthly P, PE

and moisture storage gives the information
about themoisture surplusof theregion. Inthe
study areaJuly, August and September arethe
rainiest month of the year. When thesoil isful-
filled withrainwater after retainingthemois-
turetoitsfield capacity surplusoccursusudly
inthemonth of August and September (133).

Evaluation of M oistureAdequacy I ndex

Basicdly, thisstudy focuses upon the as-
sessment of soil moistureandto evauatemois-
ture statusin soil according to their moisture
holding capacity. Theseasond moistureregime
andthelength of theday inrelationto march of
thermal regime arethe ma or determinants of
plant development (Subrahmanyam, 1982). In
thiscontext the climatol ogical water balance
providesecologically sensitive parameter like
Potantial Evapotranspiration (water need),
Actud Evapotranspiration (water |0ss), Water
Deficit (irrigation requirements) and Weter Sur-
plus(irrigation potentials) which arerdevance
to agriculture (Singh, 2005). With thehelp of
derived water balance parametersit may be
possibleto revea theaccumulation or deple-
tion of soil moisture. In order to assessthe soil
moi sture tatus, two water balance parameters
are considered. The Moisture Adequacy In-
dex (Ima), isdefined astheratio between ac-
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tual evapotranspiration (AE) and potential
evapotranspiration (PE) expressedin percent.
Itisagood indicator of theavailablemoisture
inthesoil inrelation towater need. Themois-
ture adequacy index isatruerepresentative of
moisture effectivity, thus, can be used in cor-
reativestudiesof vegetationinreationtocli-
mate (Gautam et d, 2012). An excessor defi-
cit of moisture above or below field capacity
intheroot zone of the soil depends upon the
relativemagnitudeof rainfall over thearea. The
information on spatia andtempord availability
of moisture adequacy index could be help-full
for the optimal utilization of water resources
(Mohapatra, 2016).

Lang'srain factor (1920)

Inthestudy of agriculturd planningand de-
limitation of climaticregion, climaticaridityis
used asanindicator. Inthisregard Lang pro-
posed asimpleindexi.e. rainfactor. Itisob-
tained by dividing the mean annua precipita-
tion and mean annua temperaturein degree
Celsius. On the basis of Lang's rain factor
Varanas falsinto the Sub-humid dry (HS1)
cimae
Kdppen'sclimatictype

K&ppen proposed his first vegetation
based empiricd climatic classficationin 1918.
It wasrevised and modified by him fromtime
to timeand thefinal form of schemewas pre-
sentedin 1936. In hisfind classficationheused
certain critical valuesof temperature (warmest
and coldest months) and preci pitation (driest
and wettest months). He accepted that veg-
etationisthe best expression of thetotality of
climate sothat hismany of the climatic bound-
arieshavebeen selected with vegetationlimits.
TheKOppen'ssystem of climatic classification
islargdy quantitative.

Tofind out the climate of Varanasi, mean
annual precipitation and mean monthly tem-
perature have been used ascriteria. Accord-
ing to this schemethe study areaexperiences
Cwg (Humid-mesothermal) typeof climate.
Thornthwait€ srational classfication of cli-
mate

Interms of water balance, Thornthwaite
established aquantitative rel ationship between
climatic e ementsand moistureavail ability es-
sentia for survival of vegetation to definecli-
matic types (Singh and Singh 2011). Hisnew
(after 1938 and 1948) schemeof climaticclas-
sification was based on the concept of Poten-
tial Evapotranspiration (PE) theterm coined
by him and defined asthetotal amount of wa-
ter that woul d be evaporated from the surface
and transpired by plant speciesif thereisno
dearth of moisture

The degree of dryness and wetness of a
place may be determined by computing the
water deficit and water surplusinrelationto
water need. If the supply of water (precipita:
tion) islesswith respect to water need it will
show water deficient situation but when sup-
ply becomeslarger than theneed, it showsthe
wet gtuation. Themoistureindex referstomois-
turedeficit or surplusinrelationto potential
evapotransprationi.e. water need. Theseindi-
cesaresignificant for delimitation of climatic
types(Singh,2012).

Onthebasisof theclimaticindices(code),
Varanasi experiences Dry-Sub-humid
Megathermal third with little or no summer
water surplus and summer concentration of
third order M egathermal type of thermal effi-
ciency (C,A'dd, ) typeof climate.
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Table3:  Climaticindicesand Climatic Typesof Varanas Based on Thornthwaite's Rational
Classfication
Met. Climatic Climatic Climatic Climatic | Climeatic
Station Im Code TE Code Ih Code SCTE Code | Types
Varanas | -24.2 C, 1494 A, 89 d 338 A, |CAda|

Source : Computed by author, Relevant data Obtained from IMD, Pune.

Ayoade' moistureadequacy index

In 1972 Ayoade presented anew concept
of climatic classificationwhichisprimarily
based on Moisture Adequacy Index. He sug-
gested theratio of actual evapotranspirationto
potentia evapotranspiration in percent asabet-
ter measureof moistureavailability of aregion.
TheMoistureAdequacy Index (Ima) thus, is

Table4:
and climatictypesof Varanas

Concluson

The above discussed water balance pa-
rameters show that thereisalittlewater sur-
plus (133mm) only in rainy season. Thetwo
major components to measure the degree of
drynessand wetnessi.e., PE (1494mm) which
Is considered as need of water and AE

Derived Water Balance Parameters (AE and PE), M oistureAdequacy Index (Ima)

Sation PE(MM) AE(M) Imao Climdic Climdic
100(AE/PE) code type
. Moist sub-
Varanas 1494 999 66.9 B .
humid

Source : Computed by author, Relevant data Obtained from IMD, Pune.

defined astheratio between actud evapotrans-
piration (AE) and potentia evapotranspiration
(PE) expressed in percent. It isagood indica-
tor of theavailablemoistureinthesoil inrda
tionto water need. ThusImamight be useful
indicator for irrigation planning in the study of
agriculturedroughtsand land useplanningin
gpplied climatology.

Imava uecomputed for Varanas isshown
in Table4. MoistureAdequacy Index shows
that district enjoysmoist sub-humidtypeof cli-
mate dueto higher Imavaues.

(992mm) showing amount of evapotranspira-
tionthereislargedifference. Lang'srainfactor
index showsthat study region liesin Sub-hu-
mid dry climatic type of climate, while as per
Koppen's classification it comes into Cwg
((Humid-mesothermal) type. Thornthwaite's
revised schemeput theareainto C A’ da, type
of climate. TheAyoade schemeprovidesthe
knowledge about moisture adequacy index
whichisbasicaly theratio of AE and PE ex-
pressed in percent. On the basisof moisture
adequacy index theareaexperiencesmoist sub-
humid type of climate.Moisture adequacy in-
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dex isagood indicator of theavailable mois-
tureinthesoil inrelationto water need. Such
informationsarevery useful for proper irriga:
tion scheduling during the period of agriculture
droughts.
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Abstract

Indian national water policiesare generally criticized for not having any convergence
with the expectations and requirements of different water-resource-regions of the country.
Sructural allocation-regulation mechanisms have disproportionately dominated this policy
regime for generations. Sill, a vast stretch of the country is in urgent need of non-struc-
tural solutions and use of conjunctive resource management principles. Officially, these
policies are claiming to shift their focus from supply ends towards demand adjustments.
However, the existing patterns of water demand of the population across the country
have never been comprehensively assessed. So, this stated policy goal of demand adjust-
ment does not have any proper base. This paper has included a number of vital issuesin
the said contextsin order to explain the gap between policy formulations and geographi-
cal realities of the nation. A thematic overview of the problem has been prepared with the
help of a number of secondary data sources.

Keywords. national water policy, aquifer, water demand, water management, micro-
financing.

Introduction

The National Water Policy (NWP) was
adopted by the National Water Resources
Council duringits2nd meeting held on 9th Sep-
tember 1987. Thispolicy guided theformula
tion of policiesand programmesfor water re-
sources development and its management.

1 Doctora Fellow, Email: shobha7bhu@gmail.com

Thereafter, new chdlengesemerged inthewa
ter resources sector, which necessitated review
of the National Water Policy. The National
Water Policies(NWP) isthejurisdiction of the
Union Ministry of Water Resources. Thepoli-
ciesaresomewhat indicativein naturewithout
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any actual enforcement power because, the
country doesnot haveaNational Water Law.
So theoreticaly, they do not possess much
importance than being some general list of
guidelinesfor the state machineries. Neverthe-
less, these policieshave had S gnificantimpacts
upon the nature of water resourcesadminis-
tration and management across the country.
Strong provisionsfor finance and technical
workforce creation have been thepriority ar-
eas of the NWPs so far. The public or semi-
publicwater utilitiesand nationd/international
financia serviceshavebeen the greatest ben-
eficiariesof thisimpressive government fund-
ing schemes(Sohoni, 2012). Paradoxicaly, the
community hasachieved theleast asboth the
drinking water and irrigation sectorshave not
been met with the promised success by the
NWPs (Bansil, 2004). The national agro-
economy still predominantly havearain-fed
character, and both rura and urban water sup-
ply regimesarefacing sometiff chalengesof
deficient quantity and quality (Thakkar, 2012).
Thevast geographica diversity of the country
and associated socio-ecological settingsare
major potent factors which have somewhat
remained unnoti ced by the policy makers. Con-
sequently, avery poor inter-linkage between
the NWPsand other relevant resource or ser-
viceprovision policies(agriculture, hedthcare,
forests, environment etc.) haveresultedinan
ever expanding diameter of adminigration costs
for thegovernments(Shah et d., 2004). How-
ever, recent growing concernsover global cli-
matic change havemadeit urgent for thewater
resource management administration to ac-
knowledge and appreciate these strong geo-
gragphical factors(Thakkar, 2012). Sill, ground
level implementation processesof theserecent

policiesor schemesarevisibly very sluggish
dueto an gpparently inflexibleingitutiona de-
sign of theadministration (Tiwari and Nair,
2011).

The first NWP in the post-independent
periodwasformalizedin 1987 whichwas sub-
sequently revised in 2002 and 2012 (Seth,
2012). Interestingly, noneof theserevisonshad
haveidentified or properly explained therea
sons behind the apparent failure of their pre-
decessor. Two very important missing factors
intheNWPsso far have been aholistic man-
agement vision for water and an optimal spa-
tial scaleof operation. Thefirst magjor inter-
vention plan for the country'swater resource
sector wasthe commi ssioning of the Damodar
Valey Corporation (DVC) in 1948 whichwas
originaly aprototypeversion of the Tennessee
Valley Authority (TVA) of the USA. Sucha
major investment was undertaken at astage
when the nation did not even have any stated
water policy. So, suitability or adaptability of
such plansfor theregional geography could
never befully explained, and subsequently, smi-
lar planswerefollowed onanation-widescale
inlarge numbers. Severd advantages of such
big project werepromised likeincreaseirriger
tion-command, flood control, enhanced hydro-
electricity generation etc. However, thereare
hardly any authentic scientific studiesabout the
success of such projects (Thakkar, 2012). On
thecontrary, these projects havefurther inten-
sified flood eventsand their irrigation or hy-
dro-€lectricity generation cgpacitieshavesofar
been rather limited. NWPshaveddliberately
been kept silent over microlevel sustainable
water resource management options which
havetraditionally defined the country's agro-
based rural economy. Structural-engineering
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measures (dam congtruction, river flow diver-
sion etc.) havedominated theimaginations of
thewater planners, and non-gtructura measures
for flood or drought control (Iland use zoning
regulations, water demand adjustment etc.)
have completely been excluded fromthepolicy
framework (ADB, 2006). In the background
of al theseexisting complexities, thispaper has
briefly portrayed apossibleinterface between
the NWP and the country's geographical reali-
tiesfor abetter and sustai nabl e water-secured
future.

Objectives
1. Tohighlight themgor ingtitutiona de-
ficiencies of the NWPs against some major

gpatia dimensionsof water resource manage-
ment problems.

2. Tosuggest aholistic and conjunctive
policy framework for water and alied re-
sourcesand servicessector inIndia.

Databaseand methodology

Thearticleisbased on anumber of sec-
ondary data sources at national and sub-na-
tiona levels, viz. IndiaMicro Irrigation Pro-
gram Survey 2011, published reports of the
Comptroller andAuditor Generd (CAG), Cen-
tral Ground Water Board, and civil society or-
ganization liketheDeve opment of HumanAc-
tion (DHAN) Foundation etc. Processed and
extracted both types of information have been
used to explain the apparent link between re-
giona geography and policy making. Several
empirical studiesand observations have been
cited as support evidences. Findly, alogica
and exploratory research frame has been de-
veloped. A maximum space hasbeengivenfor
the priority areas cited in the national water
policiesandtheir feasibility against theexisting
geographicreditiesof thenation.

Observed problemswith irrigation water
management strategies

Apart fromtechnical capabilities, institu-
tiona performancea so hasaprofound impact
upon the success of water resource manage-
ment policies(Griffin, 1999). The NWP 2002
had duly acknowl edged theimportance of new
knowledge creation for an optimal water re-
source management and di sbursal mechanism.
However, thisobjectivewas never realized up
totheexisting potentia sespecialy in case of
irrigation water management. Even the con-
cerned policies have somewhat showed adi-
vergent trend from some other national level
programs in this regard; like the Common
Guidelines for Watershed Development
Projects(2008) which hasaptly recognized the
needs of an equity based collaboration between
government and non-governmental bodiesto
exploreand harnesslocally available knowl-
edge about the existing agro-ecology for bet-
ter and efficient water management. TheNWP
2012 doesnot include any component of the
said guiddinewhichmay resultinfurther isola:
tion of the publicwater utilitiesfrom watershed
planning tasksand respong bilities. Thisongo-
ing trend has already produced aseriesof se-
riousconsequenceslikewater loggingand din-
ization problemsin various parts of the coun-
try. Theunderlying cause hasbeen the absence
of any comprehensiveirrigation policy within
theNWPwhich may well incorporatethecom-
plexitiesand variationsin the country's geog-
raphy. Currently, the basin level approach
adopted by themgjor and medium irrigation
projectsisnot well-coordinated with there-
quirementsof thewatershedswithinthesame
basins. Thewatersheds do not haveany insti-
tutiona representation withinthepolicy provi-
sions. The 12th FiveYears Plan hasincepted
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theideaof forming agquifer management com-
mitteesat successveadminigrativeleves(vil-
lage or devel opment blocks) for participatory
ground water management. However, such
ideas may be having better applicability at wa
tershed levelsto ensure participation from all
stakeholders.

TheNWP 2012ispractically silent over
needs of increasi ng the soil moisture content,
but dtill, extremdy vociferousover optionslike
inter-basinriver water transfer or installation
of more multi purpose proj ects. However, no
provisions have been madefor ngthe
carrying capacitiesof theriver basinsor their
cumulativeimpactsstudies. Intermsof numeri-
cal strength of dams, India has the 3rd top
pasitionintheworldwith morethan 5000 dams
of which 96 percent primarily functionfor irri-
gation (Thakkar, 2012). Theultimateirrigation
potential created by thesedamshasremained

of thetotal grossirrigated areaof the country
(Planning Commission, 2009). Further till 2011,
around 91 percent of these functional dams
were concentrated within 5 states only
(MOWR, 2011). Rest 70 percent of thetotal
net sown area of the country hasreceived the
least from thisgenerousgovernment fundingon
irrigation.

In some states like Bihar, West Bengdl,
AndhraPradesh and Tamil Nadu, new farm-
ing techniqueslikethe system of riceintensifi-
cation (SRI) hasshown impressiveresultsin
termsof reducingirrigation water consumptions
(Tablel). Such non-gtructurd biologica mea
sureshave additional advantages of minimum
environmental impactsand lower investment
demand. Surprisingly, theNWP 2012 hasno
gpacefor any of such provisions. Although, it
has recognized theimportance of micro-irri-
gationtechnologieslikedrip or sprinkler, but,

Tablel:  Progressof thesystem of riceintensgfication techniquesinthe state of Bihar.

Particular 2007 2008 2009 2010
No. of farmer 12800 5146.00 8367.00 19911.00
Land under SRI (hectare) 30.00 544.00 786.00 1412.00
SRl Yield (tong/hectare) 10.00 7.75 650 322
Traditional paddy Yield (tons/hectare) 270 236 202 166
Highest SRI Yield (tong/hectare) 1818 1930 1420 650
Climatic conditions Normal Water Drought Extreme

stressed drought

Source: Behera, 2011

completely unchanged in between 1972 to
2007; despite amassive investment of more
than US$ 271 billion (INR. 18254 billion)
which wasaround 69 percent of thetota plan
expenditure onirrigation (Planning Commis-
sion, 2009). Till 2007, thesedamsusedtoiirri-
gateabout 33.74 million hectare (around 30%)

thepolicy hascertainly failed to assessthe eco-
nomics of thesetechnology. Successrates of
such measures are primarily dependent upon
themargina monetary returnswhichisthemain
driving force behind adoption of thesetech-
nologiesby thefarmers. ThelIndian micro-irri-
gation program survey (2012) acrossthefour
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states viz. Bihar, Maharashtra, Odisha and
Tamil Nadu hasfound that an average 47 per-
cent of the surveyed farmers have purchased
micro-irrigation equipment for crop productiv-
ity enhancement; rather than for water savings
(Figurel). Thisaspect of farmers behavior
needs special policy focus. TheNationa Food
Security Mission (2007) isproviding financid
assistancefor promotion of micro-irrigation
practices, but, the scale of per capitaallow-
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ber of states like Uttar Pradesh, Punjab,
Haryanaetc. whichisamainreasonfor ground
water depletion (Shah, 2013). So, the stated
policy goal of irrigation water demand man-
agement hashardly asenseof theexistinggeo-
graphical complexities (Shah,2004).
Ecological restorationsof riversand aqui-
fers

Ecological restorations of riversand pro-
visionsfor inter-basinriver water transfer are

Bihar = Odisha
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Source: IndiaMicro-irrigation Program Survey, Ministry of Agriculture, 2011

Fig. 1:

anceiscurrently too meagre. TheNWP 2012
could havejoinedits provisionswiththeMin-
istry of Agricultureinthismissionfor up-sca-
ing the penetration capacities of theseongoing
schemes; without any additional increase of
adminigtration costsfor thegovernment. Simi-
larly, the policy failed to target the nexus be-
tween the heavy electricity and diesel price
subsidieson ground water pumping inanum-

Farmers' perception towards adaptability of microirrigation tools

completdy contradictory objectivescitedinthe
NWP2012. At apoint, the policy speakson
the need of keeping aside aportion of theriver
water asenvironmental flow for meeting the
ecologica needs, but then, it promotes the
agendaof inter-basinriver water transfer on
case-gpecific merit basis. Theimportant issue
of measuring or defining thisenvironmentd flow
for different rivers hasbeen left merely asa
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matter of chance. The problem remainswith
theadminigtrative perceptionwhich undergands
ecological restoration only intermsof water
quality and not in quantity. A report by the
Comptroller and Auditor General (CAG) of
India(Report No. 21 of 2011-12) indirectly
confirmsthisexisting pieceof redlity. Thesaid
report has published the pollution status of a
number of Indianrivers, and ineach case, the
pollution status has been measured interms of
biologica oxygen demand, dissolved oxygen
contents etc. (Figure 2). The natural flow re-
gimesof thoseriverswerenot considered at
al asaparameter for monitoringand assessing
pollution levels. At the sametime, the report
further providesagrim picture of theinstitu-
tional deficienciesof thewater administration.
A total 28 Indian states were covered in the

report, and efficiency levelsof their pollution
control practiceswereassessed withthe help
of 16 selected parameters (SeeFigure 3). Sur-
prisingly, not in asingle parameter not more
than 16 states could qualify, and in case of pa-
rameterslike'quantification of nutrients or 'im-
pact of human activities-industry', therewere
zero representation by the states. So, how
much justicewould bedonetothe ecologica
restoration tasks of riversis aready under
doubts.

TheAllahabad High Court released aland
mark decision on 12th January 2011; by giv-
ing order to the state government of Uttar
Pradesh to release at least 50 percent water
from the Narorabarrage to the river Ganga.
The court gptly cons dered the seriousissue of
unchecked water withdrawal fromtheriver for

Bielogical Oxygen Demand (BOD) in mg/litre
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irrigation purpose; which accordingtothe Uttar
Pradesh State Pollution Control Board even-
tudly led to the degradation of thewater qual-
ity. Such decisonsstrongly pointstowardsthe
needsof proper definitionsand categorization
of theenvironmentd flow regimesfor thenatu-
ral drainage systemsof the country. Morewor-

Survey

they wereoriginally built, because, inmost of
the cases additional reserve of water in the
upstream catchment resultsinincreased water
demandsdueto changed cropping practiceand
dlied activities. Thereareother ecological haz-
ardsassociated with thesewater transfer plans
through long distance cand s acrossthe north-
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risomefact isthat the NWP 2012 continuesto
promatetheobjectiveof river interlinkingwhich
entailstransferring of 'surplus water fromthe
‘water-rich' eastern and north-central regions
to ‘water-deficient' western and southern re-
gionsof thecountry. However, expert reports
likethat of the state government of Bihar in
2003 has assessed the practical challengesin
measuring and transferring thiswater fromone
state to another (Mishra, 2011). Such
interlinking projectsare heavily dependent on
construction of damsand reservoirson strate-
gicgeographiclocations. Thesedamshaved-
ways been aboiling pot for political conflicts
and debates, because once installed, these
damsarehardly effectivein supplyingtheprom-
ised volumeof water to downstreamfor which

Ingtitutional and technical capacities of the Indian states in assessing inland water pollution

ern plain. Dueto the existing flat topography
of the plains, these damswould act like barri-
erstosurfacerun-off duringthemonsoonwhich
would led to water logging condition over a
sizablechunk of the geography.

The NWP 2012 has acknowledged the
importance of conserving thedeclining ground
water reserve of the country and arresting the
problem of ground water contamination. How-
ever, it could not identify the ground water
hotspotsof thecountry whicharein urgent need
of policy intervention (Thakkar, 2012). From
recent climate change point of view, thewest-
ernand peninsular region of the country should
be considered as the ground water hotspots
(ibid). Most of theseregionsaresufferingfrom
over-exploitation problemsof ground water (
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Figure4). Thesearethe regionswhich were
upfront during theagro-production boomfol-
lowing thegreenrevolutionin 1967-68. This
production boom wasmainly supported by the
injudiciousexploitation of local and regional
aquifers(Shah, 2004). Unfortunately, likeother
gtate governments, these statestoo do not have
any specific program to mitigatetheir ground
water degradation (Thakkar, 2012). In this

backdrop, the Union Government initiated the
‘Artificial Recharge of Ground Water through
Dugwells schemein 2008 acrossthe states of
Tamil Nadu, Gujarat, Madhya Pradesh,
Maharashtra, Karnataka, AndhraPradesh and
Raasthan. Still upto 2010 (targeted timeline
of theprogram), only 15.75 percent of theto-
tal alocated outlay of US$ 27 billion (INR
1798.71 crore) could be spent by those tates.
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The NWP 2012 did not specify the priority
areasfor water resource allocation. Thisgap
may affect theground water economy and ecol-
ogy inamoresavereway thanthe surfacewater
resources, because, utilization patterns of
ground water isvery much decentralized and
complicated. It hascreated wideloopsfor the
ground water exploiting industries|ike soft-
drinks or packaged water procurement. The
caseof Keradastate government vs. the Coca
Colaauthority over thedisastrousground wa-
ter degradationin Plachimadaduring 2011is
remarkableinthiscontext.

Water demand adjustments

The NWP 2012 has sought to managethe
future demand of fresh water with ensuring a
desired efficiency inwater use. Although at the
sametime, it hasacoreobjectiveof "enhanc-
ing water availability for use”. Ironicaly, here
thepolicy badly missesanimportant fact that
increased water availability may dsoinvariably
result in increased water demand and con-
sumption dueto changed agro-production pat-
terns and industrial activities. Such conse-
quenceswould only further aggrievethe con-
ditionsof theadready marginalize population
and servicearesslikedrinking water or small
farmers, as major volume of the increased
water supply may well be consumed by the
big water using sectors. The example of the
Uka damonTapi River in South Gujaratisan
eye opener inthisissue. Lower catchment of
theriver basinisprimarily located withinthe
dry tropical climatic belt with 50-100 cm of
annua monsoonrainfdl, andit hasacombina:
tion of aluvium, red, yellow and regur soils.
Such geographica settingsareonly suitablefor
cropslikegroundnut, cotton, millets, oil seed,
whest etc. (Subramaniam,1991). Still, commis-

sioning of the Ukal damin 1972 hasencour-
aged water guzzling cropping like sugarcane
especially in the Surat district (Verma and
Satpathy, 2004). Consequently, in between
1972-73 and 1997-98, the state Gujarat has
witnessed aphenomenal rise (annua 13.3%)
initssugarcaneproduction. In 2009, following
alow monsoonintengty, the Uka dam recorded
alow water reserve (49% of itslive storage
capacity). Even under such critical condition
the state government of Gujarat decided to
provideirrigation water supply to the sugar-
cane cultivators and not to the paddy fields.
So, merely increasing the water availability
would not necessarily meet theactua demand
unless basin specific prioritiesare measured
and comprehensively included into the policy.

Spatia and sectoria conflictsand disputes
aremgor impedimentsfor attaining the objec-
tiveof sustainablewater demand management.
Although, the NWP 2012 has acknowledge
theimportance of resolving thespatia disputes
with thetrans-state-boundary rivers; by pro-
posing theformation of apermanent water dis-
putetribunal at the center, but, it seemsto be
completely under darknessregarding anemerg-
ing pattern of sectoria water conflicts. These
typesof conflictsare more pronouncedin be-
tweenirrigation and industrial water demands,
and rural and urban water demands. Theinci-
dentsin Maharashtrain 2005 and 2010 may
well becited in thiscontext wheretherespec-
tive state government issued ordinanceto di-
vert 1500 million cubic meter of water from
38 damsacrossthestateto industries and cit-
ies(Dandekar, 2011). The ordinanceresulted
inanirrigation deprivationfor 2, 62, 503 hect-
areof farm land, and consequently alegal con-
frontation took place between thefarmersand
the MaharashtraWater Resources Regulatory
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Authority (MWRRA).Aninitid sourceof these
disputes are the dams and reservoirs con-
structed over the surface drainage network
which appear aslucrativefor both the agricul-
tureand industry sectors. Non-transparent and
corrupt management of thesedamsfurther fuel
such conflicts(Thakkar, 2012). Withthe NWP
2012 showing determinationfor more number
of river valey projects, such disputesand con-
flictsareexpected toincreasein numbersand
intensity. Also, the urban centersof the coun-
try generate 38, 254 million litersof untreated
sewagewhichisresponsiblefor 70 percent of
thefresh water pollution of the country which
isapotent causefor strugglebetween therura
Indiaand these urban bodies. Thelegal battle
in 2011 between the Tamil farmers organiza-
tion "TamizhagaVivasayeegal Sangam' and
number of textileand dyeindustria unitsover
the observed water pollution problem of the
Noyyad river by thoseindustriesisworthwhile
for thisstudy.

TheNationd Initiativeon Climate Resil-
ienceAgriculture (2010) hasacorethrust on
promoting the agro-biodiversity of the country
asaresponseto these future climate change
impacts (Thakkar, 2012). Production and ex-
tension of new drought tolerant crop varieties
areanintegra plan of theseplan, which prima:
rily rely oninsitu concept, i.e. bringing thege-
netic resourcesback to thefiedd and withinthe
farmers communicationlevels. However, there
isno participation from any of themainstream
water resource management agenciesinthis
mission, despite, climate changerel ated chal-
lenges mitigation isan important part of the
NWP 2012 and agricultureisone of the key
vulnerable sector towards climatic change.
Paradoxically, at agreat expense of thelocd
and regional environment, the policy issome-

how justifying the constructionsof moredams
and reservoirsfor augmenting theirrigation
water supply as a measure against climate
change. Here, thedebatabl e clean devel opment
mechanism (CDM) of the United Nations
Framework Convention on Climate Change
(UNFCCC) hasaclear influences upon the
policy. In Himachal Pradesh for example, a
total 509 small dams have been approved ill
March 2011 (Ganeriwal, 2011). Most of these
projectsdo not have any significant positive
impact uponthelocal water availability or run-
off management. On the quite contrary, regu-
lar storage of sizablevolume of water by these
reservoirshasdisturbed irrigation water sup-
ply to 2500 hectares of farmland across 12
villageunits. Recently, the Sutlg basin, Betwa
sub-basin and Cauvery deltaregion havebeen
shortlisted by theMinistry of Water Resources
for devel oping Strategiesagainst climatevari-
ability under the technical assistance of the
Asian Development Bank (Thakkar, 2012).
Thismay dsoresultinalobbyingfor morenum-
ber of surface hydro-projectsintheseregions
asA DB hasbeen abig proponent of the CDM,
andisactively financing severd hydro-projects
inHimacha Pradesh (Ganeriwal, 2011).
Micro-financingfor integrated land, soil,
and water r esour cesmanagement

The NWP 2012 hasprovisionsfor micro
levd water pricing, but, it certainly falled toiden-
tify theneedsof microleve resourcemobiliza
tion as measures for community resilience
building against eventslikedroughtsor floods.
Generdly, the poorer and marginalized popu-
lationsare more vul nerabletowards such cli-
matic vagaries because they pose few or no
livelihood dternativesand limited ingtitutiona
capacity. Any successful micro-level resource
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management ventures need to haveacompre-
hensiveinclusive character towardsthese sec-
tions of the population. Micro-financing pro-
grams have been particularly very successful
in poverty aleviation and ensuring grass-root
leve livelihood security. Inthe southern Sates
like Tamil Nadu or Kerala, the women self-
help groups (SHGs) and primary agricultural
credit societies (PACS) have delivered mea-
surable progressin promoting these micro-fi-
nancing programs (Mishra, 2008). The posi-
tiveimpacts of these micro-finance ventures
have been seen on micro-level resourceman-
agement sectorslikesmall water bodies, for-
ests, pastureland etc. (DHAN, 2012). Here,
increased credit absorbing capacity of the com-
munitieshashel ped themtorecognizethelive-
lihood rel ated benefits of sustainableresource
management practices. Programs like the
Vayalgam Tank Development Program
(DHAN,2006) havelargely beenfinancidly
supported by the micro-finance groups, and
morethan 74 percent of theoverall program
expenditureismet from thesegroups. Surpris-
ingly, the NWPs have never fully acknowl-
edged thisexisting strong mechanism of micro-
level integrated management of land, soil and
water. Theknack isstill very much prevaent
to visualize water resource management and
planningtasksinisolaionfromthesedlied sec-
tors. These sectoria interlinksand dynamics
aretheimportant missing-linksin these poli-
cieswhich haveonly resulted infurther degra-
dation and degeneration of the existing water
governance.

TheNWP 2012 hasincluded provisions
for multi-leve stakeholder participationfor land
and water resource management, with scien-
tificinputsfrom local research and academic
ingtitutes. Such apolicy framemay bean en-

couraging context for thegrass-root level natu-
ra resource managersand planners. Still, the
need of hour is perhaps of stakehol der-part-
nershipsand not just token stakehol der par-
ticipation and consultation. Already in case of
the National Environmenta Policy 2006, the
water resource management agencieshaveby
and largelearned to circumvent the clauses of
stakehol der partnership and consultation pro-
cess by applying several proxy methods
(Pandey et al., 2013). So, the samefate may
asofollow theNWP 2012. Duringtheimple-
mentation of theVTDPinthe southern states,
it hasbeenwed | observed that financid resource
(25% of the project costs) sharing strategies
arethebest way of articulating such partner-
ships. It can also ensure abetter and effective
equity indisbursd of project'sbenefitsamong
thelocal population (DHAN, 2012). Under
such partnerships, theloca communitieshave
been actively involvedin al thevita stagesof
the projectsright from the pre-feasibility study
to the project execution and subsequent man-
agement of thebuilt-up infrastructure. A high
level of transparency and efficiency are the
observed advantages of such engagements,
which havesofar remained amissing aspectin
Indian water resource administration particu-
larly in caseof large surfacewater infrastruc-
turelike damsand reservoirs. Non-transpar-
ent and unsci entific management of thesein-
fragtructures haveyiel ded negative and unpre-
dictable consequenceslikeincreaseinflood
frequency or degradation of irrigation and hy-
dro-power generation capacitiesetc. (Thakkar,
2012). At this point, aresource sharing (mi-
cro-finance) based management designscan
effectively upsca ethe performance of these
built-up infrastructures.
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TheNWP 2012 hasastated mission god
of reducing risksfor the population against
water related natura disasterslike droughtsor
floods. Micro financing measures can aso be
used as essential aidsfor thistasks. Already
during the devastating tsunami in Tamil Nadu
in 2004, it waswel| observed that people hav-
ing thefacilitiesof micro-finance show com-
paratively a better recovery speed (DHAN,
2012). Such disasters not only cause | oss of
livesor propertiesbut a soinflict considerable
damage on the productive assetslikefarm or
grazing land. During the tsunami (2004) for
example, inundation of seawater caused salin-
ization of vast tracts of agricultura land and
dudge-intrusoninthesmall water bodieswhich
arevitd for fishery. Reclamation of thesere-
source bases needed aconsiderable onetime
investment which was often beyond thefinan-
cia capacitiesof disaster hit people. Eventu-
dly, micro-financeplayed adtrategicroleinthis
important task of rehabilitation. Socid impacts
and penetration cgpacitiesof thesesmall finance
isoftenmany timegreater than thegovernment
funded relief measures, because peopleenjoy
more better timing and flexibleinvestment op-
tionswith the former. Currently, the NWPs
showsanindirect association with theNationd
Resettlement and Rehabilitation Policy 2007
whichisalready been badly circumventedina
maximum number of surface-water projects
acrossthe country. Theresettlement policy has
even created aloop for the water-plannersto
do away with the burning issuesof displace-
ments and rehabilitation by offering mere
amountsof monetary compensations (Pandey
eta., 2013). Alternatively, themicrofinance
measures are havingawider positiveimplica-
tioninthiscontext, but they areyet to become
aregular feature of the NWPs.

A National water law for community water
rights

The NWP 2012 has proposed to articu-
lateanationd framework water law which may
guidedifferent state government in managing
their water resources. The proposal hasrec-
ognized the ground water asacommunity re-
source, and also briefly discussed about the
ingtitutiond requirementsfor optima manage-
ment of surface and ground water. However,
the policy has not specified theimportant con-
text of customary water rightswhich arein-
aienable part of thecommunity resource; both
in case of surface and ground water. Farming
and non-farming communitieshave exercised
these customary rightsto water and other as-
sociated usufructs according to century-old
social norms. Indiarura landscapehasan es-
timated number of 200,000 to 350,000 tanks
which are basi cdly managed by these custom-
ary rightsand norms, and serve asvita water
sourcefor multiplesocia groupslikevillage
farmers, fisher falks, artisansetc. (ADB, 2006).
The water 'Mamul namas' (documented
records) in Tamil Nadu written duringthe 19th
Century A.D. aretheva uableexamplesof this
socid system (Gurunathan and Shanmugham,
2006). Enforcement of the'Permanent Settle-
ment Act'in 1793 and Ryotwari land tenure
ship (1802) by the British-Indian government,
and subsequent introduction of theHighYield-
ingVariety (HYV) Programin 1966-67 in post-
independent India, supported by highly subsi-
dized (and indiscriminate) ground water irriga:
tion; severdy damaged these customary right
based tank management systems (DHAN,
2004; Rao, 2009). Degradation of these cus-
tomary tank-rightshave been one of themajor
causes of the acute ground water problemsin
India, because, thesetanksa so usedto play a
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dominant roleinground water replenishment.
So, any national level legislation on water
should also take adue consideration of these
exiging customary water rightsinorder toavoid
such smilar consequences.

A magjor component of thesaid customary
water rightsisthewater usufructs (appropria-
tion rights) which aretraditionally definedin
consderable detail formsunder variousgeo-
graphica settings (DHAN, 2004). Such mea
suresensure peaceful resolutionsof conflicting
water demands over atank. Ramnathpuram
digtrictin southern Tamil Nadu for exampleis
located within thedrought prone belts. Here,
thelocd tank-management customsobligeev-
ery farmer having plough land withintheayacut
(tank command), for compul sory contribution
of resourcesfor annua maintenanceworks of
thetanks, and noindividua isexempted from
thischarge. Certainly, therearestrict pend pro-
visionfor violation of thesenormsand cusoms
which sometimecan aso create conflict with
thebroader statelegid ations. Evenwhen India
doesnot haveanationd water framework law,
the various state governments have already
enacted specific state legislationsregarding
varioususufruct rightsonwater. Inmost of the
cases, these state legidlations like the Tamil
Nadu Fish Farmers Devel opment Agency Act
1980, dthough recognizesthe cusomary rights
of thevillage community over thetanks, but
does not grant them any absol ute status. Con-
sequently, thesecustomsremain chalengeable
infaceof lega battles. Thesecomplicated in-
teractionsbetweenformd or informa manage-
ment principles, andindigenousnormsand cus-
toms create unmanageablecomplexitiesfor the
policy makersand planners. Here, anationa
water framework law is expected to offer a

viablesolution of thesecomplexities. Indigenous
water resource management practiceslikethe
tanksarestill an essentia component of mod-
ern and sustainablewater resource planning,
andtheir associated socid systemstoo deserve
legd recognition and empowerment aswell.

Thenotion of community participationis
largely misunderstood insidethe Indian water
resource policy regime. Inamgjority of cases,
the community participationiseither seen as
anend-solutioninitself or only an additiona
clause for project implementation. Conse-
quently, thecommunity itself hasto face sev-
erd exclusonsand exploitation in thename of
participation (Ahluwalia, 1997). The recent
considerable investments on watershed
projects by domestic and internationa NGOs
and financial institutions can betaken asan
example. Many such ventureshave sofar re-
cededinfaceof local level resource conflicts
or have created unsuitabl einfrastructurefor the
local hydro-ecology acrossthe nation. A siz-
ablenumber of thesefailled-projectswere con-
centrated in the geographic belts which are
suffering ecologica degradation dueto ongo-
ing problemsof greenery or soil loss. Thismay
beaworrisomefact, because, thepolicy think-
tank has been promoting community-based
watershed devel opment projectsasan effec-
tivealternative of conventiona expert domi-
nated technical solutions. Failure of these
projectsmay al so affect the core components
of therecent participatory water demand man-
agement policieslikethevillagelevel aquifer
management program announced in 2011
(Shah, 2013). So, thereisavisible need for
gsandardizing thenormsand guidelinesof com-
munity-based watershed projects acrossthe
nation. If the promised national water frame-
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work law iseventualy realized, thenthisas-
pect of community participation should receive
an utmost priority intermsof legal clarifica-
tionsand necessary safeguardsfor community
interests. At the sametime, the decision mak-
ing capacity should be devel oped at the low-
esttier of theadminigiration; inorder toensure
that anationa level water framework law does
not end infurther legal confrontationsamong
locdl interests.

Conclusion

Water resources management policiesin
Indiahave been adisaggregated collection of
politica and economic prioritiesfor morethan
half century. Although, scoping mechanisms
or ground implementation have aways re-
mai ned some undefined aspect of these poli-
cies. Geographically, the water resourcere-
gionsof the country havetheir different pat-
ternsof prioritiesand problems. Thesediverse
patternseven chdlengethevery rationalesof a
national water policy, becausethe associated
institutiona designs (of these policies) areob-
served to betoo smpleandindifferent to deal
with such geographica complexities. Suchin-
dtitutional modelsareadirect inheritancefrom
thecolonia past of the country which waspri-
marily designedto forward theinterestsof the
then colonid rule. Water policieshaveseentwo
maor revisonsin 2002 and 2012, but themuch
requiredingtitutiona reform measureswerenot
undertaken smultaneoudy. Occasiond scien-
tific studiesonthe hydro-geo-ecologica hedth
or related aspects of the country have clearly
indicated towardsthe planning and manage-
ment inefficienciesof thewater governance, but
positiveeffectsof thesestudieshavenever been
featuredinthe policies. Very recently, thewa
ter administration hasincorporated some spe-

cificinterventionson climate challengemitiga-
tion in the form of some new programs and
schemes. However, financia viability and
sustainability of these strategiesaredebatable,
becausethese have only incorporated thestruc-
turd measureswhichneed continuousvigilance
and resource mobilization on the government
side. Onthe other hand, measurementsof the
socid impactsof suchinterventionshave been
apendingtask. Theseimpactsare essentially
the product of theinteractionsbetweenthere-
giona geography and policy tools. So, unless
thegeographica componentsare comprehen-
sively exploredin policy doctrine, thenationd
water policiesarelesslikely toplay any real-
timestrategicrolefor the country.
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Urbanisation in North East Bihar:
Pattern and Potential
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Abstract

North East Bihar surrounded on three sides by the rivers and on one side by the
Himalayas has less than 10 per cent of the total population living in urban areas. Fre-
quent floods, predominance of agricultural activities, lack of mineral resource base and
unwillingness of the stakehol dersare major factorsfor low level of urbanisation andit can
beresolved through stateintervention and suitable regional devel opment strategy. This paper
amsto examinethe spatial spread of existing townsaswell asthe potential level of urbaniza-
tion by taking into account urban and rural settlements. The paper isbased on secondary
data collected from census volumes and govt. documents.

Keywords: urban areas, economic base, urbanization, potential, settlements.

Introduction

Urbanization asaprocessinvolvesthemul-
tiplication of pointsof population concentra-
tion aswell asincreaseintheszeof individua
urban concentrations. A historica account of
urbanization reveal sthat the politico-adminis-
trative processes have played significant role
intheprocessof urbanization at the macro and
micro level and thesamehasbeenreflectedin
theemergenceof new state capital sand other
urban centres. Urbanisation at theglobal level
hasrisen significantly from 13 per cent (220
million) in 1900, to 29 per cent (732 million) in
1950 and 52.1 per cent (3.63 billion) in 2011

(UN: 2011). The North-South divideis sig-
nificantly visibleand developed worldischar-
acterized by high leve of urbanisationascom-
pared to the developing world. Indiahasbeen
traditiondly known astheland of villageswith
lessthan onethird (31.16 per cent) population
livinginurban areas(2011) whichisfar below
than theworld average. But the absolute ur-
ban population of Indiaisgigantic (377 mil-
lion) next only to China. It hasincreased by
morethanfivetimesinthelast fifty years(1961-
2011). For the first time, urban population
growth rate has surpassed their rural counter-
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part and thereisasignificant increasein the
total number of towns. Thelast decade (2001-
2011) witnessed the emergence of morethan
2500 new towns, whichisfar morethan the
number of townswhichemergedinthelast hun-
dred years (1901-2001).

The number of metropolitan citieshasin-
creasedfrom2in1901to5in 1951 and 53in
2011. Indiahasayoung and rapidly growing
popul ationwhere 65 % of populationisbelow
35 yearsof ageapotential demographicdivi-
dend, and the country needsthriving citiesif
thisdividendisto beutilised for the devel op-
ment. New McKinsey Globd Institute (MGlI)
research estimatesthat citiescould generate 70
per cent of net new jobs created by 2030, pro-
duce around 70 per cent of Indian GDP and
driveanear fourfoldincreasein per capitain-
comeacrossthenation (MGI: 2010). Themet-
ropolitan centres are going to experience de-
creased growth rate but their spatial expan-
sion along arteries of transport and urban
growthinindustrial cum commercial centres
would take placerapidly with increasing ter-
tiary activities. So the question arises, whether
thishigher paceof urbanisationinthelast de-
cadehasbeen uniforminthewholecountry or
someof theareasare still lagging behind and
struggling for their economicreviva. Thispa
per attemptsto find out answer of thisques-
tion from aregional perspective takinginto
account North East Bihar whichisleast urban-
ized, flood affected regionwith d most no natu-
ral resourcebase.

Objectives
Objectivesof thispaper are

» Toditicaly examinethedefinitiona issues
of urban areas as given by the Census of

Indiaand theambiguitiesarising out of the
discretionary powersgiventothestategov-
ernment;

* Tohighlight thespatial pattern of urban-
ization consdering different measureslike
percentagemethod, rurd population served
by an urban centre and the distance cov-
ered by anindividua to get goodsand ser-
Vices,

»  Togiveanaccount of evolutionand spread
of urban centres over the space and po-
tential urbanization by studying thelarge
rural settlementsandtheir roleinthepro-
cessof regiona devel opment.

M ethodol ogy

Datafor thestudy havebeen collected from
various (published and unpublished) sources
like Census publications (1961, 1971, 1981,
1991 2001 and 2011), Town Directory, Dis-
trict Census Handbooks, District Statistical
Handbooks and other relevant literatures. Po-
tentid urbanisationiscalculated by consider-
ing popul ation of rural settlementswith popu-
lation above 20,000 as potentia urban cen-
tres. Datacollected from various sourceshave
been processed, analyzed and depicted using
satisticd and cartographictechniquesand rel-
evant GIS software.

Sudy area

With theformation of Jharkhand asasepa
rate stateon 14th Nov.2000, the state of Bihar
isrecognised primarily asaplainareadivided
by theriver Gangawithavery smdl but s gnifi-
cant Himadayan foothill regioninthenorthwest
corner. The two broad units of the state is
known asnorth GangaPlain and south Ganga
Plainwhichisfurther subdivideinto smaller
regions. North East Bihar Plainisawell de-



28 Arun K. Singh

fined geographica regionwithinterna homo-
geneity lying east of the Kosi , north of the
Gangaand west of the MahanandaRiver. The
region coincideswiththeKosi Plain (Singh
1971) andisfurther subdividedinto East Kos
Plain (Purnea Plain) and West Kosi Plain
(SaharsaPlain). Frequent occurrence of floods
in monsoon season and shifting of channels
have madethisregion akhadar land. Itisaso
themoistest part of Bihar withrainfadl varying
from 125 cm and aboveinthe SW to 200cm
and aboveintheNE corner of theregion. The
favourable hydrol ogy and soil dementshave
led to growth of natural grassesintheplainar-
eas. Underground water tableisnormally high
and water logging isacommon problemin
North East Bihar. Consequently theregionis
favourablefor riceand jutecultivation. Juteis

aleading cash crop of theareawith ditinctive
agriculturd characterigtics. Beinglocatedinthe
plain areatheregion lacks mineral resources
and mineral based industry. The most impor-
tant industry inthisregionisJuteindustry fol-
lowed by Matchbox industry, Rice and Oil
mills. Bihar isoneof theleast urbanised states
(11.3 per cent) and the North East Bihar isa
flood prone area with lesser degree of
urbanisation (7.4 per cent). Theregionfallsin
North East Alluvia Plain Zonell of agrocli-
maticregion. Adminigratively North East Bihar
coverseight districtsof North Bihar account-
ing for 20.4 per cent of the geographical area
and 17.9 per cent of the state population. Ur-
ban popul ation of theregionis11.78 per cent
of the state'stotal urban poplation.

Table1: North East Bihar: Basic Demographic Characteristics

SN Spatial Unit Total Urban Rura Level of Potential
Population | Population| Settlements | Urbanisation | Urbanisation
with above In per cent In per cent
20000
population
1 Saharsa 1,900,661 156540 179861 82 177
2 Madhepura 2,001,762 83461 203849 44 146
3 Supaul 2,229,076 105558 138020 47 109
4 Purnea 3,264,619 343005 160332 105 154
5 Araria 2,811,569 168777 9483 6.0 94
6 Kishanganj 1,690,400 161123 Nil 95 95
7 Katihar 3,071,029 273822 154578 89 140
8 Khagaria 1,666,886 87159 154679 52 145
North East Biher 18,636,002 1384445 1086802 74 132
Bihar 103,804,637 11729609 13

Source: Respective District CensusHand Books 2011, Series 11, Part X11 A

Definitional characteristicsof urban cen-

tres

From 1901 onwards, the Censusof India
has set upitsown criteriatoidentify theurban

places and there have been changesin these
criteriafromtimetotime. However snce 1981

there hashardly been any changeinthesecri-
teria. Census 2011 defines an urban placeas:
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() Any placeswith amunicipality, corpora-
tion, cantonment board or notified town area
committee or

(b) Any other placeswhich stisfiesall thefol-
lowingcriteria

(1) A minimum population of 5,000;

(i) Atleast 75 per cent of themalework-
ing popul ation engaged in non-agricul -
tura pursuitsand

(iii) Population density of at |east 400 per
sg. km.

Onthebasisof thesecriteriaurban places
are categorized into statutory townsand cen-
sustowns. Censustowns arefurther catego-
rized into three groups on the demographic
bass. They aremetropolitan areas (with popu-
|ation abovetenlakhs), cities (with population
between oneto ten lakhs) and towns (popul &
tion below one lakh).Thus Census of India
identifiesfollowing six typesof urban centres
onthebasisof populaionsze:

e Class| towns (population 100000 and above)
e Classll towns(population between 50000-99999)
e Class Il towns (population between 20000-

49999)

+ Class IV towns (population between 10000-

19999)

» ClassV towns(population between 5000-9999)
and
» ClassVI towns(population below 5000).

Besides, the Censusconferswidediscre-
tionary powersto itsofficersat the statelevel
toidentify thetownsintheloca context. This
arbitrariness hasled to the suddenincrease or
decreaseinthe number of townsin different
states from one census to the next. Census
2011 hasrecorded anincrease of 2774 towns
(2532 censustownsand 242 statutory towns)

at all Indialevel. Bihar haswitnessed anin-
crease of 60 censustownsin 2011 Census.
Bihar Municipal Act (2007) part |1 spellsout
criteriafor identification of statutory townsin
followingwords:

"The State Government may, after making
suchinquiry asit may deem fit,and having re-
gard tothe population of any urban area, den-
Sity of population therein, therevenue gener-
atedfor theloca administration of such aress,
the percentage of employment in non-agricul-
tura activitiesin such areas, theeconomicim-
portance of such area, and such other factors
asmay beprescribed, by notification, declare
itsintention to specify such areato bealarger
urban area, or amedium urban area, or atran-
stiona areato beaNagar Panchayat or urban
growth centre provided that no such declara-
tion shall bemadeunlessthepopulationinthe
caseof trangtional areg, that issmall town, is
twelve thousand and more but not morethan
forty thousand provided further that the non
agricultura populationinal thecasesshadl be
75 per cent or more'”.

TheAct further explainsrevenuegenerated
for theloca administration should not include
taxes, loansand grantsreceived fromthe State
Government/Centra Government or ingtitution
or other sources.

Patter n of ur banisation

Bihar continues to be one of the least
urbanised states of Indiawith 11.3 per cent of
thetotal populationlivinginurbanaress. The
state seemsto represent the 'subaltern’ char-
acter of urbanisation whichreferstothegrowth
of settlement agglomerations, whether denoted
urban by the Census of Indiaor not, that are
independent of themetropolisand autonomous
inther interactionswith other settlements, lo-



30 Arun K. Singh

ca andglobd (Denisetd.: 2012). Thisseems
to be true when we see a large number of
settlementsfulfilling thecriteriayet not identi-
fied as urban centres. The pattern of
urbanisation inany areaismeasured inanum-
ber of waysand themost common and thebest
understood criterion isthe percentage of ur-
ban populationto thetotd population. Inrela-
tion to developed countries, India is less
urbanised with lessthan onethird population
livinginurban areas (Census 2011).However
the percentageof populationlivinginurbanar-
eas has been continuously increasing from
macro to micro region. North East Bihar with
eight digtrictshaslevd of urbanisation (7.4 per

cent) even lessthan thewholeof Bihar (11.3
per cent). Herenoneof theeight districtshave
thelevel of urbanisation morethan the state
average. Madhepuraand Supaul districts (ear-
lier subdivisonsof Saharsadistrict) haveless
than 5 per cent of populationlivingintowns.
Purneaistheonly district wherethelevel of
urbanisationismorethan 10 per cent andin
remaining fivedistrictsit isbetween 5t0 10
per cent. Thestudy areahastota 86 CD blocks
out of which only 20 has urban population
(Table2/Fig.1).

Table2:  Block Level Urbanisation (%)

L evel of Urbanisation CD Blocks Na Of CD
Blocks

Above National Average | Katihar (74.8), Purnea(63.4), Kahra (52.4), Kishanganj (43.9). 4

(3L.16%)

Between State Average Madhepura(22.2), Nirmai(20.5), Araria(18.5), Supaul (18.2), 1

and National Average Forbesgan] (17),Kasba(16.2), Bahadurganj(14.6),Manihari(13.9),

(11.3-31.16%) Murliganj(13.4), Khagaria(13) and Gogri(11.9).

Between State Average Basantpur(9.9),Banmankhi(8.6). 2

and Regional Average

(7.4-11.3%)

Below Regional Average | Thakurganj(6.3), Singheshwar(3.9), Barsoi(1.8). 3

(7.4%)°

Source: Respective District Census Hand Books 2011, Series 11, Part X11 A

Ancther dternativemessureof urbanisation
isconcerned withthedistancethat rura people
haveto travel to the nearest urban placeona
periodic basisto obtain goods and services.
Thismeansthat greeter isthedistance between
rural and urban areas|ower will betheleve of
urbani sation asthetownswill be spread far-

ther gpart and arefewer in number. The maxi-
mum distancethat arural folk hastotrave to
reach nearest urban centreiscalculated by us-

ingtheformulaD=./A/ 2.6 WhereD isthe

distanceto becovered and A isthearea. With
the passage of timeasthelevd of urbanisation
and number of urban centresincreasesthere
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will bedecreaseinthedistancethat arurd folk
hasto cover. At thestatelevel theaveragedis-
tance covered is 13.5 Km. and in the north
East Bihar it is 18.8 Km. At district level

Saharsa (27.4 Km.) followed by Purnea (20
Km.) and Katihar and thedistancecoveredis
minimum in Madhepura (15Km.) and
Kishangan] (15.5Km.). Another equaly mean-
ingful alternative to measure the level of

urbanisation is the size of rural population
served by atown. It isimportant inthe sense
that Indiais primarily aland of villageswith
largenumber of populationlivinginrura areas
and their dependence upon nearby townsfor
day to day requirement of goodsand services
isindispensible. InIndian context theseurban
centresserveasfoca pointsof socio economic
change and perform avariety of roles. Rura

population of an areadivided by the number
of recognised urban centresmay beused asa
convenient measure. Rural population also
termed asthethreshold population of atown
dependsuponthelevd of urbanisationi.ehigh
level of urbanisation resultsinlower popula-
tion threshold and vice versa. Lower popula-
tion thresholdisthe product of high per capita
income, highleve of servicesand larger num-
ber of urban centres. According to 2011 Cen-
susthe average threshold population for the
wholecountry is80000 peopleandin Bihar it
is4.6 lakh and for the North East Bihar it is
8.2lakh. Atthedistrict level, Saharsahasthe
highest threshold (17.4 lakh) followed by
Purnea (9.8 1akh) and K atihar(9.3 lakh) and
Kishanganj(5.09 lakh) hasthelowest thresh-
old. Itisobviousthat inall theeight districts
threshold popul ation of atown ishigher than
the state and national average showing lower

leve of urbanisationinthearea

Urban structural pattern and distribution
of towns

Theurban landscapeof Indiaischaracter-
ized by the presence of metropolitan apex with
few largecitiesand largenumber of small and
mini townsand North East Bihar isnot an ex-
ception. Thereisno metropolitan city inthe
entireregion. However inthelast fivedecades
the number of Class| townshasincreased to
four accommodating 56.7 per cent of the ur-
ban population. Onthe other extremethereis
no ClassVI townandonly two ClassV towns
accommodating one per cent urban popula-
tion of theregion (Table 3). Class 1 and 111
townsarethepotentia centres accounting for
two third of thenumeral strength and 38.3 per
cent of thetotal population.

Ramachandran (1989) cdlsthesetwo cat-
egories of towns (l1/111) as medium towns
which can perform asanimportant functional
link withinthe urban system, serveas market
centresfor agricultural produce and hasrura
oriented tertiary sector. Inthelast fifty years
(1961-2011) the number of urban system has
increased from 15to 21. Katihar (59344) was
theonly Class|I town of thisregionin 1961
and was the largest town located on the
Kanpur-Guwahati railway lineand thethree
leading functions of the town according to
workers were transport, industry and com-
merce (Ahmad-1965). It got the Class| city
statusin 1981 censusandinthelast fifty years
population of thetown hasincreased by four
timesand presently it isthesecond largest city
of theregion. Purnea (40602) aClassll town
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Table3:  Distribution of Population Under Different Categoriesof Townsin North East
Bihar
Size | Population Size 1971 1991 2011
Class | Size
India Bihar NE | India Bihar NE | India Bihar NE
Bihar Bihar Bihar

I Above 1 lakh 570 399 Nil 65.2 444 340 |60.79 575 | 567
I 50000-99999 110 132 | 367 110 20 183 |1015 156 | 180
I 20000-49999 17.0 254 | 37 132 255 403 (1412 216 | 203
v 10000-19999 100 178 | 230 82 78 74 (1047 29 30
\Y 5000- 9999 45 35 6.6 21 03 Nil | 397 22 10
Y/ Lessthan 5000 05 02 Nil 03 Nil Nil 05 02 Nil

Total 1000 | 1000 |1000 | 1000 1000 | 1000 |1000 |1000 |1000
Source: Respective District Census Hand Books 2011, Series 11, Part X11 A

in 1961 and district headquarterswasthe sec-
ond largest town. It attained thestatus of Class
| townin 1991 andinthelast twenty yearsthe
population recorded anincrease of 245 per-
cent. Popul ation growth ratefor thelast two
decadeswere49.4 and 64.4 per cent respec-
tively. Other Class |1l townintheregionwas
Kishanganj, asub divisiona town of Purnea
district isanimportant centre of jutetrade. It
became Classll townin 1981 and Class| town
in2011 recording littlelessthan four timesin-
creasein population during five decades.
Itisevident from thetablethat there has
beenagradua increaseinthenumber of towns
but urban popul ation of theregion hasrecorded
morethan fivetimesincreaseinthelast fifty
years. Physiographically, North East Bihar is
dividedintotworegiond unitsnamely Seharsa

plainwith 9 urban centresand Purneaplainwith
12 urban centres. Maximum number of towns
falsinClassll townstermed asmediumtowns
with popul ation between 20000-49999. Such
townsare characteristic feature of plain area
and play significant rolein shaping urbaniza-
tion pattern and are an important component
of theurban system. Therearefour townseach
in Class| and Class Il townsin North East
Bihar al of them except Khagariaaredistrict
headquarter townshaving administrativefunc-
tionindominance.

Rural settlements viz a viz potential
urbanisation

InBihar thereare 4345 rural settlements
with population above 5000 (athreshold popu-
lation for town) and 161 rural settlements
whose population isabove 20000 which are
potentia medium sized (Classlll) towns. No-
tification of municipa areascomesunder juris-
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Table4:  Population of Urban Centresin North East Bihar (1961-2011)
Town 1961 |1981 | 2001 |2011 Class| Increasein
Population
Purnea(Municipal Corporation) 40602 | 91,144| 171,687 | 282,248 I 6.95times
Katihar(Municiapl Corporation+ OG) | 59,344 | 122,005 190,873 | 240,833 I 405
Saharsa (Nagar Parishad) 14803 | 57580| 125167 | 156,540 I 1062
Kishanganj (Nagar Parishad) 27002 | 51,790, 85590 | 105,782 I 391
Araria(Nagar Parishad) 13924 | 33363] 60861 | 79021 Il 567
Supaul (Nagar Parishad) 17460 | 30,732| 54,085 | 65437 Il 375
Madhepura (Nagar Parishad) 11832 | 21,742 45031 | 54472 Il 4.60
Forbesganj(Nagar Parishad) 15846 | 28260 41499 | 50475 Il 318
Khagaria(Nagar Parishad) 13731 | 25252| 45221 | 49406 Il 360
Jogbani(NP) 8852 | 18461 20991 | 39281 1 443
Gogri Jamalpur(NP) - | 188%| 31106 | 37,753 1 197
Bahadurganj (NP) - | 16,786 28118 | 36993 n 221
Kasba(NP) 13051 | 18731] 25524 | 30421 1 233
Banmankhi Bazaar(NP) 6976 | 17491 25187 30,336 Il 434
Murliganj (NP) 0848 | 16804 22936 | 28691 n 291
Manihari(NP) - | 12592 21803 | 26629 1 211
Nirmdi(NP) 5423 | 10108| 16141 20,189 Il 372
Birpur(NP) 8061 | 12953 17982 | 19932 v 247
Thakurganj(NP) - | 10760] 15300 | 18348 v 1.70
Raghunathpur(CT) - -l 5601 6,355 \% 113
Singheshwar Asthan - - - 5,298 \% -
Urban Population 266,755 615,4509,05,9,703 1,38,4445 518

Source: Respective District CensusHand Books 2011, Series 11, Part X11 A

dictionof 'State List' asper the Congtitution of
India. Onecan eadly find out influence of local
politica economy of the statein the processof
recognition of the statutory towns. Asper Bihar
Municipa Act, 2007, declaration of intention
to condtituteamunicipd areaisbased on popu-

lation and other characteristics of the settle-
ment. According to the act popul ation size of
the urban areashoul d be twel vethousand and
more but not morethan forty thousand for a
small townor transitional areato beaNagar
Panchayat or urban growth centre. Besides, it
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also considersdensity of population, revenue
genearatedfor theloca adminigtration, morethan
75 per cent employment in non-agricultureac-
tivitiesand economic importance of such ar-
eas. In another clause, the State Government
maly, by notification, determine separate con-
ditions, to congtituteany hill area, pilgrim cen-
tre, tourist centreor mandi asamunicipa area
(Govt. of Bihar: 2007,2011).Bihar Municipa
Act, 2007 did not consder significance of ser-
viceslikeadministration, education, hedlth, fi-
nance, trade and transport in notifying new
gatutory towns. Thesignificant increaseinthe
population size of the settlement i.e. ten thou-
sand or even more, itself createsdemand for
market and services. Asaresult, market and
other servicesgrow rapidly intheselargevil-
lages. Similarly, it alsoignorestheincreasing
built-up area, role of agglomeration and out
growthin processof notification of new statu-
ary towns.

Idedlly, aGram Sabhashould show itsin-
terest to changethe status. Panchayati Rgj In-
stitutions like Panchayat Samiti and Gram
Sabhacaninitiatethe processand passareso-
[ution to notify theareaasurban and thedis-
trict administration should send this proposa
to urban devel opment department of the state
government for approval. Regulation for es-
tablishing urbanloca bodiesvariesfrom state
to stateand sometimeswithinthe state asthe
demand for suchstatusisusudly rased but dis-
couraged by the local people because of the
notion that they will haveto pay moretax for
basic amenities. On the other hand, census
towns are administered by Gram Panchayats
and Rural Development Department of the
State Governments. Soif therural settlements
arefulfilling the criteria of urban area, they

should be granted the status of censustown.
However, thereis possibility of poor urban
basi ¢ services, amenitiesandinfrastructurein
suchtowns.

IntheNorth East Bihar therearemorethan
one thousand (1027) rural settlements with
popul ation above 5000 accommodating 47.4
per cent of thetotal population of theregion
.Out of these settlements 313 havethe popu-
lation above 10000 (potential classlV town)
which can act asgrowth point (market town)
and considering the economic base of there-
gion such settlements can be developed as
agro-indugtrid centre. Another 714 settlements
with popul ation between 5000-9999 can func-
tion asservice centrewhich can serveasinno-
vationdiffuson centreand smal scale process-
ingand manufacturingindustriescan bedevd-
oped.

Thereare42rura settlementswith popu-
lation above 20000 in the North East Bihar
which arepotential classIll (medium) towns
and havethe capacity to serveasanimportant
link and serveto offset thedeficienciesin the
number of citiesaswell assmall towns. Sur-
prisingly noneof theserura settlementshave
the popul ation density bel ow 400 persons per
sg. km. There are four settlements whose
population density isabove 2000 persons/sg.
km, Bakhtiyarpur with the maximum density
followed by Marar, Laualagan and Chausa.
Thereare 12 settlementswherethe density of
popul ation isbetween 400-1000 persons/sq.
km.

If the rural settlements with population
above 20000 are considered to be urban cen-
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Table5:  Rurd Settlementswith Popul ation Above 5000
Population size
SNo. | Districts No. of
5000-9999 10000-19999 | 20000and above | gttlements
1 Araria 129 5 4 178
2 Kishanganj 57 9 0 66
3 Purnea 120 ) 6 161
4. Saharsa T4 21 7 102
5 Madhepura & i\ 7 133
6. Supaul 86 46 6 138
7. Katihar 87 0 6 123
8 Khagaria e 1 6 126
North East Bihar 714 271 Zivg 1027

Source: Respective District Census Hand Books 2011, Series 11, Part X11 A
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trestheleve of urbanisation of thisregionis
likely toincreaseto 13.2 per cent (morethan
thestate average), 40 CD blockswill havedif-
ferent levelsof urbanisation (Fig. 2) and the
average distance covered will comedown.
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economic development, then economy of this
region can beimproved by devel oping these
settlementsand creating empl oyment oppor-
tunitiesfor the surrounding aress. Thestory of
urbani sation and economic devel opment de-
picts chicken-egg story where whether
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Table6:  Block Leve Potentid Level of Urbanisation (%)
Level of Urbanisation CD Blocks No. Of CD Blocks
Above National Katihar (81.4), Shankarpur (64.8), Purnea(63.4) ,Kahra(62.5), 8
Average (31.16%) Pratapganj (48), Kishanganj (43.9), Patarghat (39.6), Khagaria(32.8)
Between State Average | Chausa(30.4), Amdabad(28.9), Forbesgan](28.5), Araria(27), 2
and National Average Supaul (23.8), Kumarkhand(23), Madhepura (22.2), Chautham
(11.3-31.16%) (22.1)Dhamdaha(21.9), Gogri(21.7), Rupauli(20.7), Tribeniganj
(20.5), Nirmdi(20.5), Alamnagar(18.5), Simri Bakhtiyarpur (18.3),
Bhawanipur(17.7), Kasha(16.2), Nauhatta(15.7),
Bahadurganj (14.6),Banmankhi(14.3),Manihari(13.9),
Murliganj(13.4),
Between State Average | Kadwa(10.7), Saur Bazaar (10.5), Beldaur (10.3), 6
and Regional Average Basantpur(9.9),Barari(9.3), Korha(7.5),
(7.4-11.3%)
Below Regional Thakurganj(6.3), Ranigan] (5.3), Singheshwar(3.9), Barsoi(1.8) 4
Average (7.4%)

Source: Respective District CensusHand Books 2011, Series 11, Part X11 A

urbani sation |eadsto economi c devel opment
or economic development leadsto urbanisation
isamilliondollar question. But thefact remains
that rural settlementswith different types of
connectivity (physical ,economic,digitd) islikely
toimprovetheeconomic condition by provid-
ing goods and services to the people of the
surrounding aress. Whiletaking about regiona
development and urban centresMisraet. Al.
(1974) have suggested the hierarchy of settle-
ments and formulated the hybrid concept of
growthfoci/development foci whichislikeyto
perform thedud rolesof generating economic
growth aswell as providing goods and ser-
vicesto the dependent population. Inthe pro-
posed framework settlementswith popul ation
between 10000-25000 would be considered
asgrowth pointswhichwill besubregiond leve
innovativeand propulsiveurban centres linked
with other growth pointsby al weather high-
ways and other lower level servicecentre by

local road network. Such settlementsarelikely
to be agro industrial based on indigenously
availableresources and theimportant economic
activitieswill bethe production, handling and
processing of such resourceslikeagricultura
and dairy products. Thefunctionsassigned to
these settlementswill lead to socid, economic
and cultura integration of therespectivemicro
regions served by them. Each such settlement
(growth points) should have police tation, ex-
tension service centre, branch post office,
banks, apermanent market place, warehous-
ing, junior college, government aswell aspri-
vatemedica centreshandling agricultural in-
putsespecially fertilizers, pesticides, machin-
eriesand repair shopscapable of repairingtrac-
tors, lift pumps, trucks, cars and bikes etc.
Bhagat(2011) remarks the recognition of a
settlement asatown would haveimplication
not only intermsof provision of urbaninfra-
structure and civic amenities but alsofor re-
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productiveand child health services.

Indian policy makersaredtill followingfifty
year old demographic criteriaof defining Cen-
sustowns. Urban areasare primarily service
providing centrestoitshinterland. If aparticu-
lar rura settlement satisfiesal demographiccri-
teriaand acquiresacensustown statusby Cen-
susof India, the question arises, why doesthe
state government hesitateto give such towns
the statusof an urbanloca body?Infact Bihar
Municipa Act hasaspecia provisonto notify
famoustourist Stesasstatutory towns. Thus, it
can besaid that the staterequirespolicy inter-
vention for better urban governance.

Concluson

Conventionaly Bihar ingenerd and north
East Bihar in particular isleast urbanised and
therearemultitude of factorslikephysica, so-
cid, cultura, economicand politica factorsre-
sponsible for the existing low level of
urbani sation. However effect of thesefactors
could beminimised by policy interventionsat
variouslevels. Thestudy areahasalarge num-
ber of rural settlementswith population above
20000 which can be devel oped as urban cen-
tresand nodes by creating job opportunities
aswell asmaking provisionsof goodsand ser-
viceswhichwill beutilised by thesurrounding
areas. Such settlements should begranted the
status of urban centres and the level of
urbanisationwould increasewhichwill creste
avirtuouscircleof regiona development.
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Urban Functions, Processes and Social M or phology of
Amarkantak Town, Madhya Pradesh
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Abstract

Towns are the places of manifold functions and these functions are mostly related to
the economic and social development of urban areas. Amarkantak town is a prominent
historio-religious place of Central India which islocated on lush green covered Maikal
hills. The topographical configuration of Amarkantak is uneven and the town is situated
around the origin point of the sacred river Narmada. The temples, kunds, ponds, ashrams,
and commercial shops are the foremost features of Amarkantak. The functions of
Amarkantak town are widely influenced by the pilgrimage. The town has its importance
asservice centrein the peripheral villagesand is connected with other, various important
places. The process of urbanization and urban sprawl of Amarkantak are largely con-
trolled by thereligio-political factors. The segregated occupancy pattern of different eth-
nic groups in the town clearly shows the rural attribute of the town and its inclination
towards the hierarchy based community system and religious aspect. The present study is
an attempt to analyse and describe the urban functions, processes and social mor phol ogy
of the settlement in spatio-cultural context.

Keywords: urban functions, processes and social mor phol ogy.

Introduction

Theurban areasarerecognized asoneof  easisthecauseof variousurban problemses-
the complex and highly dynamiclandscapeon  pecidlyindeve oping nationsthat atract schol -
theearth'ssurface. Thecivilization of present  arsof different disciplinesto overcomethese
eraischaracterized by rapid growth of urban  problemsand prepareplansfor itssustainable
areasand increasein the proportion of urban  development. " The study of citiesshouldin-
populationindeveloped aswell asdeveloping  variably be associated with environment com-
nations. Influx of rura population in urban ar-

1 Assistant Professor, Department of Geography, Indira Gandhi National Tribal University, Amarkantak
(MP) - 484887.
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prising thevery life of the peopleliving there
and asotheinvolved activities performed by
them" (Verma, 2008:2).

"Theuseof urbanland anditsexpansonis
largely determined by population growth,
soci0-economi ¢ and technol ogica and histori-
cal eements’ (Sharmaand Mishra, 2011: 1).
Thestudy of urban functions, urbanization and
urban land usein Geography isassociated with
the application of quantitative anays sof geo-
graphical data. The current spatia techniques
such as computer added cartography and GIS
becameimportant toolsto assist thespatia and
quantitativeandysis. Thestudy extendsto spa
tid dimension of society and culturelike popu-
lation characteristics, economic activitiesand
organization of socia space.

Sudy areaand itsnomenclature

Amarkantak town is situated in
Pusprggarhtehsil of Anuppur district, Madhya
Pradesh. Thetown isdeveloped closeto ori-
ginpoint of holy river Narmada (22°40° N lati-
tudeand 81°45’ E longitude) and the place is
at height of 1057 metresabovemean sealevel.
'‘Amarkantak’ isa Sanskrit word conjoint of
two wordsamar and kantak whereamar lit-
eral meansto "immortal” and kantak literal
means"obstruction”. Inthe Hindu mythol ogy,
it has been referred as an abode of the God
but it was disturbed by the hindrance of
Rudraganas. Thegreat poet Kdidashad cdled
it as’Amrakoot’ (theridge covered by mango
trees). Thetownissurrounded by Sal forest
andtriba inhabited villages.

Amarkantak isasmall town with 8,416
population and the sex ratio is864 femal es per
thousand mde. Thelower sex ratio of thetown
iscaused by theinflux of malesdective popu-
lation. The sex ratio among the age group 0-6

yearsisreatively far better (931) thantheover-
all sexratio. Thetotal literacy of thetownis
80% and thework participation rateis 36.6%.
Among thetota workers(3,081), malework-
ersaremorethan two times of femalework-
ers, i.e, 2,166 maeand 915 female. About
84% of total workersare other workers, after
big gap, itisfollowed by agriculturd |abourers
9.28% and workers in household industry
(4.77%) whilethe lowest proportion comes
under cultivation, i.e., 2.20% becausethetown
has grown as service centre and the largest
sourceof livelihood istertiary sector. Theeth-
nic composition of population showsthat the
largest proportion of popul ation (43%) belongs
totriba community. Almost haf of the popula
tion of thetown belongsjointly to scheduled
tribe and schedul ed caste (6.16%).

Objectives

* Tostudy thevariousurbanfunctionsof the
town

*  Tounderstand undergoing urban processes
inshaping of urban functions, and

»  Todescribesocid morphology of thetown
Data baseand methodology

The present study isbased on secondary
sources of datawhilethe primary work played
avita roleinthe study of field check of urban
functionsanditsspatid arrangement and hel ped
simultaneously to observethe processes of ur-
bani zation and urban sprawl. Thediscussion
with thelocal people enabled to understand
thesocia and cultura aspectsof the settlement.
The study of locational importance of urban
functionsand itsspatia connectionsareclearly
marked through the prepared map. Theinter-
pretation of geographical data, map and phe-
nomenaare based onintensvefield study. The
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relevant published and unpublished materid is
consulted and quoted. The preparation of ap-
plicablemap isbased on ward-wise map sup-
plied by Nagar panchayat and land use map
whichistakenfromAmarkantak devel opment
plan, 2015. The population dataistaken from
district censushandbook and primary census
abstractsof different years.

Evolution of thetown

TheNarmadavalley and plateau platform
situation providesbasefor the evolution of the
settlement, Amarkantak whileitsgrowthisaf-
fected by the pilgrimage and itsscopeisen-
hanced by thetourism because of scenicbeauty
of nature and connectivity with other places.
"Town's place is the product of culture of
peopleof theregion™ (Verma, 2008: 55). That
iswhy theorigin of townsisrelated to multi-
fariousreasons such associa, economic, cul-
turd and palitical. The urban characteristics of
thesmall settlement are primarily theresult of
non-primary occupation of population. The
placeAmarkantak and theriver Narmadaare
mentioned invariousold textssuchasPuranas,
Ramayana, Mahabharata, Vashishtha
Samhita and Shatpathabrahamana.
Amarkantak was known as Rikshparvat
(about 6000 years back) in puranas.
Suryavanshi Samrat Mandhata founded a
towninthevalley of rikshaparvat and gave
name purukutsa and he has also given the
nameof Narmadato theriver. Pandavas stayed
hereduringtheir exileand got benefited of spiri-
tudity. Adishankarcharya(bornedin 788 AD)
founded the Patal eshwar Mahadevtempleat
the origin point of Narmadaand the placeis
known as Surgjkund. The Kalchuri king
Karandev (1042-1072 AD) constructed many
templescloseto thiskund. Beforethe British

rule, Amarkantak was ruled by the king of
Nagpur (1808).

Theurban characterigticsof the settlement
cameinto being after starting of the bauxite
minesby BALCO and HINDALCO inearly
1960s and continued up to 2003 in
Amarkantak whichledto grow urban services
like market, bank, postal serviceand transpor-
tation. Theeconomy of thetown hassuddenly
declined withthe closing of both of themines
however it regained importancewith thees-
tablishment of IGN Tribal University,
Amarkantak (2008).

Urban functions

Urban areashave multi-fold functionsthat
support theurban lifeanditsefficiency. Urban
functionsinclude dweling units, physica and
socid facilitiesand serviceswithitsspatid ar-
rangements. Theurban functionsaregrouped
intwowaysnamely basicand non-basic. The
bas ¢ functionsarethose functionswhich gen-
erateincometo thetown through providing the
sarvicesto thesurrounding settlementsand the
non-bas cfunctionsarethosefunctionsthet fulfill
needs of itsown popul ation. Geographically,
theurban functionsof atown arethe synonym
of usesof urban land into different functions.
"The secondary and tertiary urban activities
combineto generatethe spatial configuration
of acity becausether requirementsare some-
timesfunctionaly differentiated and spatia ly
segregated” (Ayeni, 1979). Although urban
activitiesand land usearesometimes spatialy
segregated, they functionally linked together
through human patronage, human activitiesand
time (Adedokun, 2011:409). "The pattern of
thecity istheway how different functionsand
elements of the settlement form adistributed
and mixed together spatially. It can be mea-
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sured by thesizeof itsgrain. Grainisfinewhen
similar elementsor functionsarewidely dis-
persed throughout thedistrict without forming
any largeclusters. Onthe other hand, grainis
coarseif different elementsand functionsare
segregated from each other in away that ex-
tensive areas of onething are separated from
extensive area of other things" (Lynch,
1981.:265). The study focuses on urban func-
tionswhich are anal ysed and described with
givenfollowingsub heads:

Residential areas

Theland, onwhichthedwelingsarebuilt,
ismarked asresdentid area. Itisanimportant
and largest component of urban space.
Amarkantak isasmall Szetown becauseof its
popul ation and urban functionsand isgrowing
out of rural settlement. The areaunder resi-
dential useis22.35hathat isvery less(0.33%
tothetotal areaof Nagar panchayat) whileit
1518.13% to the devel oped land. Thewhole
residential areahasacore and many groupsof
dwellingsdevel oped into pockets.

Thespatia grouping of resdentid unitsof
thetownisdivided into housesof rich purohits
and busi nessmen, government employees, less
spacious and unhygienic houses of poor
peoples. Ashrams are the places of tempo-
rary accommodation during the pilgrimage pe-
riodswhileanumber of saintsareregular dwdl-
ersinthese ashrams. The mgor concentra-
tionof residentiad dwelingstakesplacearound
the kund that form the core of thetown. Be-
sides, Tikri tola, Bank tola, Jamna dadar,
Kapilasangam, Naka, Bandhaand Barati are
the other residential localities of the Nagar
panchayat.

The spacious and modern architectural
styled houseswith good facilitiesand ameni-

tiesbelong to purohitsof Narmadatempleand
thelocdity isknown aspandan mohallawhich
isfollowed by thehouses of businessclassthat
surround it. Economically weaker section of
the society, thetribal and scheduled caste per-
sonslivein poor and unhygienic huts’ houses
in periphera localities of thetown. Theresi-
dentia quartersof government employeesare
constructed closeto police station, backside
Chandrachariyahospitd, andinthevicinity of
Barfani ashram. Jwaeshwar and Baigantola
are inhabited by Baigatribe and located at
outskirts of Nagar panchyat and attributed
by the purerural characteristics.
Official building

Official set-upisgenerdly developedina
specific area and connected with means of
trangportation. Theadminigtrativeareasuch as
capital, district headquarters, tehsil or local
body governance and administrativefunction
generdly developsin moderately settled part
or outskirt of thetowng/cities. "Thel ocation of
adminigrativeofficesisguided predominantly
by accessibility, selection and avail ability of
vast space" (Sharma and Mishra, 2011:13)
Threeadminidrative set-upsareestablishedin
Amarkantak namely policestation, forest of -
fice, and Nagar panchayat. The police sta-
tion and forest officesarelocated in outskirt
nearby new bus stop whiletheoffice of Nagar
panchayat iscentraly located in thetown and
closetoretall commercial area

Retail business

‘Retall commercid activitiesarethesignifi-
cant functionsinacity tofulfill thebasicre-
quirementsof theloca peopleand dependents
of surrounding region' (Yadavaand Prasad,
2014: 34). Thecentra businessdistrict of town
isunder devel oped and shopsaremainly found
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in ribbon pattern along the road from Shanti
kuti to the circumference of theold park. The
shopsgeneraly belongto kirana, genera pro-
vision, cosmetics, clothsand readymade gar-
ments, photo studio, stationary and el ectron-
icsaongwith afew restaurants. Themarketis
centraly locatedinthebuilt-uparea. Thesingle
storeyed shops show lack of rush when it
servestotheloca peopleand thecommuters.
Thelocation of the central businessareaisin
the proximity tothe ol d settled part of thetown
and theNarmadatemple. Themarket got ben-
efitted by the good | ocation along main road
and asal thecommuters, touristsand pilgrim-
age passfrom the market.

Morethan hundred businessoutletsarede-
veloped inrectangular shapein north-west of
Narmada temple. Majority of shops are re-
lated with worship items, idols of God/God-
dess, photos and frames, fruits, kirana, and
religiousliterature. Theteastdlsand breskfast
outletsaswell assomegenerd provisonshops
arealsodevelopedinthisarea. The Narmada
templeisonly sourceto attract such business
outlets.

The numbers of shopsareincreased rap-
idly along the road in the vicinity of
Chandracharya hospital and the shops are
mainly related to readymade garments, dairy
products, home appliances, jewelry and el ec-
tronics, medicine storeand Indane LPG gas
agency. Theoutletsof teastall, refreshment,
gumati, dry cleaner, and saloon arefound on
the other side of the sameplace. Thedevelop-
ment of shopsintheareaisaresult of growth
of population and urban sprawl and the de-
mand of commutersalso. Similar shopsare
found at Nakaand new busstop which arethe
result of therequirement of passengersandthe
inhabitantsof thelocality.

L esurerestaurant

The spatio-cultural characteristics of
Amarkantak areacombination of natural sce-
nic beauty and the sacred places. Many people
of different placesespecidly urban areascome
to recreation in all weather seasons. Few
people want to enjoy with cloudy weather,
some of them enjoy the snow cover on grass
aongthethinly Narmadavaley whilemany of
them comeinto spring and summer season to
enjoy the natural beauty of flowering season
and pleasant westher. Boating facility isavall-
able in puspkar reservoir of Narmada. The
Kapildhara waterfall and sunrise point at
Sonemudaare the attracting points of every
tourist. Many running streemsmakesmall rap-
idsand fallswhich are a so attracting points
named asdharaslike Dudh dhara, Shambhu
dhara, Durgadhara, etc. Many private and
government guest houses are the places of ac-
commaodation and foods. Among them holyday
homes, PWD guest house, SECL guest house,
forest rest house and Sarvodaya lodge are
very famous. Therestaurantsarevery limited
innumbersandfound mainly intheareaof re-
taill market but tea stalls and small shops of
breakfastsarefound at every placesof visit.

Education and health

Thesmdl placeAmarkantak becameahub
of education that attracts studentsfrom periph-
era areawith the establishment of four higher
secondary schoals, primary schoolsand IGN
Tribal University and having hostel facilities.
Apart fromuniversity, aB.Ed. collegeand a
branch of Makhan Lal Chaturvedi Patrakarita
Vishwavidyalaya are started at Amarkantak.

Thetraditiond vaidyasof Amarkantak are
famousin ayurvedic trestment and thejungle
of Mekal rangeisthe source of varieties of
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medicina plants. Many triba people cometo
sl herbsinthe market. Theallopathic health
servicesarevery poor duetolack of hospitals
inAmarkantak. Only onegovernment primary
health centre is there while Chandracharya
hospita isdmost dysfunctional.

Hotel and accommodation

Theaccommodationfacility inAmarkantak
is mostly provided by the Ashrams and
dharamsalas that are related to many sects
and religionswhich arelocated everywherein
Amarkantak. Many of them aremaintained like
hotels. Thehotelsarelimited in number and
most of them are associated with government
departments while privately owned guest
housesarefunctioning parallel to servetour-
igds.

Publicfacilitiesand other services

Theland useunder public and semi-public
domainis63.24 hawhich occupiesmorethan
50% of the devel oped area. It showsthat the
townisanimportant service centreinthesur-
roundings. Themgor part of thisland usefdls
under therdligioususes asashrams, dharam-
shalasand temples. Theother land useisde-
voted to educational and healthinstitutions,
guest houses, burning ghats, etc.

Theéd ectric power station, water supply,
sulabh complex, urinaries, placefor periodi-
ca market are other public servicesand utili-
ties. Only 37% households are getting tap wa-
ter while 46% accessthrough wellsand rest
got to river and springs. The81% households
of thetown do not havelavatory facility. Only
20% househol ds are having open and closet
drainagefacilities. Theabove proportion shows
that the basic urban servicesarevery poor in
thetownwhich areadversdly affecting theen-
vironment of Amarkantak.

Indugtrial

Thetota land useunder theindustrid func-
tionis2.81 hawhichis 2.28% of the devel-
oped land. TheTraining-cum-Production Cen-
tre(TCPC) islocated in Barati areawhichis
established by the Government of Madhya
Pradesh for the promotion of industria activi-
tiesand generation of employment. Inthevi-
cinity of Barati, thereisan open cast mining
area of bauxite which was mined by
HINDALCO but at present, the mining is
stopped. Employeeshaveleft the placewhile
somepeoplearedtill inhabiting thesamelocal-
ity.

Transportation and communication

Urban transportationisthesnglemostim-
portant component instrumental in shaping ur-
ban devel opment and urban living (Sen and
Sanyal, 2013:421). Thecirculatory systemin
any settlement reflectsits pattern of devel op-
ment in entirelandscape. High density of roads
shows dense popul ation and further devel op-
ment of the settlement. Low density of road
network of Amarkantak showsthat thetown
isless popul ated. Transportation network of
the town covers an areaof 20.5 hawhichis
16.63% of the developed area. Therearetwo
typesof roads namely state highway and loca
municipd roads. Thebusterminusisdeve oped
at Naka and the roads are radiating to the
Jabalpur, Shahdol and the Narmadatemple
fromthispoint.

The BSNL exchange is installed in
Amarkantak to extend the communi cation ser-
vicesand internet facility. Therailway signd
tower isconstructed closeto Sonemuda.

General commercial
Thecommercid land useof thetownis6.55
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hawhichis5.31%tothedeveloped land. The
commercia activitiesarethe prominent func-
tioninthetown asasourceof livelihood for
urban dwellers. Thecommercid functionisre-
tall innature. Theretail businessliesaongthe
streetsand roadsin thevicinity of Narmada
temple. Thevicinity of Jaintempleisalso at-
tracting peoplefor purchasing some consumer
items. Therestaurantsand eateriesarediffer-
entcommercid activitiesinthetown. Apart from
abovebusinessfunctions, petrol filling station
and LPG gas agency are also developed in
Amarkantak.
Financial

Thereisonly asingle banking branchin
Amarkantak, i.e., SBI with functioning ATM.

Generalized land usepattern of thetown

"Land use pattern of acity isreflection of
anthropogenic transformation of land and
dynamicity of thecity whichisconditioned,
controlled and shaped by various phases of
histogenetic evol ution and areguided by loca-
tion, topography and accessibility”" (Singh,
2010:75). "Land use in a city has a unique
structure because of itsinteractions between
gpatid configurationsand functions. Urbanland
usesdiffer with oneanother not only intheir
areal coveragebut dsointheir different mor-
phological structures. Itsstudy becomes es-
sentia asapart of analysisof different func-
tions' (Sharmaand Mishra, 2011, p.11). Hu-
man occupancy of theland changes dynami-
calyinspaceandtime. Thisrequiresascien-
tificstudy of theland userdatedto their types,
incentivesand concentrations(Tiwari, Snghand
Sharma, 2010, p.17).

Thetotal planning areaof Amarkantak is

6,850.41 ha (Nagar Panchayat covers an
area of 68% of the planning area out of that

34%ispurely urban). The 123.29 haisdevel-
opedwhilerest area(6,727.12 ha) isundeve -
oped and comes under the open and forest,
water bodiesand cultivation. Theland usedata
clearly show theunequa development of land
inthetown. Only 1.8% areaisdevel oped un-
der various urban functions especialy inthe
vicinity of Narmadakund. Themajor concen-
tration of buildingshavebeen seenat Narmada
Kund and a ong the main roadsthat connect
thenew bus stand and thefurther extensionis
marked along the Kapildhara road and the
TCPC road of Barati.

Thefigure 2 showsthe urban land use pat-
tern out of thetotal developed land. Theland
under public and semi publicfunctionislarger
proportion whichismorethan half of thede-
ve oped landfollowed by residentid (18.13%),
trangportation (16.63%), recreational (6.36%),
commercid (5.31%) andindustrid (2.28%).

Entire urban space of Amarkantak is charac-
terized by temples, ashrams, dharmsalas,
businessoutlets, resdentia unitsand other pub-
licservices. Thus, therdigiousfactor hasplayed
amajor rolein the development of thetown.
Anather factor of itsgrowthisconnectivity with
the important towns and cities by roads and
the nearby railway station, i.e., Pendraroad.

Theforest coversan areaof 6,582 hawhichis
97.84% of the developed areaand 96.08 of

thetotd area. Theforest landismgjor propor-
tionwithinthelimit of Nagar panchayat and
itsplanning area. Theseforestsareunder de-
terioration duetoillegal Lrapid deforestation
which accelerateserosion of thin layer of soil.
Theareaunder water bodiesis10.08 ha. Water
bodies are other important feature of

Amraknatak. The areaisa source of water
that caused theorigin of sacred river Narmada
and the river Sone. Various kunds (small
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Tablel: Generalized Land Use Pattern of Amarkantak Town, 2011
Sl. No. Land Use Areaha % ageof developed land % tototal
1 Residential 235 1813 033
2 Commercia 655 531 010
3 Industrial 281 228 004
4 Public and Semi- Public, and 6324 5129 092
Public Utilities
5. Recreational 784 6.36 011
Transportation 2050 16.63 030
Total Developed Area 123.29 100.00 1.80
7. Miscellaneous use 4843 071
8 Forest Area 6582.00 96.08
9 Water Bodies 1008 015
10. Agricultural Area 86.61 126
Total Undeveloped Area 6727.12 98.20
Grand Total 6850.41 - 100.00

Source: Amarkantak Development Plan, 2015

ponds) exitsin the area. Besides, mgjor part
of thepanchayat isdried and thereiscrisisof
water. Theagricultural landisaverylittle in
termsof total area, i.e., 86.61hawhichliesin
margind areasof rura localities.

Urban Processes

The urban processes are those which
caused structural changein urban land useand
functions. Theterm'process generally refers
to the sequence of changein space and time
and thelogical sequence of changeleadtoa
recognisableresult ontheactua groundthatis
the consequence of both spatia and temporal
processes. "An understanding of urban devel -
opment processesiscrucid inurban develop-
ment planning and sustai nable growth and man-
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agement"” (Cheng, 2004: 167). Two chief ur-
ban processes namdy urbanization and sprawl
arediscussed inthe study.

Urbanization

Urbanisation isaterm that refersto the
clustering of populationinincreasingly large,
denseand diverse, citiesover time (Jonas et
al. 2015: 11). The process of urbanisation
seemsto beassoci ated with economic growth
and the sectoral composition of theeconomy
(Langeweg et a 2000: 22). The population of
Amarkantak hasrapidly grown 8timesinfive
decades from 1961 to 2011 (table 2). The
trend of urbanizationinAmrakantak showsin-
creaseintheszeof urban populationwithhigh
fluctuation. The urbanization of Amraknatak is
mainly related with mining activities, education
centre and people also want to live in
Amarkantak to get spiritual and climatic ben-
efits. The patches of Amarkantak aregoing to
fill withthegrowth of populationand urbanfunc-
tions. Inthiscontext, urbanization played a
vita roleinthechangingland usepattern of the
town. "Theincreasein the popul ation hasmul-
tipleeffectson theland usesunder residences
as well as other uses' (Kaushik and Kaur,
2009: 35).

Urban sprawl

Sprawl isgenerdly defined astheincreased
development of landin suburbanandrurd ar-
eas outside of their respective urban centres
(Bala, 2013: 164). Thetypical urban sprawl is
originatedinAmarkantak thet isassociated with
modern development on the one hand and on
theother thecongtruction of Ashramsand trusts
with basicfacilitiesand amenitiesin scattered
mode. Boththethingsare affecting the devel -
opment of thetown in different waysand rep-
resent current andtraditiond culture. Thesprawl
of current constructionsis generally taking
place along the main road that joins to new
bus stand from the pandan mohalla and the
Barati area. Theimportant thing of urbaniza-
tionistheoverd| development marked within
thelimits of thelocal body anditisfoundin
small pockets. Thehilly location and govern-
ment policies, especially forest laws arere-
sponsiblefor slow growth of thetown asde-
clared holy place and come in area of
Achankamar biospherereserve.

Centralization and decentr alization

Themaximum economicactivitiesareen-
crdedwiththenudé inthevicinity of Narmada
temple. Theresidentiad unitsand businessac-
tivitiesin theareaare woven with each other
dueto priesthood of Brahmin community and
close associ ation with businesscommunity for
mutual benefits. Themagnet of thecoreisholy
templeof Narmadathat attracts peopleto re-
side here. The newly development of urban
activitiesand resdentia unitsaretaking place
inoutskirtsalong theroadsradiatingin differ-
ent directionsduetolack of spaceandthele-
gally banned the new constructioninthe cen-
tral area.
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Table2: Growth of Populationin Amarkantak town, 1961-2011
Sl Census Population Changein Decadal growth
No. | Year (figures) population figures rate (%)
1 1961 1,095
2 1971 2465 1,370 125
3 1981 4,465 2000 a8
4 1991 4936 471 1
5. 2001 7,082 2,146 43
6 | 2011 8416 134 19

Source: District Census handbooks, 1961, 1971, 1981; and Primary CensusAbstract, 1991, 2001 and 2011.

Social mor phology

Theterm socia morphology isused by the
sociologist asthe study of formand structure
of society whilethe socia geographersstudied
socia morphology asspatia and environmen-
tal dimension of societies. Itincludesenviron-
mental basisof socia organization and size,
density and distribution of population. "The
morphology or formsof thetownsin Indiare-
flect faithfully ethnicand socid digtinctions. The
social areasof thirdworld citiesarebasically
characterized by the degree of modernization,
and consequently, thereisvisibleintheurban
landscape patches of both ‘traditional’ and
'modern’ areas’ (Verma, 2008: 132).

The occupancy pattern of social/ ethnic
groupsinAmarkantak is characterized by ru-
ral attributes of the settlement. The present
Amarkantak isasettlement of settlementsas
group of many settlements of both rural and
urban naturewhich are segregated by the hier-
archicd casesystemandtribd locdities. These

triba locditieshaveevolved ashamletsaround
themain settlement. Someof themareemerged
with the spatial expansion of the core settle-
mentsliketikari tolaand bank tola. They came
into closer contact with the connectivity and
gpatial spread of the settlementsas growth of
popul ation and enhancement of urban activi-
ties. Thecoreishighly compact and the other
pocketsare semi-compact and scattered. The
nucleus of Amarkantak is inhabited by the
brahmin society and followed by business
community whilethetribal peopleand sched-
uled caste peoplelivein periphery either close
tothiscore or grouped in the other residentia
pockets. The Barati areais showing mix cul-
ture of various ethnic groups. Thecoreresi-
dential areaischaracterized by pucca double
storeyed buildings and metalled roads. The
buildings are constructed spaciouswith 4-5
roomsand having courtyardsfor sunshineand
other socio-cultural activities. Availability of
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modern facilitiesand amenitiesin the houses
reflects prosperity itself. The housesof busi-
nessclassarea so having smilar characteris-
tics. Theresidential areasof Tikari tola, Bank
tola, Jamnadadar, Kapila sangam, Bandha
areinhabited by economically and socidly de-
prived tribal and scheduled caste people. The
conditionsof thedwel lingsand Sregtsareworst
andthey areidentified asdum. Thehousesare
filthy and suffering from lack of spacewhich
are constructed by mud walls and thatched by
tilesand grassas. Theareasarefar fromreach
of urban facilitiesand amenitiesexcept el ec-
tricity.

Tikari tolaislocated at the margin of the
core settlement and people of pardhan,
chaudhari, washer man and cleaning commu-
nitiesare settled in themohalla asto provide
servicesto the Brahmin and business commu-
nities. Itisaccordingto theprinciple of socia
geography inhierarchical caste-based system
of India. Jamunadadar isbasically inhabited
by thetribal people namely Panikas, Gonds,
aswell ascattlerearer community, i.e., Ahirs
whilethebank tolaisinhabited by Kairwar and
Gond tribes. The Kapila Sangam is having
separateidentity andlocated a thejoining point
of Kapilariver to Narmada. Panika, Gond and
Bagapeoplearedwe linginthislocaity while
Bandhaisbasicaly inhabited by Manjhi, Gond
and Panikacommunities. The Gummaghatia
isafar away settlement whichisinhabited by
Ahirsbecausevast land isavailablefor cattle
grazing. Patdl, Panikaand Gond communities
are settled inthe areaof KridaParisar while
Hindal co mining areainhabited by Kol tribe.
The less advantageous places are generally
occupied by weaker section of society. In con-

trast, rich people occupied economically ben-
eficia central placeof thetown.

Concludingremarks

The area of Amarkantak Nagar
panchayat is larger than actual town and
spread over vast terrain of forested and culti-
vated land. Amarkantak isacombination of
many settlementsinwhich coreismain settle-
ment at thesametimeasrest villagesare hav-
ing separateidentity and devel opedin pockets
at considerable distance. Some of them are
having forested and cultivated land that are
associated with triba habitats. Tribal people
erected their hutsin either scattered mode or
ingroupsinsuchlocdities. Thecoreof thetown
isconstituted of residential housesof purohits,
business class people, main retail market and
the Narmadatemplegroup.

Theevolutionand devel opment of thetown
is affected by its topography, climate, the
Narmadavalley, pilgrimage and connectivity
with other places. Roughly 1/3 southern part
of Nagar Panchayat isactually built-up area
that condtituted main settlement. Thus, thecon-
centration of buildingsand devel opment of road
network arecommonly seenin the constructed
areaand thebus nessactivities predominatein
thisareawhileother partshavesmall rural lo-
cditieswith the predominance of primary eco-
nomic activitiesasrearing of milch cattleand
cultivation. A few tribal familiesof theselocali-
tiesstill depend on minor forest produces. The
land under public and semi-public function of
thetown coversard atively better proportion
of land inthecontext of thetownwhilethepro-
portion of residential land useismarked be-
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low the scenario of Indian cities. Theland use
under transportationisrel atively better withiits
proportionwhereasitsmany partsaretill hav-
ingunmetalled road.

Thewater bodiesare significant phenom-
enaof thetown that causethe cultural impor-
tance of theplace. Theentireareaisnaturaly
beautiful and attractivebut recreationd facili-
ties are not properly developed by the local
body governance. The growth of thetownis
observed dong the main roadswhichliesto-
wards northwest and southeast. All the new
congructionsand development aretaking place
aongthisroad. TheBarati areaisafast grow-
inglocality with the construction of residentia
houses. Thesocia spaceand functional inte-
gration of thetown still haveatributeslikevil-
lagesof India
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Begusarai Municipal Corporation : A study on
population characteristics
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Abstract

Population characteristicsinclude study of population density, growth rate and social
compositions, and worker status. The study has been done to analyse reasons and effects
of spatial and temporal distribution of population; the spatial aspects of social composi-
tion, i.e. sexratio, literacy rate and worker's classification that were portrayed for 2011
census. The secondary sources of data of two census years 2001 and 2011 are collected to
portray different population characteristics at ward level. Sex ratio is considered as an
important parameter for determining the growth of population, social condition of the
society, quality of life etc. Spearman's rank difference method has been used to find the
coefficients of correlation between literacy and sex ratio, and literacy and working popu-
lation of the city. Certain relevant and pragmatic conclusions are derived fromthe discus-
sion.

Kywords: population growth, density, social composition, sex ratio, literacy, working

popul ation, spearman's rank co-relation coefficient.

Introduction

Fromthebeginning, society haspreferably
been settled at placeswhere natura resources
wereeadly accessible, But, inthemodernglo-
balized world, dueto swift transport facilities,
advanced communi cation and devel opment of
service sector, the pattern of settlement of ur-
ban and rural has been changed drastically.
From socid scientiststo geographers, al have

studied different aspectsof populationto cope
withemergingissuesand chdlengesinbothrura
aswell asurban society.

Indiaisthefastest growing economy hav-
ing the world's 2nd largest population.
Alongwith the population pressureon theland,
unplanned settlements, increesing environmenta
pollution, decreasing agricultura lands, growth
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of dums, urban floods arethe emerging prob-
lemsinour country that aregppedingfor acon-
Sideration of sustainable development. There-
fore, to avoid the day of reckoning, we need
planned devel opmental projects. Severd fac-
torssuch as popul ation growth rate, popula-
tion density, sex ratio, literacy rate, pattern of
migration etc. arerequired to beanalysed to
study sdlient featuresof population of an urban
settlement. A comparative study of various
population indices of different censusyears
givesvita information. Betterment of hedthfa:
cilitieshasled to increased birth rate and de-
creased degth rates, resultinginlonger life ex-
pectancy. Restrained family planning and
proper educati on are caus ng burgeoning popu-
laioninIndia Areashaving higher literacy rates
havehigher sexratio. Thus, literacy islikey to
provepositivebearing onthe sex ratio. Migra-
tion pattern al so affects popul ation density and
sex ratio of an area. Commonly central busi-
nessdistrict (CBD) hashigh literacy rate as
well as high popul ation density. But, dueto
cheaper land pricessettlement of populationin
outskirts of thecity iscausingaboominthe
popul ation growth of urban areas. Begusarai
Municipal Corporation (BMC) shows such
trend of settlement in thecity. Inthe nutshell,
all theaspectsof population are correlated to
one another in one or the other way.

SudyArea

Begusarai city of the state Bihar islocated
from 25°22'51" to 25°26'35" north latitudes
and 86°06'19" to 86°09'11" east longitudes
with an average e evation of 48 m abovemean
sealevd. Itissituatedinmiddle Gangaplain
withitsgenerd dope south and south-easterly.
Thecity had played asignificant roleinIndian
history from very ancient time. The name

'‘Begusarai’ is said to be derived from either
Muhammad Begu, who looked after the sarai
stuated inthisregion or after theBegumsarai.
Buddhist literature describes this region as
Anguttarapa(ang-uttar-apa), i.e. thewatersto
thenorth of Anga. Variousarchaeologicd sites
show theimportance of theregion during Bud-
dhist period. TheBirpur excavation conducted
by AIH and Archaeol ogy Department of GD.
collegeBegusara, with permission of Archaeo-
logical Survey of IndiaunvelstheHistory from
theremans Shunga-K ushanaperiod. Begusara
wasasoacentreof economic and administra:
tive activities during the Gupta period.
Begusara isbordered by Naokothi inthenorth,
Dandari and Bdiaintheeas, river Gangaand
Matihani in the south, Barauni and Birpur in
thewest. Begusaral ishavingitsmunicipa cor-
poration and actsas administrative headquar-
ter of Begusarai digtrict. Itliesin north centrd
Bihar, 125kmaway fromthegatecapita Patna
It assumed the district status on 2nd October
1972, prior to that it was a sub-division of
Munger district. The geographical area of
Municipa Corporationis48 sg. km, that isdi-
vided into 45 wards and a population of 2.5
lakhs (2011). There are 45 wardsin the mu-
nicipa corporation with an average dengity of
5,040 persons per sq km.

Objectives
The objectivesof the study areasfollows:-

* Toanalysethe popul ation characteristics
of the city.

* Toexplainthe co-relation between literacy
rate and sex ratio, and working popul a-
tion and its consequences.

Data baseand methodology
Secondary sourcesof dataareusedinthe
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study collected from Begusaral Nagar Nigam.
Thedataof socid compostion of workingand
non-working population arecollected fromthe
district census handbook. A base map show-
ing wards of the town is prepared, which is
further digitized on GIS platforms. Population
density, growth rate, sex-ratio, literacy rate,
social composition and working population
maps are prepared with the hel p of base map
and censusdata. All the variables considered
for thestudy are classed into four categories.
Spearman’'s Rank difference method isused
tofindtheco-rel aion between literacy ratewith
sex ratio and working population. Theformula
isasbelow:-

] 6>.d?

r=1
n°—n

{Wherenisthenumber of samples}

It has been done by giving asuitablerank
to thevariablesand further caculating correla
tion by using theformulaaselucidatedinthe
study. Leve of Sgnificancechartisusedtotest
the hypothesis. Tablesand chartsare prepared
with the help of Excel dataworkshest.

Population Characteristics
1. Population growth

According to 2011 census, the city had
population of 2.5 lakhsout of which 1.31akhs
weremalesand about 1.2 lakhswerefemaes.
Thecity had 88% genera and other backward
caste, 12% SC population and insignificant
tribal population. Child (0-6 years) population
constituted 16% of urban populationinwhich
53% weremaleand 47% females. The urban
population in the year 2001 was 2.15 lakhs,
which noted a 16% rate of growth of total
population. From the year 2001 to 2011 the
urban population has increased to nearly

36,000. Ward no. 28 (Lohiya Nagar) has
shown thehighest population growthrate. This
region issituated at the side of railway track
and haslargenumber of dum population. This
region mostly comprised of rag pickers, beg-
gars, rickshaw pullersetc. Ward no. 45which
issituated in outskirt of themunicipa corpora-
tion away from the CBD, has shown highest
population growth rate. Besides, cheaper land
price, good infrastructures and better health
fecilitiesacted asapull factor for therurd popu-
lation to buy land and settledownin thisward.
Apart from thistype of migration to the out-
skirts, young popul ation of the CBD also tend
to migrateto other statesfor pursuing higher
education and employment becauseliteracy
rateand awarenessfor educaionishighinthese
areas. Thisistheregion for negative growth
rateinward no. 9, 11, 14, 16, 25, 27, 30, 33,
and 41. Ward no. 8 and 26 hasvel aso shown
high growth rate because of newly emerged
coloniesand low pricesof land. Other wards
have moderate popul ation growth rate.

Thereiscontinuousincreasein the popu-
lationsince1961. Therewasahighgrowthrate
during 1961-81, that isdue to assumption of
Begusaral settlement from rurd to urban one.
Prior 1972, Begusarai was a subdivision of
Munger district which gained the statusof dis-
trict in 1972 and thus Begusarai city became
the administrative headquarter of thedistrict.
Therefore, the decadal growth rate of 1971-
8lishighest. After that thedecadd growthrate
isgradually but constantly decreasing dueto
increasein education, and adherenceto family
planning norms. Thegrowth rate of the decade
2001-2011 was 16.79%.

2. Population density
Theaverage density of Begusarai city is
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5,040 persons per sg.km. The centra part of
thecity isdensdy popul ated whereasthe outer
and outskirtshavelow dengity. Therearenine
wards namely 42, 32, 34, 23, 24, 30, 31, 36
and 37 which have high density of population
(more than 15,000 persons per km?). The
highest population density was recorded in
ward no. 42. The high density wards confirm
to their proximity with CBD and emerging
market complexes. M oderate density (8000
to 15000 persons per km?) isfound inwards,
i.e. 22,33, 35, 13, 28, and 29, which existed
inproximity to high density wards.

Twenty two wardsof the corporation have
moderately low population density (3000 to
8000 persons per km?). Sixteen wards are
spread in south eastern part of Municipa Cor-
poration whiletwo arelocated inwest, twoin
north- west and two in northern margin of the
corporation. New migrants are attracted to
these areasdueto cheap availability of land.
Besides, householdsin rented quartersarein
processof settling over there. Thereare seven
wardswhich havevery low population density
(below 3000 persons per km?) most of which
are confined to western part of the municipal
corporation. Thewardsare occasiondly inter-
cepted by moderately low density. This phe-
nomenon may beduetoitsrelatively morevul-
nerability to flood aswell astheir outskirt |o-
cation. Outer wards are late entrant to the
municipa corporation.

3. Social composition

Fromthevery beginningsocid discrimina:
tion, atrocities and injustice are prevailing
against the weaker sectionswhich have ham-
pered theunity and integrity of thecity. SC/ST
arethemost marginalized people. They have
never achieved equdity intruesense. They are

matted with variety of prgjudiceagainst them.
Not only these classes are poorer in compari-
sonto other classesbut a so suffer from high
morbidity and mortality rates. The sufferings
of these classes can beremedied by freeand
compul sory education, quality education, and
change of mind set of people in society.
Schemes and funds should be framed to meet
exclusvely for their welfareand employment.

Fig.3 showsthe proportion of distribution
of genera and other backward class combined
and SC populationintheyear 2011. Total gen-
erd populaioninthecity is220,673whichin-
cluded 117,226 malesand 103,834 females.
On the other hand total SC population is
31,057 which include (16,557 males and
14,500 females) and ST populationis279in-
cluding 141 malesand 138 females. Assuch
thereisapredominance of genera classand
other backward classpopulaioninthecity that
constituted 88% of thetotal population with
low SC population (12 percent) and ST popu-
lation (0.1%). Begusarai hasvery few number
of tribal populationsasthe devel opment of this
district from the beginning has never been
favourablefor thetribestoflourish. Tribesare
food gathers, hunters, foreland cultivators, and
minor forest product collectors. They livedin
isolation with near to nature. Since the geo-
graphica condition of Begusara regionisgood
for agriculture andindustries, theregion has
witnessed development of villagesand towns
from Palaperiod to the present day, making it
favourablefor settlement of population rather
thantribd civilization.

4. Sexratio
According to census 2011, Begusarai city
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asawholehad 885 fema esper thousand males
whichwasvery low in comparisonto sex ratio
of urbanIndia(926). Thesex-ratiorangesfrom
661 to 987 in the city. Ward no. 33 recorded
highest sex ratio whereas ward no. 38 re-
corded least. All theforty fivewards are cat-
egorized into four categoriesto portray pat-
tern of sex ratio. High sex ratio morethan that
of urbanIndia(926) wasrecordedinfivewards

: i.e. ward no. 8, 14, 20, 33,
and 36. Wardswhich arein close proximity
with the CBD have better urban amenitiesand
infrastructura facilities, and havehigh sex ra-
tio. Thisareaiseconomically strong and has
very highliteracy level aswdl. Thereareseven
wards, i.e. 9, 15, 21, 22, 30, 32 and 37 which
have moderate sex ratio (900 t0 925). These
wardshaving moderatesex ratioaremainly lo-
catedinthecentra part, intercepted by highas
well asmoderately low sex ratio. Moderately
low sex ratio ranges between 875 and 900.
There are twenty one wards, i.e. 1, 2, 3, 5,
10, 12, 13, 17, 23, 26, 28, 29, 31, 34, 35,
39,41, 42, 40, 44 and 45. Highest number of
wardsof themunicipal corporationfalsunder
this category. Very low sex ratio (bel ow 880)
have eleven wards, i.e. 6, 7, 11, 16, 18, 19,
24,25, 27, 38 and 43 whiletwo wards of this
category are located in the east, two in the
south-east, four inthewest, threeinthenorth
and onein thenorth-eastern margin of the cor-
poration. Areas of thiscategory are occurring
inoutskirtswith poor infrastructure, low lit-
eracy rate and economically weaker section
of thesociety that find it difficult tomaintain
their family requirementsinthecity.

Negativetrend of child sex ratio hasbeen

seeninBegusarai city. According to 2011 cen-
suschild sex ratiois893. It has decreased by
29 from the census 2001 to 2011. Thisisdue
to sex determination of childinthewomband
femdefoeticide. Thelust for maechildisone
of the main reasons behind this phenomenon.
The death rate of girl child below 6 yearsis
a so high dueto relative negligenceand igno-
ranceintimely availing of hedth carefacilities.
Migration of femaeafter marriagetotheirin-
law'shouseisacommon practice. Thisisaso
animportant reason for low sex retio. Recently
crimes agai nst women haveincreased at the
fast rate. According to national crime bureau,
in 2015 Bihar itself contributesto 4.2% of to-
tal crimesinIndia Besdes, therearemuchmore
crimes which go unreported. Rape, dowry
desth, abetment to suicideetc. aresomeof the
main reasonsfor deeth of femaes. High rate of
death of women during pregnancy and at the
time of delivery isdueto lack of awareness
regarding proper sanitation and significance of
avalingontimehedthfacilities.

However, the overall sex ratio has in-
creased by ninefrom theyear 2001 to 2011.
Thisisdueto migration of male populationto
other statesfor pursuing better education and
better jobs. During the recent pace of time
guardians are much aware regarding secure
future of their childen and sending them for
quality educationin better ingtitutions. Thereis
acommon practice of sendingmalechildto
other citiesor other stateswhileadmitting fe-
malechildinlocal school or college. Thisis
also one of the main reasons for increasein
overall sex ratio. Theincreased literacy rate
and education has changed the mind set of
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commonersagainst femalefoeticidesand in-
fanticides.
5.Literacy

Theaverageliteracy rate of Begusarai city
IS 76% out of which 82% literates are male
and 70% are female. Thus, about 1.6 lakh
peopleareliterateincluding 92 thousand maes
and 70thousand females. From theyear 2001
to 2011 male literacy rate has decreased by
2% whilefemaeliteracy rate hasincreased by
2 percent. Thewardswhich arehavingliteracy
rate morethan theliteracy of urban India, i.e.
85% are included in high literacy category.
Thereareten wardswhich havehigh literacy
rate, i.e. ward no. 9, 14, 15, 16, 20, 23, 28,
33, 35, 35 and 41. Ward no. 9 has recorded
the highest literacy rate, 97%. Wards which
areinproximity withthe CBD, havebetter edu-
cationd and other ingtitutionsare having high
literacy aspopulation in these areaiseconomi-
cally well-off and moreaware. Moderatelit-
eracy wardshaveliteracy ratein between 75%
to 85%. Therearetwenty onewards, i.e. ward
no. 8, 11, 12, 13, 13, 17, 18, 21, 22, 24, 25,
30, 31, 32, 34, 36, 37, 38, 39, 40, 42, and
43. Wardsof thiscategory occupy the central
and near central part of the city. Moderately
low literacy raterangesin between 65%-75%.
Thereareeight suchwards,i.e. 1,2, 3,7, 10,
26, 29 and 45. Ward with slumsand in prox-
imity withtherurd areas, withlow literacy rate
and high population of labourersand smal scae
workers, hasmoderately low sex ratio. Very
low literacy ratewards have poor performance
of literacy rate (below 65%). There are six
wards which have very poor literacy rate
named 4, 5, 6, 19, 27, 44 and 5 that recorded

theleast literacy of 45% whichiseven lower
thantheliteracy of rural India. Thesewards
arelocated inthe outskirtsof thecity.
6. Workersand non-workers

Working popul ation consisted of workers
who get indulged in any economic activity and
earnmoney for their livelihood. In India, per-
sons abovetheage of 15 yearsand below the
age of 64 years are considered as working
forces. According to Karl Marx, working
popul ation creates soci ety'swed th because they
do all the hard works without owning any
meansof production. Thispopulaiongroupis
very important for adevel oping country. In-
dian census hasclassified the whol e popul a-
tionisthree broad categories, i.e. main, mar-
gind and non-workers. Main workersarethe
persons who are engaged in any economic
activity, for morethan 183 dayswhereas, mar-
gind workersarethosewho don't work for at
least 183 daysand non-working populationis
the popul ation which doesnot involvein any
economic activity. Accordingto census2011,
28.7% of total population of Begusarai is
classed asworking population. Thisincludes
both main and margina workers. Thisconsti-
tutes 72 thousand population including both
male and female. Total maleworkers consti-
tuted 44.2% and femaleworkers 11.1% of its
respective population. Main workers are
20.6% and marginal workersare 8.1% of to-
tal working population..

All theforty fivewardsare grouped into
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three categories of working population, i.e.
high, moderate and low working population.
High working popul ation (30% and above)
wards are 21, 27, 45, 06, 36, 44, 8, 18, 17,
10, 37, 20 and 23. Highest working popul a-
tion, i.e. 35.9%isfoundinward no. 21. Wards
having highworking population areStuated in
theoutskirtsof the city whereagricultura and
industrial workers got settled down from the
rurd areas. Moderateworking popul ation (26-
30%) included twenty two wards of thecity,
i.e. 26,9, 3,22, 194,42, 25, 38, 15, 16, 39,
5,24,28,11, 31, 33,12, 1, 13and 41. Low
working population (below 26%) wardsare
32,30, 34,14, 7, 29, 43, 35 and 2. Ward no.
2 recorded least working population, i.e.
21.8%. Wardsin proximity withthe CBD have
high literacy rate, so the proportion of working
populationisdightly low incomparisonwith
the outskirts.

Spearman'srank differencemethodisused
tofind out the correl ation between literacy and
sex ratio. Itisobserved that positive and mod-
eratecorrelation. r=0.55at 0.01 level of sig-
nificance (singletailed). Sincethevaueof r
is>r_criticd ,(r_critica =0.35).S0, the hypoth-
esismust bergjected. Therefore, we can say
that literacy increasesthe sex ratio. Literacy
has positive bearings on sex-ratio in two ma-
jor ways.

. Incidencesof femal efoeticideand infan-
ticide arelesspreva ent among the edu-
cated peopleresulting high birth rate of
girl child.

. Migration for the purpose of education
and employment i s predominant among
malesresultingintemporary increasein

number of femalesper thousand male.

Literacy, especially higher education re-
ducesthe proclivity of son, henceit reduces
femalefoeticides. Therefore, it increasesthe
sex ratio. High literacy rateisfound in ward
no. 9, 14, 20, 28 and 16 whereasleast literacy
rateisfoundinwardno. 5, 19, 27 and 4 etc. It
has been found that thewardshaving least lit-
eracy rate havelow sex ratio. And thewards
having high literacy rate have high sex ratio.
Thismeansliteracy Sgnificantly affectsthenum-
ber of womeninthecity.

Corréation between literacy and working
population

Spearman'srank differencemethodisused
tofindthe co-relaion between literacy rateand
working population. Itisobserved that thereis
anegative and very weak co-rel ation between
Literacy and Working population. r=-0.18 at
0.05leve of sgnificance. Sincethevalueof r
is<r_critical (r_critica =0.25) s0, thehypoth-
esismust be accepted. Therefore, we can say
that literacy reducesthe proportion of work-
ing population.

People in the age group of 15-64 years
aretaken into consideration for cal culation of
working population, irrespective of their lit-
eracy, gender or natureof job. Illiterate people
are contented to occupation based on physi-
ca labour whereas; literate and more specifi-
cally educated persons had wide opportunity
to choosefrom. Thisiswhy illiterate people
getsindulged asphysical labourersin agricul-
tural or other sectorsat avery young age, and
work up to old agetill they are physically fit.
Ontheother hand, literate people spend con-
Siderabletimein gaining education and seek-
ing proper job and occupation. Generally, they
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Table:1 Co-relation between literacy and sex-ratio

Number of Literacyrate Rank, Sexratio Rank, |Difference (D) D2
Ward
01 G¢) 3300 89,8 1400 19.00 361.00
02 67 3550 833 2350 1200 141.00
03 6 3750 879 2050 800 64.00
04 60 4050 855 40.00 050 025
05 45 44.00 830 2800 16.00 256.00
06 53 42.00 856 3900 300 9.00
07 67 3550 858 3800 250 6.25
08 80 19.00 938 6.00 1300 169.00
0¢) 97 100 916 850 -750 56.25
10 63 34.00 8% 1950 1450 21025
n ™ 250 815 4300 -2050 42025
12 80 19.00 836 2400 -5.00 2500
13 80 19.00 877 3200 -13.00 169.00
14 % 200 %54 400 -2.00 400
15 87 850 92 7.00 -150 225
16 tS¢) 500 859 250 250 6.25
17 71 3150 839 2150 10.00 100.00
18 ™ 250 861 37.00 -1450 21025
19 % 43.00 874 34.00 9.00 8100
20 a 300 959 250 050 025
2 83 1650 916 850 800 64.00
2 7 2600 03 1200 14.00 196.00
3 83 650 893 1800 -11.50 13225
24 73 2500 87 41.00 -16.00 256.00
5 6 27150 839 42.00 -1450 21025
% 73 3000 838 2350 650 42.25
27 &0 4050 869 3500 550 3025
2 D 400 881 2700 -2300 52300
2 71 3150 897 1500 1650 27225
0 & 1300 a5 11.00 200 400
3l 76 2750 879 2950 -2.00 400
K2 83 1650 900 1300 350 1225
K< 8 650 987 100 550 3025
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A A 1300 878 3100 -18.00 324.00
K3 86 1000 876 3300 -2300 529.00
K3 N 250 Al 500 1750 306.25
37 7 1300 910 1000 3.00 9.00
3 n 250 661 44.00 -21.50 462.25
30 A 1300 884 2500 -12.00 144.00
40 A 1300 889 2150 -850 72.25
4 87 850 892 1950 -11.00 121.00
L2 76 2150 8% 16,00 1150 132.25
43 IS 2150 865 36.00 -850 7225
4 61 3900 8A 1700 2200 484.00
45 6 3750 2600 1150 13225

Source; Census of India2011 and personal calculation

also get retired around the age of 60 years.
Thus, itisprovedinthecertitudethat literate
persons works for a shorter period in their
lifespan, in comparisontoilliterate popul ation
resultingin negative co-rd ation between literacy
and working population as has been emanated
in the study. Ward no. 21, 27, 45, 6, 36 and
44 have high working popul ation. Besides,
thesewardshavevery low literacy rate. Aver-
ageliteracy rate of the abovementioned wards
iIs67% whichislessthantheaverageliteracy
of urban India, i.e. 85%. Thus, we can say that
literacy and working popul ation are negatively
co-related.

Concluson

For sustainable devel opment of the coun-
try there is a need to check the burgeoning
population. Thisiswhy study of population
characteristicshasbecomeinevitable. Despite
being the second capital and industrid capitd,
thereislow leve of literacy and low sex ratio
in Begusarai and low proportion of working
population. Thisisdueto thetemperament of

peoplefor not allowing their wifesand daugh-
ter towork, thewillingnessto pay high dowry
which placesahugeburden onraising adaugh-
ter. Educationislower amongwomenthanin
men. Thediscriminationagaing girlsispredomi-
nanceinlower middieclassof thesociety. Dis-
crimination against lower castesisa so prevalil-
inginthesociety. But in recent span of timethe
peoplearechanging their mind set and getting
more aware. So, we can say in due course of
timethecity will have good and healthy envi-
ronment for al. Theextension of thecity isin-
creasing towards outer boundaries of the mu-
nicipd corporation. Thisisduetoinfrastructura
devel opment in these areas. People used to
build houseson agricultura land. Theproblem
of construction of residential and industrial
buildingson agricultura lands can beresolved
by planned devel opment and building residen-
tid gpartmentsinthecity. Severd developmen-
tal and planning projectsarein progressin the
city, giving aray of hopefor the sustainable
devel opment of the Begusarai municipal cor-
poration.



60

Smriti Divyaand R. S. Yadava

Table2:  Correlation between literacy and working population

Number of Literacyrate Rank, Working Rank, | Difference D?
wards Population (D)
01 &9 3300 26.70 3350 050 025
02 67 3550 21.80 4500 950 90.25
03 6b 3750 2910 16.00 2150 462.25
04 60 4050 2850 2000 2050 42025
05 45 44.00 2750 2750 1650 27225
06 58 42,00 3440 400 3800 1444.00
07 67 3H50 2530 41.00 550 3025
B 8 1900 3150 7.00 1200 144.00
0°] 97 100 2030 1500 -14.00 196.00
10 63 34.00 3100 950 2450 600.25
1 &) 250 27130 30.00 -750 56.25
1 80 1900 26.70 3350 -1450 21025
13 8 1900 26.30 3550 -16.50 27225
14 % 200 2550 40.00 -38.00 1444.00
15 87 850 2790 2400 -1550 24025
16 8 500 2780 2500 -20.00 400.00
17 71 3150 3100 950 200 484.00
18 n 25 3L10 800 1450 21025
19 5% 43.00 2870 1850 2450 600.25
2 9 300 30.30 1250 950 90.25
21 83 1650 3590 100 1550 24025
2 7 26.00 2900 17.00 9.00 8L00
3 8 650 30.30 1250 -6.00 36.00
2 8 2500 2750 2750 -250 6.25
5 76 2750 2820 200 550 3025
i3] 3 30.00 2960 1400 16.00 256.00
27 60 4050 35.80 200 3850 1482.25
2 D 400 2740 2900 -25.00 625.00
2 71 3150 2520 42.00 -1050 11025
0 &4 1300 2560 3850 -2550 650.25
31 76 2750 2710 3100 -350 1225
K% 83 1650 2590 37.00 -2050 42025
B 8 650 26.80 3200 -2550 650.25
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A &4 1300 2560 3850 -2550 650.25
K3 86 1000 240 44.00 34.00 1156.00
K3 N 250 3370 500 1750 306.25
37 7 1300 3090 11.00 200 400
3 n 250 2800 2300 050 0.25
0 A 1300 27170 2600 -13.00 169.00
40 7 1300 2870 1800 -5.00 2500
4 87 850 2630 3550 -27.00 729.00
L2 6 2150 2840 2100 650 42.25
43 6 2150 2430 43.00 -1550 240.25
4 61 3900 3310 6.00 33.00 1089.00
45 6 3750 3450 3.00 34.50 1190.25

Source: - Census of India, 2011 and personal calculation
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Abstract

The occupational structure of the country implies involvement of its population in
economic activities of various sectors. Theseare divided into a) Primary activity (agricul-
ture, fishing, mining, quarrying), b) Secondary activity (household and manufacturing)
and c) Tertiary activity (transport, trade, and other services).Thispaper presentsthe chang-
ing pattern of occupational structurein Durgapur city (VWest Bengal) from 1981 to 2011.The
development of Durgapur city was itself a part of regional resource development plan,
that comes with big bang of a new era of industrialization after independence. Snce
primary activity has been the base of economy for a long time along with devel opment of
secondary activities but, in recent times, it is shifting towards tertiary activities. There
were 26.37% main worker, 0.33% marginal worker, and 73% non-worker in 1981 whereas
in 2011 main worker reached to 26.92% and with 8% light increase in marginal wor ker
reached to 8.21% and with decrease non-wor ker reached to 64.87%. Therewas changein
percentage of occupational typesduring 1981 to 2011. Therewere 0.34% cultivator, 1.01%
agricultural labour, 0.50% household and manufacturing workers and 24.79% workers
in other servicesin 1981 which wererecorded in 2011 as 0.39% cultivator, 0.82% agricul-
tural labour, 0.80% household and manufacturing workers and 32.47% workers in other
services. The analysisdraws our attention towards changein occupational structure ori-
ented to tertiary activities which is not a good sign for future devel opment because pri-
mary and secondary activities are the base of economy and tertiary activity is only the
supportive one.

Keywords: occupational structure, industrialization, economic activities, shifting occu-
pation.
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Introduction

Total population of acountry may be sub-
divided into economicaly activeand economi-
cdly inactive population. Economicaly active
issometime spoken aslabor forceor working
population. Itisdefined asnot only thosemen
and women who are actually engagedin pro-
ductive employment but a so those who may
betempordly unemployed (Trewartha, 1969).
Therearethree categoriesunder occupational
structure Primary sector (Agriculture, fishing,
quarrying etc of which productionisbased on
naturedirectly), Secondary sector (manufac-
turing) and Tertiary sector (that provide ser-
vicesto primary and secondary activities).

Thedevel opment of Durgapur city wasa
part of regional resource devel opment plan at
the dawn of anew eraof industrialization after
independence. Inthisway primary activitiesthe
base of economy likemining, quarrying, agri-
culture etc weretransformed into secondary
activitiesto develop small and largescalein-
dustries. Tertiary activitiesaso (like, bank,
schooal, college, mall, multi-complex, park, res-
taurant, hospital, administrative building, and
shop etc.) were also developed to support
other sectors of economy. Thus, there had
been agradua changein employment pattern
of Durgapur. The share of primary and sec-
ondary activity'semployment to total employ-
ment registeredadight fal during 1981 to 2011
but not intertiary sector employment.

Thediversity inoccupationa structurein-
fluenced precisely infrastructural, socid, cul-
tural and economic developmentsof thecity.
All typesof activities are necessary to main-
tanasustanablelifein natureasprimary ac-
tivities produce resources, secondary activi-
tiesmanufacturethem andfindly, thetertiary

activitiesaccessand distribute goodsto people.
Anddsomoredivergty inoccupationisneeded
to bear the popul ation pressure; national and
globa development. Theoccupation of anin-
dividua refersto histrade, profession, type of
work etc. Thestudy of occupationa composi-
tion of population remainsincompl etewithout
understanding the economic prosperity and
natural support of thearea. Diversificationin
occupation is based on the above factors.
World'sagricultureremained as subs stencefor
alongtimebut changes cameafter greenrevo-
lution in only agro production, therefore not
much diversfication experiencedinthisoccu-
pation. Thedivergfication processgetsfurther
impetusfromindustrialization becauseit gen-
eratesanumber of varietiesof work. Advance-
ment in scienceand technol ogy introduced an
element of specializationinthe occupationa
composition by creating highly specialized
works. These entire developments brought a
new urban culture supported withavery luxu-
riant life style. Occupationd statusof anindi-
vidual isdivided into two classworkers and
not workers. Workers are classified main
workersand marginal workers. In 1971, In-
dian censusclassified the occupational struc-
turein ninecategories.- cultivation, agricultura
labor, livestock, forestry, fishing, hunting, plan-
tation, orchard, anddliedindudtries, miningand
quarrying, manufacturing, processing, servic-
ing and repairs, construction, trade and com-
merce, transport and storage, other service.

Since 1981, these have been achangein
the scheme of categorization and theworkers
werecategorized intofour main categories: cul-
tivators, agricultura labor, household and
manufacturing and other works. The occupa-
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tiona diversity of acountry influencesitsde-
velopment to agreat extent. Recent develop-
mentsininfrastructure, technology and eco-
nomical activitieshaveresultedindiversifica-
tion of occupation. Thetype of occupationin-
fluenceslifeat different levels. Moreover, the
diversity in occupation checksthe population
pressure by giving aplatform towork in many
spheresof life supporting activitieswhichis
necessary for loca to globa development.

M any academic workshave been doneby
thenationd andinternationa scholarsinthefield
of occupationa structureof thepeople. Clark,
C., (1968), focused on the studiesfor the Sao
Paulo Provinceof Brazil wereparticularly va u-
able because they were standardized by age
(offspring of men aged 50-59) and crossclas-
sified by occupation. For agiven occupation
that thefertility differentia between capitd city
(thelargest city of Brazil) and therest of prov-
incewasabout 30 percent for non- manua and
about 22 percent for manual occupation . Ru-
therford, J. et.al. ,(1970), argued that in con-
trast to advanced nationslike Japan, most of
the underdeve oped countriescould not encour-
age peopleto shift from agricultureto manu-
facturing and service sectors. Singh, R.S,,
(1986), focused on the changes during 1961-
1981 intheemployment structureof maletribal
workers. Chandana, R.C., (2001) pointed out
that commercia useof primary resourcesgen-
eratesdiversificationin occupationd structure.
Ahmad, A., (2010) said about a distinction
between total population and manpower. To-
tal population denotesthe entire populacein-
habiting theareawhilethe manpower conssts

of only those people who could participatein
economicaly gainful activitiesinthe event of
need. Economically non-active populationis
that part of manpower, which isengaged in
activitieslike household dutiesin their own
house or at the place of their relatives, retired
personndl, inmates of ingtitution, studentsand
thoseliving onroyalties, rents, pensions, etc.
Sudy area

Durgapur (23.36'N-23.88'N to 87.10°E-
87.20E) islocated inthe Bardhman District of
West Bengal (Fig.1) on the bank of river
Damodar inthealluvid plain of Bengal. The
topography isundul ating towards southward
and the GT road connecting Delhi- Howrah
mainlineNH-2 (Nationa Highway) acrossthe
city. The City Center ward existsin center of
Durgapur asaCBD (Centra BusinessDidtrict)
whichisstudied through persona observation
and survey. Durgapur city isapproximately rect-
angular shape along the road side of national
highway (NH-2). The popul ation of Durgapur
was 566517 lakh with growth rate of 14.18%
in 2011 and the malewas 294255, femalewas
272262 |akh whilethe sex ratiowas 871 fe-
male per thousand male, literacy rate was
87.78% and density was 3670 persons per
sguare kilometer. Inthe present study, popu-
lation characteristics of the City Center ward
in Durgapur is based on personal survey. In
city center ward total population was 20745
with10513 maeand 1023 femalewith density
of 5683 persons per squarekilometers, literacy
rate was 87.41% and sex ratio was 973 fe-
male Per thousand male.
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Objective
To analyze the change in occupational
structurein Durgapur City since 1981 t0 2011,

Methodology

This paper isbased on the secondary and
primary data. The secondary datawere col-
lected from DM C (Durgapur Municipa Cor-
poration) and Joint Administrative Buildingin
Salt Lake and New Secretariat Building in
Kolkata. Location quotient of different occu-
pationisused asoccupational specialization
index for every ward of Durgapur city that
show speciali zation of aparticular occupation
inaward. Primary datawere collected from
city Center Ward of Durgapur city withhelp of
persona observationd interview schedulere-
lated to occupationd structureof thecity. ARC

GIS softwareis used for analyzing dataand
preparation of maps.
Change in occupational structure in
Durgapur

Theshifting isseen from primary activity
tolow productive manufacturing and service
related activities. Between 1981- 2011, in
Durgapur city the above change seenwith the
help of under followstable and showing the
percentage of these categories.

In 2011 main workerswere 152499 and
margina workerswere46514. Accordingto
Censusof 1981, total popul ation was 211000
and total worker was 56970 that means 27%
peoplejoined variousworkswhereasin 1991,
worker was 27.55% which increased up to
31.14%in 2001 and 35.13%in 2011.

Increase in Number of Working Population

to total Population
#

".' \t
: x
4
g 15
10 vorker

year

Source:Economic Census of West Bengal, 2011

Fig.2

There are several reasons which caused
thechangein particular occupational activities
during thistimeperiod.
Cultivator

Thecultivatorswere0.37%in 1981 and
0.79% in 1991 it meansincreasing trend of
cultivatorswasrecorded beforetheinception
of new industria policy. After incorporation of
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new indugtrid policy adrastic changeoccurred
in Durgapur where cultivators decrease upto
0.33%1n 2001 0.39%in 2011 remained only.

Agricultural labor

Theagriculturd labour'scondition remained
same ascultivators. Rice cultivation covered
large area of Durgapur and large number of
population engaged in agricultural activity.
Burdwan district (West Bengal) standfirstin
rice productioninWest Bengal, Durgapur is
also part of thedistrict. In 1981 agricultural
labor is1.01% whichincreased upto 1.37%in
1991 but after effect of liberalization in
economy through new industrial policy, it
dropped t00.91%in 2001 and 0.82%in 2011.

Household and manufacturing

Table1: Workforcein Different Activities

other workers increased up to 29.37% and
2011 it further increased upto 32.47% dueto
technological advancementinindustrial sector.

Occupational specialization

L ocation quotient has been used as occu-
pational sizevariationindex for every ward
whichwas speciaizedin aparticular occupa
tion.

Ward number 2ishighly specidized by cul-
tivatorsfollowed by ward numberl, 12, 18,
33and 43 dueto presenceof cultivatedfieldin
outer part of thecity. Ward number 2, 28 have
dsohighparticipationin agricultura laborsand
moderately inward number 36, 38, 41, 43and
adsoremaningwardshavelow participationdue
to presence of labour class peoplewhoselife
styleispoor and livein outskirts of the city.

Year Cultivator Agricultural Household and Other services
manufacturing

1981 037 101 050 24.79

1991 0.79 137 0.32 24.79

2001 033 091 052 237

2011 039 0.82 0.80 347

Source; Economic Census of West Bengal, 2011.

Inspiteof set up of Durgapur Stedl Plant
(1958) and Damodar Valley Corporation
(1948) the share of household and manufac-
turing worker decreased from 0.50% in 1981
t00.32%in 1991 but it was affected by liber-
dizationand globdization policy andincreased
upto 0.52%in 2001 0.80%in 2011.

Other workers

It had opposite condition from theabove
sectors. The peopleengaged in other services
were 24.79% in 1981 and 24.79% in 1991
because peoplewereseeking traditiona liveli-
hood like agriculture, fishing etc but in 2001

Now focused onthe participation of workforce
in household. Ward number 40 ishighly spe-
cidizedin household manufacturing followed
by 41, 42 and 43 due to presence of many
industrial patches near the wards. All other
ward except number 2followed by 1, 40, 41,
42, 43 and 28 are highly specialized in other
workers, that meansthe situationisjust op-
positein comparison to the abovethree occu-
pation ineachward. Thusthedatashowsthat
maximum partsand peoples of Durgapur city
arehighly urbanized and devel oped.

Durgapur city isequipped with highly de-
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vel opedinfrastructure, big multi-complexes,
parks, apartment, restaurant, malls, school,
hospital, bank, roadswith greenery etc. People
mostly jointhetertiary and quaternary sectors
becausethey arehighly educated (87.70% lit-
eracy rate) awakened and free from conven-
tiona and traditiona thinking. Findly, thelife
style of people of Durgapur city isvery mod-
ernand luxuriant.

Occupational structurein city center
ward: A casestudy

The economy of Durgapur city is based
onthetertiary and quarternary sectorswhich
isproved observationsin ward number 22(city
center) in Durgapur. Here, peopl e participa-
tion ascultivator was 3.0%, asagriculturd la-

DURGAPUR MUNICIPAL CORPORATION
(WEST BENGAL)

Oceupational Specialization in
Cultivators, 2011

Occupational Specialization in
Agricultural Labars, 2011

Occupational Specialization in

5 Dccupational Specialization in
Heusehold and Manufacturing, 2011

Other workers, 2011

Indas
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Source: Calculated from District Census Handbook, 2011

Fig.4

bor was7.0%, in the household and manufac-
turing 14.5% and in other services it was
76.5%.

Total person engaged in primary sector was
10.0%, in secondary sector 14.50%, and in
tertiary sector it was 76.5% (tableno.2). That
means peopleareadopting luxuriouslifestyle.

Problemsand remedies

Therapidly shifting occupationa structure
isnot good scenario for future devel opment
becausetheagriculture, mining, quarrying, fish-
ing, and industriesin secondary activity arere-
placed by tertiary activities but primary and
secondary activitiesarethe base of economy.

TheDurgapur city isfacing low productiv-
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Table2:  Typesof Economy and People Engaged
Type of Activity Sub group Total Percentage
Persons

Primary Activity Cultivators 6 30
Agricultural Labors 14 70

Secondary Activity Household labor and 27 135
manufacturing

Tertiary Activity Other Workers 153 765

Source: Persona Survey, 2014

ity of agriculturad land. Therefore, peopleare
shifting their occupation towardssecondary ter-
tiary sectorswhich creategreat disparity inlife
style between the primary based people and
service sectors based people.

The migrated people from Bihar, Uttar
Pradesh, Jharkhand, Orissaetc are engaged
inprimary and secondary activities, and thus,
their economic status arelow and they make
fringezonesurrounding the city wherethey
live as lum dwellers and degrade the city's
environment.

Though a UK based survey had ranked
Durgapur-Asansol subdivison42nd amongthe
100fastest growing citiesof theworld (Asansol
Durgapur Development Authority) duetoin-
creasing per capitaincome but Durgapur city
also hasbeenincludedin 22 most polluted cit-
iesof Indiadueto small andlarge new agglom-
erationsof factories, openly producing pollu-
tionwithout following suitableindustrid norms.
Traffic Jam on roadsand over crowd in mar-
ket inwholecity isanother problem.

Asremedies of problems, few favorable
steps may be recommended to check pollu-
tion andimprovethequality of urbanlife. Two
stepsare urgently needed: first to plant treesat
every vacant paceinthecity and second, there
should be balanceamong primary, secondary

andtertiary activities, becausethericecultiva-
tioninthe Burdwan district of West Bengd is
rankedfirstinindia

Concluson

Durgapur istheplanned city inwhichmale
and femalework participationishighinter-
tiary sector with the passing iswhich proof the
devel opment of city but Sideby sidefew steps
are needed to resolvethe problemslike con-
gestion, pollution, traffic, femal e delinquency,
etc and also try to overcomethe problemsin
themining, quarrying, and agricultural activi-
tiesof nearly areas. Ontheother handitisaso
needed to support the Durgapur Steel Plant
and other industriesto follow ednvironmental
norms. Inspiteof al above, itisseenfew posi-
tive signs like, education development,
immprovement infemale status, cultura ad-
vancement, social attainment in any pro-
grammed etc, which gave abetter quality of
lifein Durgapur city.
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Abstract

The idea of carrying capacity of land is closely related to sustainable devel opment,
because both refer to the need for survival rather than capital. However, in future, it is
recommended to bring down the population pressure so as to avoid any decline in the
carrying capacity of the land. The analysis of carrying capacity of land, and population
food balance in drought- prone Tahsilsin Jalgaon district is an attempt to under stand the
man and land relationship. The carrying capacity of agricultural land is worked out by
applying Jashir Sngh, (1972) using secondary data of population and cropping data of 9
tahsils of 31 years collected from Census Handbook of Jalgaon district. This study helps
in finding out the relative population pressure on the available arable land in different
tahsils of the study region. The increasing pressure of population on the available re-
sources is a matter of great concern to the present academicians, planners and policy
makers. Geographers are spatially and temporarily concerned with deteriorating man
and land relationship (Gharge, 2011). The results of the present study indicate that the
carrying capacity of land is 1231 persons/ sq.kmand food crop density is 1062 persons/
sg.km.

Keywords: carrying capacity, population food balance, food crop density, surplusand
deficit population food balance.
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Introduction

Agricultural landisthemost valuablere-
sourcefor food production. Early civilisations
gartedinddtasand valeysendowed withrich
and fertilesoilsthat enabled agriculture deve -
opment and food production. Thus, agriculture
has been the mainstay of livelihood for thou-
sandsof years. Therapidincreasein popula
tion mainly after industrial revolution has put
pressure on theland resourcesfor increasing
food production. Thecontinuous cultivation of
cropsaffected thecarrying capacity of land and
promoted land degradation. In Indiasincethe
inception of the Green Revol ution, the cered
production increased only fivefold, while
fertilisers consumption increased 322 times
between 1950-51 and 2007-08 (Prasad,
2009). Overuseof fertilizershasposed a seri-
ousproblem beforethe governments, planners
and scientiststo feed morethan 1200 million
people of India. Itis, therefore necessary to
take all measuresto ensurethat the carrying
capacity of land does not get depleted and
enough can be produced to feed theteeming
millionsand also to have asafe buffer stock.

Thestudy of carrying capacity of agricul-
tural land in study region isan attempt to un-
derstand theman and land relationship which
would helpinfinding out therelative popul a-
tion pressure on theavailable arableland in
different tahsilsof the study region.

Asstated earlier thereisacloserelation-
ship between the numbers of heads and the
carrying capacity of theland, particularlyinan
agrarian society where land isonly the sole
support of the growing population. Theavail-
ability of agriculturd landisamost fixedinare
a extent whilepopulationisincreasing rapidly.

Objective
To measure the carrying capacity of agricul-
tural landinrelationto population pressure.

Tofind out the present and projected surplus/
deficit population of food balance.

TheSudy area

The study areaislocated inthe drought-
pronetahsiisof Jagaondigtrict of Maharashtra
state. Thesedrought pronetahsilsareidenti-
fied by V Subramaniam Review Committee
(1987), appointed by the Maharashtra State
Government. The tahsils are Amalner,
Dharangaon, Erandol, Parola, Chalisgaon,
Bhadgaon, Jamner and Muktainagar. Thereare
09 tahsilswhich are selected for the present
study which cover an area6994.54 sg.km. The
areaunder study islocated inthe south of the
Tapi river in Jalgaon district; inthe East, the
areais bordered by the Buldhana and Jalna
digtrict; to SouthliestheHatti, Ajanta, Satmaa
ranges and Chandor hillsthat form anatural
boundary between the study areaand the dis-
trict of Aurangabad and Nasik. Thewestissur-
rounded by Dhule district to the North, Tapi
river. Itliesbetween 2011'to 2113 North lati-
tudesand 74°46'to 76°24' East longitudes (Fig.
1). Most of the study areais covered by the
plateau and less areais covered by alluvial
depositsof Girna, Waghur, Tittur, Anjani, Bori
and Purnarivers. Thestudy region experiences
the sub humid monsoon climate(Singh, 1971).
Toolsand methods

The spatial patternsof carrying capacity
of agricultural land areworked out by apply-
ing of Jasbir Singh, (1972) formula. For the
estimation of carrying capacity of 9mgor food
cropsinthestudy areacovering morethan one
percent of the cultivated areatakeninto ac-
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count. The selected cropsare, Jowar, Bajara,
Pulses, Oilseeds, Onion, Corn, Fruits, Sugar-
cane and Vegetables. However, thefruitsand
vegetables are excluded. Further, triennium
averages of the data for the years2007-08,
2008-09 and 2009-10 aretaken to calculate
the carrying capacity in different tahsiIsof the
study area. Similarly weighted average stan-
dard nutrition unit for ingestionin calories/
person/annumfor all thetahsilsof the study
region arecalculated onthebasisof scalerec-
ommended by Indian Council of Medical Re-
search (ICMR), Hyderabad. Thecarrying ca
pacity (Cp) isca culated using thefollowing
expression.

Co
Cp= g
Where:
= Carrying capacity
Co= Cdoricoutput availablefor ingestion per unit

area for the selected crops.

Weighted average standard nutrition for in-
gestion in calories / person / annum

Food Crop Density (FCD) isdefined as
the density of population per unit areaunder
food crop. The pressure of populationonland
ingenerally measured on thebasisof theden-
sity of population. Inthepresent study tahsil
wise population projected on 2001 censusdata
for 2009-10 was divided by the area under
food crops in the respective tahsils and the
valuesso obtained areused for thetahs| level
anaysisof thespatid pattern of food crop den-
sty (FCD) inthestudy region. Theagorithm
used for thecaculation of FCD is.

Pupulation of the tahsil

Areaunder Cropsin the
Tahsil

Food Crop Density =

Popul ation-Food Balance is worked out on
Tahsl| leve toidentify theareasof surplusand
deficit carrying capacity usng thefollowing for-
mulae
Population Food Balance = Carrying Capac-
ity - Food Crop Density

Projected Population Food Baanceiscal-
culated by considering the present population
growthrate projected for the period of 32 years
from 2010to 2041 whilethe carrying capacity
isconsidered asconstant at the current leve of
agricultural productivity and use of present
technology. It iscalculated by using thefor-
mulagivenbelow:

Projected Popul ation Food Balance= Car-
rying Capacity - Projected Food Crop Den-
sty
Pattern of carrying capacity

Theaverage carrying capacity of agricul-
tural land inthe study region for 2009-10 has
been calculated as 1231 persons per square
km, whileat the Tahsl level it showssignifi-
cant variation. Some tahsils has recorded a
very high carrying capacity (Dharangaon 1451,
Pachora 1410 carrying capacity person/ sg.
km), whileothershaveshownvery low (Parola
1004, Jamner 1027 and Amalner 1056 car-
rying capacity person/ sg. km). The spatial
pattern of carrying capacity of agricultura land
hasbeen andyseby categorizing viz. very low,
low, medium, high and very high. Table 1 and
Figure 2 showsthedistribution pattern of Car-
rying Capacity of land inthestudy area.

Very low carrying capacity

The category of very low carrying capac-

ity isdetermined by lessthan 1062 persons/

Sg. km. The three least carrying capacity
tahsilsare 1004 persons/ sg. kmin Parola
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tahsil, 1090 in Erandol tahsil and 1056 in
Amaner tahsl lyinginthewestern part of the
study region (Tableland Fig.2). It coversonly
25% area under Land Capability Class - |
(LCC). Itisvery lessin comparison to other
tahsilsand it has 45 % areaunder LCC - I,
13 % areaunder LCC - 11l and 16% areaun-
der LCC - IV. 39% area of these tahsils is
covered by coarseshdlow soil, barrenhillsand
italsoreceiveslow rainfall.
L ow carrying capacity

The Low carrying capacity is recorded
within the range of 726 to 980 persons/ sg.
km. In this category only one tahsil namely
Jamner with a carrying capacity of (970) is
observed. Thistahsil covers 35% areaunder
Land Capability Class|, 8% areaunder LCC-

Tablel:

[1, 10% areaunder LCC-111 and 3.50 % area
under LCC-IV. Itismainly duetothelow Farm
Yard Manure (FY M) consumption and low
area under Farm Yard Manure (FYM) and
green manurecropsand low fertilesoils, low
rainfall which seemsto beresponsiblefor low
carrying capacity.
M edium carrying capacity

The category of the medium carrying ca-
pacity ranges 981 to 1235 persons/ sq kmt
and has been recorded in Bhadgaon tahsil only
having acarrying capacity of 1138 persons/
sg. km. Thetahsil has moderate Farm Yard
Manure (FY M) consumption. It covers 19 %
area under LCC-1, 3% area under LCC-II,
55% areaunder LCC -111 and

Study Area: Tahsil level Carrying Capacity and Popul ation Food Balance 2009-10

Tahdl Carrying Population| Areaunder| Food crop Population
Capacity food crop Dengty Food Balance

Person/ sq. sg.km Persons person/

km per sg./km sg. km.
Chalisgaon 1299 394600 30 1127 172
Bhadgaon 1420 157226 130 1209 211
Pachora 1410 278588 240 1161 249
Parola 1004 187916 180 1044 -40
Erandol 1090 163802 198 827 263
Dharangaon 1451 177712 140 1269 182
Amalner 1056 290328 320 07 149
Jamner 1027 319393 290 1101 74
M uktai nagar 1323 152267 150 1015 308
Region 1231 2121832 1998 1062 169

Source: Computed by the researcher, 2016
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33 % under LCC - IV. The main reason for
medium carrying capacity islack of irrigation
facility andlow rainfall.
High carrying capacity

Thiscategory of carrying capacity ranges
between 1236 and 1490 persons/ Sg. Km. It
includesthreetahsiisof thestudy region namely
Chalisgaon, Pachoraand Muktainagar witha
carrying capacity of 1459, 1386 and 1323
persons/ sg. Km. Thesetahsshaverich black
soil and most of theareaof thesetahsilsfalls
intheLand Capability Class- I, and very less
areafallsunder LCC- 1l and IV. Around 75
% areas of thesetahsilsiscovered by LCC-
1,20%by LCC-1l by LCC-Il, 2% by LCC-
[11 and only 1.25 % area come under LCC -
IV. ThesetahsIshavevery high level of agri-
cultura mechanizationand FY M consumption
as well as noticeable area under FYM and
green manure cropsand highrainfall. Fertile
soilsseemsto bethedriversof high carrying
capacity of thesetahsils.
Very high carrying capacity

Thecategory of Very high carrying capac-
ity isrecorded with morethan 1491 persons/
sg. km. Thetahsi| Dharangaon 1628 person/
9. kmfdlsintothiscategory (Tableland Fig.
2). Thistahsil lieswithinthe northern part of
the study region. Thistahsil hashighfertility
and most of theareafdlsinthe Land capabil-
ity class- 1. Whileavery small areafalsunder
LCC-IV.Around 80 % areaof thistahsil is
covered by LCC-1,12%by LCC-11, 2.10
% by LCC -1l and only 1.65 % area comes
under LCC- IV. Thistahs| hasvery highlev-
elsof agricultural mechanizationand Farm Yard
Manure (FY M) consumption aswell asvery
large area under FYM and green manure
crops, very fertilesoils, highrainfall and devel-
oped irrigation facility. There are plausible

causesfor very high carrying capacity of this
tahsil.

From the above analysisit isfound that
southwestern part of the study region hasvery
low Carrying Capacity (724 persons/ sg. km)
and it increseasestowords northern part. The
highest carrying capacity isfound along the
Girnariver surrounding banksof thestudy re-
gionlike Dharangaon, Chdisgaon and Pachora
tahsils. Fivetahsilsnamely Parola, Erandol,
Jamner, Bhadgaon and Amalner tahsilshave
Carrying Capacity less than the study areas
average of 1160 persons/ sg. km. Theremain-
ing four tahsils, Chalisgaon, Pachora,
Dharangaon and Muktainagar have a more
carrying capacity than the study areaaverage.
Itisfound that thetahslswhich havethe maxi-
mum FarmYard Manure (FY M) consumption
and sufficient acreage under FY' M and green
manure crops has maximum carrying capacity,
whilethetahs|sthat havelow FYM consump-
tion aswell asless acreage under FYM and
green manurecrops haveavery low carrying
capacity.

Food crop density

Thefood crop density has been measured
to study the sustainability of agricultura land,
anditisfound that averagefood crop density
of thewhole study areais 728 persons/ sq.
km. Thetotal population of thestudy regionin
the year 2009-10 was 2121832, persons and
thetotal areaunder the major selected crops
was 2915 sg. km. The pressureof population
on land ismeasured interms of the density of
population. Inthis study only theareaunder
thema or selected cropsisconsidered to mea:
surethe population pressure, i.e. population
burden on agricultural land. So thefood crop
density isdefined asthe density of population
per unit areaunder food crops (Nayak, 2009).
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Hence, man - land ratio isan important ele-
ment in studying the popul ation pressure.

Significant varigionsarefoundinfood crop
dendity at tahsi| level. Table1 and Fig. 2 show
tahsi| level distribution of thefood crop den-
sity in 2009-10. It has been recorded to be
high in the tahsils of Dharangaon (1015),
Chalisgaon (940) and Pachora (856) due to
high population concentrationinthesetahsls.
Thevery low food crop density isrecorded in
thetahsilsof Parola(537), Erandol (550) and
Amalner (680). Low population concentration
andlargeareaunder food cropsinthesetahsls
haveresultedin very low food crop density.

Population food balance
Ecol ogist and population biologist have

used thelogisticmode of popul ation dynam-
icsasaway to understand the cause and ef-
fect relationshi p between carrying capacity and
population size (Wilson and Bossert, 1971,
Gotelli, 1998). Thereis adeep relationship
between carrying capacity and population. If
an area hasthe highest carrying capacity and
high pressure of population thanitscarrying
capacity then thefood balancewould lead to
decline. It helpsinidentifying theareaswith
surplusand deficit carrying capacity.
TheTable 1 showsthat in 2009-2010 the
carrying capacity of the study areawas 1160
persons/ sg. km. Therefore, theaverage popu-
lation food balance of the study area calcu-
lated was 432 persons/ sq. km. It showsthat
the study region isenjoying surpluscarrying

SudyArea : Tahsil wise carrying capacity and
population Food Balance 2009-10
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capacity of 432 persons/ sg.km. Fig. 1 shows
the tahsil levels variations in food balance
whereout of the 9tahsiIstwo suffer fromfood
deficit. The carrying capacity of thecultivated
land at the present level of technology asre-
portedin 2009-10in Parolaand Jamner tahsils
was experiencing population pressure more
than itscapacity. The Jamner tahsil isexperi-
encing anextrapressure of 81 persons/sg. km
whileinthe caseof Parolaitis40 persons/ sg.
km of cultivated land.

Theremaining tahsiIsof thestudy region
in comfortable position and are experiencing
lesser popul ation pressure on the existing cul -
tivated land. It meansthat per sg.km cultivated
land in thesetahsils can support thefood re-
quirementsof more populations. It varies be-
tween 123 persons to 308 persons/ sg. km.
Thefood balancestatusof al thetahsilsof the
study areapresentedin Table 1. Thesevaria-
tionshave been classified into very low, low,
medium, high and very high categories.

Thevery low population - food balanceis
identified by lessthan 84 persons/ sg. km. Itis
foundin Parolaand Jamner tahsls. The popu-
lation food balanceisrecorded least in Jamner
tahsil whereitsvalueis- 74 persons/sg. km
Parolafollows Jamner tahsil and suffersfrom
food deficiency to an extent of - 40 persons/
sg. km. The carrying capacity of the Jamner
block was 1027 persons/sg. kmin 2009-10,
whilethefood crop density washighi.e. 1101
persons/ sgq. km hence, the population food
balance wasrecorded very low. It showsthat
thistahsil isexperiencing adeficit in popula-
tion food balance in the study region.
Chalisgaon, Pachora, Amalner and Parola
tahslshave urban areawnhich attractsmigrants
fromthenearby rural areas. Thecarrying ca-
pacity of the Parolatahsil was 1004 persons/
sg. kmin 2009-10, whilethefood crop den-
sty washighi.e. 1044 persons/ sg. kmthat is

why in Dharangaon tahsi| the population food
balance was al so recorded very low.

The category of low popul ation food bal -
anceislying between 151 to 175 persons/ sg.
km which are found only in Chalisgaon.
Chalisgeontahsi| hasfood balance of 172 per-
sons / sg. km. Chalisgaon, Dharangaon,
Pachoraand Bhadgaon tahsils havethe car-
rying capacity range 1299 and 1451 persons/
s0.km, and food crop density range 1127 and
1269 persons/ sg.km. These tahsils having
high population concentration aresdlf sufficient
and can feed extra 172 to 308 persons/sg. km
respectively.

Themedium category of population food
balanceisfound between 176 to 200 persons
/ sq.kmin Dharangaonwith an additiona popu-
lation that can be feeded as 182 persons/sq.
km. Dharangaonispresently self sufficient and
hasasurpluscarrying capacity. Thistahsil sur-
rounded industria areaof Jalgaon city,also has
rel atively high popul ation concentrationwhich
perhgpsdefinemedium carrying cgpacity of this
tahsil.

The category of high population food bal -
ance recorded within therange of 201 to 225
persons/sg. km, in Bhadgaontahsil withasur-
plus popul ation food balance of 211 persons/
per sg. km. Thistahsi| hasan averagecarrying
capacity of 1420 persons/ sg. kmand the av-
eragefood crop density of 1209 persons/sq.
km. Thistahsl ispresently self sufficientinfood
availability with asurpluscarrying capacity.

Thevery high population food balanceis
identified by morethan 226 persons/sg. km.
This category includes two tahsils namely
Pachora (249) and M uktai nagar (308) persons
/ sg. km. Theaverage carrying capacity of this
category is 1367 persons/ sq.km. Theaver-
agefood crop dendity for thiscategory ismea
sured as 1100 persons/ sg. km. The average
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population food baancefor thiscategory has
been estimated at 279 persons/ sg. km. So dll
tahsilshavelow concentration of population.
They are self sufficient to feed their popula
tion.

Projected surplusand deficit population
food balance

The present leve of carrying capacity of
theagricultura land of the study areais suffi-
ciently high. However, thereisaneed to com-
putethat the correct level of carrying capacity
how longandtofind outitissustainablefor the
growing population of the study region. For
finding out the projected popul aionfigures, the
growth rateof populationiscalculated for the
period between 2010 and 2040. At the cur-
rent level of agricultura technology and carry-
ing capacity of agricultura landitisfound that
thefood crop density would continuoudy in-
creaseduetoincreasing population resultingin
adeclining level of Population Food Balance.
It isstressed that the population of the study
regionin 2001 was 1918687 personswhich
increased to 2121832 personsin 2011 witha
growth rate of 1.19 % per annum. The pro-
jected figure of populationfor 2041 at the cur-
rent growth rate has been estimated as
2601563 persons. Hence, thefood crop den-
sity of the study region isexpected toreach at
1275 persons/ sq. km. Therefore, inaperiod
of 32 years food balance is expected to de-
clineat - 44 persons/ sg. kmresulting in defi-
cit populationfood bal ance.

Figure 2 and Table 2, presentsatahsil level
declining population food balance. The carry-
ing capacity of agricultural landisconsidered
asconstant at the present level of technology,
and thefood crop density isincreasing dueto
fast growing population, whereas the graph
linesof thesetwo variabl esintersect each other
ahead of the population food balanceisregis-
ter in negative. In other wordsat that point of

timethestudy regionwould reachitsmaximum
food crop dendity, baancing carrying capacity
and beyond which the study region would be
unableto feed the additional population.

The population food balance of the study re-
gionin2009-10 was 169 persons/ sq. kmfor
2036 the projected popul ation food balance
of the study area has been estimated at only
six persons/ sg. km. It meansthat by 2038- I
the carrying capacity of the study region re-
mains constant and thefood crop dendity con-
tinuesto increasein situ of the current rate of
population growth will beablejust tofeedits
popul ation.

In 2038 the population food balance scores
would berecorded in negativefigures, and an
alarming condition would be registered. In
2040 the popul ation food balancewould be-
44 persons/ sg. km. Hence, astudy areawhich
isfood surplusat present would turninto afood
deficit areaafter 2036. So, study areawould
besdf - aufficient tofeed itspopul ationtill 2038.
Thisstudy iscarried out toidentify thosetahsils
which are showing projected deficit food bal -
anceinfuturelike Parolaand Jamner. It would
besdlf sufficient to feed itspopul ation only till
2038. This exercise has been conducted in
order toisolate those blockswhich are show-
ingaseriousprojected deficit food balancefig-
ureslike Parolaand Jamner. Thetahsilsshow-
ing deficit Population Food Baance should be
given proper attention and effective planning
drategy should beformulated and implemented
inadvancesothat their declining food balance
canrestore. Distinguished strategies should be
divided for those tahsilswhich are not show-
ing deficit food balance 2038, so that such
tahsilscan
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Table2: StudyArea: Projected Population Food Balance, Persons/sg. km, 2009-10 -2041

Years | Carrying Population Food Crop Density | Population Food Balance
capacity
2010 1231 2,121,832 730 501
2012 1231 2,140,611 70 431
2014 1231 2,180,523 790 441
2016 1231 2,200,142 800 431
2018 1231 2,240,653 8% 3%
2020 1231 2,280,452 875 36
2022 1231 2,320,145 80 <]
2024 1231 2,340,123 20 3n
2006 1231 2,380,256 960 271
2028 1231 2420145 90 21
2030 1231 2,460,123 1000 21
2032 1231 2490412 1090 141
2034 1231 2510,123 1150 il
2036 1231 2,530,142 1225 6
2033 1231 2,560,123 1250 -19
2040 1231 2,614,201 1275 44

Source:  Computed by the researcher, 2016

Table3: StudyArea Projected Population Food Balance 2010-2040

Tahdl Carrying capacity Food Crop Population Food Balance
Person/ Sg. km 2009-10 Dengty Persong/Sg. Km 2041
Persons/sg km.
Chalisgaon 1299 1240 5°]
Bhadgaon 1420 1385 K]
Pachora 1410 135 15
Parola 1004 1298 294
Erandol 1090 1085 5
Dharangaon 1451 1498 47
Amaner 1056 1230 -174
Jamner 1027 1320 -293
M uktainagar 1323 1310 13
Region 1231 1310 -79

Source: Computed by the researcher, 2016
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producethesurplus to feed the popul ation of
other tahsilswhich would be unableto feed
their population by 2038. Thetahs| leve pro-
jected population food balanceispresentedin
Table 3 and Figure 3. It isfound that by 2040,
out of ninetahsils(Table- 3) 5tahsilsarein
food deficit condition.

Thetahsilswhich would suffer from de-
clining population food balanceare Parolaand
Jamner. Parolaand Jamner are still food defi-
cit tahsilswith apopulation food bal ance of -
40 and -74 persons/ sg. km respectively in
2040. Thefood crop density of Dharangaon
tahsil would reach from 1269 to 1498 per-
sons/ sg.km from 2009-10 to 2041. Like-
wise, food crop density of Amalner tahsil
would a so reach from 907 to 1230 persons/
sg. km. The tahsils of Dharangaon and
Amalner which are presently food surplus
tahslswould al so becomefood deficit tahgls
by 2040 to the extent of -47 and -174 per-
sons/ sg. km respectively. So, with the cur-
rent popul ation growth and aconstant carry-
ing capacity thefood crop density istend to
increase, and consequently, the population
food balancewould declineresultingin adefi-
cit carrying capacity.

Theremaining 7 tahsilslike Chalisgaon,
Bhadgaon, Pachora, Erandol, Amalner and
Muktainagar are supposed to remain positive
population food balance category. These
tahsiIswould experience surpluscarrying ca
pacity of 169 persons/ sg. km for Chalisgaon
59, Bhadgaon 35, Pachora 15 and Erandol 5
persons/ sg. km.

Concluson

The present carrying capacity of the study
regionis 1231 persons/ sg.kmwhichissuffi-
ciently highand it may feed itscurrent popul a-

tion. However, the popul ation of the study re-
gioniscontinuoudy increasngwhilethecarry-
ing capacity of agricultural landisconsidered
to remain constant at the current level of agri-
cultura technology. Thefood crop density is
1062 persons/ sg. km. Itiscontinuoudy in-
creased on account of continuoudy increasing
population resulting inthe declining level s of
population food baance. Thefood balanceis
169 persons/ sq. km.

Tomaintainthecarrying capacity and high
production, itissuggested toincreasethe agri-
culturd efficiency using sustainableagricultura
practiceslikecroppingin parity withtheland
suitability classesand controlling the popul a
tion growth. Specid attentionisrequiredinthe
tahsilsof Parolaand Jamner whichareaready
recording anegativetrend of carrying capac-
ity.

By the year 2041, the food crop density
of thestudy region isexpected to reach at the
level of 1310 persons/ sg. km. Hence, in a
period of 32 years from 2009-10 onward
popul ation food bal ance of the study regionas
awhole is expected to reach - 44 persons/
sg. km, i.e. from surplusto deficit popul ation
food ba ance. The calculated popul ationfood
balance of the study region in 2009-10 was
501 persons/ sg. kmwhichthe projected value
for 2038 isestimated to beonly -19 persons/
g0. km. It meansthet if the carrying capacity of
agricultura land remainsconstant and thefood
crop density continueto increase at the same
rate than the study areawould beableto feed
the surplus popul ation. After 2036, the popu-
lation food ba ance would be negativefigures.
By 2041 the popul ation food bal ance would
reach - 44 persons/ sg. kmwhich will further
declinewith the passage of time.
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Assessment of Drinking Water Quality of Renukoot
Industrial Areain District Sonbhadra,
Uttar Pradesh
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Abstract

The drinking water quality of Renukoot Industrial Area of Sonbhadra district of state
Uttar Pradesh in India has been studied. For this study, the ground water samples were
collected from the selected locations of the study area with the identification of their
longitude and latitude. The Gl Slocations of the sampling sites are shown in map. Further,
the samples were analyzed as per guidelines of BISfor 14 drinking water quality param-
eterslike pH, Total Hardness, Alkalinity, Chloride, TDS Sulfate, Nitrate, etc. in analytical
laboratory. The results are compared with Indian Sandard Drinking Water specification
IS 10500-2012. The study reveals that the concentration of major constituents in the
water samples is well within the permissible limits of the drinking water except in few
cases where concentration of one or more parameters are high which indicates that the
water of the study area isfit for drinking purposesin most of the places except few sites.
Further, correlation coefficient val uesindicate the presence of NaCl and KCI saltsin such
ground waters and high values of TDS are mainly due to presence of NaCl and KCl.

Keywords: parameters, drinking water, BIS correlation co-efficient.
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Introduction

Population growthindicatesthehigherrate  surfacewater quality aswell asground water

of urbanization all over theworld. Thequan-

quality has become serious problem due to

tity of surfacewater isdecreasingday by day  several factorslikerapidincreasein popula-
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Fig 1. Location of the study area and water sampling sites

with Mr. Kothari of HINDALCO and Ray Fullerton of Kaiser as executive
engineers.Other magjor factorieswithin the suburbs of the Renukoot city include
AdityaBirlaChemicasplant (now Grasm Industrieslimited) and Hi-Tech Car-
bon unit of AdityaBirlaNuvo'sBirlaCarbon.Most of theeconomy of Renukoot
revolvesaround HINDALCO. Maximum peoplelivein HINDALCO colony and

almost all of the bus nesses depend on these people.

dueto congtruction of houses, buildings, com-
mercial areas, industrial areasetc. Thisleads
to themore demand for ground water for hu-
man consumption, irrigation and many other
purposes. The production of drinkingwater oc-
cursby dluvia aquifersthat arehydraulicaly
associ ated with awater system. Currently, the

tion, urbanization, deforestation, industridiza:
tion, etc. intheplain areasof the sate (Sharma,
et al., 2016). During the past decades, care-
lessand unscientific patternsof disposd of in-
dustrid, agricultural, and domesticwasteshave
enlarged the problem of pollutantswhich are
contaminating not only the surface watersbut
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groundwater sourcesaso (Lacorte, 2005).Wa
ter quality of any areacan bemonitored by its
physical, chemica and biological characteris-
tics. Moreover the landfill sitesand mining
waste dumps are somefactors of metal pollu-
tionindrinkingwater. Chemica analyssforms
thebasi sof interpretation of thequality of wa
ter inrelation to source, geology, climateand
use (Kanwar, 2014). The values of these pa-
rametersare harmful for human hedthif they
found morethan permissiblelimits. Character-
ization of water quality isnecessary to study
about the existing water quality. The assess-
ment of water quality includes sampling, ana-
lyzing, and characterization of drinking water
sampl es obtained from sources on continuous
basis, which explainsthequdity of water after
comparing with water quality standards
(CGWAB, 2016).In Sonbhadradistrict, anin-
dustrial estateisdevel oped at Renukoot. The
impact of industrial development on natural
resourcesespecialy ondrinking water resource
has become necessary to study. Therefore, it
has been decided to study the drinking water
quality.
Objectives
. To anayzethe physico-chemica param-
etersof drinking water of Renukoot in-
dustria area.

. To assessthequality of groundwater for
drinking as per standard value given by
BIS (Bureau of Indian Standard).

Sudy area

The study area Renukoot is situated in
Sonbhadradistrict in eastern Uttar Pradesh of
India Sonbhedraistheonly districtinindiawhich
bordersfour states, namely MadhyaPradesh,
Chhattisgarh, Jharkhand and Bihar. The study

areahaving extension from 24° 11' 42" N to
24°14'06" N and 83° 01' 30" Et0 83° 03' 45"
E. Renukoot is an industria town. Itiswell
knownfortheHINDALCOduminiumplantand
Rihand Dam. Asof the2011 census, Renukoot
had apopulation of 347524. Renukoot had an
averageliteracy rate of 73 percent, higher than
thenationd averageof 59.50 percent. Renukoot
liesinoneof themost important industrid belts
of India, which consists of the cement, alu-
minium, and chemica industries, aswell ashy-
dropower and thermal power projects. Oneis
HINDALCO, Indiaslargest aluminium com-
pany. Thed uminium mill wasbuiltin 1963 and
1964 asajoint venture between HINDALCO
(Hindustan Aluminium Co.) and Ka ser Engi-
neersof Oakland, Cdlifornia, USA,

Database and methodology

The present study comprises primary aswell
as secondary source of data. Secondary data
has been collected from BIS (bureau of Indian
standard) while primary data is collected
through sample survey. Water sampleswere
collected during post-monsoon period(23-26
November) 2015from bore hand pumps of
different |ocations of Renukoot after flushing
water for 10-15 minutesto removethe stag-
nant water. The sampling container were
washed, rinsed with distilled water and dried
before use. Groundwater sampleswere col-
lected fromthe IndiaDes and IndiaMark-ii
hand pumps.

All sampleswereimmediately transported
tothelaboratory. Theten sampleswere ana-
lyzedfor physco- chemica parameterslikepH,
EC (electrical conductivity), TA (Total Alka
linity), TH (Total Hardness), TDS(total dis-
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Samplecode| Locationsof different sampling | Longitude Latitude
No. sites

X1 Near Rihand Dam 83°01'26"E 24°11'56" N
X2 Pipari Chauk 83°01'34"E 24°12'09"N
X3 Bus Stand Renukoot 83°0212'E 24°11'52"N
X4 Near NirmalaConvent School 83°0221"E 24°12'15"N
X5 Behind of RamledlaField 83°0223'E 24°12'52"N
X6 Near Shiv Mandir 83°02'13'E 24°1319"N
X7 Jokahi 83°0206"E 24°1334"N
X8 Near High-Tech Carbon Plant 83°0217"E 24°13 47" N
X9 Murdhava 83°0249"E 24°1350" N
X10 Near RadhaKrishnaTemple 83°02'38"E 24° 13 59" N

Source: Locations taken by Research scholar

solve solids) Ca2+, Mg2+, So42- , Nat+,K+,
CO32-, HCO3-, Cl-, and Nitrate (NO3-) by
following the standard methods prescribed as
per Bureau of Indian Standard (BIS 10500-
2012) for drinking water.

Result and discussion
General parameters

Thephysico-chemicd characteristicsalong
with their mean are presentedin Table 1. The
pH values vary from 7.34 to 7.68 (mean,
7.54), indicating dkalinenature of groundwa-
ter samples. All pH values are within the per-
missiblelimit (6.5-8.5) of Bureau of Indian
Standards (BIS, 2012). Thedectrica conduc-
tivity (EC) variesfrom 2422.54t0 3078.8 uY
cm (mean,2661.50puS/cm) (Tablel). EC ex-
ceedsthe BISpermissiblelimit (BIS,2012) of
3,000 uS/cminonesample(X7).Theakain-
ity isreferred to astheacid neutralizing capac-
ity (ANC) of thewater. Thisisexpression of

buffering capacity. The basi ¢ speciesrespon-
sblefor dkalinity inwater arebicarbonateions
[HCO3-], carbonate ions [CO32-] and hy-
droxideions(OH). Thetota alkalinity values
vary from 482 to 905 mg/l (mean, 630 mg/l).
About 50 percent of the samples exceed the
BISpermissiblelimit of 600 mg/l (BIS,2012).In
natura waters, dissolved solidsmainly consst
of carbonates, bicarbonates, chlorides,
sulphates, phosphatesand nitrates of calcium,
magnesi um, sodium and potassium with traces
of iron, manganeseand other minerals. Organic
matter and various dissolved gases are a'so
presentinsmall amount (Jainet a. 2010).

The TDSva ueshave beenfound between
1689 and 2627 mg/l (mean, 2013.80 mg/l).
About 40% samples exceed the permissible
limit of 2,000mg/l (BIS, 2012). Water having
high TDSvauesif used for drinking purposes
may inducean unfavorable physiological reac-
tioninthetransient consumer and gastrointes-
tind irritation (Shankar et d., 2008).Inthewater
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Table1: Physica and Chemical propertiesof water samplesin Renukoot,
Parameters X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Mean
pH 752 734 768 762 748 755 758 765 755 745 754
Electrical 2634, 242 26271 243 2721 2668 3078 2145 2645 2527 2661
Conductivity 26 54 66 3B 42 73 88 28 43 51 0
(uScm)
Totd alkalinity 741 546 482 490 637 634 205 7% 539 493 63030
(mglL)
Total dissolved 1760 2122 1920 20068 2627 2032 1639 1780 2409 1731 2013

80

Total Suspended 194 136 155 2 21 168 318 147 189 148 19520
Solids(mg/L)
Total 23 445 262 423 54 218 326 27 286 1718 31920
hardness(mg/L)
Calcium % 153 A 86 137 78 63 62 B 73 86.50
(Ca2+)(mg/L)
Magnesum 31 3 14 21 45 19 76 81 72 77 199
(Mg2+)(mg/L)
Sodium 2 4L b Zivg K¢ 37 2 27 2 3 3350
(Nat) (mg/L)
Potassium 68 82 7 85 1 9 6.7 71 67 69 779
(K+) (mg/L)
Chloride 326 283 146 20 26 23 1% 76 197 189 23010
(C-)(mg/L)
Sulphate 143 168 e 110 190 136 G¢) 70 63 7B 109.90
(SO42-)(mg/L)
Nitrate 9 135 ND 64 8 12 10 13 8 92 101
(NO3-) (mg/L)
HCO3- 130 34 260 312 a 63 143 208 260 156 198.
(mg/l) D0

Source: Water samples analyzed in Chemistry lab (Prof. M.C Chattopadyay) University of Allahabadwith

the help of Research Scholar
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Table2:  Water quality parametersof groundwater of Renukoot with BIS standard
Water Quality Parameters Range of Samples BISSandard
Minimum| Maximum| Mean Des?rqble Permis;eible
Value Limit Limit
(mg/1) (mg/1)
pH 734 7.68 154 65 85
Electrical Conductivity (uS/cm) 242254 30788| 26615 300 3000
Total alkalinity (mg/L) 482 05| 6303 200 600
Total dissolved solids (mg/L) 1689 2627 | 20138 500 2000
Total Suspended Solids (mg/L) 136 318 1952 -
Total hardness (mg/L) 178 445 3192 20 600
Cadum(Caz+) (mg/L) e T3 %65 7 200
Magnesium (Mg2+) (mg/L) 72 45 1996 0 100
Sodium (Na+) (mg/L) 27 PR 335 50 200
Potassium (K+) (mg/L) 67 A 10 )
Chloride(Cl-) (mg/L) 146 326| 230.1 200 1000
Sulphate (SO42-) (mg/L) 63 190| 109.9 200 400
Nitrate (NO3-) (mg/L) 0 18| 11.01 45 | NoRelaxation
HCO3- (mg/l) 65 364| 198.9 300 600

Source: Computed by Authors and standard taken from De, A.K. Environmental Chemistry

samples, thetota suspended solidsareinthe
range between 136 to 318 mg/l. X-7 hashigh-
e TSSvduewnhilethat of X-2islowest. Totd
suspended solidsin all thewater samplesare
well withinthedesirableand permissiblelimit.
Thevaueof tota hardnessfor theten ground
water samplesarein therange 178-534 mg/l
(table 1). X-5 hashighest value of total hard-
ness (534 mg/l) whilethat of X-10isthelow-
est one (178 mg/l). Thetota hardnessvalue
X-10isbeow the acceptablelimit (200mg/l)
whereasremaining samples X-1to X-9 have
their v uebd ow thepermissblelimit (600 mg/

) of BISstandard for drinking water. Further,
itisclearly seen from the tablethat the water
samples belongto hard water category (150-
300 mg/l).
Cation parameters

Themajor cations present in most of the
ground waters have highest concentration of
cal cium, magnesium, sodium and potassium
(Younger, 2007). The concentrationsof vari-
ouscationsanalyzedin groundwater samples
arepresentedin Table 1. Calcium and magne-
sium concentrationsvary from 34 to 153 mg/l
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(mean, 86.50 mg/l) and 7.20 to 45.0 mg/|
(mean, 19.96 mg/l), respectively. Noneof the
samplesexceedsthe calcium and magnesium
BISpermissiblelimit (BIS, 2012) 200mg/l and
100 mg/l respectively. Sodium and potassium
concentrationsvary from 27 to 42 mg/l (mean,
33.50 mg/l) and 6.7 to 11 mg/l (mean, 7.79
mg/l), respectively. All thewater ssmplehave
their concentration of Nat below thethresh-
oldlimit (200 mg/l) of BIS. Only onelocation
i.e. X-5 hasagreater amount of K+. Rest of
thevauesof 9 samplesfdl under theBISIimit
(10 mg/l) prescribed for Potassium. Low con-
centration of calcium versussodium inground-
water samplesindicatethe absence of readily
soluble calcium minerals, whereby calcium
present in ground water sampleshasbeen ex-
changed by sodium dueto base- exchangere-
action (Sharmaand Rao, 1997). High Ca2+,
Mg2+, Nat+ and K+ concentrationsaremainly
duetother minerdogicd origininthesoils.

Anion Parameters

Themajor anionshaving highest concen-
tration present in mgjority of groundweatersare
chloride, sulfate, Nitrateand bicarbonate. The
concentration of variousanionsanalyzedin
groundwater samplesare presentedin Table
1. For theten ground water samples (X-1to
X-10), the concentration of chloride (Cl-)
ranges from 146 mg/l to 326 mg/l. Approxi-
mately 40% of water sample exceeds desir-
ablelimit of 250 mg/l recommended by BIS
for chlorideindrinkingwater supply. Itisadded
through ectivitiescarried out inagriculturd area,
industrid waste, sawage, and tradewastes. The
Sulphatein groundwater generally ispresent
as calcium, magnesium, and sodium soluble
salts. Significant changein the Sul phate con-

centration takesplacewith timeduringrainfal
infiltration and groundwater recharge (Jain et
a., 2010). The Sulphate concentrationsinthe
samplesvary from 63 to 190 mg/ | whichis
bel ow thepermissiblelimit of 400 mg/l (BIS,
2012). Sulphate when present alone may not
cause any adverse health effectswhile pres-
ence of Sulphatein excess of >400 mg/l with
sodium or magnes um may |ead to gastrointes-
tind irritations (Shankar et a., 2008).High ni-
trate concentration inthegroundwater arere-
ported in many parts of Indiabecause of in-
tensiveagricultura practiceswhich utilizeni-
trogen fertilizersthat are changing the natural
drainage patterns. Nitrate concentration >45
mg/l in drinking water has adverse health ef-
fectson human resulting methemoglobinemia
commonly known as blue baby syndrome
which generdly affectstheinfants(Jainet d.,
2010) and gastric carcinoma (Tank and
Chandel, 2010). The nitrate concentration
ranging from ND to 18.0 mg/l (mean, 11.01
mg/l) inal thesamplesarewithinthe BIS per-
missiblelimit of 45 mg/l. Carbonateisamost
absent or beyond detectablelimit. Therefore,
total alkalinity for different ground water
samplesisdueto the presenceof Bicarbonate
(HCO3-) ions only. The concentration of
HCQO3- for different ground water rangefrom
65 mg/l to 364 mg/l and dl the stationshave
HCQO3- content lessthan 500 mg/l. Bicarbon-
ateaffectsakdinity and hardnessof weter. The
weathering of rocksadd bicarbonate content
inwater.

Satistical analysison the basis of corre-
lation co-efficient

Corrdation coefficient isastatistical mea-
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sure of interdependence of two or moreran-
domvariables. Correlation anadysismeasures
the closenessand thedegree of linear associa-
tion between independent and dependent vari-
ables. Thecorrelaionanaysisof theanayzed
parameterswas performed and the corrdation
coefficient ispresented by correlation matrix
inTable3.Thevauesof correlation co-efficient
(r) of different variable pairsof physico-chemi-
cd parametersfor thetenground water samples
(X-1to X-10), are shown in table -3 given
below. Fromtable-3, itisclearly seen that pos-
tivecorrdation (r=0.25) istherebetween TDS
and electrical conductivity (EC). Both Ca2+
and M g2+ show srong positivecorrdationwith
total hardness(TH) having r values0.69 and
0.67 respectivey, establishing thefact that high
concentrations of Ca2+ and M g2+ attribute
to more hardness of different waters. The
negative correlation (r = -0.26) between pH
andtotd hardness, indicatesthat with increase
of pH, thetotal hardnessfor different ground
water samplesdecreasesand vice-versa. Cl-
shows positive correlation with both Nat+ and
K+ havingr vaues0.35 and 0.41 respectively
showing that both Na+ and K+ exist aschlo-
ridesinthedifferent ground watersrepresented
by X-1 to X-10. Further, Nat+, K+ and Cl-
show strong positivecorrelationswith TDS
having r values equal t0 0.36, 0.70 and 0.23
respectively. Similarly, Nat+, K+ and Cl- show
strong positive correlation with EC (r=0.58,
0.15 and 0.33 respectively).

The above strong positive correlation of
Nat, K+ and Cl- with TDS and EC respec-
tively, establishesthefact that high val ues of
TDS (and hence EC) are due to presence of

NaCland KCl salts mainly in the different
ground waters represented by X-1 to X-
10.Thehigh correlation between ECand TDS
isduetothefact that conductivity dependson
total dissolved solidsand themain congtituents
of TDSinwater aretheseionic species. The
pH was negatively correlated with most of the
physico chemicd parameters. Nitratewaspos-
tively and sgnificantly correlated with Cl-, a-
kalinity, TDS, EC and Ca2+.Sulphateispos-
tively correlated with most of the physico-
chemica parameters.

Hydrochemical Facies

Hydrochemical facies concept has been
used to explain the distribution and genesis of
principd typesof groundwater inthestudy area.
Back and Hanshaw (1965) have suggested two
main typesof facies: cation faciesand anion
facies. Theoverdl water chemical characteris
determined by both cation and anionfacies.
Groundwater aquifer hydrochemistry inthe
sudy areaissummarized usngthetrilinear plots
(Fig.2). Thetrilinear plot of cationsexpresses
abundance of each species (Ca2+, Mg+,
Nat++K+) asapercentage of their sum. Simi-
larly, trilinear plot of anions expresses abun-
dance of each species (HCO3-, SO42-, and
Cl-) asapercentage of their sum.

Piper Plot

® X1 (Samples Code) 100
X2

= X3
X4

a XS5
X6

EXPLANATION

cl
ANIONS

Ca
CATIONS

Fig 2. Piper trilinear diagram for ground water samples
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Thesetrilinear diagramsare useful ines-
tablishing the chemical relationshipsamong
groundwater samplesinmoredefiniteterms
than any other possible methods. Thediamond
shaped field of Piper diagram can befurther
classified into (1) Ca2+-Mg2+-Cl--S0O42-,
(2) Na+- K+-Cl--SO42-, (3) Na+-K+-
HCOS3- and (4) Ca2+- Mg2+-HCQO3-. The
trilinear plotsof themajor cationsand anions
inthe groundwater samples of thestudy area
areshowninHg.2.A look of thehydrochemicd
facies(Fig.2) indicatesthat in the groundwa-
ter, monovalent cations (Na+ and K+) pre-
dominatethe Ca2+ and Mg2+.Among thean-
ions, chlorideisdominant over other anions. It
isevident from Fig2. , most of the samples
bel ongto the non-carbonate hardness (second-
ary sdinity) exceeding 50 percent, which means
the Nat+ and K+ concentrations in the ana-
lyzed groundwater samples may beduetothe
wesethering of sodium-potassium bearingmin-
eralsand/or some cation-exchange processes
and industrial/agricultural activities in and
around study area (Singh et al., 2006). So-
diumand potassium exchangeby calciumand
magnesium adsorbed on the clay mineral sur-
facesmay beresponsiblefor thehigh sodium
and potassi um concentration.

Conclusion

Thewater quality of Renukoot industrial area
of Sonbhadrahasbeen studied for 14 selected
drinking water quality parametersasper BIS.
Theanalysisof water samplescollected from
the different stations of Renukoot industrial

area, Sonbhadradistrict reved sthat dmost dl

water quality parametersi.e. (pH, electrical

conductivity, total hardness, calcium, magne-
sium, chloride, nitrate etc.) comply with BIS
standard. However most of them arewithinthe

standard limits. Resultsof thewater samples
suggest that only thetotd akalinity isgreater
than BIS permissiblelimit. To determinethe
water typesthe concentration of major ionic
constituents of water sampleswereplottedin
the Piper trilinear diagram. Most of the water
sampleswere Ca2+-Mg2+-Cl--SO42-types
whichindicatethat thewater samplesarenon-
carbonate hardness (secondary salinity) ex-
ceeding 50 percent. Thisisbecausemost hard-
nessand akalinity comefrom limestoneand
dolomite sourcesin nature. Limestoneisthe
calcium carbonate, and dolomiteisthe combi-
nation of calcium carbonate and magnesium
carbonate. Water passesthrough therocksin
the ground and picksup mineralsontheway.
When thelimestone and dolomitedissolvein
water one half of the moleculeiscalcium or
magnesium (hardness) and other hdf isthecar-
bonate (theakainity). Mgjor processcontrol-
ling thewater quaity istheslicatewesthering,
minerals dissolution, because of hard rock
structure of the study area. Topographical un-
dulationsand thegroundwater flow wereiden-
tified asthe other supporting factorsfor the
hydro-chemical processes and alsoto anthro-
pogenicinfluences of infiltration and percola-
tion during monsoon season. Highvauesfrom
desrablevaueof chloride, akalinity, bicarbon-
ates, sodiumand potassumwerefoundin most
of thegroundwater samplesin Renukoot, dis-
trict Sonbhadra.

*  Highvaueswerefound of Electricd con-
ductivity, Totdl Alkdinityin X-7 sample,
Total Dissolved solidsin X-5 sample,
Cacium and HCOS- in X-2 samplein
Renukoot area. These high concentration
might be due to mineral solutions that
change under redox condition.
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*  However, somesuitabletreatmentsare
necessary so asto keep the high values
of thefollowing parametersbd ow thecor-
responding acceptablelimitsof BIS stan-
dardfor drinkingwater: Treatment of high
valuesof EC and total dkalinity, for X-7
sample,

e Strongpoditivecorrdation of So42- with
Cat+ and Mg+respectively, shows the
presence of Magnesium Sulphate
(MgSo42-) sdltsinthedifferent waters
and further thesetwo saltsaremainly re-
gponsiblefor highvauesof TDS (and con-
sequently highvauesof EC) of thediffer-
ent water sample.

Further the quality of water variesin every

sample. It isrecommended that the shallow

hand pump must be replaced by deep bore
pumps.
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Road Accidentsin a Himalayan Sate of I ndia:
A Spatio-Temporal Analysisof Fatality and Severity in
Himachal Pradesh

D.D. Sharmatand Santosh Kumari?

Abstract

Present paper is an effort to analyze the fatality in road accidents and to under stand
the different factors responsible for accidents in Himachal Pradesh. The factors have
been studied under four broad categories and occurrence of accidents at different time
periods has been also described. The present analysis also reveal sthat in urban areasthe
majority accidents occurred during 6:00pm-10: 00pmand inrural areas 10: 00am-2: 00pm.
There are number of weather conditions which are responsible for vehicle accidents yet
larger number of accidents occurred in fine conditions because there are more number of
vehicles on the road during that time. Surprisingly more accidents occurred in the open
areasasa result of negligence. It has been also noted that the cars and jeepswasthe main
segment of vehicle that was found more often involved the in road accidents.

Keywords: road accidents,fatality, ramification, exposure, recommendations

Introduction

Road accidentsareahuman tragedy, which
involve high human suffering. They imposea
huge socio-economic costintermsof untimely
deaths, injuriesand loss of potential income.
Theramificationsof road accidentscan be co-
lossd and itsnegativeimpactisfet not only on
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individuals, their health and welfare, but aso
on theeconomy (Govt. of India, Ministry of
Road Transport and Highways, New Delhi,
2011). Consequently, road safety hasbecome
anissueof National concern. Occurrence of
accident isan outcomeof interplay of anum-
ber of factors, which among othersinclude
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length of road network, vehicle population,
human population and adherenceaswell asen-
forcement of road safety regul aionsetc. Higher
exposure to road accident risk may be miti-
gated by behavioral standards (adherenceto
road safety regul ations) and policy interven-
tion (Govt. of India, Ministry of Road Trans-
port and Highways, New Delhi, 2013). Ex-
pansionintheroad network, surgein motor-
ization and arising popul ation of acountry con-
tribute towards increasing numbers of road
accidents, road accident injuriesand road ac-
cident fatalities. A case study donein Calcutta,
India, reported that there are some host (hu-
man) factorsand seasond factors (weether and
time) that contributeto fatal road traffic acci-
dents (Zhang et al., 1998). Most accidents
occurred onmain roads (highways) andinthe
majority of cases pedestrians werefound to
beat fault during crossing theroads (Mg umdar
etal., 1996). Studiesdoneworldwide have
shown that road traffic accidentsare thelead-
ing cause of deaths of many adolescentsand
young adults(Balogun et d., 1992 and Odero
etal., 1997).Thereisevidencethat usng mini-
mum saf ety standards, crash worthinessim-
provement in vehicle, enforcement of wearing
seat beltsand strict ban on a coholic driving
can substantially reduce deaths on the road
(Leon, 1996).

Rational of thestudy

Govt. of India, Ministry of Road Trans-
port and Highways, 2010 statesthat during the
year 2010therewerearound 5 lakhsaccidents,
which resulted in deaths of 1,34,513 people
and injured morethan 5 lakhs personsin In-
dia. Thesenumberstrandated into 1 road ac-
cident every minute, and 1 road accident death
every four minutes. The rate of accidental

deaths per thousand registered vehicles has
madeHimacha Pradeshthethird highest acci-
dent hotspot in the country as per the report
released on accidental deaths by National
CrimeRecord Bureau (NCRB). A report said
that during last 10 years till 2015, state
Himacha Pradesh has witnessed around
29,555 road accidents. During the period of
2011 to 2015 state had recorded 15,047 ac-
cidentsinwhich 5,612 peoplehavebeenkilled
and 26,580 othersinjured. Datarecorded by
police showsthat on an averagearound 3,000
road accidentsaretaking placeinthe statein
which around 1,000 people being killed and
5,000 othersare beinginjured each year. Road
accidentsin Himacha Pradesh have beenram-
pant and in 2016 alone state have recorded
2,096 accidentsinwhich 780 peoplehavebeen
killed and 3,919 othersinjured.

Himachal Pradeshisoneof thehilly states
of India. The changing scenario of roadsand
trafficsin Himachd Pradesh crestesmany prob-
lems. The study areahas arigid topography
due to which construction and expansion of
roads are difficult. There are many villages
which arenot connected to theroads even to-
day and some othersare having only kuchcha
roads and very few areas having pukka roads
to connect with main centers. The conditions
of roadsgiveriseto theroad accidents. There
are very deep gorges in Himachal Pradesh
therefore, inmagjority of casesaccidentsoccur
intermsof rolling downthed opesresulting not
only theeconomiclossbut dsothelossof life.
Thedimatesof Himachd Pradeshdsogiverise
to theroad accidents. Theclimatic conditions
likedensefog, heavy rainfal, strongwind, and
cold climatic conditionsetc areresponsiblefor
the road accidents. The transportation in
Himachal Pradesh solely depends on roads
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becausethe expansionsof railwaysareneither
physicaly nor economicaly viable. Theblast-
ing rocksin order to construct theroads have
been givenriseto road accidents. The present
study aimsat presenting the spatio-tempora
digtribution and examinesthepattern of regiond
variations in road accidents in Himachal
Pradesh. Thestudy dsotriestoinvestigatethe
major causes and impact of topography on
road accidents.

Data sase and methodol ogy

The present study isbased entirely on the
secondary sourcesof datathat includethe pub-
lished and unpublished records of Himachal
Pradesh Government, vigilance head quarter,
vehicle crimerecord Bureau, Traffic Police
Office, S.P. Office, Census Reports, Police
Headquarter, Statistical outlinesof Himachal
Pradesh and newspapers etc. In order to as-
sessthe spatio-temporal changesin number of
total accidents, personinjured and killed has
been computed. Severity index andinjury in-
dex isa so cal culated which showsthe seri-
ousness of anaccident anditisdefined asthe
number of person killed/ injured per 100 acci-
dents. Spatial and temporal distribution and
variation among road accidentsduring differ-
ent yearsin the study areais shown through
thelinegraphs and mapswhich are prepared
by ArcGIS software.

Sudy area

The state of Himachal Pradesh formsthe
study area of present analysis. Himachal
Pradesh is a hilly state of India. Himachal
Pradeshissituatedinlower Himalayan region
with numerous mountai n rangesand rich natu-
ral resources. Theelevationinthestatevaries
between 450 metersto 6,500 meters above
sealevel. Theregionformsan extensionfrom

Shivalik rangeof mountains. Thereisanin-
creasein €l evation aswego from north to south
and east towedt. Itslength from the northwest-
ern Chambato the southeasterntip of Kinnaur
ranging 355 kmsand maximum breadth from
Kangrato Kinnaur in the near north-east 270
kms. It liesbetween 30°22' 44" to 33° 12' 40"
north latitudeand 75°47'55" to 79°04' 20" east
longitude. Administratively, Himachd Pradesh
isdividedinto 12 didricts. It experiencespless-
ant climate throughout the year. The winter
month bringsenormoussnowfalsintheregion
duetoitscloseproximity to Himalayas. The
normal wesather of variousregionsinthe sate
variesasper dtitudelevels. Theideal timeto
explorethe stateisfrom September to March.
The stateisdivided into three physiographic
divisionsfrom Southto Northi.e. The Great
Himal ayas, thelesser Hima ayas, and the outer
Himaayas. The Great Himalayan rangeisre-
gionwhich fall between an altituderange of
above 5000 to 6000 mts. TheZanskar Range
which is the easternmost range separates
Kinnaur regionfrom Spiti, thenfrom Tibet. The
lesser Hima ayas areidentified by steady in-
creasein height beginning from Dhauladhar to-
wardsPir Panjd ranges. The Shivalik rangeis
Stuated onlower eevetionregionsinthedate.
Itislocated at an elevation of 600 mtsabove
sealevd. Thehillsof theseregionscontainrock
and soil which areproneto erosion and defor-
estation.

Himachal Pradesh is divided into four
zones on the basi s of roads named as South
Zoneor ShimlaZone, Hamirpur Zone, Kangra
Zone, and Mandi Zone. Thereare 12 Nationa
Highwayswhich passthrough the state cover-
ing atotal length of about1552km. Thereare
18 State Highways covering approximately
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1529km and about 31 District roads covering
thelength of about 1,328kms.

Objectives
Themajor objectivesof thisstudy are:

» Toexaminethepattern of regional varia-
tionsinroad accidentsin Himacha Pradesh.

» Toanaysethefatalities of road accidents
in Himachd Pradesh.

Analysisand discussion

Pattern of regional variation in
Himachal Pradesh Table 1. explained the
regional variation of total road accidentsin
Himachal Pradesh. The number of tota acci-
dentsin last decade have observed positive
change means the number of accidents in-
creases every year but in somedistrictslike

Chamba, Kinnaur, Kullu, Mandi and Sirmaur
the change remai n negative meansthe number
decreased after 2009. Overadll the number of
accidentsin last decadeincreases but inthe
year 2012 the number slightly decreases in
comparisonto previousyears. Thetotal num-
ber of accidentsarehighest in Kangraand low-
estinLauhal and Spiti. Thereasonsof thisdif-
ferencein highest and lowest number of acci-
dents are the road network that is not much
developed in upper partsof Himacha Pradesh
and the maximum accidents occurred dueto
natura reasonsrather than road accidents due
torigid dimatic conditionsand topography, the
frequency of vehiclesand some of the human
faultsetc.

Tablel:  Regiona Variation of Total Road Accidentsfrom 2002 to 2012
Sr.no.| Districts | 2002 | 2003 | 2004 |2005 | 2006 | 2007 | 2008 (2009 2010 R2011 [2012
1 Bilaspur 226 219 241 216 23 242 27 | 247 | 240 | 2714 | 235
2 Chamba 137 129 119 111 103 144 104 | 150 | 123 | 121 97
3 Hamirpur 14 146 152 176 148 144 119 | 133 | 159 | 126 | 128
4 Kangra 487 505 506 473 501 485 48 | 584 | 579 | 627 | 569
5 Kinnaur viv} 3 viv} 2% a 3 46 66 = i) yaris
6 Kullu 157 162 171 183 162 173 196 | 204 | 185 | 196 | 157
7 Lahul& 1 .0 15 1 13 2 12 12 19 12 19
Spiti
8 Mandi 316 30 3l 363 378 463 3A | 44 | 6 | 3060 | 378
9 Shimla 34 410 44 47 38 378 377 | 373 | 437 | 450 | 380
10 Sirmaur 193 14 190 211 219 243 2% | 270 | 231 | 201 | 248
1 Solan 277 30 357 A4 320 366 3 | 34 | 38 | 427 | 405
12 Una 217 228 192 213 262 257 28| 2i4 | 294 | 57| 238
Totd 2561 | 2691 | 2810 | 2744 | 2748 | 2055 | 2Z7%6 | 3051 |3069 (3095 | 2898

Source: Digtrict Police Headquarter (H.P.)

Table2 dealswith theregiond variation of
persons died in road accidents from 2002-
2012. Thetotal number of personsdiedinroad
accidentsincreasesin last decade. Thefluc-

tuationsareobserved in thelast decadein the
number of person died. Thereispositiveand
negative changeinevery digtrict. Before2009
most of thedi stricts observed positivechange
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and after that somedistrictsfollow negative
change meansthe number of died personwill
decreased in comparison to previous years.
Thedigtrictsare Chamba, Hamirpur, Kangra,
Kullu, Mandi, Shimla, Solan and Unaand oth-
ershavepositivechange. Theoveral change
isnot muchit wasgoingtoincreaseevery year

Table : 2

accept 2011 and 2012. There are many rea-
sonswhich areresponsiblefor thisnegative
change like the increase in health
facilities hospitalsin every region, avareness,
drivingskills, providingambulancesarviceslike
108 whichisevery helful to savethe people
etc.

Regional Variation of Person Died in Road Accidents 2002-2012

SR. | Didtrict 2002 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
No.
1 Bilaspur a2 yiv] 2 ~ 67 76 | A o | 77 69
2 Chamba % 87 & % 53] 8l & | 143 g [134 |11
3 Hamirpur 46 2 % 45 2 2 2| B % | a )
4 Kangra 87 A w14 121 120 72 |165 | 100 | 129 |162
5 Kinnaur 74 0 37 74 37 40 B | R B | 5 Iz
6 Kullu 8 50 76 & & 7 N | a % | 72 68
7 Lahul& 1 3 18 10 15 18 4 | 1 4 | 19 14
Spiti
8 Mandi 6 & R 76 % | 13 | 127 | 155 | 16 |13 | 17
9 Shimla 114 147 172 | 129 126 | 162 | 166 | 153 | 244 | 149 |186
10 Srmaur 74 k7] V) 67 73 | 14 &3 78 8 | 2 |107
1 Salon 8 ~ 106 102 | 110 | 139 | 150 | 117 | 118 2
12 Una 53 2 46 5% 0 | 67 % | & 57
Total 833 72 &7 | 821 80 | 979 | 897 |1U65 (1113 (1076 100

Source: District Police Head Quarter (H.P.)

Table 3 showsthe spatial distribution of inju-
riesinroad accidents. Inlast decadethereisa
very little change observed in the number of
personinjured in road accidents. The number
of injuriesremainsalmost sameinthelast de-
cade only in 2011 and 2012 the number of
injuriesobservedthelittiechange. Insomedis-
trictsthenumber of injured personsisincreased
and in othersthe number of injured personsin
decreased. Thetotd number of injuredinroad
accidentsin Himachal Pradesh increased ac-

ceptin2012. Thereasonareimprovementin
trangportation, toimprovethedriving skillsthe
driving schools were opened at different
places, trafficrulesand regul ationsfol lowed by
people,the road and vehicle conditions etc.
Road trafficinjuriesin Al-Ain City (Bener, et
al. 1992) and A perspective onroad fatalities
in Jeddah (Bener and Jadaan,1992) theseare
theearlier gudiesinwhichtheroadinjuriesor
fatalitieswerediscussed.
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Table 3: Regiond Variation of Road Accident Injuries 2002-2012

S. District 2002 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 (2010 | 2011 | 2012
No.
1 Bilaspur 332 364 35 25 | 510 | 363 |24 | 471 |36 |454 | 413
2 Chamba 186 209 206 182 175 |25 | 185 | 3B |B3 | B3 | 22
3 Hamirpur  |261 38 35 22 | 317 |245 |24 | 184 |2600 |20 | 3A
4 Kangra 619 795 8 997 78l | 974 | 794 | 1120|1025 | 1019 | 1029
5 Kinnaur 2 1 83 2 51 40 74 101 |72 50 78
6 Kullu 232 241 309 05 267 |35 |24 | 345 |2% (410 | 240
7 Lahul& Spiti |23 3L 23 3 27 2 |10 % |0 5 B
8 Mandi 543 54 756 703 | 876 |93 |87 | M1 |68L (774 | T4
9 Shima 564 641 771 724 77 | 713 | 689 | 672 |87 |740 | 663
10 Smaur 29 218 353 6 | 3B |44 |42 | 480 |BL (271 | 468
n Solan 436 527 601 577 | 474 |52 |459 | 518 |56 |772 | 588
2 Una 364 449 308 286 | 428 | 448 | 372 | 5% |58 |42 | 4B
Total 301 4458 4932 | 4687 | 4958 | 5332 | 4714 | 5579 |5325 | 461 | 5248

Source: Digtrict Police Head Quarter (H.P.)

Accident severity index

Theaccident severity index measuresthe
seriousness of an accident. It isdefined asthe
number of personskilled per 100 accidents.
Table4 presentsthe district wise accident se-
verity index for Himacha Pradesh during the
period 2009 to 2012. It is observed that in
2009 the severity index was 38.18% but in
2010 and 2011 it decrease to 36.26% and
34.76% repectively. Theaverage severity in-
dex of 2009, 2010,2011, 2012 is
46.50%,49.34%, 61.25%, 53.33% respec-
tively and Kinnaur, Chamba, Lahul and Spiti,
ShimlaHamirpur havehigher S.I. thantheav-
erage. Thedistrictshave observed lessnum-
ber of accidents but the severity index ishigh
because thenumber of killed personsishigher

than other districts. Thesedistrictshavehilly
terrain and when the accident takes placethe
number of fatditiesarehigher thantheinjuries
sotheindexishigh.
Injuryindex

The accident injury index isdefined asthe
number of personsinjured per 100 accidents.
Thetable5 showsthat index ishighinsomeof
the districtswhere severity index islow be-
causethe number of degthsislessthanthenum-
ber of injuries. Theindex ishighin Lahul and
Spiti, Kinnaur, Kullu, Sirmour, Chambaand
Solan becausethe number of injuriesishigher
thanthekilled persons. Thesedidtrictsobserved
theindex higher than 200. Onthe state high-
waly and other roadsthe severity isgreater than
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300whileon Nationd Highwaysit comesdown
to about 200.

Fatalities of road accidentsin Himachal
Pradesh

Thedataof thefatal accidentswith casu-
aties, andinvolved vehicles, by road environ-
ment and class; by location (city-non-city, di-
vision and district); by type of collisonand
junction; by timehours; and by modeof travel
has been analyzed using arange of statistical
methods utilizing aselection of predictor ex-
planatory variables. The present paper has
been anayse under four broad headings:

1) Road accidentsinurban and rura areas

2) Road accidents in different weather
conditions

3) Road accidentson different locations
4) Typeof vehicleinvolvedin accident

1) Road Accidentsin Ruban and Rural
Areas:

It meansthat the accidentstakeplacein ur-
ban areas. Urban roads are the roads within
thelimitsof theareaof municipality, military
cantonment, and port or railway authority. Most
of theaccidents occurred in day timein com-
parisonto night.

The occurrence of road accidents at dif-
ferent time period hasbeen described. The 24
hoursof aday hasbeen dividedintofivetime
periodsand onthebasisof this, the occurrence
of accidents have been studied district wise.
Time periods have been divided as 6:00am-
10:00am, 10:00am-2:00pm, 2:00pm-6:00pm,
6:00pm-10:00pm, and after 10:00pm. Thefre-
guency of accidentsisdescribed under these

D. D. Sharmaand Santosh Kumari

timeperiodsof different districtsin urbanand
rurd areas. Theimportance of timein accident
is explained in "Space, time and people”
(Srinivasan, 2000).

Road Accidentsin Urban Area- 2012

900
800 7
700 >
o 000 7° 5‘
4
8 500 —» ‘t
E 400 - N
Z 300 . ot ====injured
200 -+ 1 .
100 /\\ + Killed
0 ; , Total acc.
RS 6‘ Q@ Q@ Qé‘(o,b@
G <o <“
,\’0
Timings

Road Accidentsin Rural Area- 2012
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2. Weather conditions responsible for
accidents:

Weather conditionsof any region aso play
animportant rolein the occurrence of road ac-
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cidents. The present study triesto analysethe
roleof someof theclimatic conditionslikemist/
fog, clouds, srongwind, very hot/cold dlimate,
fine/normal climateand other extraordinary
conditionswhich leadsto accidents. Thefig-
ure presents an overview of road accidents
under different climatic conditionsandthehigh-
est number of accidentsare under fineclimatic
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conditions. Thesgnificanceof environment dso
explainedin earlier sudy "Transport, theenvi-
ronment and economic policy” (Button,1993)
which support present study.

3. Location of Road Accidents:

Though there can not be any specificity
about thelocation of road accidentsyet it may
be confidently said that location a so playsan

Road Accidentsin different Weather Conditions-2012
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important roleinroad accidents. Locationisa
placewhere accident takeplaceandit isnec-
essary that when aroad accident occurred the
locationisidentified. Inamplewordsthename
of placewhere accident occurredislocation
of accident. It has been realised that most ac-
cidents occur around some specific places.
They may bebroadly grouped into following
few catagorieslikenear educationd ingtitution,
ingde/near thevillage, inbazar, open area, near

bus stop, residentia area, narrow bridgesand
other places. Inearlier study thelocationisnot
divided but the comprehenssively studied in
"Space, time and the people (Srinivasan,
2000).

Figure showstheinvovement of vehicles
inroad accidentsin 2012. Thehighest accidents
occurred dueto car/taxi/jeep. And the maxi-
mum number of personskilled andinjured are
also dueto car/taxi/jeep inyear 2012.1n 2012
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L ocation of Road Accidents; 2012
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4. Type of vehicle involved in road

accidents

Typeof vehiclemeansthat whichvehicle  have been grouped under five catagorieslike
invovedinaccident or theinvolvementof any  two wheeler, three whedler, car/taxi, bus,
vehiclein accident example; scooter, byke, car,  trucksand others.
autoriksha truck, tempo etc. Herethevehicles

Typeof Vehicleinvolved in Road Accidents 2012
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theinvolvement of car/taxi/jeepisaso higher
than other vehicles. Theinvolvement of three
wheder isincreased in 2012 in comparisonto
2011.Theinvolvement of twowhederisaso
increased in 2012. Theimportance of type of
vehicleinvolved in road accidentswas a'so
explained in the "Model of road accidents’
(Abane, 1993).

Conclusions

In the present study the changing senario
of road accidentsin Himachal Pradeshisex-
plained. Inthisitisanalysed that thetraffic ac-
cidents, injuriesand fatditiesareaseriousprob-
lemadl over thegae. By sudying thedifferent
aspectsof road accident some conclusionsare
drawnwhich are: The majority of accidents
occurred inurban areasin comparisonto rural
areas because of the higher frequency of ve-
hiclesinthese areas and dependency of people
ontrangportation system.Thefour wheder are
more often involved in accidents because of
their higher number and al so because of the
unskilled driversand other human errors. This
is follwed by private buses due to lack of
awareness and poor mantenance of vehicles.
The number of accidentsaswell asthenum-
ber of people injured and killed have been
growing during the last two decades as the
number of vehiclesand thefrequency of move-
ment hasa so increased. The higher number of
accidentsoccurred away from the human settle-
ments and city locations because thedrivers
are carefree and are not bothered to follow
thetrafficrules. Thoughthe Climatic conditions
of any areamay be animportant fact inroad
accidents, yet it has been analysed that the
higher number of accidentsoccurredinfinecli-
matic conditions. Similarly thehigher number
of accidentstook placeduring theday in com-
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parisontothenight time.
Recommendationsand policy imper atives.

Onthebasisof present study some of the
suggestions or recommendationsaregiven be-
low to prevent theroad accidents. Theseare:

* Thepeoplehasresponsibity to obey the
traffic rules set by the government and
other authorities. The proper useof hel-
met for two wheeler ridersand the use of
seat beltsfor other vehicles needsto be
grictly followed.

*  Thespeedlimitsneedsto beenforced and
the offendersbe punished under law.

e Government needstoraisetheleve of in-
formation to thecommunity about traffic
safety. Traffic safety topic to bemoresa
lient and sengtizethe audienceto the other
formsof communications.

*  Road usersshould changetheir behavior
regarding lawsand respect trafficrulesand
regulationsa so givetheir liable contribu-
tiontoimprovethem.

* Loca government authority and commu-
nity needsto work together for planning
and implementation of road traffic mea-
suresinthe stateto reduce the accidents.

*  Government should placedifferent road

sign boards and a so make speed break-
ersinthemarketsto avoid accidents.
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