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Introduction and Qverview

The Bhakra dam system in the northern parc of India has contribuced
significantly to increases in irrigated arca and the output of agricultural
commadities and electricity over the last M) vears, These increases have
inevitably generated downstream growth in many other sectors both in
the regional economy as well as in other parts of the country, This
chapter focuses on the mdireet cconomic mmpacts of the Bhakra dam

system and the subset of social impacts linked with changes in

houschold expenditure, income, and 1ts distmibution. 1t considers as

direct all ‘economic impacts descending from the construction of the
dam, the water stored and other serviices provided by the strueture; and
chianges In ilow regimes—regardless of whether these impacis were
imitially planned. Indirect and induced impacts are those that stem from
the Iinkages between the direct consequences of the dam project with
the rest of the economy, Among them are impacts due to changes in
outpur and input use 1n sectors other than those affected directly by the
dam, or changes in relative prices, employment and factor wages. The
imdirect and induced impacts have been estimated in terms of a
multiplier value. As already discussed, muleipliers are summary
measures expressed as g ratio of the total effects |direct and indirect] of a
dam project o ies direct effects,

Apart from estimating multiphiers, the models used i the stody
explicithy consider imcome distribution by disaggregatung houscholds into
various income categorics, The impact of the dam syvstem is explicitly
considered on the changes 1n ncome levels of landless workers,

agriculrural labour, self-emploved farm houscholds and weban bousceholds
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[he material presented in this Chapter 15 organised as follows. We
tirst present some salient features of the Bhakra dam system and it
major outputs and impacts, This is tollowed by the approach and
methodology used for the muluplier analysis. The estimates of
multiplier values tor the project multiplier are dizscussed nexe followed
by a bhrnet discussion of the multiplier effects of the Bhakra dam outside
the project region, The social and environmental aspeces of the Bhakra
dam are presented next followed by the conclusions on the multiplier

ctiacts ol the dam.

The Bhakra Dam System

The Bhakra MNangal Project, located in North-West india, is a
multipurpose river valley project encompassing the three eastern flowing
rivers—5Rutle], Beas and Ravi—as well as the Yamuna. The projéct is a
splendid example not only of Integrated Wacer Resources Management
(IWRM), as the project was planned not only on 3 basin level but also
included inter-basin transfer of water from surplus basins to deficit
basins: It is also a splendid example of inter-State cooperation between
the states of Punjab, Haryvana, Rajasthan and Jammu & Kashmir on
sharing of water. The Bhakra Nangal Project thus, 15 inseparably
interwoven with this grand integrated project of water management,
known earlier as Bhakra-Beas-Rajasthan project, which was subsequently
called the Master Plan for hamessing the waters of the Sutlef, Beas and
Ravi, The Master Plan; envisaged as under,

1. The three rivers will be developed as an ineegrated ume and m
addition will be inteprated with the Yamuna river in so far as the
Marwana branch of the Bhakra mamn hine canal allows Sutle)
waters to be used in the Western Yamuna canal areas,

2. Storage dam at Bhakra on the Sutlej 1o meet the needs of
erstwhile Punjab via diversion at Mangal, Bopar and Hanke with a
small portion going to Rajasthan,

3 In order to fill the Bhakra reservoir in view of the heave demands
upiin it from erstwhile Punjah and Rajasthan, Beas water will be
diverted nto the Sutle] via a high level canal and two tunnels

between the Beas and Pandoh and the Bhakra reservoir |Beas-
Sutler link}
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4, The remainder of the Beas water will continue to tlow into the
Pong reservoir to be released a5 required at Harike, Thus, the
main burden of the Rajasthan canal component would be covered
by Pong reservoir in Beas;

5. Harike also benetited from the Ravi-Beas link canal buill in 1952-
1954 from Madhopur headworks to Chakki tributary of the Beas,
Ultimately the dam would be built upstream of Madhopur on the
Rawi,

The process ol integrated development has been carried out in a
phased manner from 1954, As part of this process the Bhakra dam was
the tirst to be built, which was completed in 1963, The Pong dam was
completed in 1974 and the Beas-Sutlej link was completed in 1977, With
the eompletion of the Ranjit Sagar dam recently the integrated master
plan has been completed (See Figures 6.1 and 6.2,

Bhakra Dam was described by the first Prime Minister of India
Jawahar Lal Nehru as the “temple of resurgent India.” The construction
ol the Bhakra dam system, resulted in a very sigmificant increase in the
gross irrigated area, output of agricultural commadities and generation
of hydro-electricity. In addition to these dircer economic impacts, the
Bhakra system induced several indirecr economic impacts. These direct
and inditeet economic impacts transformed the economy of the Puniab-
Harvana region resulting i a significant reduction in the incidence of
poverty i this part of the country. Higher output and consequently a
highier level of marketable surplus of foodgrains in the Punjab-Haryana
region made it possible to provide these foodgrains to the urban poar at
attordable prices even in far away regions of the country. Increased
demand tor labour in agneultural and non-agricultural activitics provided
jobs and subscantally higher incomes to migrant workers from such far
off places as Bihar and Uttar Pradesh. The remittances by these migrant
workers to their families back home helped contribute to the
development of poorer regions of the country,

The Bhakra dam, completed in 1963, is a 225 55-meter (740 feet|
high straight concrere dam. The lake created by the dam is 162,48
square km in area with a gross storage of 9340 million cum, The Nangal
Dam, situated about |3 kms downstream of the Bhakra dam, is 29
metres (Y5 feet] high and comprises 26 bavs of 914 metres (30 foet
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Figure 6.1
The Master Flan for Development of Water Resources
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vach, Tt 15 designed to pass a tlood of 10000 cumees |350000 cusecs!,
The dam diverts the water of the river Sutlej into the Nangal Hydel
Channel and Anandpur Sahib Hydel Channel for power generation and
itrigation purposes, The Nangal pond acts as a balancing reservoir to
smoothen out the dinrnal vartation in releases {from the Bhakra Power
Plants. The Nangal barrage provides the headwork for the 414 cumees
Mangal hydel channel with hydro stations at two talls at Ganguwal and
Kotla with a combined installed capacity of 154 MW, The Bhakra main
canal |360 cumecs) takes off from the Ropar headwork, 60 kms (rom
Mangal Tlam to wurigate large tracts and firm up supplies to some older
systems. The Beas Project | comprises a diversion dam at Pandoh,
several hydel channels, tunnels, control works, a balancing reservoir and
Dehar power plant while the Béas Project unit [T comprisés the Pong
dam, tunnels, spillways and Pong power plant. The salient features of
the Bhakra dam systen are given in Tehle 6.1

The Bhakra dam and its various components were constructed at

ditterent stages over a number of years: At prices prevailing in the early
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Figure 6.2
The Bhakrg-Beas Svstem
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19505 the estmated cost of the Bhakra and Mangal dams with ganal
systems was Rs. 2426 million I'Table 6.2]. At the ume:of its construction
1 1967-68, the Bhakra right bank power house cost Rs, 983 million. The
uperadation of the turbines in 1980-81 to add 150 MW capacity involved
an additional expenditure of Rs. 100 million. A sum of Rs. 4492 million
wis spent on the construction of the Beas-Sutle) link project in 1976-77
while the construction of the Pong Dam cost another Rs. 3259 million,
This totals to not more than about Rs, 11260 million at prices prevailing
in those vears when these investments werd made |Table 6.21.! The
capital cost of the enture Bhakra system at current prices (2001-02) is
estimated at Bs. 123,478 million or USS 2,680 million,

1 Thesearesum of undiscounted cogts at the then prevailing orices
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Table 6.1

Bhalkra-Nangal-Beas Project; Salient Features

Bhakre Dam MNamgal Dirn Beas Lot {- Beas Unie I
Tandeh Dam-
DehaePos

ol

.r||
Tvpe of Conerete straight Earth cum Earth Core
[Cram gtavity Rockill Gravel Shell
Height abave. 225,55 metres 6.l metrey 132159 metres
Drespazst
Foundation
Heght above 16764 metres 29 metres &l metres
River Bed
Length at Tap  5318.16 metres 304 8 metres 255 metres
Width at Top  9.14 metres 1219 metres
Catchment L6980 square L2560 square
Area of Erms MELTES
Reservolr
Area o lod.48 square
Reservoir Kixis
Live Storage 6911 million 18,56 million 7250 millon
Capacity CHm Clim cum
Giross Seorage Y340 million 41.00 mllion 5570 mulhon
Capatity cum CHITH am
Bumber ol ) 2 (4] (4]
Power Houses!
Elnits
Capacity of 1325 MW 154 MW 990 MW 306 MW
Power Plunts  |5= 1804 5= (dx2d+2 %29 A% 165) |65 66}

Table 6.2

Capital Costs of the Bhakra System Components at Current
LPrices and 2001-02 Prices [Rs, Millions)

Chrigimal Cost Yaar of In 19329
[rvestment df 19253-94 Prices

Blutkra and 24245 1957-H3 33671
Power House 983 | 9a7-64 744 122549
UIpgradation of L) LRRG-2] 308 310
poweEr Douse
Beas-Sutley Link 44492 F9F6-77 19238 31850
Pong Dam 3150 1976-77 13958 231048
Toeal 11260 TH5TE 123478

Sertire e Bhakrn Beas Manapement Boand snd - Autbor's Calenlaciogs
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Keeping in view the complex system ol water management, sharing |

and transfers within the system, of which Bhakra-Nangal project is the

most portant componeitt, it will not be prudent to confine the henefits
flowing from the Bhakra-Nangal project to the boundaries as defined in

the enginal project reports and documents when this praject was

planned. Sinee the Bhakra-Nangal s the core around which all the
activities desertbed above have been carried out in phases, we have
thereiore interchangeably used the Bhakra system and the Bhakra-Nangal
| project to reflect some of these inter-linkages: Hence, the estimates of
| trrigated area in different states and the ourput of clecericiey retlece the

benefits from all the components of the larger Bhakra-Nangal-Beas svstem

L)

termed here as the Bhakra svstem. These figures will be different from

those given in the official documents that refer mainly w the Bhakea dam.

The Major Outputs of the Bhakra Dam System
The major ourputs of the Bhakea dam system, inter alia, have been

(il Increased availabiliy of water for irrigation resulting in higher
agricultural ourpur
il Asailability of water for industey, houschold enterprises and f[or

households and livestock

i Generanon of hvdro power, and
Moderation of floads reducing flood damage sipgnificantly,

The construction of the Bhakra system has made available huge
amounts of water for meeting irrigation requirements of the region. The
vommand area of the system—eovers the three States—Punijab, Haryana
and Rajasthan. Delhi also gets a small share of | per cent of the SYSLEm
water for meetng partially its drinking water requirements (Figure 6.3,
|Gopalakrishnan, 20000,

A number ot studies have been undertaken in the past to estimate
the direct economie impacts of the Bhakra dam. In his pinncering study
on the cast benefit analysis of a water investment project, Raj (1960
attempted o break down costs and returns of the project into certain
categories and evaluated these according to selected criteria so as to
determine the social economie value of the privect as distingnshed from

iy private economic value. According to the auchor “the decision to

—— e —— -
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Figure 6.3

Shares of Different States in Water from the Bhakra Svstem
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licate a feruliser plant at Nangal appears to have been, by itself, 4 correct
ome. The productien of mitrogenous ferulisers s not valy dependent on
the availability of cheap power but it is vital to the economy of this
region in tact, 1t would make possible more eftective ucilisation of the

rrigation facilities provided by the project” [Raj, 1960 129,

Chopra [1972) presents results on the regional distributive effects
at the irogation component of the Bhakea dam using Social Cost Benefit
approach. An evaluation of che investment in irrigation has been
undertaken under alternative assumptions regarding investment costs
and a number of alternative values of the parameters such as the shadow
price of labour, the shadow price of foreign exchange and the premium
an funds devoted to investment, The results show that regional
incomes have mereased to 4 far greater extent than agerepative ncomes;
The empirical analysis also shows that in the case of aggregative effect,
the elements that are relauvely more significant are the foreign exchange
component of costs and the shadow price of foreign exchange,

Interdependence beoween sensitivity with tespect to different parameters

highlights the need for determining them as part of the planning
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process, According to Verghese |1994], the Bhakra-Beas complex project
"has been an outstanding success. It has built India and has long paid
tor dtself many times over” The Bhakra-Beas projects have brought
agricultural stability to Punjab and Haryana. “In the bad drought year ol
| #&7, when many parts of the country recled under distress, farm
production i narthwest [ndia was unaitected. Thanks to thar, India
cowld lace and vvercome the erisis, Employment and income have rsen
appreciably and Punjab has attracted migrant labour for sowing and

harvesting from as far as Bihar and Orissa” (Verghese, 1994 10-40)

Additional Irrigation and Agricultural Qutput

The Bhakea system irrigation command is spread over several districes of
the Stawes of Pumjab, Harvana and Bajasthan. Almost 86 per cent of the
geographical arca in the command ared in Punjab and Harvana is under
cultivation. More than 73 per eent of the gross cropped area in the

region (s devoted to the cultivation of food grains.

The availability of rngation and consequent shifts m the cropping
pattern have been accompanied by adoption of yield increasing
techoological innovations, Almost 96 per cent of the area under wheat
and 86 per cent of the area under paddy-rice 15 sown with HYV seeds
The methods of cultivation have also undergone significant changes over
the years. Large-scale mechanisauon of such farmt operations as land
preparation, sowing (for wheat|, irrigadion, harvesting and threshing
have made the region agriiculiurally the most advanced region in the
chuntry, Most of the area under rice and wheat is now harvested

mechanically using combine harvesters,

The availability of irngation water through this dam-canal nerwork
inaddition has helped in increased recharge of groundwater. The water
that 15 lost as seepage in canal irmgation svstem 18 available as surface
return flow or groundwater recharge. Irripation by groundwater on a very
large area in this region, with an average ramnfall of abour 60 cm only,
has largely been made possible through recharging of the groundwater hy
seepage through canals. It has been estimated that the natural recharge
to proundwater in Punjab ¢an sustain hardly half che existing number of

private tubewells in the State. In other words, the availability of canal
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network has enhanced groundwater availability by a factor of two
[Dhawan, 1993

Adeption of the complementary vield enhancing technological
innvations consequent upon avallability of assured warer supply has led
to & very significant jump in crop yields. The vields of rice and wheat n
the region are higher than yields obtainable in any other region of the
country and compare favourably with the vield levels obtaining in some

af the advaneced couniries of the world

I'he availabilicy of year round rngation water through the dam-
canal network (Figure 6.4) and groundwater pumping has helped in
bringing large traces of cultivated area under irrigation. Additional gross
irrigated area has been of the order of 7.1 million hectares over a period
of 40 years |Table 6.3). The total tooderain production in the Bhakra
command area during the vear 1996-97 was of the order of 27 million
tonnes, an additional ourpur of 25.2 million tonnes compared to the

tood output in the mud 1950s

It may be cmphasised that in a low-rainfall {less than 600 mm per
year| area such as the Bhakra command, adegquate and nimely irmgation
is an essential input without which the high-vielding variety scods
cannot be used, Further, the level of use of chemical ferulisers also
critically depends on the availabiliy ot reliable irvigation water It b5 in
this context that irrigation from the Bhakra dam and from sroundwatet
pumping in the arca has been a 'leading input’ without which it would
nat have been possible to attain such high érop vields in rics, wheat and

cotton -as have been obrained in Pumiab and Farvana.

Impact on Food Security of India

The availability of huge surpluses of foodgrains from the region has
signitficantly reduced the dependence of the country on imports of
toodgrains for meeting the [wodgrain requirement of the population,
insulated the country to a large extent against deoughts, made [ndian
apricultare more sustainable, contributed to the food securty of the

country and has heélped in reducing wide fluctuations in the prices ol

feodgrains
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Figure 6.4

Water Releases from Bhakrae Dunng Different Months,
199899 (mumeée dovs)

June
July
Al

Auguest
March

= ru
= o
i3 =
[ [}
o o L
|
January

Oetobet
Februany

Mitwembe
December

Seplember

source Bused ouodata Do wien Slered gt o

Table 6.3

frrigated Area and Production of Foodgrains in Bhakra Dam System in
Punjab and Harvana: 1955-56 and 1996-97

I955:54 1996-97 Per cent IncreasefChange
Wittt Wl {1004.97 over 1955-56/
Projact Praject

Gross Cropped T [ ¥
Area (Million Ha

Met Irrigated a0 5.6 &7
Arca

Gross Imigated 3.3 22
Area

Production of
Rice and Wheat
iMillion Tonnes|

Fertilzer
Consurmption
(Mo Mutrient
Innnes)

LETH § o SAATIT
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[nerease in surtace irrigation from the Bhakra dam and resulting
groundwater pumping have led o significant imereases in foodgrain
production. By 1980, the production of {oodgrains in both states had
reached around 18 million tonnes or £9 per cent of the total all-India
production, As much as 55 per vent of the total increase in fooderain
production in the country over two decades | 1980 over 19a1] came from
the Bhakra dam command., As a result of such a high increase in
domestic production, the net imports of foodgrains declined
substantially {rom 1.3 million wnnes m 1966 to almost zero mn 1972,
Even though the imparts declined, the net availability of foodgrains
continued to increase, Purther, even though the population increased
trom 442 to 666 million during the period 1961 to 1979 the net
availability of foodgrains per capita did not go down substantially and

remained around 470 grams per day,

Foodgrains for Distribution to the Urban Poor in India

The huge production of foodgrains in the reglon created vast quantities
af marketed surples of these grains. The procurement agencies of the
Central government every vear purchases ¢normous amounts of this
marketed surplus of fvodgrains for maintaining the national butier stock
ot toodgrains and runming the Public Distribution System |PDS! of the
country through a distribution network of Hundreds of ration shaps
spread all over the country. Dunng the vear 2001-02 the States of Pumab
and Haryvana contributed 17 million tonnes of wheat out ol a total of 21
millivn tonnes procured by these agencies from all over the country
Stmilarly, dunng the vear 2000-01 out of a total procurement of 19
million tonnes of rice from the entire country, Punjab contributed

rullion tonnes while Haryana contributed another 6 million tonnes.

Impact on Hydropower Availability

The hydra power stations installed in the Bhakra system have a
combined generating capacity of 2550 MW that currently generate about
La000 million Units [kWh) of electricity in 3 vear. [t has set up
transmission lines running in to 3738 ckt kilometres, The power

generated; benefits seven states/union territories; Of the rotal of 13796

million units of ¢lectricity transmitred during 1998-99, about 38 per
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cent was utilised by Punjab, 27 per cent by Haryana and 23 per cent by
Rajasthan (Figure &.5|, The generation of hydropower has cnabled the
region to more than achieve the desired hydro-thermal mix of 40:60, As
of Mareh 1996, Punjab had an installed power generatimg capacity ol
3509 MW of which about 51 per cent was hydel power, mainly from the
Bhalkra svstein. In Harvana, of the total inswalled generation capacity of
1761 MW, hydro canstitutes about 30 per ¢ent. In comparison at the all-
India level the share of hydropower i the tetal elecrricity generating

capacity was only 15 pur cent.

Bhakra-Beas Manapement Board [BEMB| supplies about 50 per cent
of the total hydropower in the Northern region besides meeting the peak
demand af abour 2500 MW of the Northern Grid. The availability of
hydropower has helped BEMB generate huge revenue. The 14110 mallion
units of hyidropower generated in 1998:99 evaluated at a conservative price
ot Bs: 2 per unit is worth Bs, 28,220 million (Table 64 The operational
cost of power generation and transmission work cur to less than Rs. 0010,

perhaps the cheapest in the world [Gopalakrishnan, 20001,

Figure 6.5
Share of Different States in Electncite Generated mothe Bhakra Svstem
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Table 6.4

Tota!l Generation and Value of Electricity from the Bhakra Svstem

ear Tataf Gengration Value @fs, 2 pe
fMillson Linies) Uit (Bs. in Midlion)
1994-05 12223 T 24846 -
RE-94G 12086 24172
1996-97 12085 24170
997958 &7 21114
[ 994.99 14110 25220

urees Based o data From wsew Ebd govin and Aothor's Caleulatons.

Rural Electrification

As a result of availability of power from the dam, 100 per cent
clectrification was achieved in Punjab and Harvana by the vear 1976,
Maost of the towns and villages in Western Rajasthan have also been
clectrificd. Tn comparison, at the all-lndia level average rural elecerifi
gation was around 40 per cent. In other states, the percentage of villuges
electrified ranged from 28 per cent in Bihar 32 per cent in Utcar Pradesh
and 52 per cent in Gujarat. Thus, the Bhakra system provided electricity
to-all the villages and towns in the early seventies resulting in
significant improvements i education, health, and guality af life,
Village electrification also helped in the development of rural indussries
and agro-based industries in these arcas resulting in all-round prosperity
and poverty reduction

lhe overall power consumprion per 1000 population as also per
squatre kilometres of area amongst all States in the country (except the
highly urbanised Delhi) is the highest in Punjab. The electricity
consumption {tor arilines] per 1000 population during 1996-97 was 776
kWh while consumption per square kilometre area was 347,619 kWh
e corresponding Bgures for all-India average during the year wene 297
EWh and 85,240 kWh respectively.

Installation of Tubewells

I'he increased availability of power enabled farmers to instail private
shallow tubewells tor groundwater withdrawals. This has already been

discussed above. These tubewells during the vear consumed about 8700

millien kWh of electricity. The propartion of clectricity consumption for
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irrigation pumping to total electricity consumed in the region wirked

out to-abour 40 per cent

Impact on Reduction in Poverty in Punjab and Haryana

The availability of irrigation water and electricity {or houselolds,
agriculture and industry and the consequent growil in roral and urhan
areas that followed has helped in very signiticantly bringing down
poverty m che two states of Punjab and Harvana. As alweady mentioned
the benefivs of this deonomic development (n the regipn have been
shared both by rural as well as urban areas. As a result this growth
seenano has led tooa steep decline in poverty in the rural areas of both
the States—this despite the fact that a very large number of labourers
lrome poor rezions of the country Having migrated oo thus region. The
paverty in the two States s much lower in companson o both all-Tndia
tigures as also in comparison to other major States of the country. In
rural arcas, as shown (n Table 6.5, the percentage. ot people below the
poverty line during 1999-2000 was only 6.35 per cent in the Punjab and
.27 per cent in Harvana as compared with 27 per cent in India. In
urban areas, the per cent of people below the poverty line was only 5.7
m Punjab and 10 per cent in Haryana compared to 23.6 in the CONNLLY
a5 1 whole. The Bhakra dam has plaved a very significant role i the ase
about 40 years in bringing about significant reductione in poverty in the
states of Punjab and Haryana, It is expected that the remaining
command area under the Bhakea svseem also experienced sumilar poverty

reduction impacis,

Table 6.5

Poverty Ratios: Per cent of People Below Prverty
Line in Punjab, Harvana gnd All-India

State Harral Cirbyin Rural+rkan
1973-74 19992000 1973.74  1999.2000 197974 19993000
Puniah .31 635 1798 57s 2815 616
Harvana 3423 g7 40,18 1000 35.34 2,74
All-India FE.44 2709 49,01 23.62 54 4R 26,10

WORME ST
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Flood Control Benefits of the Bhakra System

Cne of the most reliable structural methods w physically control floods
15 tostore the exeess water i maror dams, The Bhakra and Pong dams
were not planned as Hood control reservoirs though these were expected
t provide a cushion against tloods. However, the Bhakra and Beas dams
have helped m the moderation of dopds by absorbing peak lood inflows

as would be elear from the data in Tahle 66

Table 6. 6

Impact on Moderation of Floods
f

Teir Bhakra tham Bes Dharm

Max Hel

(Clarmres)

TEE

1978 107 19

FUEH SO TH7
L9gs 6525 374
1994 G364 1406
1903 BUTT 2033
o9 5234 13 171}

keislina 2000
The Bhakra dam has solved the problem of securring floods in the

Sutler River where a large extent of the wide bed of the Sutlej below the
Bhakra dam is now utilised for intensive agricalture. |[Gopalakrishnan,
AN

Benefits from Integrated Management of Hydropower,
Surface Irrigation and Groundwater Use

Benetits from the integrated management of hyvdro power and irngation
have been analysed in a few studies on the Bhakea system and the
mteprated operanon of the Beas-5utle; system (Minhas e gl 1972, Hao
and Ramascshan, 1985, Rao and Ramaseshan, 19852], In the Bhakes
syatem; (the then| planned levels of power gencration vary widely
petween 766 MW from December chrough April to 1697 MW in
September. Conjunctive utilisation models have been developed for

integrated manapement of surface and groundwater origation. A hnear

prugramming model of the svstem was develpped (Rao and Bamascshan
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19854 thar atrempted (o maximise the level of firm power snd satisfied
irrigation demands o cach of the sub periods; The: power required o lift
groundwater was over and above the firm power that was to be supplied
This Inteprated framework led 1o a betrer Llrldcrﬁltaiﬁd]n}; of the
mnteraction heeween the ledigation and firm power dbjectives. The
tesults show? that conjunetive utilisation can increase firm power by at
feast 36 MW jover and above a lirm power of 797 MW The results also
mdicate, contrary ti the then practice, groundwater use nccurs generally
bemween May and Nevember and not from December wo April. The firm
power level reached inoa dey wear s 200 MW (Le 20 per cent) less than
that reached in a dependable year The levels of irngation and power
planned for a dependable wear lrom the reservoirs of the Beas-Sutle)
svatem can be attalned even inoa dl‘}.‘ vear by conpunective utilisation of

surtace and groundwarer

Multipher Effects of the Bhakra Dam
System in the Punjab State

As discussed above, the Bhakra dam <ystem has benefited not only the
states af Punjab, Harvana, Bajasthan, Himacha! Pradesh and Delhi bur
alsn the entire country: For the estimation of the multiplier effects of
the dam for the present study, we will however confine to che direct and
indirect benelits of the dam system mmoonly a part of the benetited area
viz. the state of Punjab, the biggest bencficiary of the dam system
Further, the analvsis capeures the mam effects of the dam svstem in a
typical year during its liletime viz, 19791980, approximately 20 years
alter the construction of the Bhakra dam was completed. By 1979-80) the
benefits from the other components of the Bhakra system were also
available in the Punjab stawe The choive of geopraphical area viz. Punjab
state and the chowe ol the vear 197980 for the present analvsis has in
Lirge: part been dictated by the avalability ol an Input-Qutput (I:0) table
[for construenng the Social Accounting Mawnx) for the state al Punjab
[Bhialla ef wf, 1990) and not for the entire Bliakea syseem, In India 1.0
tables at the state level arc available only for a few states-and that too for

anly one or two points in time. It 15 however, cxpected that similar

1L b ket ly Ariat thie Bhaokra-Beas Managesient Boarg @ gparating 1he system so &8

ta gotimiza the power and irngaton autow




indireet economic impacts are also available in other areas in Harvana

and Rajasthan that have whted from the Bhalkra dam svstem.

For the last four decades or so the Bhikra dam svatermn hag plaved

an unportant role

provisioning of irrigaton and clectricity 1o the

Pumjab stare. Dunng the period between 1955-1956 o 197920 the
availability of net irrigated areq has increased by almaost 55 per cent
while the gross area iigated has increased by 125 per cent [Table 6.7
During the vear 97920, the Bhalr svstem command pruduced about 3
million tonnes of rice and 7 4 miltlion tonnes of wheat besides a hose ol

GLver Lrops II'I-;_|II-J[:]'.; sigarcane, cottoen ete. | Table 6.8 and Figure 6.61

The Approach and Methodology

Major outputs of the Bhakra mulo-purpose dam system, like any other
Lurge multipurpose dam;, and reservoir project include: hydropower,
urigated agriculture, water supply, bishing, flosd control drought
prevention and valie of recreativnal activities/tourism revenues, In

Tahle 6.7

Estimated Irrigated Area in the Bhakra System Command in Punjab:

I1955-56 and 197980 (000 Ha)

1955-51 197950
Met- Irrigated Asea (LA
By Canals 1340 1478
- By Wells, TW and Ocher g 1213
b Ta LR g

Toeal MIA 218 a4
Tttal Gross |rrigated 2426 S44%

Aaca (GIA)

Table 6.8

Area and Production of Imiportant Crops in the Bhakra

Svstem Command: 1979-80

Lrop Area (N hal Froduc
Rice 11 !II.
Wheat £
Sugireane 5%
Cotron 616G
wrc el Al ttact ol Prrsaheanl Horvsad, Yarmis Jedues
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Figure 6.6

Area and Production of tmportant Crops in Bhakra
Svstem Command: 1979-8(0
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addition, there are non-irrigation benefits of urigation canals in erms of
water for households, livestock, houschold enterprises; animals and
birds, amang others, The negarive direct impacts of the dam project
include, nter-ahia, social, economie, and cultural costs of reseetlement;
value of lost ccosystemyhistorical/culiural heritage sites; oppartunity
cost of lost output from inundated area and reduction in fish output
upstream. For the purpose of this paper, dircet costs and benetits are all
those that descend {rom the construction ot the dam, as well as
eeongmic benefits aceruing o all beneficianes of the water stored -and
other services provided by the structure and the etonomic impacts—
positive or neganve-—to all populations, species and ceosystems affected

cither by the construction or by the changed regime ol the rivet,

Indireer and induced impaces are those that seem from the linkages
between the economic, environmental, soctal or ather direct
cansequences of a dam project with the rese of the cconomy, as well as
the nom-economic impacts descending from such hinkages, Among them
are impaces due to changes in output and input use in stotors other

than those aftected directly by the dam, or changes in relative prices,

employment and factor wages.
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Majur outputs of the dam have significant inter-industry links £LS

and result in oan increase in the demand for pnutput of other sectors of

e economy. Hydmpower produced from a multipurpose dam provides
cheernony bor houscholds i urban and roral areas and for the increazed
output of industrial produces (e.g., fertilisers, chemicals, machinery
cte ). Changes inothe output of these wdustrial commodicics require
nputs from ather secoors such as steel, energy, and chemicals, among
thers. Similarly, water released from a multipurpese dam provides
trrigation for the mereased outpuc of agricultural commadities. Changes
in the output of these commuodities require mputs from other sectars
such as energy, seeds, fertilisers, ete. Further, increased output of some
agnicultural commadities cncourages setting up ol food processing and
other industnal umits. Thus, both the increased ourput of electricity

lrrigation from a dam resule in slenificant bacloward linkages |1.e,,

mand for higher mnput supplies| and forward linkages (e, providing

E:'.'_:"II|.‘- lop furtier Promiessing

Increased cutpues of induserial and agricultural commodities
generate additional wages and meomes for households. Higher incomes
result in higher consumptian of goods and services that, in turn,
encourages the produetion of various agricultural and industrial
commuodites. Further, changes in output generated by the project may
afect prices of direct projeet ourputs, inputs, substitutes, complements
and tactors of producclon. Changes in wages and prices have hoth
neome and substipution effects on expenditure and saving decisions of
ditterent owners of factors, which further impacts the demand for
cutputs both within the region and throughout the economy, Induced
impacts retlect the leedbacks associated with these imeome and
expenditure effects, and also ineclude any impacts of changes in

government sevenues and expendheures chat resalt from the project,

Major outputs from o dam thus generate both inter-lidustry
linkage tmpaces and consumption-induced impacts on the regional/
nattenal econemy. The level of indirect impacts of o dam on répional
|

varius sectors of the econemy. Muloplier analvsis is one of the

putput and value-added will depend on the strength of linkages among

approaches for quanafying the magninude of interindustey linkages and

! |Z'!31':'II'I'I|"':'II:-I'I-||II.:II,-;_"__'I'_|. ol

wrs, relative o purely dircet impaces




Multipliers are summary measures that reflect the weal effects of a

prodect in relation to 1its durect effects. A muluiplier of 1.90, for instance

_ shows that for every one dallar of value-added generated directly by the
i

project at maturity, another 90 cents were generated n the form of
mndirzet or downstream effects. Thus, a multiplier s a ratio of the total

cifecrs (direct and indirect! of a dam project wo its direct cffects

Esumation of mulopliers requires caretul analvsis of the direct
ctteets of a dam. This invalves the quantification and valuation of major
outputs af the dam and the asscssment of the share of direct cffeers that
15 attributable to the dam project. Valuation of outputs’benefits from a
WALET project is quite a complex matter, partieularly e the case of mult

purpose dams

As already discussed, the muluplicr analysis reported in this chapter
s confined 1o the state of Pamab, 2 major beneficiany of the Bhakra dam
system, and the analysis has been done for 2 year (1979-80) for which
adequare data were available from a detaled study (Bhalla et ol 1920),
The study emplovs a SAM-based multiplier model to estimate project
multipliers using a Social Accounting Matrix for Punjab.’ The model has
bees used to compute the values of relevant viriables in the “With Project’
situation with their counterparts in the hyvpothetical case that the projeet
fiad not been undertaken. Thas set of variables comprises all the clements
of a SAM for the region in each situation, assuming fixed prices. In
measuring the unpact of the project, an attempt 15 made 1o assess the
situation in the regon (the Punjab state) for the hypotherical case of
197950 in the absence af the projwet This has been done by assuming
that all autonomeus changes would have taken place exeopr the elfects of
changes due to major outputs of the project, namely imgation and hydro-
electricity. This hvpathetical case in the absence of the project” is termed

as "Without Project’ scenario for 197980

3 s In estimating the multipiiar effects of 1he
ed inatudeg on the Moda dam i Maloysta
ind indirect alfects of the.green revoluton in south
18581)
< Unlke inothe pioneering study of the Muda dam (Bell e al, 1082) i1 was nal

possible ta prepare 8 S3AM for tho pre-project sifugbon because nol even input-

output lables-were avalable during *352-63 whan most of the additianal irfioatian

wis nol avalilable friem the Shakra dam
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As shown in Table 6.9, for esumating a projecr multiplier value for
the Bhakra dam, for the numerator, we need to estimate the regional
value-added {for Punjab statel under "With Project’ situation as well as
the regronal value-added under 'Without Project’ situation, For the
denominator, we need to estmate the value-added from the secrors that
are directly afiected by the major ourputs of the dam [nomely

agricultural output, hydro electricity, water supply etc.|

Table 6.9

Values of Variables Reguired for the Estimation of a Project
Mulriplier of the Bhakra Dam Project, India

= Regional value-added - Begional value-pdded
Definition with project withour project
of  Project — L o S —
Multiplier Value-added of agricubture Value-gdded of agriculture
and elecericity with project and electrieity without project

Regional valug-added under “With Project’ situation lhas been
catimated by using the SAM-based muluplier model. The madel has
been used to estimate the SAM coefficients for cach household catepory
and for each production sector. These SAM coefficients have then been
used to estimate the regional value-added under “Without Projcee!
situation by tixing the outputs of sectors directly affeceed by major
outputs of the dam, namely imgaton and hvdropower, Valuc-added of
sectors directly affected by the projece have also been estimated from the
5AM model. The agricultural sectors directly affected by the project for
which the outpurs have been fixed are: wheat, rice, sugarcane, cotton,
gram and other sgriculture, The values of agniculoural ourpur and
clectricity seetors under the "Without Project’ situation have been
estimated under a variery of assumpnons regarding availabilice of canal
irrigation, groundwater pumping and hvdro power and the technology
chuiivces affecting arca and wield of major crops. The details of the
assinpticns made i esumating che outputs of these agriculiural

seerors and

electricity under a “Withour Project’ situacion have been
described 1o the following sections. The muluplier values {or the Bhakra
dam, under different scenarios, have been estimated by using the values

ol repional value-added under ‘Withour Project’ situation and comparing
5

hese with the regional value-added under ‘“With Project! situation,
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A Social Accounting Matrix (SAM) for the Punjab

This study uses an estimated social accounting matrix [SAM) to provide
a detailed quantitative desenprion of the Puniab economy in 1979-80,
almost 20 wears after the construction of the Bhakra dam was
completed. The SAM framework provides a consiscent, comprehensive,
and detailed picture of the transactions i the economy |Figure 6.7
Production activities, government and households are considered and
the pawern o which incomes are distribuced takes its place alongside
the spurces of its generation. The SAM also provides a basis for the
construction of a model of the regional ¢cconomy that s used to
eatimate the direct and indiréce eHects of the Bhakra dam. The data
saurce tor estimating the full® SAM is a detailed study of the Punjab
economy reported in Bhalla et afl, [1990)

[he key features of the regional economy” of the Punjab are
analysed with the help of an ageregated SAM in Table 6,10, [n this SAM,

Figure 6.7
SAM Interactions and Cironlar Flow of Income
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39 production seetors have been ageregated w five categories, [n [979-
1980, the gross value ol output i the Punjab was Indian Rupees’ [Rs.|
89 3 billion and che value-added was Rs, 424 billion (47,5 per cent of
the gross value o output], Agriculture accounted for 33.7 per tent of the
total value of vutpur while manufacturnng accounted {or another 414

per cent of the outpur, Shares of value-added in the toral value-added

=

were: Agriculiure and animal husbandey 47.2 per cent; Manufacturmy
2.8 per cent und construction and services 32 per cent, The net
transactions with the rest of the world [ROW) were R 12.66 billion.

[he capital aceounts were of the order of Rs, 1499 hillion

A SAM-based Multiplier Model of the Punjab Economy

& S5AM-based multiplier model has been used wo provide a guantitacive
analvsis of the direct and indirect impacts ol increased agricultural
production and electricity outpur available from the Bhakra dam. The

model is calibrated for the vear 1979280 [or Punjab using the Soctal
; E

Accounting Matnix (SAM! described in the previous section.

Smee the SAM 15 a double-entry accounting svstem, we gan se
either the row or column accounts {or 1ts presentation, The rows
provide the statement ol receipis lor each account, whereas the columuns
provide the statement of expenditure, For example, the row for the & th

rvpe houschold represents the receipts of household &, 16

Total income of houschold & = Value-added received by housghold &
from the production sectors + Inecaome transters trom abroad o the
housceholid,

e corresponding column tor the houwsehold provides the details

of the expenditures of the houschold, 1¢

Toral expenditure = Expenditure on domestic goods + Savings 4
Taxes + Expenditure an smported goods,

[able 611 shows the ireractions amonyg different accounts 1 the
SAM. These mterrelationships are explained in moare detnl in the

lallowing cquations:

This 1 (Decumbaer 20002} carver
rata during 1979-80 was approxmmaiely Bs 10 1o 2 US dailar. Inthis report we have

used Indan Bupses (Re) foo value higures temg 127980 ooces

sof rate 1=z 48 £ for 2 LSS The exchange




Table 6.11

A SAM-based Multiplier Mode! of the Punjab Regional Feonomy

Expenditures

Receipes Honseholds.  Production Capiral Government Rast-of TEITAL

(HHx] Sectins Acoount the Waorld

k=15 i=12..39
Households H] oWk §] u R, I
k=15

T Laak .
Production Sectors ‘,-r"' i Tl '} G E, 4
r=1,2,...39
Capital Account 5 5 1] 5 S, F
LOvErnIment ‘Tt*‘l' : LA; ] 0 R
Fest of the World M, M, ] M, 1] M
TOTAL ¥ X F e M

In the SAM-based multiplier model there are 39 production sectors

including the agricultural sectors, manufacturing, electricity, gas and
witer supply, trade and transport services ete. (see Tzhle 6,16 for a
listing of these sectors). There are 5 types of households namely, self-
cmploved rural households (HRSE|, rural househnlds employed as
agricultural labour (HRAG!, rural non-agnicultural labour howseholds
[HRMNAL wther rural households |HRO) and urban houscholds |HHU).
Che notation used in the following is as follows

=

Uhe subseript k = 1,2,...5 denotes the type of households, whils i

[ denore the production sectors

¥, = total income of houscholds of type &

X = wvalue of gross ourput of sector 7

w,,  =ecoethoient {ratol of value-added received by household type & o
CUEPUL OF Seitor |

f, = ineome transters from abroad 1o houscholds of wpe k

., = ptopurtion of income household k  that 15 spent on the
purchases of sectar % ourput

g = input-ontpuc coetilcient tor production sectors

[ = mvestment demand aof sector ¢ 's outpur

&, = government purchases of sector 1 ‘s output
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£ = exports of sector § ‘s outpurt
G = total tax revenucs
{, = tax rate for households of type &
{ = tax rate for production sectar )
ik = intome received from ‘rest of the world’ by the governmen:
I = total savings in the regional econmny
§ = total household savings
5 = savings/investment by production sectors
¥, = EOVEINIMSNL Savings
5 = cxpgenous inflow of capheal
M = 1ol value of remonal imports
M = expenditure on imported goods by household of type &
Moo= wvalue of imported intermediates purchased by secror
.‘Ld:: = imports by the povernmint

As in a Leontiet system, we assume that all che structural relanons
|bath hehavioural and rechnological] are linear or 2t least that thev can
be approximated to hinear functions. Mare specihically, sume of these

assumptions are stated below.

The model’s coefficients. were estimated from the SAM entries for
L9798 tor 39 production sectors based on data from Bhalla et af,
[1990]. A deseription of the various rmows of the SAM-based multiplier

model s presented in the cquations given below,

Households
Yo =Fw X 4R fork=172  5i=12.39
k= &M Eo

| Tistal income of houscholds of type &) = [Total factor payments
received trein all production sectors| + [1ncome cransters frony obroad o

howsebwlds of cvpe &

FProducticn Sectors

= N
Bfkk 54:')() J;' U;'"E;"

| Gross lepur. of praduction sector 1) = [Sem of all households!
demands for output of scetor 1] + [Intermediate demand by sector 7 for

output of sector {| + [investinent demand| + |Government purchases of

sector |5 putput] + [Exports of segtor ¢




(Sowviarm

ant Recaipts:

G=5tY +T6X +R
TOKE O TR q
K f -

Toral tax revenucs| = [Taxes paid by all households| + | Taxes paid

by all sectors| + |Income recewved from rest of the world by the

government|

Canital Account Recepts;

Foy s+ 255,45

k
[val Savings| = [Toral household savings| = |Savings/Investoient

by production seetors|+{Govt savings!+ [exogenous inflow of capiral|

Rest of the World Aocount:

M=XH 3 M M
g e
Fotal lmports| = [expenditure on imported goods by all

houscholds| + [value of imported intermediates purchased by

production sectors!, + |[tmports by the .‘-',n.-‘-‘t;'rl'.z‘n:;lll._

Regonal Value-Added:

R->"|-|..f1| value-added is the sum of incomes received by all

ouseholds from production activities.

I thi=s SAM-based multiplier model of the Punjab regional
ceonomy, regional value-added [BVAL has been taken as the obective
funerion® o be miaximised under the rwo situations: "Wich Projeet” and

“Without Project’,

Simulations under “With Project’ Situation

A TENLIOL above, the SAM-based mulviplier muodel described above

has been used to compute the s of relevane variables in the "With

.-\.L'
Project’ sitwation with their conncerparts in the hypothetical case that
the project had nut been undertaken ["Withour Project’]. This sec ot

vartables comprises all the elements of a SAM tor the region in cach

Wadel Seare to ghtam aptimam

sed ZARMS (G
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situation, assuming fized prices. The optimum solution under “With
Project’ situation gives an estimate of the regonal value-added alomgwith
household incomes, scetoral gross outputs or cxpore levels, savings and

investments and government expenditure for the vear 1979-80.

Simulations under 'Without Project' Situation

The regional value-added (RVA) under 'Withour Project’ situation has
been obtained by using the SAM-based muluplier model by fHxng outpur
levels of agricultural commaodities and cleetncity under the hypothetical

sitwation ot [972-80 i the Punjab state 1in the absence of the Bhakra

daim svstem,

Most of the inter-sectoral inceéractions in Punjab are driven by
output mereases inthe agricultural sector Agriculture 1 turn is driven
very stromgly by the availability of irrigation water. It is therefore,
important o exphcily account tor this important driving torce of inter
secroral linkages, To asscss therefore, how the non-availability of
irrtgation water and hydropower n the "Withour Project’ situation
would have allected the inter-sectoral linkages and the production of
ditterent sectors in SAM, it 15 important to estimate how the
agricultural production would have been affected in the event of non-
availability of irrigation water and bydropower (a part of which Is used

for pumming groundwater for irrgating crops!,

Irrigation and Agricultural Qutput under
'Without Project’ Scenarios

The major elfects of the Bhakra dam system have been in terms of
increasing area under brelgation and the ourput of elecericity. Had the
danm not been built, it would have affected the availability of irrigaton
and hydropower. Thus, far the hypochetical case of ‘Without Project’
scenara, the fllpwing assumptions sre made with respect to the

avatlabilioy of rrmzaton amd the irrigated area

Irrigation Under "Without Project’ Scenario in Punjab

The avatlability of Bhakra waters has helped 1in several wavs in

contributing to the increased irrgation availability in Pugnjab. It has led

to changes both in terms of quantity of irrigation water available as well
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a5 quality [as measured in terms ol reliability of irmigation water at the
required time) of wrngation water available, It has helped in extending
surface rrigation water availability to hicherto unirrigated areas, in
tremendously Increasing water availabilicy in the existing canal neowork
and, through seepage of canal waters to the groundwater, in making
available huge amounts of groundwater tor exploitation through

tubewells:”

Thus, while it may not be correet 1o attribute the entire changes
on the irrigation scene, presented above, to the building of the Bhakra
dam, 1t 15 however corréct to infer thae the irrigation scene in the
absence of the project would have been much different than that
presented above. In the hypothewcal situation of the Bhakra dam not
having been built, thie likely frrigation s¢enario in Punjab could be
visualised as consisung of the canal network that existed m the pre
prijeet period continuing to carry low volumes ol itrigation water,
though maybe somewhat at & higher level than char m the pre project
vear, and 4 reduced level of proundwarer availability due to the absence of
recharpe of groundwater from the canal waters. In the absence of data
available on -actual amounts of water flowimg chrougl the canal svstem,
and to avoid any undue prejudices against the ‘withour project’ scenario,
wie assume that the solume of warter carrted in large parts of the canal
system would be sufficient to grow all crops including high vielding
varicties of crops, except that of Paddy due o its hizh water
requirement, The available water is however, assumed to be sulficient o
grow local varieties of paddy due to their low irrigation water
requirement. We also assume that of the total canal irrigated area
available n 1979-80 in the ‘without project’ scenario, the water
availability in 25 per cent of the cultivated area would be adequate to
grow even high vielding varieties of paddy alsa,

3 Theroly of seaped in walters i impravmg recharge s:often nat so well recogrissed

0, B candl syetem s inherently ratha

3 FTIEt

Fhy, mOrE 50

thinen According te some of the avadsbis estimates, the natural

am -u-llr e |':fl'_,u'_l'"'j TILITrIssr l'_'pl '_IJE'_"A'E\I”E

graundwater recharge o Punjak could =

in -Punial In ather words, the investment in canal warks has enhanced
groundwater gvadabilily in Pungab factar of tweo: Therefore. Ralt the crop
ated lande on the Puryab State s brem
n, 1993). In gnother study an' Puanjab,

Jutaut orginating fram tubaweellarrn
groundwiater that s of canal origin (Of
Dhawan (18989) coroludes, “Thesa exergis

g showld convince g discerning reader
mate of 50 ta 70 per cent for the shara
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Irrigation from Check Dams

Given the flat topography of the land in mosc of the command area ol
the Bhakra dam system, it is assumed that no substantial irnigation
could be obtained from investing (o small check dams, In any event, the
area that could have been potentially irrigated by small dams in the
reglon wold lave been a very small part of the total ares irrigated by
large canals from the Bhakea dam system. Hence, we have oot made any
estimates for the area thar could have been irrigared from the smalls

check dams under the “Without Project’ situation.

Thus, in the likely scenario of the Bhakra dam system having not
been built, we envisage the irrigation scenario in Punjab would have

been as follows, depending upon the assumprions made:

Assumption L It s assumed that the water aviilahle in the canal
irigated arca is sufficient to grow all crops, except HYV of paddy
However, in 25 per cent of chis area, it ts assumed that the: availahle
water 15 sulficient to grow HYV of paddvy as well, The groundwater
irrigated area has been assumed o be S0 per cent of the groundwater
irngated arca i the ‘With Project’ situation and that the entire
groundwater irrigated arca is suitable for cultivation of all Crops,

incluching HYV of paddy:

Assumption I Tt 15 assumed that the water available in the canal
trrigated area is sufficient to grow all ¢rops, cxcept HYV of paddy
However, in 25 per cent of this area, it is assumed that the availahle
water s sufficient to grow HYV of paddy as well. The cxisting
groundwater'” area in the pre-project period will hecome suitable for
HYV ot paddy and other crops but there would have been oo new

additions ty area under groundwater irrigition

The estimated figures suggest that had the Bhakra dam SVSLem mot

been built, the Net lrrigated Area INIA) would have been buerween 43

mad Thal in the absence of water releases from the dam, tha

? recharge would hove been lower due ta law valurmia af water avalabilo

would Fave converted inta the
ny before the
ta Unoer groundwaier would have came

am. Howewver, the axisting

id hawe drawn more wat they were dray

ul 1t g -agsumed thal do new ar

15 restriotve AEFUMPLON has been made 1o s the mpael of low \roigation

i lobrlity o thirect and indirsat o
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and 54 per cent lower in 1979-80 than that scrually prevailing in 1979-80

(Tably G121

Table 6.12

lrefgated Areq in Punjab under Alternative Assumptions

{Thousand Héctares)

Aetual Actual Withowus Bhakra 197880
195051 19788} Asybeerrpticin 4 Assrrenption I
1. Camnal
[rmigaced Area
fal  Adequate - 1496 241 241
Warer for Growing
HYWV Paddy
bl Inmadeguate g1a 641 BE1
Water for HYV
Paddy
Lo Groundwater Ta4 Mgl | D& Thd
Irriguted Area
3. NIA |[Net L GEA A558 202K 1686
frrigated Area)
4. GIA [Cmss 137H 57 1245 1695

Trrigadted: Areal

g provacked actoallym (e7a.

WE LAy appiel pErcen iage colurtses

Agricultural Production under 'Without Project’ Scenario

[ir assess the implication of reduced availabilioy of irrigation water on
ti

agricultural sector, in the hypothetical situation that the Bhakra
dam system had not been constructed ["Withour Project'|, o formal
model of the agriculiure sector has heen developed. In particular, we
developed a Linear Programemng |LP model of the agrculeural sectos
which solves for equilibrium values of the area allocation to different
crops for o defined objective funcnon, The mode! s validated for che

year 197980 The model simulates the steady state equilibiium as it

should have been during that year and may therefore, deviate fram the
values actually prevailing in the study region: Subseguently the model

has been usced to analyse the direct eifects of the Bhakra project by

sulving the model for ditferent hypathetical “Withour Project’ situations

as dhscussed ahove,
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To simulate the regional agricultural economy in the absence of the
Bhakra dam, apart from reduced avatlability of irrigation water as
discussed above, it was alsn leeessary to make some plausible
assumptions abhout seme of the underlyving variables, It s assumed thar
identical input-outpur relations lald under both ‘with' and ‘without’
project siteations. Tt has also been assumed that farmers would have
deeess 1o the same level of agricultural technology (HYV and
mechanisation) and would have used the same input levels siich as that
of lertiliser and seeds on wrigated farms in the region in the absence of
the Bhakra dam as in the presence of the dam, It s also assumed that i
was reasonable w foresce the autonomous changes in population,
Hicnmes, prices and investments in the absenice of the project. Further,
Wi assume thar prices of laputs and outpurs, subsidies, markeys,
infrastructure (except thae of Irrigation}, povernment palicies ete. wero
identical in both situations Hence, the difference in values of relevant
variables detived from the wo situations would provide an estimate of
the ‘pure’ impact of the Bhakra dam svstem some of the relevant
variables used far this impact evaluation are inereased area under
irrigation under rice, wheat, cotton and other crops and the increases in

sutput of these crops as a result thereot.

The production and value of output of some of the major Crops, at
197880 prices for ‘With Project’ and ‘Without Project’ situations. dre
given in Tables 6.13 and 6,14, It mav be noted that Tables 6.13 and 6. L4
shirw the predicied differences hetween what would have been the
situation in the region with’ and without the Bhakes dam svatemn. [n the
Case of amimal husbandry, the value o putput under "Without Project

sitnation has been estimated 1w reflect the ares available for fodder Crops,

Che results obtained from solution of the model under different
situatons suggest that if the Bhakra project had not been underiaken,
the production of rice would have been about one half af whir was boing
produced m [979-80 with Bhakra. Similarly the procguction of wheat
would have boen becween 34 and &5 per cene of the currently produced
quantity of wheat [See Figures 6.8 and 6.9), The total value of these four

maior crops would have been herween 52 and &1 per cent of the value

currently ohrainable.
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Table 6.13

Impact of Alternative Irrigation Availability Scenarios on Production
of Some of the Important Crops (‘000 Metric Tonnes)

Cirngr LP with 1979-80 LP'with Ground ! L without additicmal
Prevatling Conditions at 50 par ceat of Ciroendwiter uss
Leve o TQTRLE0
Ric 1437 | 100) L71T |50) 1636 48]
Wheat #1900 104 5354 |63) 4438 {54)
Cotron 159 100 IS7 [61) 125 [48]
Suparcane” 477 |100] 471 (99 RS [G01

*Prodiction of sugarcane i5 in teens ol Corr

ary index ndnibers

Table 6.14

Violue of Owtput of Major Crops under Alternative Scenarios
(Mn HRs. at 1979-80 Prices)

LP with Groandwater LP without additicral
50 Per cent of wye in Croitndwater use

Crop LP with 1978
1980 Prevailing

Conditions IWAS-B0 [Assumption 1) {Assumption ]
Rice - elsr aos 2945
Wheat LOLET GG 5769
Cotton 07z 1356 L0060
Sugarcane B5Y RdH 513
Tirtal of Faur 19765 (LO0) L2155 |61 10227 [52)

Crops

Electricity Output Under 'Without Project’ Seenario

Apart from the reduced availability of irrgation water under the
without' project scenario, the availability of electncity would have also
peen affecred. We make the following two assumptions ahoue the
availability of thermal power in the absence of availability of hydro power

trom the Bhakra dam svstem:

Assumption I No additional thermal power availahie to replace

hydropower available from Bhakm

Assumption II: Additonal thermal power will be available w replace 5

por cent af hydropower available [rom Bhakra
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Figure 6.8

Production of Different Crops With and Withou:

Bhakra Dam-—Thousand Tonnesivy
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'he electricity scenario in the two cases would thus have been as

tallows:

Assumption I The installed capacity of electricity in Puniab in 1979-8(
was 1536 MW of which 1416 MW was from the Bhakra dam systert. In
the vear 1979-80 total electricity generated in Punjab was 6235 million
kWh (mkWh| of which 6033 mkWh was from the Bhalkra system

According to the available data, estimated value of putpur of
electricity, gas and water supply sector in 1979-80 was Indian BEupees®
[Rs:| 1647 miliion (Bhalla et ol 1990), Assuming that 90 per cent of this
was due to electricity, this gives an estimated value of Rs. 1484 mullion
from electnicity for an estumated generation of 6235 million ¥WH or Bs
0.24 per kWh. Using this estimate of the unit price of vlectricivy; the
cstimated value of electrioity from Bhakra in Punjab comes to Rs, 1442
million. Thus, in the hyporhetical case under which the Bhakra dam
system had not been constructed, the value of electricity output in the
Puniab would have been Rs. 50 million [Rs. 1484 million minus Rs, 1434
million|, Henee, the ourput value of electricity, gas and water sector in

| 979-80) under "Without Project’ situdtion is estimmated at Bs. 213 million.

Assumption IT. The value of ourpant from the electricity and gas scctors is
taken at 50 per cent of the value of output under "With Project’ situation
Henge, the outpur value of elecerieiy, gas and water sector ln 197980

under Without Project’ siuation s estmaced gt Ty 223 mallion,

The above two alternauve assumptions have been used to derive
simulation results on the impact of non-availabilicy of hyvdro power from

the Bhakra dam svstem using the SAM model

Results of Multiplier Analysis

The gross output levels and valuesadded [or Punjab during [979-5()
under different assumptions of irmgation availability and elecericity

availability in the “Without Project’ situation have been estimated using

the SAM model, We present in Table 6.15 results for ane such

The gursy 4tors US S The excliange
rate duorirg : Aallas, 0 this regort wo haya
ugid Indian Rupees (Rl tor value figurss LrEing 1 9 B pricas
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combination of alternative scenarnips comprising Assumption 1 for
eroundwater and Assumption 11 for clectricity as discussed above: The
results are presented for a sectornl aggregation of the 39 scetors. This
Table also presencs gross output and value-added; respecuvely, for each
ageregated sector as estimated in the SAM for 1979-80 répresenting the
With Project’ situation, The detailed sector wise gress value of outpurt
and value-added for each of the 39 sectors under the “With Project’

situation are presented n Table &.16

Under defined combinations of assumptions about the availability
of irrigation and electricity under the “Without Project” situation, the
aggregate gross output m o the region under the "With Project’ situation is
larger by Indian Rupees 20 to 24 billion (30 to 34 per cent] than it would
have been had the priject not been constructed

Table 6.15

Estimated Gross Value of Output and Value-Added in Simulation
Exercises using the SAM Mnde! for Punjab: 1979-80)
{Millions of Indian Rupees)

Ceross Vlue of Clurpue Vilue Added

Sectorn! Withaue With Per cant Witheout With Per cent
Apgregation Project Project Change Profect Profect Change
Agriculture 15137 22072 46 9870 L4398 44
Anirmal 5583 ToTH 43 3919 5598 43
Husbandry
Agm Protessing 3734 5566 49 473 Ta7 54
Manufacturing 17750 215884 23 3866 ATHT 23
Electricity, %14 1647 LOo 473 Q44 100
Gas and Water
Construction and 27501 Atas 9.6 14277 15243 12
SETVICER
Taral 70568 BI04 IG5 32878 42379 29

Mt ¢ Faguessdo noradd up totorals due oo reamding

wilateons under “Withewt Pr
tollowing sectom: whear, rice, ot
Ses nexr)

sepmariiy. valice of adtpdt was fixed for the
amirml Boshandsy and elecirieity, gas & warer

Axgitmiprion Assumeng that andss withowt prigect” anuaton, grovadwater use will be ac 5 per cens
he wne o DETORD (wnder 'wath prgject’ situacion] (Assumption: ] af arrigation
they scenartel and addinnaal thermal power eguel to- 540 percene of hyd outpue

Ssseomapticn 11 of clecimniciny scenaned will e available
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Table 6.16
Value-Added and Gross Output of 39 Production Sectors in the SAM for
Punjab (Millions of Indian Rupees) for 1979-80

Virlure Crross Vislue<Added Per Par cent of Regional
Added Otpet Unit af Gross Cutpar Virlue-Added
Wheat H42] BTas 55.7 I2.H
Rice 3574 5189 ha.4 8.4
Clottom 1573 2196 T1.6 3.7
Sugarcaneg G50 B8l3 Tee 1.5
Gram and Pulses 365 479 762 0.4
CHlseeds 36T 154 a0.8 R
Other Agr aml Forestry 2444 207 TH.3 5.0
Animal Heshandry G598 TOTa 70,2 L3.2
Pairy Products aod 155 H69 23.1 0.4
Confectionary
Grain Mill Products 157 1874 5.4 0.4
Bakery Produces 53 156 34 0.t
Sugar 34 [25 17.5 0l
Other Food Industries 140 512 274 0.3
Edihle nl 140 18746 7.5 0.3
Broweries and Beverapes 47 185 6.6 .1
Channing and Textiles 1251 A932 151 3.0
Sawmills and Wooden 134 6l 389 0.4
goods
Paper, Printing and 51 144 35.3 0.1
Publishing
Rubber and Leather 133 890 26.2 .4
Products
Basic Chemicals and 271 1055 5.7 0.4
Fertilisers
Dirugs and Phurma- 7 L1 171 0.0
ccuticals
Other Chemnicals 36 233 15.4 0.1
Glass and Mineral 541 14858 377 i.3
Products
Basic Metal Industries 3937 4328 9.1 0.9
Meral Producis 280 1377 10.3 0.y
Machinery gxcept 241 1119 11.5 {1.&
Electrical
Electrical Machinery 112 536 21.0 0.3 ’
Railroad Equipment 2% 65 433 .1
Motor Vehicles, 399 1073 37.1 0.9
Manufacture and
Repair
Bicyeles and Parts 412 1314 314 1.0
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curld
Vadiee Caross Value-Added Per Per cent of Reglomal
Adided Outpue Unit of Gross Ouiput Vidlye-Added
Srientific and Surgical o 1. i
Instruments
Spores and Athlenc Goods 1012 412 24,7 Q.2
Mizceltaneous Industries 133 |93 589 0.3
Electriciey, Gas and Bdh LG4 7 574 2:2
Water Supply
Construction 21393 TEBA3 0.4 5.6
Trade, Transpore and 2Ha9 [3a41 £82.5 0.4
Sturage
(ther Services 3404 6511 53,7 8.2
Banking and Insurance 877 1123 TR0 2:1
Real Estare and Cwner of . 530 BL0 65.5 1.3
Dhweellings
TOTAL 42379 BOI04

As expected; the project had its biggese impaet on the output aof
agricultural commodities, specially the output of wheat, paddy, cotton
and oilseeds. The ouwtput of agriculiral commodities is largar by Rs. 7
tr 9 billion (46 to 66 per cent) under the “With Project’ situation than it
would have been had the project not been undertaken, The output of
electrieity s estimared [for 197980 1o he higher by 6033 million kWh
ur Bupees 1442 million

lable 6.17 presents the results of the estimates of value-added
multipliers based on the methadolagy and assumptions described above
Pwo cstimates of multipliers have been reported based on the
assumptions regarding the impact of seepage from canals on the
availahility ol groundwater irrigation and the availabiliey of electricity.

These are:

Scemario 1! Assuming that under the “without project’ situation,
groundwater use will be at 50 per cent of the use in 1979:8D
|fssumprian 1 of irrigation under “Without Profect’ situation) and
additional thermal power equal to 50 per cent of hydro oatput will be
avatlable |[Assumprion 11 of electricity under ‘Without Project’

sTtuation)

Seenario 1I: Assuming that under “without prodject’ situation
s a1

proundwater use will be at 50 per cent of the use in 1979-80

tAssumption 1 of irrigation under ‘Withour Projeet’ situation! and no
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Table 6.17

Estimated Values for Multiplier Effects of the Bhakra Dam Project, India

Definition of Direct Effecis  +  [ndirect Effecs

Multiplier {Dircct Effeces|

Vahae Pegnnal Value Added (With Project)) '-u_J_,Ju-.Ll Vidue Added ['Without Project’]
IMilliors Value Added of Ag & ”l.,, Witk Project’] - Valoe Added of 'H_!_"‘_ Elec. {Withoaae |‘r._,|.;|_|.

ol Tnidlan
Rupees (Bs:|
Seemano |

— Regional Value Added | 'Withoue Projece’]

- Walue Added of Ag & Elec ["Without Frojec

Vith |14|':-Ll.

of Indian
Bipees |Bis:| _ 42379 -30720 = 178
Scenario 11 15443 - 3807
ety Assuning that under withoul pregect sineation, yroundwate: use will be a0 50 pes
[ELTR BRI (under waly projee Lsituaton| amyd addivenal thermal power egual
S0 pirroent of fydso ougpaae will be svnl
g that dnder swichout pr TWATET 15e W
Fo30 Junder with pn; v additionzl power avaelohle
fstin
{ER TN s Lingliy

additional thermal power is available in the absence of hydropower from
Bhakra system [Assumption ! of clectricity under “Withour Proect’

S1ELEETIOT )

Under Scemaria 1, the resules show that the regional valuesadded
under “‘With Projeet’ scenario at Bs. 42 3% hillion 1s larger than the
regional value-added under “Without Project’ scenarlo by Bs. 9.5 hillion
Lompared with this, the value-added from agnoulture and electricioy
sectors at Rs: 15.34 billion is larger than the corresponding value-added
under the "Without Project’ scenario by Rs. 5 billion, Thus, in the
aggregate, the project induced an increase of Rs. 9.5 billion in regional
value-added, Of this, Bs. 5 hillion 1s due to.an imcrease in the putputs of
agricultural commodities and the additional generation of hvdroelectri-

city fram the Bhakra dam

This gives a muluplier value of |90 e Rs. 9.5 hillion/Rs: 5

billion, Thus, lor every rupee (100 paise! of additional value-added

12, Harg wears using the multiplier value for Lhe project asa whola g defined in Ball
(1482} An a

literature, would b "|'J'|r'| at

cernalive 25 usEa in EL_'ll_"'lLl: aCiancg

vits vis-a-vis direot effacts grg

conssdered under the "With Pr
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dirgctly by the project in agricultural and electricity sectors, another Re
U200 (S paise| were generated in the form ol downstream or indireer
cffects

Under Scenario I1, the rwesults show that when clectricity availabilivy
5 fower than tee estimare 1 iunder the scenario of "Withour Project', the
regtonal  value-added  under  ‘With  Project’  scenario at
Bs. 42238 billion 1s larger chan the resional valuesadded under “Without
Projeet’ scenano by Rs. 11,65 hillion. Compared with this, the value-
added from agriculture and electricity sectors ar Rs. 15.34 billion i larger
than the corresponding value-added under “Without Praoject’ scenario by
Rs 6.53 billion. This gives 2 multiplier value of 1 78 1. Bs, 1165 bilhons
Rs. 653 allion. Thus, tor every rupee of additional value-added directly by
the project in agricultural and electricity sectors, another Re .78 WETT

senerated in the form of downstream or indirest effeers

Thus, the simulation results based on a SAM model show that the
Bhakra dam project generated signiticant indireet or downstream effecrs
in Pumab state: The multiplier values range between |78 to | 90
depending on the assumptions tegarding the impact of canals on
proundwater availahiliey. For every rupee | 100 paise) generared ditectly,
anwther 74 to 90 paise were penerated 1 the repion as downsiream or
imdireet effects. These mulnipliers include the effects of inter-indusiry

linkages as well a5 consumiption-induced efiects.

Multiplier Effects Outside the Region

In addivion to the direce and indirect effects realised in the directly
impacted region talling in the Blakra system command, the dam has
directly and indirectly also impacted regions and people moarea located
faroll trum the projeet regions The lnercased coonomic activity in the
directly impacted region has provided employment opportunities to
thousands of migrant labours from somi of (e poorest regioms of the
country such as from the states of Bihar and Uttar Pradesh, The
remittances rom these migrane labours back w their [amilics i their
natave villages m turn has impacted the economy of these villages. The
huge foodgrain surplus production from the projoct region 1% procured
by Governmenc agencies for distribution at relatively low prices through

fair price shops’ to urban consumers all over the country, These
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procured foodgrains have also been used for giving wages ‘in kind’ w
labours employed under food-for-work programmes ewe. carried out in

different parts of the country.

Wi bricfly discuss some of these lmpacts,
Multiplier Effects of Remittances by Migratory
Labourers in Villages Qutside Punjab

The shifts in the cropping pattern and attendant changes in crop

production hrought about by the availabllity of irrigation water in the
region created huge emplovment opportunities in agriculture and related
sectors, The employment opportunities available on a continuing hasis
tor hired labour cvery year lures thovsands of labour trom far-ofl poot
regions of the counurv—RBihar, Uttar Pradesh ewe, where wage rates are
low and unemployvment s very high, to magrate wochis region in search
af employment and better wages. While some of these labours have
settled down permanently in the regon wsell, others migrate every vear
In a study carried out recently by 1the Punjab Agricultural University i
has been estimarced thar during the lean period of agricultural eperations
the number of migrant labour émploved in Punjab was 357 thousand
and this number mereased to about 774 thousand in the peak period
Sidhu eral, 19971 About 93 per cont ab the migrants belonged to the
poor states of Bilar and Uttar Pradesh while about 5 per cent alse came
from Nepal. Tt has further been estumated that the number of migram
labgur have increased by about 35 31 per cene in 1995-1996 as campared
o 1983-84. In terms of the proportion of mugrant labour to local labour
the proportion of migrane to local labour incredsed from 760 per cent in
L7878 to || per cent in [995-96. In other words, Pungab agriculture
meets almost one-tenth of 18 total labour requirement by migrant

workers

The wage rates, which these magrant labourers get i their nanye

villages, ‘are much lower than what they pget in Punjab. Thus, for
example, gbour 46 per cent af migrant lahour were getting less than Rs,
30 per month tor being emploved on a permanent basis in their native

villages while in the Punjab they were getting almost 200 per cen

higher wages
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It has been estimated that toral carmings af the entire migrant
labour force in ceop production in Punjab during 1995-95 was Rs, 5344
million | USS 114 million) out of which they remitted Rs. 3548 mullion
(USS 75 million or 66 per cent) back to their native places while the
remaimng Rs 1796 [USS 39 million) wers spent by them in Punjab
itsell, Abaut 18 per cent of the migrant labour utilised their savings [or

creation ol assers in therr native places,

The remittance of such huge amounts of money to relaovely far-
Hung peor regions from where this labour often comes has helped
improve the living conditions of people living there and has created its
own further downstream effects, Ahout Y6 per cent of the migrane
labours: reported that they urilised these savings for purchasing
consmmer durables such as televisians, radios, bhioyeles, sewings
machines etc. About 18 per cent also utilised their savings lrom Pumab
on thy repair and construction of ther livuses in their native village. A
small percentage of labourers also used these savings to vither lease land
tor mereasing their operational holdings ur for buying 2 new piece of
agnicultural land. In addition, part of the savings were of course used [or

improving daily consumption

Apart from earning ¢ash, these migrant labourers have acguired
new skills in crop culovation and operation ol {arm machinery during
their stay in the Punjab. This has offered i great scope lor
transformation of the agricultural economiies of their native villages but
these labourers have not been able to use their acquired skalls in cheir
native villages due w3 number of factors such s the nan-availabilice of
irrlgation, inadeguate eredit ete, Nevertheless migration has helped

them lmprove their skills

Multiplier Effects of Surplus Foodgrains used In
‘Food far Work' Programmes

During the year 2001-02 the States of Punjab and Haryana contribured
L7 million tonnes of wheat out of 2 total of 20.63 million tonnes
procured by the State foodgrain procurement agencies from all gver the
country, Similarly dunng the vear 2000-01 out of a woral procurement of

P10 million tonnes of rice from the entire country, Pumab contributed

=93 nullion tonnes
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The Bhakra irrigated region provides the bulk of the toodgrains
required by che Central Covernment for running the food distribution
systemt in the country. While part of the procured foodgrains are utilised
tor runming the Public Distribution System (PDS) af the countrv, a part
of the procured foodgrains are provided w che States during emergencies
created by natural calamicties such as tloods, droughes ete. These
allocations 1o part are used by the States to create gainful employment
opportunities under various cmployment generation programmes such
as lor creation of infrastrucoure ewd. in which part of che wage pavments
are made using these foodgrains, For example during 1997 the cencral
Government allocated 1303 thousand tonnes of rice and 705 thousand
thnnes of whedat lor virious employment ¢reation programmes in the

DaEes

Multiplier Effects of Water Supply to Rural and Urban Areas

As mentuened earlier, the Bhakra system has provided adeguate dninkang

water supply to many towns and cities in the states of Punjab, Haryana

and Rajasthan, Even Delhi gets a pare of Its water supply from the

Bhakra system.™ Tn the absence of this water supply, the growth of
industry and services in these towns and citics would have been

Iy attected. However, due to the aon-availabilicy of anv studies on

adverse
the subject, it Las pot been possible to make any estimates of direct or
indirect (and multiplier benetits| trom the availability of water supply

that 1% critical {or generating urban incomes and employment

Income Dhstribution Impacts of the Bhakra Dam System

Fhe availability of irrigation water, and the consequent growth in rocal
and urban areas that followed, has helped in a very significant way in
bringing down poverty in the two states of Punjab and Harvana. As
already mennoned the benefits of this economic development in the
region have been shared both by rural as well as urban areas The

meame distribution etfects of the Bhakea dam have been analvsed using

ater stpply ta Delhl frooe Bhakra in 1999 was 2803 cumen diys oul of a

AFE182 cumes days: However, the watar supply from Bhakra meeisa

o part of the mdustrizl demana far

Ter gupply
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the SAM-based multiplier mode] for the Punjah economy described

abiwvis

The income discribution veffects of the Bhakra dam have heen

analysed in three ways

[} By comparing the shares of agriculeoral labour and other
houscholds in aggrepate incomes under “Wich' and ‘Without
Project’ i the Punjab state

By comparing the differences in ageregate income levels of warious
hovsehold categones under two seénarios of “Without Privect’
and "Wich Project’.

diil By assessing direct and indircct components of  income

differences under ‘“With' and "Without Project’.

Shares of Agricultural Labour and Other Households in
Aggregate Incomes under "With' and 'Without Project’

The total population of 12,7 million in the Punjab has been divided ing
urban bouscholds (0.7 mullien] and four categories of rural househalds,
namely, houscholds self-emploved in agriculeuret®, agricultural labour
househiolds, non-agricultural labour households and other households
OF the roral 12 million rural population, 46 per cent or 5.5 million were
sell-employed in agriculture while 23 per cent or 2.7 million were
agricultural labour households. Non-agricalture labour househalds
constituted abowt & per cent and orher rural houschalds constituted

abour 25 per cent of total rural houscholds:

The SAM-based multiplicr models have been used to assess the
ingome eltects of additional lrrigation and hvdropower provided by che
Bhakra dam. This has been done for each of the above defined household

categories,

Figures 6. 10 and 6.11 depict results of the shares of different

category of houscholds in the ageregare rural income under ‘with’ and

s Thoss howsaholdes which earn 50 per cent gr more ot ther iotal ingome fram salf

i agricy tural actupEali
yeo inagricalture  Thoss ho
+ during the last 385 days from wage paid manua! tabour in
RQUCUIIUND org treadied as agricullural labour households

during the last 365 days are treated as self

lds which earned S0 per cent or more of
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Figure 6.10

Ineomnie Shares: Withoor Praject

O Rural: Self-Emploved

37%;

W Rural: Agricultural Labour

47
I Rurak: Non Agricultural
Labour
B Dther-Rural
werprre e Author s caleulazions and based oo msodel's resales

Figure 6.11

Tncomme Shares: With Project

W Rural Sel-Employed
[T Rral; Agricultural Labour
L Rurat Mon Agriculiural

Labour
B Other-Rural

Authiors calevdlarioms anid baved on iy restilis

fwithout project’ siwationds. For example, for the selt-emploved rural
househiolds, the share of their income in aggregate rural income levels is
4.8 per gent under the ‘without project’ situations compared with 48
per cent under the ‘with priject situacion’. The share of agricultural
labour households av 134 per cent ot the total under “with project’
situation i= higher than 129 per cent under ‘withour project’ situaciom,
Hiwever, when a compansen 15 made berween shares of aggregate rural
and urban incomes in the wotal, the resales show that the share of reral
househalds 15 hugher (61,5 per cent| under the ‘with project’ situation

when compared with thar (574 per centl under the 'without project’

situation, The share of urban households 15 426 per cent and 38,5 per




BHAKAS MULTIPURE

e}
75}
m

Lak SYSTEM, (P

=
2
=

181

cent in the aggrepate income under the “without project’ and ‘with

project” sitaanons respectividy
Differences in Aggregate Income Levels of Various Household
Categories under 'Without Project’ and 'With Project’

The 8AM-based mulaplier models have been used to assess differences

in houschold incomes under the ‘with’ and “without project’ situations,

Table 6,18 and Figures 6.12 and 6.13 show that all households have

higher income levels under *“With Project’ situation than under "Without

Table 6.18

Differences mr Incomes of Agricultural Labour and Other Rural
Households: With and Without Bhakra Dam (Rupees Million)

Categnry OF Households Witk Withaut Difference Percimt
- .’j._"i:-_.'l:'f'.r .l"_.r_cl.'L'L;r Djl'j.’t'!cncc_
Self employed Rural 12505 HELS 36E0 1.7
Hauseholds
Agricalture labor 40035 1425 {580 65.2
Rural Moo Agnculmre 1125 G627 498 a5
Rural-Chbers d413 GRHE L4215 0.4
Utban Houschiolds 15331 14014 1317 1&.5
TOTAL 423749 32RTH 9501 189
Sosece: Smnolations using the a8 el lor the Pumab 18 79-80 described i che e Mol ext)

Figure 6.12

(ncome of Dilterent Types of Households With and

Withour Project (s, Million)
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Figure 6.13

Percentage Change in Tncome of Different Tepes af

hopnd Withow Bligkre Dam

Households Wi
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Project’ situauon. For cxample, for self-employed rural houschoelds, the
ditlerence i mcome levels (under “with' and Saathout project’ sitzations|
15 cstimated o be Bz, 3680 million. Therr income under ‘with project’
situation is 42 per cent higher over the inecome level under ‘without
projees’ situation (Rso 8825 millionl

[n the case of agriculeural labour households, the difference in
meotne s B P3E0 mallion, which shows that their mcome under “with
el of Ry, 2425

projeet’ situation is 65 per cent higher than the meome

million under ‘without project’ sitdation

yiN

However, 1m0 the case of urban households, the difference in inco

s under the two situations s reladvely low, only 163 per cent. The
lewel ol incomee of urban households under “withour project’ situanon s
Rs. 140104 million compared with R5 16331 million under the “with
protect’ situatcn, The results show that the gain for rural households
frism the dam is reladvely higher than the averdpe difference ol 29 per
cent between agprepate incomes under ‘with' and ‘withour project’
situationy. Further, the investment in the Bhakea dam has provided

ineame gains o aericuliaral labour households that are higher than

toor the average houscholds:
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Direct and Indirect Components of Income Differences
under "With' and "Without Project’

The SAM-based multiplier models have also been used 1o estimate
direct and indirect necome effects of additional irrigation and
hydropower provided by the Bhakea dam. Thiy has been done for each of
the hve detined hovscheld categories, The SAM coetlicients tor cach
houschold and cach production sectar have heen used to estimate the
value-added received by each household caregory from each sector These
SAM covfficients have been opsed to cstimare the component of

household's income that 15 due to valuc-added from sectors attecred
ditectly: by the outpurs of the dam, namely irrigation and hydropower
Sirmilarly, SAM coetficients lor remamning production sectors have been
wsed o cvtimate the component of income that 15 due o value-added
bronny sectors affected indirectly by the outputs of the dam. This type of
analvsis 15 hased on the wsual assumptions for this ope of fixed price
SAM-based multiplier models, namely that the value-added per unir of
putpur remams che same for each sector and the adstments rake place
through changes in quantity. The procedure used o estimate the share
of dirgct and indirect components in houschold incomes is as follows,
First, the SAM coetficients have been used to estimate values of a new
SAM for the “Without Project’ situation by fixing the ourputs of sectors
direedy allecred by the dam tagricultural sectors and elecencity). Then
the difference berween the values of gurputs and household ingomes in
the two 5AMs 15 used to estumate the duferences in incomes under the
with project’ and “withowr project” situacions. The difference in
howschold incomes 15 further devaded nto two components—one from
direer secetors and the other from indirect sectors. To caleulare the
component trom dizect secrars we look at the row of each household in
the mareix of income differences and sum up the incomes the
household receved trom secrors directly attected by the project namely—
wheat, nee, sugarcane, cotton, gram, other agrniculture and electnairy. To
caleulare the component Fom the indireet sectors we added the incomes
recenved from the remamng production sectors our of the ol of 39

production sectors used in the SAM

The resulting estimates show, as prediceed, that a major part of che

ieeormie of rural bedscholds comes from the outpue of scceors direeely
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Figure 6.14
Intcume Cuing to Households from Sectors Affected

Dhrectly and ndirectly by the Dam
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affected by the dam. Figure 6.14 presents the results ol the
disaggregaton ot the differences 1 houschold meomes under the “witly’
and ‘without project’ situations mto sectors affecred directly by the dam
and those indircedly affected. For example, for the self-cmploved rural
hwouscholds, the diflerence in income levels junder Swith’ and ‘withour
project’ situations) is estimated wwo be Rs, 3680 million, About two-
thirds of this difterence jor Rs. 2391 million) is due to higher output
ansd value-added in seectors that are direetly atfected by the dam, namely
agricultural crops and clectric power, The test, about one-third, of the
difference in income {or Rs. 1288 million) 15 attributable to changes in
value of output and valuc-added of sectors thar are altected indirectly

ced effects). In

hrough mter-indusory’ linkages and consumption-ind
the vase of agnicultural labour households, as much as 70 per cent of the
L

difference in income is due to changes in output/value-added of sectors

thar are diregtly atfected by the dam. However, 1n the case of urban

households, the situation is completely reversed. A% much 5s 83 per
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cent [or Rs. 1925 million! of the difference junder ‘with' and ‘without
project’ situations| 15 accounted tor by changes m outputs of sectors
that are indirectly affecred by the dam, namelvy agro-processine,

:['.';IIlIJJ.&IL'[LIFI[‘:,g ot [II'XI.'i.EL'S (e e

Social and Environmental Effects
Displacement of People and their Rehabilitation

Construction of big dams have almost alwavs led 1o the submergence o
barge areas and displacement of people.and the studied Bhakra dam is no
exception. The figures about the number of actual people displaced by
different dams wvary very substantially according to the source of

niormation,

The Bhakra reservolr submerged 17,800 hecrares of land, affecting
37l villages with 2 populavion of abour 36,000 people or about 7,200
families. Bilaspur wown with a population of 4000 was also submerged, Ol
the 7,206 aftected families; 5,027 were given cash compensation under the
Land Acquisition Act and reseceled elsewhere on their own, A Bhakra
Rehabilitation Committee was appointed to examine the. furure of the
remaiming 2, 179 familles. Since these farmers expressed o desire [or
resettlement i the Bhakra command, the commuattee located suitable
lands in compact blocks in Hissar and Sirsa districes in Punjab |now
Huaryana) and 13,200 acres were dccordingly acquired in 30 villages. As the
amount due 1 compensation excecded the value of the land acquired, the

displaced persons were compensated partly in land and partly in cash

Landless tenants were declared cligible to be given an atea
equivalent to their submerged tenancy, subject to & maximum af 5 acrcs.
Orther artisans and labourers from the affected villages were offered a
halt acre homestead plot free of cose. Those choosing to Temain in
Himachal Pradesh were granted free Ashing licenses in Gobindsagar {on

threc years [Verghese, 11994)

he Pong Dam displaced 16,000 families |about one hundred
thousand people). An attempt was made o rehabilieate abour half of them
in the taraway deserts of Rajasthan in che command arez of che project.

Each family was given 16 acres of land {the hishest so far under any
1 o} d

rehabilitation scheme i the county), In spite of this, unable w adjuse w
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the new climatic conditions, water, people and language, most af the

displaced people sold their lands and returned o their nacive plact,

Ina recent press statenient, QUOLITIE FOVCINMURL SOUrces, it was
reported that there are seill 784 oustees of Bhakra dam who sall remain

to be rehabilicated

Health Impacts

The avallability of dependable source of drinking water for millions both
in the project region as alse in the neghbourhood is likely (o translace

mro beétter healch ol peaple. With the Indira Gan

canal, the

Werten s of the reported relative inoidence of waterthome diseases tooall
I

diseases dropped considerably vver a 12-vear period in dreas that received

continuous irrgation facilities |Goel, 20000, In addition, the
improvement in eeonomic conditions of a majority af population within
the irrigation command helps investment in improved samitation and
also makes the people more health conscious resulting in the reduged

incidence of discascs

Environmental Impacts

The construction of dams; apart from causing economic impacts, also
causes-a number of sacial and environmental impaces, some of which

are benchicial for the snvironment while others have nerarive Hnpacts.

Sedimentation of Reservoirs

The sedimentation of reservoirs as a result of soil erosion in the
catchment areas of these reservoirs has been much faster than thar
assumed at the dme of planning of these reservairs. The Ravi, Beas and
Sutle have substantial upper catchments, the Pong catchment cxtends
over |1.560 square kms. The Sutlej catchmene of 56980 square kms |s

much larger, Approximately 27,000 acre-feet of silt flushes down the

Sutle; annually, as measured near the Bhakea. The Bhakra dam was
wiginally based on an assumed siltation rate of 4.29 ha-metre per 10
square kms but chis had inereased o 622 by 1979, Similarly io the Beas
teseryoir, the sedimentation rate during 1981 was 23,58 as ugainst the

original rate of .29 assumed during 1974 [NLUDB, 1988/
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T'he faster than assumed siltation af reservoirs has resulted i a
serious reduction in che CAITYING capacity of these structures and hag
Accondingly reduced the efficacy of these reservolrs. The € Gobindsagar Lake
started lilling in 195¢ and up to the end of 1988 had lost 21 99 per eent of
dead and 6.42 per cent of live storige with an overall capacity lass of 10,24
Per cent The total sile deposit in G sobindsagar in 2% Years up to 987 wis
DY35 MAE the average up o 1984 working oue 1o 25300 acre feot per
ANDUm as against the desipn tigure of 27,250 acre feet

The Sixth sedin NEnLtation report of the Pong Dam, 98850
indicated an average sedimentation rare of 26,500 acre feet per annum as

against the desipned lignre of 20500 acre feer The total sile du:]m.qu m

the reservoir berween 1 P74 and 1989 wirked our to 03978 MAF ¢ P
per cent of the gross storape capacity. The small Fandoh TeServoir,
however, had accumulated 16,886 acro feet of silt as agains: o LToss
storage capacity of 33,240 acre feet 16 ol October 1940 (BEME, 19

Waterlogging and Soil Salinity

Large dams have diverse and complex ceolugical impacts and they ofren
.'.""l..'['l-:"rlf' environmental coses fi those very groups who are supposed o

the beneficiaries Witer logging and salinisation are rwin problems
k.dlu-:.J by the wasteful use of water

Wa erlopging is caused by the interaction ol a large number of
tactors such as irtigacion ntensity, soil characteristics, drainage, seepage
tom reservoirs, distributaries and field channels and becomes almost
mevitable 1o areas with undulating tupography and seater IELEntive soils,

According o dn dssess-ment of the Ministry of Wiater Resourees,
the extent of w aterlogged and wnil affeceed areas i the trrigation
command zrea of Punjab s 200 thousand hectares of waterlogged area
and 490 thousand hectares at sale alfected areg similarly in Iarvana the
correspanding ligures wepe 149 and 197 thousand hectirs while in
Rajasthan the figurps are 180 and 70 thousand respectively |(Covernmeny
ot India, 1907

Groundwater Paellution

The availability of Bhakea water supplemented by groundwater led 1o

adoption of intensjye cultivation prictices hased on mtensive use of agro
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Table 6.19

Nitrate Content of Groundwater in North West India: 1995

Sty MNitrate Contant Number of Saraples Average Nitrate Level
fmgi)

Pranjals

11-45 328 [68.9) L4.50
He-16H) [ SRR T 66,49

=100 71 (151 13897

Tivead 470 [100) 56,26

Harvana
(1-45 211 |63.1] 1541

A= 100G 62 |17.4] &858
=100 6 [19.3] 183 &5
Thial 352 (100) k5,59
MW Indis

0-45 5500 (669 14,84
46-100 133 |14.2] 6746
= 1100 139 |16.9) 280.82
Total 5329 (100) fnd 87

ipnres 0 parentheses genooe el fRsiLET
FHLLREY winphn and Bal (18987
chemuicals in the region, The indiseniminate and unsupervised use of
agri chemieals |fertilisers, pesticides and insceticides ete) have been one
of the mmportant sources of non point pollution. In addition to loss
through run-off, these chemicals leach i oto the groundwater aguifer

and have the danger of polluting the groundwater,

Table 6,19 shows that the desired level of nitrate {0 large parts of
Purtjab and Harvana groundwater has already reached a level ahove that
permissible in drinking water. The results show that 33 per cent ot the
samnples in North-West India had nicrare content well above the
permissible |limit of 45 mg/d. In fact, 1n abour |7 per cent of the

samples, the nitrate content was mare than 100 mig/]

Making Deserts Green

Liarpe dams can also 1'.Il'.":‘.':J[T.I:'.' instruments lor HIPTOVITLY the

environment, as has been the case in Western Rajasthan, which has

been transtormed in to a2 green area because of the Indirn Gandhi Canal,
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which draws water from Bhakra Mangal dam. The projeet has not only
allowed the farmers to grow crops in deserts but also has also checked
the spread of the Thar desert in adivining areas ot Punjab and Haryvana
Besides providing arrigation beaefits for over 800 thousand heetares of
desert land, which now cultivates crops like wheat, cotton, mustard ete,
the most needed water {11 per cent of the project water| is reserved for
drinkimg, domestic, energy and industrial uses in areas around Bikaner,
lodbpur, Tatsalmer towns and 3500 villages. The value of agricultural
praduce trom this vast new areas brought o cultivation is nearly Rs,
12,000 million which s likely to doubie up as and when the project 1s

complete |Gopalakrishnan, 20000,

Restoration of Loss due to Forest Submergence

The loss in hiomass, due to submergence of forest land by reservoirs
created for the storage of water, has been more than compensated by the
greening of thousands of hectares of land and increased biomass
production resulting from mereased agricultural production in the

profect region.

Mitigation of Green House Gas Emission

It the environmentally clean hydro power of 14110 million kWh
generated during 1998-99 were to be produced from the next hest
alternatve of coal based thermal power plant, the plants would have
emitted, 106 million tonnes of carhon dioxide pur year i addinon to
emitting several other green house gases (taking the carbon dioxide
emission from coal based thermal power plants to 330 ke/Gl), The
creation of hydropower potential has thus enabled mitigation of GHGs
to the tune of 106 million tonnes of carbon dioxide, However there are
ather ellects of greenhouse Eas emmssims of reservoirs and rice farming
that have to be taken into account to get the net effect of the dam on

GHG emissions

Increased Emission of Methane

Che eulovation of wetland paddy is ane of the UnpGreant sources of
methane emission, Methane emussion from paddy cultivation dceounts

tor about 25 per cone of the total miethane emissions from all sources.
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Che large-seale diversion of cropping pattern in favour of cultiviicion of

rice has thus led o the mcreased enussion of methane from rice fields:

Seismic Impacts

oubts are aften raised abour r|1.:: SAECLY L1 |_;1:':§_-:-;‘ dams due to seismic
torces: It has been argued that impounding water in reservoirs induces
seismicity, The Bhakra dam which has been vonstructed in the

Himalavan region tor more than 40 vears now has not led to any

meredse in seismic sctivity after construction

Conclusions

Che simulation results based on a SAM-based multiplier model show
that the Bhakra dam project gencrated significant indirece or
downstecam effects in the Punjab state. The multiphier values ranged
between 178 w 190 depending on the assumptions regarding the
impact of canals an groundwater availability and availabilioy of power
For every rupee (100 paisel penerated direetly, another 78 to 90 paise
were penerated in the region as downstreamy or indireet offects, These
multipliers include the effects of mrer-indusiry linkages as well as

contsumption-induceéd clicets.

The multiplier cfects will be much higher of indirect and induced
p

etfects of remittances sent by agriculoural woerkers from Punjal and

tions of the Bhakes dam towards the ‘Food for Work! programme

are also meluded i the analysis,

[he resules on income distribution show that the gains to
agricultural Libour houscholds from the dam are higher than gains to
orher rural houscholds and to the urban households. For cxample, for
the agricultural labour households, the income level under “With
Mroject” situatons s estimated w be 63 per cent higher than the income
level under the “Without Project’ situation. The corresponding igures

tor sell-emnployed rural households and urban households are 42 per cont

amd 16 per cent, respectively,
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