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Preface 


Questions on the indirect economic impacts of large dams lie at the 
heart of the development debate. Indirect benefits were the motivating 
factor behind most major infrastructure developments in the rich 
countries of the world. Rich countries now all have very large stocks of 
this infrastructure, which has provided the platform for economic 
development in these countries. 

In a curious juxtaposition of narrow economic thinking and 
political convenience, for the last 40 years there has been a dominant 
view in the development community that (a) .indirect economic impacts 
are impossible to measure and (bl the use of shadow prices (necessary 
because of hitherto large distortions in markets) took into account 
indirect effects. 

This book takes stock of recent decades of development and 
development practice. It casts serious doubts on the claim that standard 
(shadow pricing-based) analysis as practiced does account for indirect 
benefits. And it shows that it is now possible, with the vast increase in 
computing power and the availability of calibrated general equilibrium 
and input-output models of the economy, to measure indirect impacts at 
reasonable cost and with considerable confidence. It also shows that as 
economic distortions in developing countries have been reduced, there is 
no longer a need for the extensive use of shadow prices. 

These developments mean that economic analysis can return to 
being a transparent tool whereby policy makers and others can assess 
the indirect effects which are at the heart of the development process. 

The book presents detailed descriptions of analyses of the indirect 
economic impacts of three major dams (Bhakra in India i Aswan in 
Egypt, and Sobradinho in Brazil) and of a small dam (Bunga, in India). 
The general conclusions from the analysis are: 
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• 	 That methodologies are now available which enable economists 
to estimate" ex post, the indirect effects of major water infrastruc
ture projects and the incidence of these benefits on different 
groups. 

• 	 Indirect impacts are real and large, in the development stages in 
rich countries (Grand Coulee in the United States] and in 
contemporary developing countries (the studies of India, Egypt 
and Brazil in this book, and Malaysia); 

• 	 The incidence of benefits is quite different when indirect effects 
are added to direct effects, with some striking cases (Bhakra in 
India) where it is the poor, who were not beneficiaries of the 
direct impacts, who were the major beneficiaries-through the 
labour market-of the indirect impacts; 

• 	 The contribution to total (direct and indirect] benefits is often 
quite different ex-post than was predicted ex-ante. The most 
striking case in this book is that of the Aswan Dam in Egypt. The 
driving force behind construction of the dam was to develop 
Egyptian agriculture. But by far the largest benefits have emanated 
from electricity generation. There are two corollaries. First that it 
is very difficult, ex-ante, to predict the benefits of long-lived 
assets. Second, in such circumstances robustness is key-and 
multi-purpose dams are very robust producers of major streams of 
benefits as economies develop, as circumstances change and as 
societal values evolve. 

• 	 While the number of cases is small, the evidence in this study is 
that smaller dams (BungaJ indeed have smaller ripple effects and 
thus smaller indirect effects than large dams (Bhakra) 

• 	 While the literature is also small, there is evidence that the 
multipliers for infrastructural investments are much larger than 
for the 1/ social" investments which are currently given highest 

priority by development agencies. 

The work reported in this book has been carried out in stages over 
a period of four years and in the intervening period some changes in the 
underlying conditions prevailing at the four case study sites may have 
taken place. HoweveIj these changes are unlikely to make any significant 
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difference in sending across the main message of the book: indirect 
economic impacts are significant and must be accounted for while 
quantifying the benefits of dam projects. 

This book is completed with a heavy heart since Ramesh Bhatia, 
the first amongst equal authors of this book, passed away as the 
manuscript was being finalized. Ramesh was a brilliant economist and 
systems thinker who was equally adept at debating in the halls of the 

world's great universities, and in discussing with illiterate villagers why 
energy and water infrastructure mattered to them. He embodied that 
quintessentially Indian quality of being fully engaged, simultaneously 
and seamlessly, in the intellectual, ethical and spiritual domains. He 
was a mentor, friend and colleague to all of the other authors of this 
book, in some cases for thirty years, in others for a decade. As we 
completed the manuscript we kept wanting to pass revisions to Ramesh, 
so that we could be sure we got it right. We miss him, very deeply, and 
dedicate this book to him. 

Last but not the least, we would like to thank the publishers 
Academic Foundation, New Delhi for their cooperation and help at 
various stages of the publication process of this book. 

Rita Cestti, Monica Scatasta, 
R.P.S. 	Malik, John Briscoe, 

Alessandro Palmeiri 
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Introduction 

Ramesh Bhatia, R.P.S. Malik, 

Rita Cestti and Monica Scatasta 


Dams have brought considerable benefits to many countries and regions. 

They have enabled improvement and/or expansion of hydropower 

generation; irrigated agriculture; water supply for domestic and 

industrial uses; water for ecological services and pollution control; flood 

control; and reduced vulnerability to droughts. Dams have also provided 

active storage for the management of water, allowing countries and 

regions to strike a balance between natural river flows regimes and the 
pattern of water demand. In areas of the world where approximately two 
billion people live and where river flow is intermittent, flows are 

virtually unusable for development without storage. Large and growing 

populations in such areas require investments in large-scale surface 

storage. Of late, however, it has been widely recognised that there are 
substantial social and environmental costs associated with dams. As a 
result, the traditional view that dams have been an important source of 
social and economic growth has been challenged. 

Dam assessment is by its nature a complex undertaking. First, 

many of the benefits and costs associated with dam development have 
quite different time streams, with hydropower and irrigated agriculture 

benefits materialising relatively quickly, flood control and drought 

reduction benefits being episodic, and some environmental costs only 

appearing decades later. Second, these benefits and costs are faced by 

different sectors and there are inter relationships between sectors so 

that, for example, agricultural expansion may bring in population that 

makes the region more resilient and able to take advantage of 

opportunities in industrial sectors at later times. Lastly, the effects of 

dams are distributed across different spatial scales, from local to basin, 

to regional to national, and in some cases, to transnational. 
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Notes: (1) 	These are net of all costs of construction including the costs of noise, pollution, health 
impacts, injuries/deaths, temporary reduced value of area, etc., as well as all costs 
incurred in producing project outputs. 

(2) 	In economic terms, the objective of flood alleviation or mitigation is to maximise the 
efficiency of use of the catchment as a whole: it is not about minimising flood losses nor 
solely concerned with the flood risk in one, perhaps a small, part of the flood plain of 
that catchment (Green et ai., 1993). 

, 	 GHG: Green House Gases. 

To add to the complexity, while some of the impacts of the dam 
projects are 'direct', the others are 'indirect' with the definition of what 
constitutes 'direct' versus 'indirect' impacts varying greatly in the 
literature. In a number of studies, all the economic costs and benefits 
that were not specifically intended by project planners, as well as most 
non-economic impacts, are identified as 'indirect' impacts. However, 
this is a misnomer, as most of these unintended impacts should be seen 
as stemming 'directly' from the construction and subsequent use of the 
dam. This is the case, for instance, of social costs of resettlements, 
externalities from lost output and lost ecosystem functions due to 

http:migrati.pn
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inundation, or net benefits from initially unforeseen uses of stored 
water that emerge along the life of the project. In this sense, numerous 
discussions of iindirect' impacts actually focus on extending the 
consideration of 'direct' impacts of dams to all the outputs directly 
affected by the project, and to more than one dimension (not just 
economic and financial, but also environmental, social, cultural, etc.). 
Table 1.1 attempts a classification of direct, indirect and induced 
benefits and costs that can stem from a projects' outcomes. 

Given all this complexity, it is not surprising that no 
comprehensive assessment of the effects of dams has been done. As 
noted by the Operations Evaluation Department of the World Bank 
(1996), Jiirrigation projects have, in general, substantial benefits 
stemming from linkages between irrigation and other sectors of 
production. Thus, the increased income of irrigated farmers will result 
in increased demand of complementary inputs to production (fertilisers, 
tractors, fuel), increased scope for downstream processing of the 
irrigated crops, and increased spending on consumption goods produced 
locally and outside the region. Unfortunately, there are no estimates 
available on the indirect benefits of the projects under review." 

Although the World Commission on Dams (WCD) considered 
various methodologies for estimating the indirect effects of dams in its 
Thematic Reviews, the main WeD Report (2000) does not report the 
estimates of multiplier effects or indirect impacts of the dams that were 
selected as case studies for the WCD. In the discussions on financial 
and economic performance of large dam projects, the economic 

performance has been evaluated in terms of economic internal rate of 
return [EIRRj. However, in some of the case studies, indirect multiplier 
effects have been estimated. According to the WCD Case Study of Grand 

Coulee Dam and Columbia Basin Project (Ortolano et a1., 2000), there 
have been substantial multiplier effects from investments made in the 
basic sectors. According to the study, "these sectors generate between 
1.5 to 1. 7 dollars of total income within the local area for each dollar 

produced by the basic sectors." Total income from the basic sectors was 
of the order of US$617 million (in 1998 prices), while another US$309 
million in non-agricultural income was generated. In the case of the 
WCD case study of Tarbela dam in Pakistan, it is mentioned that " it is 
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beyond the scope of the Tarbela study to calculate the net economic 
impact of Tarbela on the economy", even though the study reports 
output multiplier of 2.39 for the agriculture (farming) sector 

(Anonymous, 2000). 

In the chapter on "People and Large Dams: Social Performance", 
the weD Report concludes that" [ ... ] a simple accounting for the direct 
benefits provided by large dams- the provision of irrigation water, 
electricity, municipal and industrial water supply, and flood control
often fails to capture the full set of social benefits associated with these 
services. It also misses a set of ancillary benefits and indirect economic 
(or multiplier) benefits of dam projects" (WeD Report, 2000: 129, 
emphasis added). 

The Study: Scope and Objectives 

The aim of this study, supported by the World Bank, is to go further 
than previous attempts, including the weD Report, and evaluate some 
of the above interactions, in particular the 'direct' and 'indirect' 
economic impacts of dams. 

For the purpose of the present study, the 'direct' costs and benefits 
are all those that descend from the construction of the dam, as well as 
the benefits accruing to all beneficiaries of the water stored and other 
services provided by the structure and the impacts-positive or 
negative-to all populations, species and ecosystems affected either by 
the construction or by the changed regime of the river. 'Indirect' and 
'induced' impacts are those that stem from the 'linkages' between the 
economic, environmental, social or other direct consequences of a dam 
project 'with the rest of the economy', as well as the non-economic 
impacts descending from such linkages. Among them are impacts due to 

changes in output and input use in sectors other than those affected 
directly by the dam, or changes in relative prices, employment and factor 
wages. The type and relevance of such indirect and induced impacts will 

depend on a number of issues, including the size of the project relative 

to that of the regional and national economy, its single- or multi
purpose nature, the level of inter relatedness between the regional and 
the national economy, and the source of financing, among others. 
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We illustrate further the distinction between direct and indirect 
impacts and their inter relationships. The major outputs of a multi 
purpose dam and reservoir project include-hydropower, irrigated 
agriculture, water supply, fishing, flood control, drought prevention and 
the value of recreational activities/tourism revenues. In addition, the 
irrigation canals of the project provide several non-irrigation benefits in 
terms of water for households, livestock, household enterprises, animals 
and birds, among others. Several additional direct outputs include 
navigation, tourism, reduction in floods etc. These direct impacts are 
measured in terms of additional agricultural output generated, 
hydropower generated, increase in tourism etc. In addition to these 
direct positive impacts these dams also produce a number of negative 
direct impacts which, inter alia, include social, economic, and cultural 
costs of resettlement; value of lost ecosystemlhistoricaVcultural heritage 
sites; opportunity cost of lost output from inundated area and reduction 
in fish output upstream. 

The major direct outputs from a dam in tum generate both: 

(i) 	 inter-industry linkage impacts, both backward and forward 
linkages, resulting in increase in the demand for outputs of other 
sectors, and 

(ii) 	 consumption-induced impacts arising out of increases in income 
and wages generated by the direct outputs of the dam. 

These impacts are referred to as indirect impacts. Thus, the 
indirect and induced economic impacts are those impacts that stem 

from the linkages between the economic and other direct consequences 
of a dam project with the rest of the economy, as well as the non
economic impacts descending from such linkages. Among them are 
impacts due to changes in output and input use in sectors other than 
those affected directly by the dam, or changes in relative prices, 

employment and factor wages. 

To illustrate, the hydropower produced from a multipurpose dam 
provides electricity for households in urban and rural areas and for 
increased output of industrial products (e.g., fertilisers, chemicals, 

machinery). Changes in the output of these industrial commodities 
require inputs from other sectors such as steel, energy, chemicals, 
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among others. Similarly, water released from a multipurpose dam 
provides irrigation for increased output of agricultural commodities. 
Changes in the output of these commodities require inputs from other 
sectors such as energy, seeds, fertilisers, etc. Further, increased output 
of some agricultural commodities encourages setting up of food 
processing and other industrial units. Thus, both increased output of 
electricity and irrigation from a dam result in Significant backward 
linkages (i.e., demand for higher input supplies) and forward linkages 
(Le., providing inputs for further processing). 

Increased outputs of industrial and agricultural commodities also 
generate additional wages and incomes for households. Higher incomes 
result in higher consumption of goods and services that, in turn, 
encourage production of various agricultural and industrial 
commodities. Further, changes in output generated by the project may 
affect prices of direct project outputs, inputs, substitutes, complements 
and factors of production. Changes in wages and prices have both 
income and substitution effects on expenditure and saving decisions of 
different owners of factors, which further impacts the demand for 
outputs both within the region and throughout the economy. Induced 
impacts reflect the feedbacks associated with these income and 
expenditure effects, and also include any impacts of changes in 
government revenues and expenditures that resulted from the project. 

The present study thus aims to: 

a. 	 discuss the nature of some key indirect and induced economic, 
distributional and poverty reduction impacts of dam projects, 

b. 	 present the methodologies that are available for their assessment, 

c. 	 apply them to the ex-post evaluation of their magnitude in a few 
case studies, and 

d. 	 identify the most important lessons that can be drawn in relation 
to the relevance of multipliers or other measures of indirect and 
induced impacts for guiding investment decisions on dams. 

The present study should be seen as one of the numerous steps 
that need to be taken to reach the goal of evaluating the full 
development impact of a dam project. The aim here is to highlight the 
relevance of one of the components of a full evaluation of dam projects 
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Methodological Issues 

Ramesh Bhatia and Monica Scatasta 

Given the focus of this study on indirect economic effects and income 

distribution impacts of the dams, the key methodology issues are: 

i. 	 The estimation of multipliers or other measures that reflect 
production-related and consumption-induced indirect effects of 
dams, and the assessment of their regional, inter regional and/or 
national economic impacts. 

Ii. 	 The assessment of income distribution and poverty reduction 
impacts. 

iii. 	 The use of estimates of indirect and induced impacts for ex-ante 
appraisal and ex-post evaluation of dam projects 

Estimation of Multipliers 

As discussed earlier, the direct outputs from a dam generate both inter
industry linkage impacts and consumption-induced impacts on the 
regionaVnational economy. The magnitude of indirect impacts of a dam 
on the regional output and value-added will however, depend on the 
strength of linkages amongst various sectors of the economy. Multiplier 
analysis offers one of the approaches for quantifying the magnitude of 
inter-industry linkages and consumption-induced effects in relation to 
purely direct impacts. 

Multipliers are summary measures that reflect the total effects of a 

project in relation to its direct effects. A multiplier of 1.90, for instance, 
implies that for every 1 dollar of value-added generated directly by the 

project at maturity, another 90 cents are generated in the form of 

indirect or downstream effects. Thus, the multiplier is a ratio of the 
total effects (direct and indirect) of a dam project to its direct effects. 
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Estimation of multiplier requires careful analysis of the direct 
effects. This essentially involves quantification and valuation of major 
outputs of the dam and the assessment of the share of direct effects that 
is attributable to the dam project. 

As shown in Table 2.1, for estimating a project multiplier value for 
a dam (e.g. the Bhakra dam), for the numerator, we need to estimate the 
regional value-added (say for the Punjab state) under 'With Project' 
situation as well as the regional value added under 'Without Project' 
situation. For the denominator, we need to estimate the value added 
from the sectors that are directly affected by the major outputs of the 
dam (namely agricultural output, hydro electricity, water supply etc.). 

Table 2.1 

Values of Variables Required for the Estimation of a Project 


Multiplier of the Bhakra Dam Project, India 


without 
Regional Value-Added with Project minus Regional Value Added 

Definition 
of Project 

Value-Added of Agriculture and Electricity with Project minusMultiplier 
Value-Added of Agriculture and Electricity without Project 

Methodologies for the Estimation of the 
Indirect and Induced Impacts 

A number of analytical tools have been suggested in the literature for 
estimation of multiplier effects (Bell et al., 1982; Hazell and Ramasamy, 
1991 j Haggblade et a1., 1991; Hoffman et a1., 1996, and Aylward et al., 

2001). This section presents a summary review of these methodologies. 
The following are the key methods of multiplier analysis that have been 

considered: 

1. 	 Input-Output [1-0) and Semi-Input Output (S/I-O) Models. 

2. 	 Social Accounting Matrices (SAM) based models, including the 

IMPLAN Models. 

3. 	 Computable General Equilibrium iCGE) Models. 

The analytical tools that can be used to analyse indirect and 
induced impacts of exogenous changes-be these demand shocks, policy 
changes, or the introduction of large projects with potential for such 

'spillover' effects-fall into the broad category of multi-sector models. A 
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continuum of such models exist, differing primarily with respect to 

til their assumptions regarding quantity versus price-responsiveness to 
exogenous shocks, (ii) the focus on income levels versus the inclusion of 
distributive considerations, (iii) their capacity to incorporate factor and 
import substitution possibilities, and (iv) their capacity to accommodate 
policy distortions, specific factor and output market structures, and 
other peculiarities. 

Input-Output Models and Semi Input-Output Models 

The core around which all economy-wide, multi-sector models are built is 
the input-output model pioneered by Leontief (Leontief et aL 1953; 
Leontief, 1970). Input output analysis is a way to trace the flow of 
production among the sectors in the economy, through to final domestic 
or export demand. The essence of input-output analysis is that it captures 
the inter relatedness of production arising through the flow of 
intermediate goods among sectors. The fundamental input-output 
problem is that of a planner who wants to determine the appropriate 
adjustments in economic quantities throughout the economy in order to 
achieve a specific final output (see Hewings, 1985; Dervis et ai., 1982). 

Input-output models are based on an accounting framework that 
records all inter-industry flows (at the level of disaggregation deemed 
relevant by the analyst), final demand by households, the government, 
an investment account and an export account, factor remuneration and 
total imports. Columns in an input-output table record payments from 
the column sector to the rows (other industries, factors, and importsL 
so that their total represents total gross inputs for a sector, while rows 
represent all receipts for a row sector from the columns lother 
industries and all final demand categories), so that their totals represent 

total gross output for the sector. Inter-industry linkages are based on a 
fixed coefficient square Leontief matrix, so that no substitution 

possibilities exist for producers. Similarly, factor remunerations 
represent fixed value-added proportions of total gross output. 

Semi-input-output (S-I/O) models represent a variant of I/O models 
whereby a distinction is made between tradable and non-tradable goods. 

The former are assumed to have an exogenously set domestic level of 
output, so that any change in demand will be reflected in a change in 
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exported quantItIes. In terms of domestic production, therefore, the 

whole brunt of demand shocks are borne by non-tradables. The 

implication of this distinction is that induced, consumption-based 
impacts will reverberate throughout the economy only via adjustments 
in non-tradables and their inter-industry linkages. This characterisation 

is important, in that it refines the representation of the specific regional 
structure of production, reducing the risk of overestimating induced 

impacts that are not felt by regional sectors. 

Input-output and semi-input-output models evaluate indirect and 

induced economic impacts by computing multipliers that reflect the 

impact of a unitary change in one sector's output-due to an exogenous 

unitary change in final demand-onto the output of other sectors, 
income, and employment. Existence of a multiplier depends on drawing 

unused or underused resources into more productive economic activities 
(Haggblade et al., 1991), so that the presence of such underutilised 

resources in the region of interest is crucial for the existence of 
multiplier impacts as estimated by this class of models. Leontief or 
output multipliers only reflect the degree to which industrial sectors are 
linked with each other and the strength of such linkages, but tell us 

nothing about the larger or smaller impact on a regional or national 
economy of increased demand for the output of any of those sectors. To 
do so, further manipulation is needed. Various multipliers have been 
estimated, but the classic examples are the so-called Type I and Type II 

income multipliers, where the first reflects direct and indirect economic 
impacts, while the latter also includes induced effects. 

The main limitation of this set of models is that they assume 

linearity in production and cost-determined prices independent of 

demand. These are fundamentally planning-oriented models, based on 

the assumption that quantities on the supply side of the economy will 

respond to exogenous shocks on the demand side in the absence of any 

supply-side constraint. Supply functions are perfectly elastic (horizontal, 

instead of the more realistic upward-sloping shape reflecting the scarcity 

of one or more inputs), and both output and input prices are unaffected, 

regardless of the size of the exogenous shock. Haggblade et al. (19911 

showed the dampening effect that an upward-sloping supply of non

tradables-lipked either with the labour market or capacity expansion 
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rigidities-can have on multipliers. These considerations are important 
when considering the agricultural or other sectors in developing 
countries, where such rigidities may be significant. Bell and Devarajan 
/1985), showed that the use of shadow prices based on a constant supply 
price of labour may be incorrect for large projects that affect wages. This 
was the case in their application of a semi-input-output model to the 
Muda River Scheme, which proposed the use of semi-input-output 
models as an alternative 'primal' route to social cost-benefit analysis, as 
opposed to the traditional 'dual' route of shadow prices. 

Social Accounting Matrices (SAM) and 
SAM-based Multiplier Analysis 

More recently, another set of linear models have been developed that 
extend the input-output table to include the distribution of income 
among 'institutions' (household categories, firms, the government), to 
better represent their expenditure, and to distinguish between production 
activities and produced commodities. The interest in income distribution 
and the flow of funds among institutions led to the development of a 
more general social accounting framework than the I/O-based 1968 
System of National Accounts (SNAj: the Social Accounting Matrix (SAM) 
(See Pyatt, 1994; 1991a; 1991bi 1985; Pyatt and Round, 1985). 

Its structure can be translated into a set of linear equations with 
fixed coefficients, and used to compute fixed-price multipliers (Pyatt, 
1988). Most of the limitations characteriSing 1/0 models-their demand 
driven nature, lack of price responsiveness, linear inter-sectoral 
interactions and factor use-also affect SAM-based multiplier analyses. 
However, they represent a step forward in that they close the loop 
between factor incomes, their distribution to different endogenous and 
exogenous economic agents, and their expenditure behaviour. 

A Social Accounting Matrix (SAM) is a comprehensive, economy 

wide data framework that represents the circular flow of income and 
expenditure in the economy of a nation or region. Each cell represents a 
payment from a column account to a recipient row account. The SAM is 
a square matrix that explicitly traces the distribution of factor incomes to 
institutions. These institutions generally comprise numerous household 

groups-distinguished on the basis of income, location, etc.-firms and 
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the government. Annex A.2.1 provides some more details on the nature 
and structure of SAMs, and on the characteristics of SAM-based models. 

A crucial distinction between SAM-based multiplier analysis and II 
o models is that SAMs are able to account for the way in which initial 
asset distribution and factor endowments-and therefore, the 
distribution of income among household categories and between them 
and the corporate sector-interact with the structure of production in 
determining final outcomes, particularly for welfare analysis. The key 
raison d'etre for the SAM is that it embodies the fact that within the 
macro-economy there is a circular flow process and that what happens at 
one point on the circuit will have implications for experience at other 
junctures, so that one needs to be equally concerned with all the 
different aspects of technology and behaviour that together describe the 
circular income flow and the connections in the economy. 

Each cell of the SAM can be seen as a 'block' representing sets of 
transactions. As rows and columns total must be equal, expressions 
linking row and column elements with their totals can be used to form 
a system of linear equations that embodies market, behavioural and 
system relationships. The first have to do with the accounts relative to 
goods and factor markets. Behavioural relationships regard the budget 
constraints of economic agents or institutions represented in the SAM. 
Finally, system relationships regard the capital and rest of the world 
accounts, where macroeconomic (internal and external) balances are 
represented. This system can be used to estimate multipliers. 

Multiplier Estimates using SAM-based Models: 
The IMPLAN Models 

IMPLAN Professional® is an economic impact assessment software 
system developed and marketed] by Minnesota IMPLAN Group (MIG). 

IMPLANPro, combined with databases maintained by the Minnesota 

1. 	 Over 500 clients across the country use the IMPLAN model. making the results 
acceptable in inter-agency analysis. The Natural Resources Inventory and Analysis 
(NRIAI) and Social SCiences Institutes (SSI) are supporting usage of IMPLAN 
throughout NRCS. They have provided IMPLAN training and models to each 
NRCS region and purchased all 50 state datasets. Any of over 2.000 county 
models can be obtained from MIG as needed. The IMPLAN software can combine 
any combination of counties and states into one study area. 
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IMPLAN Group, allows the user to develop local level input-output 
models that can estimate the economic impact of new firms moving 
into an area, professional sports teams, recreation and tourism, and 
many more activities. The IMPLAN models are available for all 50 states 

in the US and data for about 2000 counties are available that can be 
combined to estimate multipliers for any region in the country. Any 

research group can develop a complete set of social account matrices; 
develop case-specific multiplier tables; change any component of the 

system (production functions, trade flows, or database) and create 
impact analyses by entering final demand changes. Any user can obtain a 

report for a region that describes the structure of the economy in terms 
of the base year levels of employment, income, and output for all 528 

IMPLAN sectors. The report also provides regional multipliers for 
output, income, other value added, and employment. 

Computable General Equilibrium (CGE) Models 

In a world where policy makers cannot control quantity variables 
directly-as it is implicitly assumed by linear I/O and SAM-based 
models-but rather affect them via the mediation of market incentives, 

one needs to understand how markets respond to different sets of policy 
interventions. CGE models are well suited to this purpose, providing a 
framework where endogenous prices and quantities interact to simulate 
the workings of decentralised markets and autonomous economic 
decision-makers. Following the pioneering efforts of Adelman and 
Robinson (1978) and Taylor et al. (1980), standard CGE models have 
been extensively used to study policy impacts on income distribution, 
growth and structural change in developing economies.2 

A CGE model is a system of simultaneous nonlinear equations 

that provide a complete and consistent picture of the 'circular flow' in 

an economy, capturing all market-based interactions among economic 

agents. 3 Figure A.2.1 in Annex A.2.1 describes the circular flow of 

incomes for a simple open economy. 

2. 	 A concise description of a CGE model for developing countries is in Devarajan at 
al. (1990). Early reviews-Devarajan at al. (1986); Decaluwe and Martens (1988); 
Bandara (1991)-give an idea of the Size of the literature. 

3. 	 See the Annex A.2. 1 for details on the CGE models. 
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Four features distinguish CGE models from Leontief's input
output modeling tradition: 

• 	 Price endogeneity, as opposed to quantity adjustments, to reach 
an equilibrium. 

• 	 Price-responsive input and output substitutability-perfect or 
imperfect-through the use of nonlinear supply and demand 
equations (Robinson, 1989). 

The abandonment of the perfect dichotomy between traded and 
non-traded goods from traditional 110 models. 

• 	 Factor supply constraints, which generate output supply 
constraints. 

Price endogeneity and general equilibrium interactions also set 
CGE models apart from their other major antecedent: economy-wide 
linear programming (LP) models. 

Another relevant characteristic of CGE models is that neoclassical 
assumptions of perfect competition, perfectly functioning markets with 
flexible prices, and free products and factor mobility can be relaxed. 
Hence, they can be used to model special institutional features and 
market distortions-such as imperfectly competitive behaviOur, quantity 
or price adjustment lags, and government interventions on prices or 
quantities. This enables researchers to assess the impacts of policies, 
projects or exogenous shocks in a second-best environment, and to 
compare their outcomes with the outcomes under first-best conditions. 
This feature is important from the point of view of our study in that the 

CGE models enable a comparison of the expected direct and indirect 
impacts of a dam project both in the context of the actual distortions 

present in the regional or national economy in which it operates, as well 
as in an undistorted context that is analogous to that assumed by the 

use of shadow prices for project evaluation. 

Researchers at the International Food Policy Research Institute, 
have developed a standard CGE (LOfgren et al., 200 I), and the paper is 
available on the internet at www.ifpri.org The paper includes an 

equation-by-equation description of the model and of its required 

database. The paper discusses the implementation of the model in 
GAMS (the General Algebraic Modeling System] and is accompanied by 

http:www.ifpri.org
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a self-extracting zip file, which includes the GAMS files for the model, 
sample databases, simulations, solution reports, and a SAM aggregation 
programme. The Annex A.2.1 includes a detailed description of the 
model's structure, based largely on Lofgren et al. (2001). 

Two general approaches exist for incorporating water resources in a 
CGE model, each best suited to study a different set of issues. The first 
approach considers water as a factor of production found in nature. 
Models that follow this approach have been used to study issues such as 
increasing water scarcity and the consequent changes in the scarcity 
value of water, uneven regional water distribution, and water allocation 
based on its scarcity value. Berck et al. (1991) present a CGE model of 
agricultural water use in the San Joaquin Valley, California. Robinson 
and Gelhar (1995) model arable land and water scarcity in Egypt to 
analyse the consequences of creating a water market and of introducing 
charges on agricultural water use. Mukherjee (1996) presents a single 
region CGE model for the Olifants river area in South Africa, to study 
inter-sectoral water allocation and its regional economic impacts. 

A second approach is the one adopted by Decaluwe et aJ. (1997),4 

which considers water as a commodity produced by a regulated 
monopolist, sold on regulated markets at regulated prices, and used 
both as an intermediate input and as a final consumption good. The 
authors build a two-region model that specifies two different water 
production techniques whose parameters vary by region. s To reach an 
equilibrium, the model adjusts the output of the water production 
activities in the two regions, given water prices. This approach can be 
used to study the impacts of water pricing reforms to achieve cost 
recovery, but not to analyse scarcity issues and the value of water as a 

natural resource. 

Choosing the Right Analytical Tool 

From the point of view of the analysis of indirect and induced impacts of 

dam projects, the choice of analytical tool should not always favour the 

4. 	 A similar model. applied to a shared aqUifer situation is Roe and Diao (1994). 

5. 	 Note that the spatial dimension is not meaningfully incorporated in this model as (j) 

there are no water exchanges between the two regions; and (ii) physical distances 
do not give rise to any transportation costs. 
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most sophisticated toot but rather be driven by the assumptions 
regarding the mechanisms through which impacts are transmitted in 
the specific region of interest, and particularly regarding factor mobility. 

When prices are assumed fixed, as in 1/0 models or SAM-based 
multiplier analysis, all adjustments occur through quantity changes. A 
change in demand for a sector's output results in changes in that 
sector's output supply and factor demand. In the absence of supply 
constraints, adjustments occur via impacts on labour or capital 
employment and inter-regional factor migration. The presence of idle 
labour or capacity somewhere in the system-either locally or in other 
regions, if the model is inter-regional-prior to the exogenous shock is 
thus crucial for the existence of quantity-driven multiplier impacts as 
estimated by these models. 

On the other hand, a variable-price model, such as a standard CGE, 
implies the presence of supply constraints, so that for at least one factor 
the aggregate levels of factor employment are fixed. In this case, a 
change in sectoral demand results in relative price changes, thus 
determining substitution effects among inputs and among outputs, with 
factor relocation across sectors in the regional economy. CGE models, 
however, can be flexible enough to incorporate alternative specifications 
of factor mobility and wage differentiation, and have successfully been 
modified to solve as 1/0 models, so that comparisons can be made 
between the welfare impacts under alternative assumptions in this area 
(Hoffman et ai., 1996, Bautista et al., 1999). The greater flexibility of 

CGE models therefore suggests their use whenever possible based on 
data and human resource availability. 

Table 2.2 presents a summary view of various methodologies for 

estimation of multipliers and income distribution impacts along with 
their key assumptions. 

Designing the Experiments and Interpreting the Results 

Many of the outputs of the dam projects are not sold on well
functioning markets, so that their market price-if one even exists

does not reflect their actual value to society. A key issue in this context 
therefore, is the estimation of shadow prices for such outputs. A 
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number of possibilities arise. If the non-marketed output is used as an 
input by one or more beneficiary sectors-as is the case for water stored 
in the reservoir-one can use mathematical programming models of the 
basin or sub-basin to simulate reduced availability of water and their 
impacts, so as to estimate the shadow price of water associated with its 
availability constraint-for each sector and overall in the region or in 
separate river reaches or sub-basins. Often, however, the non-marketed 
output is multi-dimensional, as is the case for flood management, or 
some of the consequences of the presence of a dam will not be captured 
by a simple 'retiring of the waters'. In this case, appropriate proxies for 
the non-marketed impacts will have to be identified in variables whose 
value can be measured and can be changed exogenously to signify the 
introduction of the dam or simulate its absence. 

Particular care has to be taken in designing the 'without dam' 
scenarios. First of all, these cannot be interpreted as full-fledged 
counterfactuals of the 'with dam' case. A CGE model of a region where a 
dam is located will be based on a SAM that replicates the structure of 
the economy, factor distribution, income flows, etc. that have evolved in 
part because of the introduction of the dam project in the past. Path 
dependance is inescapable. Hence, the simple modification of a few 
parameters or exogenous modification of initial variable levels will not 
fully capture the alternative configuration that the region's economy 
would have had, had an alternative development path been chosen. The 
capacity of designing meaningful 'without dam' scenarios is therefore 
crucial in the quality of the insights that such a study is able to provide. 

Defining the Region's Boundary 

In studies on the multiplier effects of dams where a regional perspective 

is considered important, there arises the difficult problem of defining 

the region that surrounds the project or is affected by the project. In 
some cases such as the Aswan, Mahaweli and Bhakra dams, the impacts 
of the project may go beyond the surrounding region and may affect 
incomes and consumption levels in far away regions. For example, in the 

case of the Bhakra dam located in the Punjab state in India, irrigation, 
drinking water and power benefits are available to four other states
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Haryana, Rajasthan, Delhi and Himachal Pradesh. High demand for 
agricultural labour in the Bhakra command areas attract migrant labour 
and the incomes transferred by these labourers to their villages in Bihar 
and eastern Uttar Pradesh result in investments in water and sanitation 
facilities hundreds of miles away. Further, the Bhakra dam contributes 
significantly to meeting the foodgrain requirements of urban poor in 
major cities in India. In the year 2000, these two states provided 17 
million tonnes of wheat and 7 million tonnes of rice to the central pool 
to be distributed through fair price shops to the urban poor. Thus, the 
impact of the surplus foodgrains from the Bhakra Dam are often felt by 
people in areas far away from the location of the dam. 

When analysing a dam project, therefore, the model structure and 
related database should present the appropriate regional characterisation 
so as to incorporate as much of indirect effects as possible. These 
studies will have to be supplemented by other evaluations that might 
have been carried out in other studies (e.g. the impact of the Bhakra 
dam on food prices for the urban poor and the impact of remittances in 
villages in Uttar Pradesh and Bihar). 

Analysis of Income Distribution and Poverty 
Reduction Impacts of Dams 

As shown in Table 2.2, SAM-based models and CGE models explicitly 
take income distribution considerations into account by disaggregating 
households into various income categories. 

In order to carry out a meaningful welfare and poverty impact 
analysis of the consequence of a dam project, it is important to design a 
CGE model so that the groups that stand to lose or gain from the 
project are clearly identified, and that the direct and indirect channels 
through which such gains and losses take place are defined. de Janvry 
and Sadoulet (2001), emphasise the need to characterise clearly the 
specific structure of poverty in the region/country of interest, and 
characterise the sources of income and structure of consumption for the 
rural and urban poor. To evaluate income multiplier effects in 
agriculture, for· example, it is crucial to understand the incidence of off
farm income and the access to labour markets of workers otherwise 
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of variable input. For imports and exports, the c.i.f. or f.o.b. prices are 

adjusted by the shadow price of foreign exchange that reflects the foreign 

exchange premium. The shadow wage rate may be lower than the 

regulated wage rate if the labour comes from a region with relatively 

surplus labour supply. 

The use of shadow prices, instead of market prices for major 

outputs and inputs has significant implications for the estimation and 

use of multipliers for project evaluation. It has been suggested by 

Gittinger that the multiplier analysis is generally not used in project 

analysis because of the difficulty of avoiding double counting of benefits. 
Shadow prices that include carefully traced indirect changes in value

added include the multiplier effects while minimising the danger of 

double counting. According to Gittinger, the stemming-from benefit is a 
form of indirect benefit that accrues to purchasers of project outputs 

that are themselves intermediate products. The direct and indirect 

value-added generated in forward-linked industries would exist, for 
example, if cotton that is produced by an agricultural project would be 

used in existing cotton gins having unused production capacity might 
allow those gins to create additional value-added that would not exist 
without the project. The stemming-from benefits would not normally 

exist where project outputs are traded, since the same stemming-from 
benefit could be had by increasing imports of the intermediate product 
or by diverting exports to local use. 

Two issues need to be resolved. The first is whether the approaches 

currently used by practitioners of project analysis use shadow prices 

such that the direct and indirect effects of the project are incorporated 

in the analysis. The project evaluation literature provides rules for 

deriving shadow prices (that is social scarcities) of all goods and factors, 

which are applied solely to the direct inputs and outputs of a project. 

Do these shadow prices capture all downstream effects, too? For 

example, in the case of the Muda project, "what becomes of the 83 cents 

per dollar that are generated downstream for every dollar of value-added 
generated directly by the project?"? 

7. Belletal.{1982:11l. 
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This issue has been discussed in a number of papers. It has been 
pointed out that "the road to allowing for indirect effects in an L-M 
(Little-Mirrlees) framework is not without pitfalls. Moreover, since Little 
and Mirrlees (1974) do not specify in detail how these effects are to be 
incorporated into the estimation of shadow prices, it is not surprising 
that different interpretations arise" [Bell and Devarajan, 19801. And yet, 
the separate consideration of multiplier impacts has traditionally been 
excluded from social cost-benefit analysis leBA) based on the argument 
that, for the purpose of estimating the welfare changes produced by a 
new project, the use of shadow prices to value project outputs is 
sufficient given certain standard assumptions [see Little and Mirrlees, 
1974, Squire and van der Tak, 1975, Scott, 1976j Ward and Deren, 1991). 

Both in principle and when applied to the stream of direct inputs 
and outputs associated with a project, the shadow prices used in a full 
cost-benefit analysis account fully for all downstream effects because 
they contain, among other things, all the information obtainable from a 
semi-input-output analysis. In practice, however, shadow prices are not 
usually calculated on the basis of such complete information, but are 
derived using the shortcut methods proposed in the standard literature. 
Further, it is stated that "capturing multiplier effects in cost benefit 
analysis requires, in principle, that the estimates of the relevant 
parameters pertain to the region in question. Since developing countries 
are usually regionally heterogeneous and input-output tables are not 
available at the regional level, the cost-benefit analysis usually may not 
capture downstream effects." 

In addition, two of the standard assumptions that are deemed 
sufficient for the comprehensiveness of shadow prices are of particular 
interest, as these are likely to be violated in the case of dam projects in 
developing countries. The first key assumption justifying the exclusion 
of multiplier effects from consideration when assessing societal cost and 
benefits of projects is that shadow prices suffice under full employment 
conditions. When this condition does not hold, as may well be the case 
in a number of agricultural and industrial sectors in developing 
countries where dams are introduced, multiplier (secondary) impacts on 
output, income and employment can indeed be large and should not be 
ignored. In fact the World Bank Operational Manual Statement (May 
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1980) on "Economic Analysis of Projects" does state that where specific 
excess capacities may exist, then the effects of different patterns of 
second-round expenditures out of incomes generated by the projects 
should be allowed for in the estimation of efficiency (economic) prices. 
The Manual, however, does not suggest any methods for this purpose, 

nor does the Handbook on Economic Analysis of Investment 
Operations. 

Even if one assumes full employment, a second assumption behind 
the use of shadow prices for social CBA is for a project not to alter 
currently prevailing relative prices. While contingencies for price 
uncertainties are included in the forecasting of conditions over the life of 
the project, these are not based on any conceptual framework capable of 
tracing the potential impacts of a large project on relative prices in the 
region or country. When a project is expected to have large enough 
impacts so as to affect input or output prices, such a framework is needed 
in order to capture the full range of consequences of the project. In 
addition, as market distortions are progressively eliminated in a growing 
number of developing countries, fluctuations in relative market prices 
have become a more preeminent preoccupation for the determination of 
project viability /Harberge4 1996b; 1996c). In this context, the evaluation 
of large projects with marketed outputs could greatly profit from the use 
of a conceptual framework that is able to trace the response of relative 
prices to exogenous shocks and the adjustments of the regional or 
national economy to relative price changes. Computable general 
equilibrium models are a tool of choice, as they simulate how 

decentralised decision-makers in production and consumption react to 
policy changes or exogenous shocks so that a new equilibrium position is 
reached through the adjustment of relative prices in the context of a 

SAM-based circular flow of income in the economy. 

Thus, when standard assumptions behind traditional CBA 
methods are not valid, these may not fully capture project net benefits. 8 

In addition, even where these assumptions are valid, regional and 

8. 	 In addition. social CBA methods suggested in the literature are seldom followed to 
the letter. as discussed in Little and Mirrlees (1991). Additional references on 
CBA methods and applications are: UNIDO (1972). Sinha and Bhatia (1982) and 
Young (1996; 2001). 



53 METHODOLOGICAL ISSUES 

macroeconomic impacts may have potentially large consequences in 
terms of income distribution, spatial configuration of regional 
development, and non-economic impacts on regions other than the 

project area. These are often of great interest to project developers or to 
the government of the region or country where the project is located. 
While not needed as part of a project's social CBA, these impacts need 
to be adequately evaluated and presented to decision-makers, so that 
they can make an informed decision based on the broader set of 
consequences produced by a project and its alternatives. 

The "WCD Thematic Review on Financial, Economic and 
Distributional Analysis" states the distinction between CBA and 

economic impact analysis, as follows: "Whereas cost-benefit analysis is 
concerned exclusively with comparisons of benefits and costs to society 
created by a dam, economic impact analysis examines the distribution of 
the full range of economic impacts and outcomes that may occur as the 
result of a project, policy or other intervention." (Aylward et a1., 2001). 

The document clearly discusses the nature of indirect [secondary and 
tertiary) economic impact, the methodologies available for their 
assessment, and the ways in which their consideration should be 
integrated in ex-post cost-benefit economic project analysis. 

Its conclusions are that: 

"[ ... ]regional and macroeconomic impacts should be undertaken in 
the following instances: 

• 	 when standard assumptions of full employment of resources are 
not fulfilled; 

• 	 when there is risk that secondary market effects may have 
important negative consequences for the macro economy or 

vulnerable groups and, hence, have implications for 
macroeconomic policy and poverty alleviation; 

• 	 when projects have explicit macroeconomic goals, such as the 
earning of foreign exchange from hydropower exports; or 

• 	 when projects have explicit distributional goals, such as the 
stimulation of regional economic development."9 

9. 	 Aylward (2001). 
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For this purpose the WCD report suggests the use of one or more 

tools, including input-output, social accounting matrix-based, and 
computable general equilibrium models. These are proven, valuable 

techniques for the assessment of indirect and induced impacts of 

projects, policies or exogenous shocks that are not immediately 
apparent-and at times counter intuitive. 

One of the main concerns expressed in the WCD document regards 

the limitations of such models as predictive tools. The WCD report is 

especially concerned with predictive capacities because its focus is on 

ex-ante analysis for project selection. Ex-post analysis is not explicitly 
considered. The use of the above-mentioned analytical tools as' ex-post 

evaluation tools, however, might greatly diminish these concerns. It is 

considered that valuable lessons can be learned by assessing the full 
range of development impacts of dam projects in the context of ex-post 

evaluations, and that ex-post evaluation can be a valuable tool for the 
identification and design of alternatives for new projects, as well as for 

their ex-post assessment. 

A Brief Review of Some of the Past 
Studies on Multipliers 

Having discussed the methodological issues in estimating the direct and 

indirect effects of dams, we present a review of some of the available 
studies in which multipliers have been explicitly estimated. As 

mentioned earlier, there are only a few studies of this sort for developing 

countries. One such study is a comprehensive analysis of the Muda dam 

project in Malaysia. The direct and indirect or downstream effects of the 

Muda dam project have been analysed in a very comprehensive study 

(Bell et al., 1982). Other studies discussed below include 1o: Grand 
Coulee Dam in the Columbia basin, USA, and water re-allocation in the 

Klamath Basin in USA. 

10. 	 There are a number of other studies where multipliers have been estimated but 
these are not for a specific dam project as such. These include. inter alia. Hazell 
and Ramaswamy (1991). Bouhia (2001). Bhalla et al. (1990). 
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Multiplier Analysis for the Muda Dam in Malaysia 

The Muda project in the northern peninsula of Malaysia was designed 
to bring around 100,000 hectares of paddy land under double-cropping to 
achieve food self-sufficiency in the country. The project that includes 
Muda and Pedu dams and their reservoirs (with a storage capacity of 
about 800,000 acre-feet) and two main canals and distribution systems, 
was fully operational by 1974. By 1974 total outlays on the capital 
account had reached Malaysian (M) $270 million, of which about M$100 
million was financed by a loan from the World Bank to cover the 
project's direct foreign exchange cost. 

In the case of the Muda damll, a multiplier of 1.83 was estimated, 
showing that for every one dollar of value-added generated directly by the 
project at maturity, another 83 cents were ·generated in the form of 
indirect or downstream effects. It was estimated that, in the aggregate, 
the project induced an increase of M$110 million in regional value
added. Of this, M$60 was due to the increase in paddy output and M$50 
million was due to indirect or downstream effects. Indirect or 
downstream effects are further disaggregated into two components: 
Ii) production linkages between agriculture and the rest of the economy, 
and (ii) consumers expenditure linkages. For the Muda project in 
Malaysia, it was further estimated that for every dollar of value added 
generated directly by the project, only 33 cents of the additional 
indirectly generated value-added descended from operation of production 
linkages, compared with 83 cents when both production and 
expenditure linkages are allowed for.12 This shows that induced 
consumption (incomel impacts need to be considered as these 
represented 50 out of the 83 cents of indirect impacts. Table 2.3 

11. 	 According to the analysis of sources of change using SAM models, the Muda 
project accounted for 56 per cent of the total increase in regional gross output (of 

. 	M$I99 million) between 1967 and 1974. The project accounted for 48 per cent of 
the total increase in regional net value added. 

12. 	 See Bell et al. (1982: 179). The authors conclude that "In the case of this project, 
then. the omission of consumers' expenditure linkages. which interact with the 
system's interindustry linkages, would lead to a gross underestimate of the 
project's downstream effects. Further, the study also estimates the effect of the 
project on distribution of incomes in the region and outSide the region. It was 
estimated that the project accounted for about 80 per cent of the increase in the 
real incomes of paddy farmers and 129 per cent increase in the real incomes of 
landless paddy farm workers." 
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GeD had generated revenues equivalent to over US$2.9 billion (in 
nominal dollars). 

The case study also cites the estimates of capital gains termed as 
"assessable assets" that have resulted from the implementation of the 
eBp. One such benefit of the eBP is its effect on land value, which has 
substantial local benefits. For the total area currently receiving eBP 
water (276,500 hal, this represents an aggregated increased value of 
US$574 million (in 1998 prices). 

Multiplier Analysis for Water Reallocation 
in Klamath Project, USA 

In a recent study on the impact of water re-allocation, it was estimated 
that reduced water deliveries to agricultural operations in the Klamath 
Project-the so-called Klamath Irrigation Project Operations Plan 
(KPOP)-which was prompted by drought and endangered fish 
protection, may have significant economic impact on agriculture and the 
regional economy of the Upper Klamath Basin (Oregon State University, 
2001). Based on a three-county IMPLAN model, it was estimated that 
the KPOP can be expected to reduce agricultural output by 30 per cent 
in the short run. The direct impact on output from the Klamath 
Irrigation Project (KIP) on agriculture and associated processing was 
estimated at US$95 million, and farmers are expected to lose about $46 
million in income. 

The impact will be felt in other sectors of the economy because of 
the economic interrelationships between sectors. The KPOP is expected 
to generate US$22 million in indirect output reductions for industries 
that supply the directly affected sectors, and a US$17 million reduction 
in spending by local households employed in the directly and indirectly 
affected sectors. Overall, the KPOP is thUs expected to reduce output by 
US$134 million and incomes by US$68 million, costing the Klamath 
Basin more than 2,000 jobs, about 3.5 per cent of its total. The expected 
multiplier effects (short run, for one year! of reduced water supplies for 
irrigation under the KPOP are shown in Table 2.4. 

444 H 
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Thble 2.4 

Estimated Values for Multiplier Effects of Reduced 

Water Supplies for Irrigation :in the Klamath Basin 


Definition 

Direct Production Direyt Production Consumption 
Effects + Linked ln4iIect Effectj! + Linked + ImIuced 

Effec.:t;s Imlir. EffeCts Effects 

(Direct Effects) . 	 (Direct ElIects J 

Incoxpeor 
Value-Added 
Multiplier 

46+12 	 46+1.2+:10 
- ...........--"'1.5
(Million U$$) 46 4fi 

Output 
Multiplier 

95+22. 	 95+:~+17 
-.. -.-- ~ 1.•2_(Million US$1 95 96 

Employment 
Multiplier 

135_6+430 	 13$6 + 430 + 27:0
--.......;...-=1.3 	 1.5


(No. of Jobs) 1356 	 1356 

Notes: 	 The figures are for reductions in income, output and employment and show direct, indirect 
and induced (by consumption reduction, effects of reduced water deliveries to agricultural 
operations in the dry year, 200 l. 

Source: Oregon State University (2001, 
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be translated into a set of accounting relationships. For endogenous 
accounts, total income [its row sum) is equal to the sum of products of 

An' the square matrix of (fixed) average propensities to consume, and y n' 

the vector of endogenous incomes, plus the vector of total exogenous 

incomes x: 

Y An Yn + x 

The SAM Multiplier Matrix M. can thus be derived as follows: 

Y = [I - AJI x = MaX 

Each cell of the multiplier matrix indicates the total (direct and 

indirect) income change in the endogenous row account income induced 
by an exogenous unit-income injection in the column account, thus 
capturing both the Leontief production linkages and the consumption 

linkages induced by changes in production activities through their effect 
on household incomes. Pyatt and Round (1985) show how the 
accounting multiplier matrix that can be derived from a SAM can be 
decomposed into three matrices, 14 one summarising the effects of 

transfers among endogenous institutions within the economy, one 
showing the cross effects of the multiplier process, i.e. how injections 
into one part of the system impacts other parts or lopen-Ioop effects', 
linked with the class of models that traces impacts of exogenous 
changes in income distribution on output & employment, with no 
allowance for effects in the reverse direction, and finally, one matrix 
recording the full circular effects of income injection going round the 
system and back to a point of origin in a series of repeated, dampening 
cycles. 

It is important to note that these accounting matrices only capture 

the average effects of changes in injections into the economy on levels of 

endogenous incomes, but say nothing of behaviour at the margins. 

Multipliers, can, therefore be read as income impacts of exogenous 

changes only if one assumes all income eIastici ties to. be, equal to one. 

Even in the context of a fixed-price analysiS-; one may say something 

about this, but the above analysis needs to be integrated to consider 

14. Pyatt and Round (1985) derive both a multiplicative and an additive form for their 
combination into the final multiplier matrix. The additive form is derived by Stone 
(1985). 

t • 
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how agents respond to changes at the margins. By complementing the 
SAM with information on income elasticities, the accounting multiplier 
matrix can be transformed into a fixed price multiplier matrix that 
accounts for the fact that increments of income will likely not be 
distributed in same proportions as the shares observed in the SAM. 

. Fixed-price multipliers, however, are still just one step ahead of 
simple accounting multipliers. Most of the limitations characterising II 
o models-their demand driven nature, lack of price responsiveness, 
linear inter-sectoral interactions and factor use-also affect SAM-based 
multiplier analyses. However, they represent a step forward in that they 
close the loop between factor incomes, their distribution to different 
endogenous and exogenous economic agents, and their expenditure 
behaviour. 

The next step requires the consideration of flexible prices and the 
substitution behaviours that are induced by them. 

Figure A.2.t 

The Circular Flow of Income in an Open Economy 
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Computable General Equilibrium (CGE) Models 

A CGE model is a system of simultaneous nonlinear equations that 
provide a complete and consistent picture of the 'circular flow' in an 
economy, capturing all market-based interactions amongst economic 
agents. Figure A.2.1 describes the circular flow of incomes for a simple 
open economy. IS The behavioural assumptions determining agents' 
decisions stem from conventional microeconomic theory:16 Producers 
buy factors of production from households and sell output on product 
markets to maximise profit, subject to technological constraints 
embodied in the production function; consumers maximise utility from 
consumption, subject to budget constraints. 

Four features distinguish CGE models from their principal 
precursor, Leontief's input-output modeling tradition: 

• 	 Price endogeneity, as opposed to quantity adjustments, to reach 
an equilibrium. 

• 	 Price-responsive input and output substitutability-perfect or 
imperfect-through the use of nonlinear supply and demand 
equations (Robinson, 1989). 

• 	 The adoption of the so-called "Armington assumption" in terms 
of product tradability, whereby tradability is seen as a continuum 
where all goods are more or less tradable depending on a 
substitution elasticity (Armington, 1969), and therefore, the 
abandonment of the perfect dichotomy between traded and non
traded goods from traditional 110 models. 

• 	 Factor supply constraints, which generate output supply 
constraints. 

Price endogeneity and general equilibrium interactions also set 
CGE models l 

? apart from their other major antecedent: economy-wide 

15. 	 For each arrow, an arrow in the opposite direction indicating real flows exists, as 
CGE models require consistency between real and nominal flows. 

16. 	 This feature sets CGE models apart from macro econometric models. These 
generally consist of reduced form equations containing a few endogenous macro 
variables and failing to adequately represent agents' behaviour. 

17. 	 This is true of general equilibrium models in general, whether they are computable 
or not. 
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linear programming (LP) models. IS In an L~ the weights in the objective 
function are given and a solution output vector is obtained by 'solving' 
the productive sphere of the economy alone. 19 The final demand vector 
is not linked to the factor incomes implicit in the solution, and there is, 
therefore, no feedback mechanism requiring an adjustment in prices. 
CGE models, on the other hand, include this basic feedback. Prices 
must endogenously adjust until the decisions made in the productive 
sphere are consistent with the final demand decisions made by 
households, whose incomes are endogenously determined by the 
equilibrium on factor markets. Equilibrium is reached through the 
interaction of independent decisions made by optimising economic 
agents, who react to the working of market-clearing mechanisms in 
prQduct and factor markets. 

Another relevant characteristic of. CGE models is that neoclassical 
assumptions of perfect competition, perfectly functioning markets with 
flexible prices, and products and factor mobility can be relaxed. 
Hence, they can be used to model special institutional features and 
market distortions-':'such as imperfectly competitive behaviour, quantity 
or price adjustment lags, and government interventions on prices or 
quantities. This enables researchers to assess the impacts of policies, 
projects or exogenous shocks in a second-best environment, and to 
compare their outcomes with the outcomes under first-best conditions. 
This feature is important from the point of view of our study in that the 
CGE models would enable us to compare the expected direct and 
indirect impacts of a dam project both in the context of the actual 
distortions present in the regional or national economy in which it 

operates, as well as in an undistorted context that is analogous to that 

assumed by the use of shadow prices for project evaluation. 

Researchers of the International Food Policy Research Institute 
(Lofgren et al., 2001), have developed a standard CGE model, which is 

18. 	 For a discussion of the relationship between linear programming and CGE 
models see Dervis e/ al .. 1982; Ginsburg and Waelbrock (1981); and Ginsburgh 
and Robinson (1984), which refers specifically to CGE models of developing 
countries. 

19. 	 Here it is assumed tbe LP optimises from the perspective of the firm by either 
maximising profit or minimising costs. 

http:alone.19
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available on the internet at www-ifpri.org The paper includes an 
equation-by-equation description of the model and of its required 
database. The paper also discusses the implementation of the model in 
GAMS (the General Algebraic Modeling System20 ) and is accompanied by 
a self-extracting zip file, which includes the GAMS files for the model, 
sample databases, simulations, solution reports, and a SAM aggregation 
programme. Although the paper provides a standardised framework for 
analysis, the GAMS code is written so as to give the analyst consider
able flexibility in model specificationY The following description closely 
follows that of Lofgren et al. (2001). 

The standard model is based on the SAM presented above in Table 
A.2.1 In addition to the distinction between commodities and activities 
discussed in the previous section, the following characteristics of the 
SAM are worth mentioning. 

1. 	 Trade flows are explicitly associated with transactions (trade and 
transportation) costs, also referred to as marketing margins. For 
each commodity, the SAM records the costs associated with 
domestic, import, and export marketing. For domestic output, 
the marketing margin represents the cost of moving the 
commodity from the producer to the domestic demander. For 
imports, it represents the cost of moving the commodity from the 
border to the domestic demander, while for exports, it shows the 
cost of moving the commodity from the producer to the border. A 
services activity, called transportation, produces a commodity 
that, like other commodities, may be purchased for intermediate 
use by activities and final use by institutions. However, in 
addition, the transportation commodity receives payments from 
three special accounts, representing the transactions costs 

20. 	 See Brooke et al. (1988). 

21. 	 Brooke et al. (1998) is the basic reference on the GAMS software; it also includes 
a self-contained tutorial. The baSics of GAMS-based CGE modeling are 
summarised in Robinson et al. (1999). LOfgren (2000a. 2000b) presents a set of 
exercises in CGE modeling with GAMS. Extensive treatments of CGE methods 
are found in Dervis et al. (1982); Robinson (1989); Shoven and Whalley (1992); 
Dixon. Parmenter. Powell and Wilcoxen (1992); and Ginsburgh and Keyzer (1997). 
References to and examples of CGE based analyses of food policy in developing 
countries are found in the section of the Trade and Macroeconomics Division on 
IFPRl's website (www.ifpri.org). 

http:www.ifpri.org
http:www-ifpri.org
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In the latter case, the model incorporates sectoral wage discrepancies 
that stem from exogenous causes [e.g., status, comfort, or health risks). 

The user can choose between alternative factor market closures. i1) 
The default closure (Kaldorian22 ). Quantity supplied of each factor is 
fixed at the observed level, and an economy-wide wage variable adjusts to 
assure that the sum of demands from all activities equal the quantity 
supplied. Each activity pays an activity-specific wage that is the product 
of the economy-wide wage and an activity-specific wage distortion term, 
which are fixed. (2) The Keynesian closure. One factor is unemployed 
and its real wage is fixed. Compared to the default closure, the only 
change is that the economy-wide wage variable is exogenous, while the 
supply variable varies endogenously. Each activity is free to hire any 
desired quantity at its fixed, activity-specific wage (which, implicitly, is 
indexed to the model numeraire). In this setting, the supply variable is 
superfluous; it merely records the total quantity demanded. (3) 

Segmented factor markets. The factor market is segmented and each 
activity is forced to hire the observed, base-year quantity-the factor is 
activity-specific. This closure may be preferred in short-run analysis and! 
or when there are significant quality differences between the units of a 
factor that are used in different activities. The quantities of activity
specific factor demands and the economy-wide wage are fixed, while the 
activity-specific wage terms and the supply variables vary. 

Institutions 

Institutions are represented by households, enterprises, the 

government, and the rest of the world. The households (disaggregated as 

in the SAM) receive income from the factors of production directly, or 
indirectly via the enterprises, and transfers from other institutions. The 
households use their income to pay direct taxes, save, consume, and 

make transfers to other institutions. In the basic model version, direct 
taxes and transfers to other domestic institutions are defined as fixed 
shares of household income whereas the savings share is flexible for 
selected households. The treatment of direct tax and savings shares is 

related to the choice of closure rule for the government and savings

22. Bandara (1991) 
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investment balances. The income net of taxes, savings, and transfers to 
other institutions is spent on consumption. 

Household consumption covers marketed commodities, purchased 
at market prices that include commodity taxes and transactions costs, 

and home commodities, which are valued at activity-specific producer 
prices.23 Household consumption is allocated across different 

commodities according to Linear Expenditure System ILESj demand 
functions. Other demand functions can be used (CES, AIDS, etc.) 

Enterprise factor income reflects ownership of capital and/or land, 

and may receive transfers from other institutions. They use their incomes 
for direct taxes, savings, and transfers to other institutions, but do not 
consume. Apart from this, payments to and from firms are modeled in 

the same way as the same payments to and from households. 

The government collects taxes and receives transfers from other 
institutions. In the basic model version, all taxes are at fixed ad valorem 
rates. The government uses this income to purchase commodities for its 
consumption and for Cpr-indexed transfers to other institutions. In the 

basic model version, government consumption is fixed in real (quantity) 

terms whereas government transfers to domestic institutions (households 
and enterprises) are CPI-indexed. Government savings (the difference 
between government income and spending) is a flexible residual. 

Finally, transfer payments between the rest of the world and 
domestic institutions and factors are all fixed in foreign currency. 
Commodity trade with the rest of the world is discussed in the 
following section. Foreign savings lor the current account deficit) is the 
difference between foreign currency spending and receipts. 

Commodity Markets 

Domestic output may be sold in the market or consumed at home. For 

marketed output, aggregated domestic output for each commodity is 

computed as the composite output of different activities that produce 

23. 	 In the standard SAM. home consumption is only disaggregated by activity and 
household, not by commodity, activity. and household. When households consume 
out of activities that produce multiple outputs. non·SAM data is needed to allocate 
home consumption across the commodities produced by multiple·output activities. 

http:prices.23
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the commodity. These outputs are imperfectly substitutable, for 
example as a result of differences in timing, quality, and location 
between different activities. A Constant-Elasticity-of-Substitution (CES) 
is used as aggregation function. The demand for the output of each 
activity is derived from the problem of minimising the cost of supplying 
a given quantity of aggregated output subject to this CES function. 
Activity-specific commodity prices serve the role of clearing the implicit 
market for each disaggregated commodity. 

The separation of activities and commodities into two accounts 
also provides the data needed to model imports and exports as perfect or 
imperfect substitutes vis-a.-vis domestic production. At the disaggregated 
commodity level, these assumptions allow for two-way trade, which 
commonly is observed even at very fine levels of disaggregation 

The Armington assumption treats imports (M) and demand for 
domestically produced goods (DCJ, having the same sectoral (commodity) 
classification, as differentiated goods whose demand is characterised by a 
specified elasticity of substitution. On the production side, this 
specification introduces an elasticity of transformation between goods 
supplied to domestic markets (DA) and those for the export market (E) by 
each sector (activity). This differentiation on both the export and import 
side introduces a degree of autonomy of the domestic price system from 
changes in world prices of imports and exports and from exogenous or 
policy-induced changes in the exchange rate. 

Under the small country assumption, i.e., the country's imports 
have an infinitely elastic world supply and its exports have an infinitely 
elastic world demand, world prices of imports pwm and of exports PWE 
are exogenously determined. The domestic prices of imported and 
exported products are given by:24 

PM; = pwmi (1+ tm i) EXR 

PE; = pwei (1 - te i) EXR 

respectively, where EXR is the exchange rate (in domestic currency per 
unit of foreign currency), and tm and te are the implicit tariff and export 

24. The notation that follows is from Bautista et a/. (1999). 
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tax rates that account for legal tariffs and export taxes, as well as any 
quantitative trade restrictions and direct price controls that affect the 
disparity between the domestic and border prices of traded goods. 

When this simplifying assumption is relaxed, consumer face 
commodities that are composite goods Q, whose demand is a constant 
elasticity of substitution (CES) aggregation function of M and D, with a 
substitution elasticity s. Consumers maximise utility, which in the 
model is the same as maximising consumption Q, so that the desired 

ratio between M and D is a function of their relative prices. In multi
sector models utility maximisation takes place at two levels: (il to 
allocate expenditure among goods, and (ii) to decide optimal import 
ratios. Similarly, producers provide a composite commodity X that is a 
constant elasticity transformation (CET) function of E and D and 
maximise profits so that their desired ratio is a function of their relative 
prices. 

(M i I DC i) = CES*(PM ilPDC i) 

(E i IDA iJ CET* (PE ilPDA i) 

Where CES* and CET* refer to the first-order conditions for utility 
maximisation and profit maximisation. 

Sectoral composite good prices are the weighted averages of the 
domestic prices of their component products: 

PQ i = (PDC i • DC i + PM i • M i) I Q i = CES (PDC i PM i) andI 

PX i (PDA i • DA i + PE i·E i) I Xi = CET (PDA i , PE i) and 

where the CES and CET functions refer to cost functions relating 
the composite prices to their component prices. They reflect the first
order conditions described above. 

This model specification determines the role of the exchange rate 
in achieving equilibrium, as it turns it into a well-defined relative price. 

The model specifies a functional relationship between the balance of 
trade and the real exchange rate-Le., the relative price of tradable and 
semi-tradables-which is one of the crucial mechanisms that drive how 

external shocks and policies affect the real side of the economy in the 
model. 
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Note that the model code makes it possible to treat selected 

imports as separate, 'non-comparable' commodities that have no 

corresponding domestically produced good. In the commodity rows, 
such import commodities receive payments from one or more domestic 

users. In the columns, these payments would be passed on to the 

accounts for the rest of the world, import marketing margins, and 

relevant taxes. The columns for this category of imports do not have any 

payments to domestic activities. 

Macro Closures 

The model includes three macroeconomic balances: (i) the (current) 
government balance, (ii) the current account of the balance of payments, 

which includes the trade balance, and (iii) the savings-investment 

balance. In the GAMS code, the user has the option to choose among a 

relatively large number of pre-programmed alternative closure rules for 

these balances. 

For the government balance, the default closure sets government 
savings as a flexible residual, while all tax rates are fixed. Under two 
alternative government closures, the direct tax rates of domestic 
institutions (households and enterprises) are adjusted endogenously to 
generate a fixed level of government savings. The first of these 
alternative closures, adjusts endogenously the base-year direct tax rates 
of selected domestic non-government institutions by the same number 
of percentage points. In the second, the rates of selected institutions are 

multiplied by a flexible scalar. All three government closures fix 

government consumption, either in real terms or as a share of nominal 

absorption (depending on the treatment of the savings-investment 

balance). The standard model does not specify a closure where 

government savings and direct tax rates are both fixed and government 

consumption is the adjusting variable, but this is indeed possible and 

can be programmed. 

The external balance is expressed in foreign currency. The default 

closure has a flexible endogenous real exchange rate, while foreign 

savings (the current account deficit) is fixed. Given that all other items 

in the external balance (transfers between the rest of the world and 
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domestic institutions) are fixed, the trade balance is also fixed. If, 
ceteris paribus, foreign savings are below the exogenous level, a 
depreciation of the real exchange rate would correct this situation by 
simultaneously Ii) reducing spending on imports (a fall in import 

quantities at fixed world prices); and Iii) increasing earnings from 
exports (an increase in export quantities at fixed world prices). An 
alternative closure imposes a fixed real exchange rate (indexed to the 
model numeraire), while foreign savings (and the trade balance) are 
flexible. 25 

For the savings-investment balance, closures are either investment
driven (the value of savings adjusts) or savings-driven (the value of 
investment adjusts).26 The default closure is investment-driven. Real 

investment quantities are fixed and savings adjust to equal the cost of 
the investment bundle. In the default closure, the base-year savings 
rates of selected non-government institutions are adjusted by the same 
number of percentage points. An investment-driven alternative differs 
from the default in that the rates of selected institutions are multiplied 
by a scalar. Again, government consumption and savings arc kept 
constant, so that the brunt of the adjustment falls on household 
absorption. Another alternative is savings-driven. All non-government 
savings rates are fixed. The quantity of each commodity in the 
investment bundle is multiplied by a flexible scalar so as to assure that 
the investment cost will be equal to the savings value. 

Finally, two "balanced" closures arc possible, which may be viewed 
as variants of investment-driven closures that also impose an 
adjustment rule for government consumption. Under these, 
adjustments in absorption are spread across all of its components. The 
nominal absorption shares of investment and government consumption 
are fixed at base levels, while in previous closures, government 

consumption is fixed in real terms. Given this specification, the 
residual share for household consumption is also fixed. For the first 
balanced closure, the savings rates of selected institutions are adjusted 

25. 	 See Devarajan et al. (1994). 

26. 	 Bandara (1991) terms these the Johansen closure and the Classical closure. 
respectively. 

http:adjusts).26
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"snapshot" embodied in the SAM is not possible using standard 

CGE models. 

• 	 The capacity to introduce upper and lower bounds on relevant 
variables, permitting the simulation of policies that set targets or 

introduce some form of rationing. 

Two general approaches exist for incorporating water resources in a 
CGE model, each best suited to study a different set of issues. The first 
approach considers water as a factor of production found in nature. Its 
existing examples follow the CGE-MC specification, extending standard 

CGE models by nesting into their structure an activity analysis 
representation of water and land use by agricultural sectors. Land and 
water are available in fixed amounts. Their demands are combined 

according to fixed coefficients into the demand for a water/land aggregate 
factor, which is in turn combined with labour and capital to generate 

value-added. The price of the land/water aggregate is a linear 
combination of land and water prices, which at equilibrium equal the 
shadow prices on the inequality constraints on water and land 
availability. 

Models that follow this approach have been used to study issues 
such as increasing water scarcity and the consequent changes in the 
scarcity value of water, uneven regional water distribution, and water 
allocation based on its scarcity value. Berck et al. (1991) present a CGE 
model of agricultural water use in the San Joaquin Valley, California. 
Robinson and Gelhar [1995) model arable land and water scarcity in 

Egypt to analyse the consequences of creating a water market and of 
introducing charges on agricultural water use. Mukherjee (1996 J 

presents a single region CGE model for the Olifants river area in South 
Africa, to study inter-sectoral water allocation and its regional economic 
impacts. In these models, water services are not considered as a 

produced commodity, and this approach is therefore, not ideally suited 

to study cost recovery issues for water service provision. 

A second approach is the one adopted by Decaluwe et al. (1997), 28 

which consider water as a commodity produced by a regulated 

monopolist, sold on regulated markets at regulated prices, and used 

28. A similar model. applied to a shared aqUifer situation is Roe and Diao. (1994). 
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both as an intermediate input and as a final consumption good. The 
authors build a two-region model that specifies two different water 
production techniques whose parameters vary by region.29 To reach an 
equilibrium, the model adjusts the output of the water production 
activities in the two regions, given water prices. This approach can be 
used to study the impacts of water pricing reforms to achieve cost 
recovery, but not to analyse scarcity issues and the value of water as a 
natural resource. 

The second innovative path that CGE models are follOWing 
involves the creation of multi-region CGE models, where space is 
explicitly considered and the regions of interest are at a sub-national 
level. Multi-region models should be chosen over standard national CGE 
models when the regional impacts of changes in policies and exogenous 
shocks are expected to be significantly different from the regional 
average. On the other hand, even if the main focus of the analysis is a 
single sub-national region-such as·a river basin-multi-region models 
are to be preferred to single region models because the latter do not 
capture relevant inter-regional and regional-national feedbacks. 

Despite the widespread use of regionally disaggregated (within 
country or multi-country) input-output and CGE models,ao only a few 
recent examples are really able to deal with geographical space.31 These 
models explicitly represent the existence of physical distances between 
regions and the restrictions they impose on trade and other flows, 
focusing primarily on transportation costs. LOfgren and Robinson (1999) 
represent an economy as a spatial [node-linkJ network and combine the 
explicit treatment of space with the CGE-MC formulation discussed 
above to enable endogenous trade regime shifts, linking this model to 
the spatial equilibrium tradition.32 These advancements can greatly 
improve the application of CGE modeling tools to the analysis of water 

resource use and management, as they make it possible to model the 

29. 	 Note that the spatial dimension is not meaningfully in'corporated in this model as (j) 
there are no water exchanges between the two regions; and (ij) physical distances 
do not give rise to any transportation costs. 

30. 	 For a review. see Partridge and Rickman. (1998). 

31. 	 Buckley. (1992); Wigle. (1992); Elbers, (l995); Lofgren and Robinson, (1999). 

32. 	 The seminal paper is Takayama and Judge, (1964). 

http:tradition.32
http:space.31
http:region.29
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consequences of the mobile nature of water, such as the changes in the 
quality of the resource as it moves through a basin or the transaction 
costs associated with transfers between users located in different 
regions. 

Data Requirements: How to Build a SAM 

To build a SAM, one should start from building a balanced aggregate 
macro-SAM that provides the key control totals that can then be used to 
help balance the disaggregated micro-SAM needed for the analysis. The 
basis for the aggregated macro-SAM are data from the current account of 
the balance of payments, the national accounts, the government budget 
and wage statistics. The more disaggregated micro-SAM requires the 
existence of an input-output table for the region of interest-or the use 
of the 110 table for a region whose structure of inter-industry linkages is 
assumed to be sufficiently close to that of the region in question. This 
information is then integrated with a number of other scattered data 
sources. There exist cases where SAMs have been built in the absence of 
110 tables, a recent example exists for Mozambique (Arndt et a1., 1998) 

IFPRl's Trade and Macroeconomics Division's web page 
(www.ifpri.org-click on Res~arch, then Research Divisions, then Trade 
and Macroeconomics, then Divisional Output, then Discussion Papers) 
presents a number of studies, downloadable in Acrobat format, that 
describe data sources and methods that were followed to build SAMs in 
a number of countries, often with very sparse data. Modelers for the 
various case studies can refer to this literature, which is presented in a 

separate section of the references below. 

In addition to a balanced micro-SAM at the appropriate 
disaggregation level, a CGE model requires the use of estimated values 

or "guesstimates" of a number of price elasticities, income elasticities 
and elasticities of substitution and of transformation, depending on the 
functional forms chosen for production and input demand functions, 
the aggregation of domestically produced and imported commodities, the 
aggregation of products for domestic and export markets, and 

commoditY demand functions. 

www.ifpri.org-click
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The GAMS programme found as part of the standard CGE model 
at www-ifpri.com checks that the SAM that is entered is balanced, i.e., 
that for each account, the row and column totals are equal. If the 
absolute value of the sum of account imbalances exceeds a cutoff point, 
an optimisation programme is used to estimate a balanced SAM. The 
programme, which minimises the entropy distance of the cells of the 
estimated SAM from those of the initial SAM subject to the constraint 
that row and column totals are equal, is primarily intended to remove 
rounding errors. 

For SAM cstimation in GAMS in a setting with substantial 
imbalances in raw data (not only rounding errors), see Robinson and El
Said (2000) and Robinson, Cattaneo, and El-Said (2001). Their approach 
applies information theory to estimating a system of nonlinear 
simultaneous equations. A number of characteristics make it 
appropriate for use in this setting. 

First, it imposes all general equilibrium constraints. Second, it 
permits incorporation of prior information on parameter values. Third, 
it can be applied in sparse data situations. Finally, it supplies measures 
of the capacity of the model to reproduce the historical record and the 
statistical significance of parameter estimates. The method is applied to 
estimating a CGE model of Mozambique. These sources emphasise that 
any good source of data should be brought to bear in defining the 
constraints that are used to balance the SAM. 

http:www-ifpri.com




Comparative Analysis of 
Results of the Four 
Case Studies 
Ramesh Bhatia, R.P.S. Malik. 
and Rita Cestti 

The Four Case Studies: An Overview 

As discussed earlier, four case studies were undertaken as part of this 
study with the common objective of estimating the indirect economic 
impacts of dams. While the broad methodological framework has been 
discussed in Chapter II, the finer details of the methodology followed in 
each case study and the estimated results obtained are discussed in 
detail in Chapters VI to IX. This Chapter gives an overview of the 
comparative results of the four case studies. However, before we proceed 
to present comparative results on value added multipliers and the 
income distribution aspects of these dams, we give below a brief 
description of each of the four dams. 

Bhakra Multipurpose Dam System, India 

The Bhakra dam system in the northern part of India has contributed 
significantly to increases in the output of agricultural commodities and 
electricity over the last 45 years or so. Additional gross irrigated area has 
been of the order of 7.1 million hectares per year. The total foodgrain 

production in the Bhakra system command area during the year 1996-97 
was of the order of 27 million tonnes, an additional output of about 24 

million tonnes compared to the food output in the early 1960s. The 

hydro power stations installed in the Bhakra system have a combined 
generating capacity of 2880 MW; which currently generate about 14000 
million units (kWh) of electricity in a year. These increases have 
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regional value added under 'With Project' situation and 'Without 
Project' situation and comparing these with differences in direct value 
added under the two situations. The income distribution impacts of the 
dams have been analysed for the households having land (various size 

groups) as compared to landless households. 

The High Dam at Aswan, Egypt 

Agriculture is a major source of income and economic activity in Egypt. 
According to 1992 government estimates, 57 per cent of the country's 40 
million population was involved in agriculture, accounting for 31 per 
cent of total GNP and 50 cent of all exports. The building of the Aswan 
Dam has spurred urban growth, but the water shortage problem 
remains. The city of Aswan is a good illustration of the impact of 
urbanisation on the water source. As a result of the dam, the population 
of Aswan City grew from 63,000 in 1960 to 128,000 in 1966, and to 
144,000 in 1976. In the period from 1957 to 1961, there was an 
employment surge from 2.9 thousand to 5.7 thousand and the value of 
production also quadrupled from L.E. 3.5 million to L.E. 14.0 million. 

For the Aswan High Dam, a static CGE model has been used to 
simulate Egypt's economy with and without the High Dam at Aswan, 
drawing on an existing model and a review of the literature of cost
benefit analyses of the dam. For purposes of comparison, the impacts 
are also simulated with the model run in a fixed-price multiplier mode 
(replicating a SAM multiplier analysis). The database relies on a Social 
Accounting Matrix for 1997. The effects of the dam have been analysed 
comparing the current situation of reliable, constant water flow out of 
the dam with hydrological data regarding the natural flows of the Nile in 
its absence. Under these two scenarios, the model simulates: changes in 
the supplies of irrigated land and water; changes in yields and 
production technology; and changes in the supplies of electric power. 
The benefits that can be attributed to the dam have been compared with 
the real costs associated with the investment. This analysis captures 
the main effects, both costs and benefits, of the dam during a typical 
year during its lifetime. The indicators, capturing the effects, include 
production, trade, as well as disaggregated household incomes and their 
distribution. 

'" tiff; 'f ;; 
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Sobradinho Dam and the Cascade of 
Reservoirs in the Sub-Medio Sao 
Francisco River, Brazil 

The Sao Francisco river is the largest river of Brazil's Northeast region, 
indeed the longest of all Brazilian rivers. It is also one of the few 
permanent rivers in a region characterised by spatially and temporally 
irregular rainfall patterns, high average temperatures, strong exposure to 
sunlight, and high evaporation rates. Most of its rivers are intermittent 
unless regulated, flowing only during the rainy season (Jan.lFeb. to 
June). Water scarcity conditions are prevalent and have recently extended 
to wet months as well. Cyclical droughts have been occurring with 
increasing frequency, recurring every five years or less and, in particularly 
critical situations, persisting over more than one year. 

The analysis in this case study focuses on Sobradinho dam and the 
cascade of reservoirs downstream of it. The construction of the 
Sobradinho dam in 1973-1979, was one of the most important factors in 
transforming the region's economy, society, and landscape. At the time 
of its construction, a popular catchphrase was that the sertao-the arid 
interior of Brazil's Northeast-would turn into a sea. The Sobradinho 
lake has over 4,000 Km2 of surface areas and a water storage capacity of 
34 billion m3, alimenting a hydroelectriC power plant with a capacity of 
1 million kW. The dam has contributed not only to stabiliSing 
downstream flows-enabling the construction of a hydropower complex 
with an installed capacity of almost 10 GW-but also in providing water 
for large irrigation projects that are transforming agricultural production 
in the region. And yet, some of socio economic sources of vulnerability 
of the region appear to persist. 

This case study analyses the direct and indirect economic impacts of 
damming the Sub-Medio Sao Francisco river, in an attempt to understand 
whether these impacts have indeed, as some maintain, fallen short of 
expectations and, if so, whether factors outside the scope of dam design 
and water use decisions are responsible. In particular, the evolution of the 

policy environment surrounding the dams and their affected sector have 
been discussed. The study also highlights some of the success stories 
that have emerged in the region, again trying to reveal both their 
multiplier impacts and the lessons to be learned from them. 
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The analysis is based primarily on a 1992 input-output (IIO] table for 

the Northeast region. An ongoing World Bank study on irrigation 

development impacts in Brazil's Northeast macro-region, and a concluded 
set of studies on the same subject supported by the Inter-American 

Development Bank were additional assets, both in terms of data collection 
and to support the design of scenarios and interpretation of their results. 

Multiplier and distribution analysis are based on a detailed analysis of 
poverty reduction impacts of agriculture in the region. 

Table 3.1 summarises the methodological aspects of the four case 
studies while some of the main features of the four case studies have 
been summarised in Table 3.2. 

The Four Case Studies: 

Some Similarities and Differences 


As would be observed, even though all the four case studies undertaken 
as part of this study have the common objective of estimating the 
indirect economic impact of dams, the methodology employed and the 
results obtained in each case study are not strictly comparable. The 

Table 3.1 

Case Studies and Methodologies Followed for 

Estimation 0/ Multipliers Effects 


Case Study Size ofDam Country/Region Methodology 
..--~-.. 

BhakraDam 
System 

Large Northern India Social Accounting Matrix [SAM} 
Based multiplier model with 
embedded Input-Output Model 
based on a State-level Social 
Accounting Matrix [SAM) 

Bunga Check 
dams 

Small Northern India Social Accounting Matrix (SAM) 
based multiplier model for the 
Bunga village 

The High Dam 
atAswan 

Large Egypt Computable General Equilibrium 
ICGE) Model coupled with 
Mathematical Programming 
Model. 

Sobradinho Dam Large 
4Ild the Cascade of 
Reservoirs on the Sub-
Medio Sao Francisco River 

Brazil Northeast Semi Input-Output (S/I-O) 
Model based on a Regional 
Input-Output Table 



() 

18ble 3.2 	 o 
;;:: 
"tJ 
»Salient Features of Selected Case Studies 	 ::rJ 
» 

Re~on Country 	 Height of Dam! 
'TYpe of Dam! 
Size of Reservoir 

A. Large Dalllll 

Bhakra Dam 
System11 

Aswan High Dam 

Sobradinho dam IS) 
and reservoirs along 
the Sub-Medio and 
Baixo Sao Francisco 
river basin: 

India 

Egypt 

Bra2:il 

B. SrruiI1 Check Dams 

Buuga Villages India 

225 meters 
Concrete and 
Earth-filled 
18 BCM 

111 meters 
164 BCM 
Rock-filled 

x8.5 km 
4214 kml 
34100 MCM 

2. check dams 

Area Irrigated! 
Production of 
foodgJains pet Yltar 

10.3 Million Ha 
27 Million Tonnes 

2,65 MilUon Ha 

SOO Francisco Basin: 
330,000 ha 
(122,000 ha publie 
irrigation schemes! 

276 Ha 

--j 

Installed Capacity and Maior Outputs < 
mAnnual GeneratiOIl 
» 
z 

2800,MW 
14 Bn kWh 

2100 MW 
10 BnkWh 

1050 MW 
1992: 6800 MW 

All to date: 9800 MW 

» 
r 

(f)Irrigation, Drinking Water fur several 
-< 

rural and urban areas in the command (f) 

as well as also for Delhi Hydropower o 
shared by at least Five States " 

::rJ 
Irrigation and Hydropower m 

(f) 

c: 
r 
--j 

Water and power for cities and 
(f) 

otowns in numerous 
BCa2:Uian states " 

--j 

I 
m 

" o 
c: 

Irrigation water, drinking water for ::rJ 

human beings and livestock 

Notes: 11) Bhaha dam system includes Bhaha dam, Pong dam and Nal1j1;al dam 

12) The set of cascading reservoirs includes Itaparica the Paulo Afonso I-IV complex, MoxotO iApollonio Sales) dam and Xing6 dam, 
The latter is not part of the analysis, however, as operational only in 1995, 

<.0 
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choice of methodology and aspects of analysis in each case study have in 
large part been influenced by the nature of data available from some of 
the related ongoing studies in the respective study regions. For example, 
due to non-availability of data relating to aspects of income distribution, 
the income distribution analysis has not been undertaken in the Brazil 
case, while data availability in the case of the other three case studies 
have permitted such an analysis. 

An ongoing study in Egypt, has enabled the use of a fully 
operational CGE model for the analysis of the impact of the dam. For 
case studies of the Bhakra dam and check dams in Bunga, no previous 
studies using SAM-based models or CGE models are available. Based on 
such considerations, the Value-Added multipliers in the case of 
Sobradinho Dam (and the set of cascading reservoirs) in Brazil have been 
estimated using a Semi-Input-Output model; in the case of Bhakra dam 
and Bunga check dams these have been estimated from SAM-based fixed
price multiplier models j while the Aswan High Dam case study employs 
a CGE model. 

All case studies compare 'With' dam and 'Without' dam scenarios. 
In all cases, the 'Without' dam scenarios have not been built as full
fledged counterfactuals of the 'With' dam case. The exogenous 
modification of a few parameters or initial variable levels does not fully 
capture the alternative configuration that the region's economy would 
have had, had an alternative development path been chosen. The case 
studies start from a 'typical' operational year in the mature life of the 
selected dams and simulates the impacts of removing the dam and its 
direct output from that context-a context that was inescapably 
determined by the very construction of the dam years before. Great care 
has therefore, been taken in the attempt to both design meaningful 
'Without' dam scenarios and interpret their results, to avoid drawing 
conclusions that do not consider these serious limitations. 

In all case studies concerning large dams, the river basin where 
these are located is a focus of the analysis. As it was not always 
possible, nor always appropriate, I to build databases of the river basin 

1. When the impacts of a dam go beyond the river basin where this is located. 
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economy, the studies considered the river basin level to build scenarios, 
interpret results, and/or extend the analysis beyond the modeling 
activities to consider impacts that may not be assessed based on the 
model. For example, for the Bhakra da~ system, the entire river basin is 
considered even though multiplier estimates using the SAM model are 
confined to its portion located in the Punjab state. 

In addition to estimating multipliers, discussing the factors 
affecting their magnitude, and assessing income distribution impacts of 
each dam, wherever possible, the case studies include a review of some 
of the available material on social and environmental impacts of each 
dam. Such impacts may include, inter alia: impacts on re-settlers, hosts 
and other affected people, non-economic costslbenefits of migration into 
or reduced migration out of the region; opportunity cost of lost output 
from inundated area, salinity and waterlogging; value of lost ecosystem! 
historical/cultural heritage sites; ecological impacts of flow regulation! 
reduction; sea water intrusion; losses from reduced numbers of fishes 
that spawn upstream; losses to some communities due to a change in 
fishing conditions (while other communities may benefit from these); 
reduced nutrients in downstream river water; downstream pollution 
from point and non-point source pollution induced by the dam and 
negative health impacts. 

Comparative Results: Value-Added Multipliers 

The comparative values of Value-Added Multipliers for the four case 
studies, based on a reference set of parameters as defined for each of 
these studies, are presented in Table 3.3. To understand the impact the 
changes in values of reference set of parameters, arising as a result of 
possible changes in underlying assumptions, make on the value of the 
multiplier, a range of values of the multiplier have been estimated in 
certain cases. These values are also presented in the Table for purposes 
of comparison. 

The multiplier values, though not strictly comparable across case 
studies, refer to Type II multipliers that include both inter-industry 
linkages and income-induced impacts. In the case of the Sobradinho 
Dam land the set of cascading reservoirsl in Brazil, the value of the 
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1ilble 3.4 

Income Distribution and Poverty Reduction Impacts of Dams 

Case Study Housb;old Peroontage 
illcrease 

BhakraDam Self-Employed Rural Households 12,50 8.83 42 

Rural Agricultural Labour 4.00 2,43 65 

Rural Non-Agriculture 1.13 O.Q.? 79 

Rural-Others 8,41 6.99 20 

'Thtal Rural 26.05 18.87 38 

Urban Households 16.33 14.01 17 

BungaD.am Marginal Farme.s 1206 803 50 

Small Farmers 3015 1891 59 

Medium Farmers 2636 1715 54 

Large Farmers 2516 1762 43 

Workers 1038 842 23 

lbtal 10411 7013 48 

Aswan High Dam Rural (quintilesJ: 

1 8.9 7,4 20 

2 11.6 9.7 20 

3 14.7 12 23 
4 18.3 15 22 

5 31 25 24 

TOtal Rural 84.5 69 22 

Urban (quintUesl 

1 9.1 7.9 15 

2 12.9 11 17 
3 175 14.8 18 

4 24 20.1 19 

5 4$.2 39.6 22 

Total Urban 111.8 93,4 20 

Notes: 	 The units for the Aswan High Dam Case study are in LE bn, for the Bhakra Dam case study 
are in Indian Rupees IRs). Bn and in the Bunga Case Study are in thousands of Indian Rupees 
IRs) Conversion factors are as follows: In Egypt, in 1997. US $ 1 = 3.4 LE; In 2000, US $ 1= 
4.5 L.E. In India: US $ 1= Rs 10 in 1979·80 and US $ 1= Rs 45 in 2001-02 

Income Gains across Different Categories 

While both the rural and urban households in both the Aswan High Dam 
and Bhakra Dam gain, the gains have not been equal across different 
categories of rural and urban households. Thus, in the case of the Aswan 
High Dam, within rural household category, though the percentage 
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difference in gains amongst the different categories is not very large, the 
third and fifth quintile have been the highest gainers. For urban 
households the gains to the fifth quintile households have been larger 
than the others. In the Bhakra case study, rural non-agriculture 
households gained the highest followed by agriculture labour households. 
In the Bunga case study, small farmers had the largest increase in 
consumption as compared to the other four groups of households. 

Income Gains for Lowest Income (Poorest) Groups 

In the 'With' project situation in the Aswan High Dam case, the income 
gain for the lowest 20 per cent (first quintile) of the rural population 
have been 20 per cent. This gain is slightly less than the average rural 
income increase of 22 per cent. Similarly for the urban lowest 20 per 
cent of households, the increase in income has been less than the 
average income increase of the entire urban population. As against an 
average income increase of 20 per cent for the entire urban population, 
the increase for the urban poorest group has been 15 per cent. Thus, the 
gains for the poorest groups in both the rural and urban population have 
been somewhat less than the average respective gains for the entire rural 
and urban population groups. 

In the Bhakra case study, the income of the poorest group, the rural 
agricultural labour households, have increased by 65 per cent. In 
contrast, the corresponding increase for self-employed rural households 
(the farming household group) has been 42 per cent. Thus, the 
estimated gains for the poorest group have been much higher than the 
farming households. 

In the case of Bunga, the poorest of the households are represented 
by three categories-the workers, the marginal and small farmers. The 
three poorest groups have gained differen tiy. While the workers 

registered an increase in income of 23 per cent, the income gains for 
marginal and small farmers have been of the order of 50 per cent and 59 

per cent respectively. In contrast, the average increase in incomes of the 
entire population has been 48 per cent. Thus, while for two of the three 
groups of poorest households income increases have been higher than 
the average, for the third group this increase has been somewhat lower 
than the average. 





Quantifying Indirect 
Economic Impacts 

Indicative Guidance Notes 
for Practitioners 

R.P.S. Malik and Alessandro Palmeiri 

The main objective of this Chapter is to provide in a concise form a 
more focused and structured exposition to the issues related to the need 
for proper accounting of the indirect economic benefits of dam projects, 
methodological issues relating to estimation of multipliers, the nature 
of data requirement and sources of data availability, and the 
interpretation and use of the derived results on multipliers. To a large 
extent the discussion in this Chapter reiterates and/or complements the 
discussion on some of these issues in the previous chapters and the 
details on some of these concerns presented in individual case studies 
detailed in Part II of this book. This Chapter may be viewed more in the 
nature of an indicative information and assistance guide and scoping of 
the issues related to the estimation and use of multipliers from the 
perspective of a water resource development practitioner. This Chapter 
is however, not intended to be a comprehensive reference on the subject, 
for which relevant references on different components of the discussion 
as also the details contained in individual case studies presented in this 
volume would need to be referred to. The discussion in the Chapter is 
organised along the following issues: 

1. 	 What are indirect economic impacts and why accounting for them 
is important? 

2. 	 How indirect economic impacts can be measured? 

3. 	 How to carry out 'indirect economic impact analysis' of projects? 

4. 	 How to build a regional SAM? 

5. 	 What are the data requirements and sources of data availability? 
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6. 	 Factors affecting the level of multiplier value 

7. 	 How to interpret multiplier values? 

8. 	 Analysis of income distribution and poverty reduction impacts of 
dams 

9. 	 Indirect economic impact analysis and project appraisal 

What are Indirect Impacts and Why Accounting 
for them is Important 

Investments in infrastructure projects in general, and investments in 

dam projects in particular, generate a vast array of impacts both in the 
region where they are located, and at an inter-regional, national and 
sometimes even at the global leveL These include socio-cconomic, 
health, institutional, environmental, ecological, and cultural impacts. 

While some components of these impacts are a 'direct' consequence of 
the project, others are more in the nature of 'indirect' or multiplier 
impacts, though there is often some disagreement on what constitutes 

direct versus indirect impacts. Numerous studies have underlined the 
importance of and difficulties in evaluating a number of these impacts. 
Of these, one of the main concerns that have often been emphasised is 
the need to extend consideration to indirect economic benefits and costs 
of dam projects. 

Direct impacts of a dam project are measured in terms of value of 
additional output of agricultural commodities, hydropower, navigation, 
drinking water, tourism and rcduction in flood damages. The changes 

brought about by direct impacts generally alters the nature and pace of 

the prevailing state of affairs in the project and its surrounding region 

and through a 'ripple' effect provides impetus to the economy resulting 

in increased overall economic activity in the region. Indirect and induced 

economic impacts are those that stem from the linkages between the 

economic and other direct consequences of a dam project with the rest 

of the economy. Thus, the indirect economic impacts include: (i) inter

industry linkages, backward and forward, resulting in an increase in the 
demand for outputs of other sectors, and (iiI consumption-induced 

impacts arising from additional incomes generated by the dam project. 

Accounting for such indirect impacts of a project is important in 
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facilitating more informed decisions relating to funding of the project as 
also its subsequent evaluation, more so for projects constructed in the 
public sector, though these considerations may not carry much weight 

for an entrepreneur wishing to set up such a project. 

While direct impacts are obvious and usually easy to identify and 
not too difficult to quantify, indirect and induced effects need some 

elaboration. To illustrate, water released from a multipurpose dam 
provides irrigation for increased output of agricultural commodities. 

Changes in the output of these commodities require inputs from other 

sectors such as energy, seeds, fertilisers, etc. Further, increased output 
of some agricultural commodities encourages setting up of food 

processing and other industrial units. Similarly, the hydropower 

produced from the multipurpose dam provides electricity for households 
in urban and rural areas and for increased output of industrial products 

(e.g., fertilisers, chemicals, machinery). Changes in the output of these 

industrial commodities require inputs from other sectors such as steel, 
energy, and chemicals, among others. Thus, increased output of both 

irrigation and electricity from a dam results in significant backward 
linkages (i.e., demand for higher input supplies) and forward linkages 

(i.e., providing inputs for further processing). 

Increased outputs of industrial and agricultural commodities 
generate additional wages and incomes for households. Higher incomes 
result in a higher consumption of goods and services that, in turn, 
encourage production of various agricultural and industrial 

commodities. Further, changes in output generated by the project may 
affect prices of direct project outputs, inputs, substitutes, complements 
and factors of production. Changes in wages and prices have both 

income and substitution effects on expenditure and saving decisions of 

different owners of factors, which further impacts the demand for 

outputs both within the region and throughout the economy. Induced 

impacts reflect the feedbacks associated with these income and 

expenditure effects, and include any impacts of changes in government 

revenues and expenditures that resulted from the project. Such indirect 

effects of a project though easily recognised and often appreciated and 

discussed are generally not accounted for due often to hazards associated 

with their quantification. 
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intended, there are a number of unintended impacts as well. Accounting 
for such a large number of multi-sectoral direct and indirect, intended 
and unintended, negative and positive, inter-temporal and spatial 
impacts of dams poses a challenge for their effective assessment. While 
not undermining the importance and desirability of accounting for all 
these impacts in a comprehensive assessment of the impacts of dam 
projects, it has however, not been possible to account for all of such 
impacts due to methodological challenges related to quantification of 
most of these impacts. The work reported in this book on estimation of 
the "multiplier", a measure that reflects the production-related and 
consumption-induced indirect economic impacts of dams, is an attempt 
to move just one step forward in our efforts towards achieving the 
broader goal of making a more comprehensive assessment of dam 
projects. Quantification of some of the other impacts and their 
consideration in ex-post and ex-ante analytical frameworks is highly 
desirable and would go a long way in further improving our 

understanding of the impacts of dams. Efforts need to be initiated 
towards this end. 

How to Carry Out 'Indirect Economic Impacts 
Analysis' of Projects: Analytical Tools 

The analytical tools that can be employed to analyse indirect and 
induced impacts of exogenous changes fall into the broad category of 
multi-sector models. A range of such models exist, differing primarily 
with respect to (i) their assumptions regarding quantity versus price

responsiveness to exogenous shocks, (ii) the focus on income levels 

versus the inclusion .of distributive considerations, (iii) their capacity to 
incorporate factor and import substitution possibilities, and \iv) their 
capacity to accommodate policy distortions, specific factor and output 

market structures, and other peculiarities. The design and application of 
modeling techniques that compute multipliers can be useful in both 

understanding and underscoring the pathways of benefit generation 

associated with a project, as also to understand the interactions between 
a project's output and the structure of the economy and institutional! 
policy setting in which it is introduced. 
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The following economy-wide, multi-sector models have been 
suggested in the literature for estimation of multiplier effects and to 

perform distributional analysis of dam projects: 

1. Input-Output 0-0) and Semi-Input Output (SI 1-0) Models; 

ii. Social Accounting Matrices (SAM) based models, including the 

IMPLAN Models; and 

iii. Computable General Equilibrium ICGE) Models 

On the face of it, it might seem as if the analyst has a choice of the 

above three completely different types of models, each with its 

individual advantages and disadvantages. However, it may be important 

to mention that these models are not strictly independent, but are to a 

large extent an extension or variant of each other. The models, in some 

instances, are also linked in that the output of one model forms the 

input of the other. To ensure that the analysis carried out estimates the 

full economic impact of the project, wherever possible, these models 

should be used in a complementary fashion. 

A crucial distinction between SAM-based multiplier analysis and 

1-0 models is that SAMs are able to account for the way in which initial 

asset distribution and factor endowments-and therefore the 

distribution of income among household categories an~ between them 
and the corporate sector-interact with the structure of production in 
determining final outcomes, particularly for welfare analysis. 

The SAM embodies the fact that within the macro-economy there 

is a circular flow process and that what happens at one point on the 

circuit will have implications for experience at other junctures, so that 

one needs to be equally concerned with all the different aspects of 

technology and behaviour that together describe the circular income 

flow and the connections in the economy. SAMs also have the potential 

to provide a powerful and flexible framework for a systematic and 

integrated approach to national accounts at the appropriate level and 

type of disaggregation. 

While each of these models can be used for estimation of indirect 

and induced effects, however, SAM-based or CGE models are better 

suited for the analysis of income distribution impacts of a dam project. 
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When prices are assumed fixed, as in 1-0 models or SAM-based 

multiplier analysis, all adjustments occur through quantity changes. A 
change in demand for a sector's output results in changes in that 
sector's output supply and factor demand. In the absence of supply 

constraints, adjustments occur via impacts on labour or capital 

employment and inter-regional factor migration. The presence of idle 
labour or capacity somewhere in the system-either locally or in other 

regions, if the model is inter-regional-prior to the exogenous shock is 

thus crucial for the existence of quantity-driven multiplier impacts as 

estimated by these models. 

On the other hand, a variable-price model, such as a standard CGE, 
implies the presence of supply constraints, so that for at least one of the 

factor the aggregate levels of factor employment is fixed. In this case, a 
change in sectoral demand results in relative price changes, thus 
determining substitution effects among inputs and among outputs, with 

factor relocation across sectors in the regional economy. CGE models, 
however, can be flexible enough to incorporate alternative specifications 

of factor mobility and wage differentiation, and have successfully been 
modified to solve as 1-0 models, so that comparisons can be made 
between the welfare impacts under alternative assumptions in this area. 

The greater flexibility of CGE models therefore suggests their use 
whenever possible based on data and human resource availability. SAM 
based multiplier analysis, characterised by the assumption that the 
prices of commodities, factors and foreign exchange are all fixed, is a 
special case of CGE analysis. 

From the point of view of the analysis of indirect and induced 

impacts of dam projects, however, the choice of analytical tool should 

not always favour the most sophisticated one, but rather be driven by 
the assumptions regarding the mechanisms through which impacts are 

transmitted in the specific region of interest, and particularly regarding 

factor mobility. The utility and choice of type of model for estimating 
the multiplier would depend, apart from the objective of analysis, on 

several other factors, including on data availability, availability of 

technical expertise, its utility for future applications and the knowledge 

base that it generates. For projects with regional development objectives, 

SAM based models appear to be more appropriate and doable. Similarly 
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for social impact assessment of water projects, especially in developing 
regions, a SAM based model appears to be quite a promising tool. 
However, since SAM and 1-0 tables are built on data for a given point in 
time !e.g. for the year 1990), they provide only a snapshot view of the 
economy for the year for which SAM is built. Therefore, these models 
are not capable of providing forecasts for economic development over a 
period of time. In order to obtain an idea of future developments a 
computable general equilibrium model must be employed. Although 
CGE models do also rely mainly on one point in time data they do 
contain functions, such as production' and consumption functions that 
bridge the time gap. In reality these functions form only a substitute for 
the missing statistical time-series. 

It is important to note some of the limitations of each of these 
methodologies for estimation of multipliers so that appropriate caution 
is taken when using these methodologies and interpreting results based 
on them. As discussed above, the main limitation of the 1-0 model is 
that it assumes linearity in production and cost-determined prices 
independent of demand. 1-0 models are baSically planning-oriented 
models, based on the assumption that quantities on the supply side of 
the economy will respond to exogenous shocks on the demand side in 
the absence of any supply-side constraint. Supply functions are perfectly 
elastic [horizontal, instead of the more realistic upward-sloping shape 
reflecting the scarcity of one or more inputs), and both output and input 
prices are unaffected, regardless of the size of the exogenous shock. 
Most of the limitations characterising I/O models also affect SAM-based 
multiplier analyses. However, SAM based models represent a step 
forward in that they close the loop between factor incomes, their 
distribution to different endogenous and exogenous economic agents, 
and their expenditure behaviour. Since 1-0 and SAM models completely 

ignore supply side constraints, these unconstrained models may 
exaggerate the size of inter-sectoral linkages. 

CGE models to a large extent take care of some of the concerns of 

1-0 models such as those relating to price endogenity, price responsive 
input and output substitutability, factor supply constraints which 
generate output supply constraints etc. However, most empirical 
applications of CGE models have been developed on the simplifying 
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assumption of constant returns to scale production technology and 
perfectly competitiv€ market structures. Like the 1-0 model, the 
comparative static CGE model does not contain any explicit time 
dimension, though a recursive-dynamic CGE model can be linked to a 

macro-econometric model to produce a 'business-as-usual' forecast. In 
general, CGE models require considerable data, which, in most cases, is 
difficult to obtain. This problem is more severe at the regional level, 
where data in most cases is virtually non-existent. In fact, one of the 
possible reasons for the relatively slow start of regional CGE modeling is 
the paucity of regional data, in addition to unresolved theoretical issues 
of regional specification. 

Another concern with the use of these models relates to their 
validation and calibration. Calibration or benchmarking determines the 
values of the normalising parameters so as to replicate the observed flow 
values incorporated in the model. Thus once the model has been 
specified, the parameters in these algebraic equations must be evaluated. 
As mentioned earlier, data on endogen::ms and exogenous variables 
obtained at a given point in time are typically used for this purpose. 
Since the evaluation of model parameters is done on the basis of a single 
observation, there is often a concern about the reliability of the results 
obtained from the model. Substantial efforts have to go in to make sure 
that once all the parameters are specified, the model when solved should 
reproduce the benchmark scenario. 

How to Build a Regional SAM 

SAMs can be constructed in a variety of ways. The manner in which a 

SAM is specified is typically driven by the problem being addressed. 
Although there is no specific sequence in which to proceed with the 
construction of a SAM, however, since SAM is an extension of input
output matrix, the important starting point for the construction of a 
SAM is the accessibility of an input-output matrix. Quite often the 
input-output matrices at the national level are available, however these 
are generally prepared at a gap of almost five or sometimes more years. 

For example, in a country like India, which has an excellent statistical 
database and enough trained manpower, the latest 1-0 matrix available 

at the national level relates to the year 1998-99. Supporting policy 
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analysis through development and analysis of economy wide models 
would ideally require access to the latest economic data. However 
updating an old 1-0 table to a recent year is both a difficult and a 
challenging job more so in developing countries due to insufficient and 
fragmented data availability, that too with a lag, as well as concerns 
arising out of reliability of the available data. 

In most of the developing country situations it is however, not 
common to find 1-0 matrices at a sub national level-at the level of a 

region or a State. Wherever available at the State level these have 
generally been constructed as part of some research study but not by any 
official agency. For example, to the best of our information, in India the 
latest 1-0 matrix for the state of Tamil Nadu is available for the year 
1981-82 while for the state of Punjab the only year for which an 1-0 

table is available is for the year 1979-80, that too was constructed in 
1990 as part of an IFPRI study (Bhalla et al., 1990). Building an 1-0 

matrix, more so at the regional level, is a very data and manpower 
intensive operation and, therefore, where available, it is better to start 
building a SAM from an existing 1-0 table. In case an 1-0 table for the 
region of interest is not available, it may be desirable to either compile 
an 1-0 table, if the required data for the region is available, or else use, 
as a first approximation, the 1-0 table from a region, whose structure of 
inter-industry linkages is assumed to be sufficiently close to that of the 
region in question. 2 Before doing so, it is however, important to define 
the region over which most of the benefits of the project extend, though 
in practice it may sometimes be difficult to correctly define the 
boundaries of this region. 

Defining the Region's Boundary 

The region over which the impacts of a dam project may extend depends 
primarily on the size (small versus medium versus large) and nature 
(single purpose versus multipurpose) of the project. While the major 
direct impacts of medium and large projects are generally felt at the sub
regional or regional level, the major benefits of small projects are often 

2. 	 There do exist cases where SAMs have been built in the absence of I/O tables, a 
recent example exists for Mozambique (Arndt et al., 1998). 
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more localised and may sometimes be restricted to the level of a village. 
However, the indirect impacts of the dam project may extend to a much 
larger area-sometimes to the national level and beyond. For example, in 
the case of the Bhakra multipurpose dam located in the Punjab state in 
India, while the direct benefits in terms of irrigation water, drinking 
water and power benefits are shared by four other neighbouring states
Haryana, Rajasthan, Delhi and Himachal Pradesh, the indirect impacts 
of this dam extend to the entire country. High demand for agricultural 
labour in the Bhakra command area attracts migrant labour from far off 
states of Bihar and eastern Uttar Pradesh. The income remittances by 
these migrant labourers to their native villages in far-flung poor regions 
has helped improve the living conditions of people living hundreds of 
miles away and has created its own further downstream effects. A 
majority of the migrant labourers utilised these savings for purchasing 
consumer durables such as television, radio, bicycle, sewing machine 
etc. Apart from earning cash, these migrant labourers have also acquired 
new skills in crop cultivation and operation of farm machinery during 

their stay in Punjab, which has helped create its own downstream 
effects in their native villages. Further, the increased foodgrain 
production in the Bhakra dam command has helped in enhanCing food 
security for the entire country, resulted in lower imports of foodgrains 
and lower food prices especially for the urban poor. Thus, the impact of 
the surplus foodgrains from the Bhakra dam has been felt by people in 
areas far away from the location of the dam. Similarly in the case of the 
Sobradinho dam in Brazil, the area of influence of the cascade of large 
reservoirs along the Sub-Medio Sao Francisco goes well beyond the 
immediately surrounding region and development from the dams affects 
output, incomes and consumption levels for the whole Northeastern 
region. In contrast, the direct economic impacts of small check dams 
in village Bunga have been limited mainly to the village itself while 
some indirect impacts extend to the urban areas in its immediate 
vicinity. 

Thus, in estimating the multiplier effects of dams, especially where 
a regional or sub-regional perspective is considered important, it is 
essential to carefully define the region that surrounds the project or is 
affected by the project. The model structure and related databases 
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should present the appropriate regional characterisation so as to 
incorporate as much of indirect effects as possible. Quite often where 
the impacts are felt in far off regions or in regions which are not in the 
geographical contiguity of the region affected directly by the project! 
these studies need to be supplemented by other evaluations that may 
have either been carried out as part of some other studies (e.g. the 
impact of the Bhakra dam on food prices for the urban poor and the 
impact of remittances in villages in eastern Uttar Pradesh and Bihar) or 
would need to be undertaken specially as part of such studies. 

Defining the Level of Disaggregation 

In addition to defining the boundaries of influence over which the direct 
and indirect impacts of a dam project may extend, the SAM structure 
should incorporate the degree of disaggregation that is desired to be 
incorporated in consonance with the objectives of building the SAM and 
the availabiiity of required data. The SAM structure is flexible enough to 
incorporate the desired level of disaggregation. Thus, for example! if the 
SAM is to support analyses of dam projects, it must include a detailed 
disaggregation of agricultural factors, activities and commodities as well 
as the other areas! such as electricity production! that are most directly 
affected by the dam. Similarly, in order to carry out a meaningful welfare 
and poverty impact analysis of the consequence of a dam project j it is 
important that the SAM structure is sufficiently and meaningfully 
disaggregated in its representation of households, so that the groups 
that stand to lose or gain from the project can be identified. 

What are the Data ReqUirements and Sources of Data 

A SAM is a square matrix that, for a period of time (typically one year), 
accounts for the economy-wide circular flow of incomes and payments. 
It summarises the structure of an economy, its internal and external 

links, and the roles of different actors and sectors. A SAM brings 

disparate data into a unified framework. 

The specific data requirements for constructing a regional SAM 
vary depending on the type of problems being addressed. While it is not 

possible to strictly identify a unique set of required data for building a 
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SAM, some generalisations however, can be made. In addition to 
standard input-output data (industry production, inter-industry 
transactions, final demands, factors of production and imports/exports), 
typical SAMs require additional data on total factor payments, total 
household income (by income category), total government expenditures 
and receipts (including intergovernmental transactions), institutional 
income distribution, and transfer payments (both to households and to 
production sectors). The databases and sources of data required to build 
a SAM and estimate multiplier values also depends upon the degree of 
disaggregation that is incorporated in the SAM. More specifically the 
data required for building a SAM can be divided into six broad groups: 

1. 	 National accounts. 

2. 	 Balance of payments. 

3. 	 Monetary accounts. 

4. 	 Public sector budget. 

5. 	 Input-output matrix. 

6. 	 Data on household consumption, factor employment and capital 
stock. 

Diverse publications of the Central and State governments provide 
a rich source of secondary data. This often needs to be supplemented by 
primary data on several aspects including consumption expenditure 
surveys carried out either as part of the official data collection efforts or 
specially carried out. Data on certain aspects, such as inter-regional 
trade, especially by road, are often not routinely collected and may need 
to be collected especially if the model is inter-regional. Since SAMs are 
typically built as static snapshots of a region, the data elements will 
need to be generally consistent in temporal and geographic specificity 

IFPRI's Trade and Macroeconomics Division's web page 
(www.ifpri.org: click on Research, then Research Divisions, then Trade 
and Macroeconomics, then Divisional Output, then Discussion Papers) 
presents a number of studies, downloadable in Acrobat format, that 
describe data sources and methods that were followed to build SAMs in 
a number of countries, often with very sparse data. 

http:www.ifpri.org
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Data Requirements for Building a Village Level SAM 

Like a national or regional SAM, a village SAM has also to capture the 
linkages amongst production activities, institutions and outside world. 

While the nature of data requirements for building a SAM, be it at the 
national level, a regional level or even at a village level are almost 

identical, the sources of data could vary substantially. However, unlike 
at the national or regional level where available official data 
supplemented by ad-hoc survey data can be used to construct the SAM, 

no such ready made data sets are available in the case of a village. The 

only way out is to collect all the required data through appropriately 
designed household sample surveys supplemented by participatory rural 

appraisals [PRA), survey of local institutions, and some secondary data 
that may be available with local level government functionaries. Since 

building a SAM requires, apart from survey data, a complete 

understanding and knowledge of the dynamics of various transactions 
taking place in a local economy this may require personal indulgence of 
the SAM builder and is therefore, generally a time consuming process. 

In the case of estimation of mulhpliers for Bunga check dams, reported 
in Chapter VII of this study, we adopted such an approach to collect the 
requisite data to build the village SAM and trace the indirect impacts of 
check dams constructed in the village. 

How to Balance a SAM 

Since the construction of the SAM requires a consistent consolidation 
of data on various aspects collected from different sources and often 
differing in their year of referenee, it is not surprising to find imbalances 

between the row and column sums for most accounts. These accounts 
need to be integrated and balanced to build the SAM. IFPRI has 

developed a cross entropy estimation approach that is very useful in 

balancing SAM. The General Algebraic Modeling System (GAMS) 

programme found as part of the standard CGE model at www.ifpri.com 

checks that the SAM that is entered is balanced, that is, for each 

account, the row and column totals are equal. If the absolute value of 

the sum of account imbalances exceeds a cutoff point, an optimisation 

programme is used to estimate a balanced SAM. The programme, which 

http:www.ifpri.com
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minimises the entropy distance of the cells of the estimated SAM from 

those of the initial SAM subject to the constraint that row and column 
totals are equal, is primarily intended at removing rounding errors (see 

Robinson et ai., 2000) 

How Much Does it Cost to Carry Out 
Multiplier Analysis 

Constructing the SAM and performing the macroeconomic analysis 

using SAM based or CGE models is an expertise and data intensive 
operation and therefore requires substantial upfront investment to 

undertake such an analysis. The time and cost of undertaking such an 
exercise depends on several factors-the size and nature of the project 

and the radius of its influence both in terms of its direct and indirect 
impacts, the data availability, the extent of new data required to be 
collected, the availability of an 1-0 matrix for the region of concern, the 

availability of computer hardware and software for the purpose, the 
availability of trained manpower, the objectives of analysis and the level 
of disaggregation and sophistication required to be incorporated. Since 
this type of analysis is often not carried out either at the project 
appraisal stage or for ex-post evaluation of projects, or if carried out is 

not separately costed, it is difficult to estimate Q priori the cost of 
undertaking such an exercise-either in absolute amount or as a fixed 
percentage of project cost. Some order of magnitude numbers are 
however, available from a 'South African project (Mullins, n.d) even 

though these numbers may not convey much and may be off the mark 

by any percentage amount. Building the SAM for the Komati Basin 

project in South Africa cost US$ 120,000 (on a US$ 470 million project) 

and required specialised knowledge in national accounts and computer 

software. In terms of percentage it cost just 0.03 per cent of the capital 

cost of the project. In absolute terms the US$ 120,000 is not overly 

expensive given that it provides an important tool for assessing the 

project relative to its objectives. 

The work reported in this book on estimation of multipliers for 

four case studies was built upon some already existing data and previous 

limited analysis available of these cases. On an average each study costed 

about US$ 75,000. Thus, depending upon the nature and quality of data 
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available and analysis available from some previous studies that may 
have been carried out, carrying out an ex-post indirect economic impact 
analysis of a multipurpose dam project could cost anything between US$ 

50,000 to $ 100,000. 

However, if the cost and data considerations so demand, the 

construction and use of models such as SAMs may be undertaken in a 

step-wise fashion in terms of the reliability of their results. While the 

model should ideally be fully defined at inception, further 

disaggregation, refinement and reliability of results may be achieved in 

stages through incremental investment in the data collection and 

analysis that underpins the model. 

Factors Affecting the Level of Multiplier Value 

An understanding of the factors affecting the level of multiplier value is 

important in designing the proj ect and taking corrective actions 

wherever required to help increase the effectiveness of the project in 

achieving desired objectives. The value of the multiplier is likely to be 

affected by several factors-some of the important factors that may affect 

the magnitude of the multiplier value include: 

• 	 Size and nature of the project-generally the level of multiplier 
values are expected to be higher for a large dam vis-a-vis a small 
dam and for a multipurpose vis-a-vis a single purpose dam due to 

the varied nature and quantum of backward and forward linkages 

and consumption-induced indirect effects 3 associated with 
different types of projects. 

• 	 Level of diversification in the regional economy-the more 

diversified the economy is, the higher is likely to be the value of 

the multiplier. It is also expected that the level of multiplier 

values will be higher for a large dam providing water for multiple

crops compared with those for a single-crop system (e.g. the 

Muda project with paddy monocultureJ. For example, if outputs 

3. 	 Care should be taken, however, in identifying the trade-offs between potentially 
competing uses-e.g., irrigation versus hydropower, when timing of release are not 
consistent-that may dampen project benefits. 
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include oilseeds, sugarcane and cotton, there will be investments 
in 	agro-processing units, sugar mills and cotton ginning and 

processing mills and/or textile units. 

• 	 Level of inter-sectoral integration-the higher the level of 
integration, it is likely that the higher is the value of multiplier 

• 	 Level of inter-regional integration-multiplier value is likely to be 
influenced by the level of dependence from inter-regional demand 

• 	 Policy environment and institutional regime at various levels
multiplier value is likely to be affected by policies and 

institutional regimes influencing incentives, such as those 
relating to input use and crop selection, land tenure systems, 
subsidies for inputs such as water, electricity, fertilisers and new 
agricultural machinery, availability of credit, free movement of 
labour and goods across regions, provision of support prices for 
crop outputs, incentives for setting up of industries etc. These 
policies when complemented by an efficient institutional regime 
such as that relating to ensuring timely provision of required 
inputs for agriculture, efficient markets for crop disposal, 
provision of infrastructure such as rural roads and transport, 
mechanism for efficient allocation of water and electricity 
produced by the dam amongst competing uses etc are likely to 

influence the magnitude of the multiplier. 

• 	 The level of household incomes and the pattern of consumption, 
and propensity of consumption of households. 

• 	 Phase of implementation of the project-the level of indirect 

impacts and their nature will also differ during different phases of 

the implementation of a dam project. During construction, the 

project will require construction materials generating backward 

linkages with various supplier industries. During this phase, large 

numbers of workers will be engaged, some of whom would remit 
funds to other regions of the country. The multiplier levels will 

also be relatively high during the operational phase of the dam 

when full benefits of the project are available since backward and 
forward inter-industry linkages, as well as consumption-induced 

effects will be quite significant. 
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How to Interpret Multiplier Value 

Multiplier value provides information on the level of indirect impacts in 
relation to the direct impacts of a project. As already explained a 
multiplier value of l.75, for example, implies that for every one dollar of 
direct benefits contributed by the project, another 75 cents are generated 
in the form of indirect impacts. The analysis however, should not focus 
solely on the numerical values of multipliers. One has to look at how 
the indirect effects are transmitted in the economy-what matters is an 
understanding of the nature and generation process of regional economic 
impacts and through what pathways are these transmitted. This process 
may help identify not only the channels through which the majority of 
benefits and costs are produced (direct versus indirect versus income
induced!, but also potential additional outputs or uses thereof-as well 
as unforeseen trade-offs and negative impacts. 

Similarly multipliers should not be read as indices of a project's 
deSirability_ It should be kept in mind that a lower value of multiplier 
does not necessarily mean that the project is inferior in comparison to 
another project whose value of multiplier is higher. Indeed, a small 
multiplier may be associated with a highly beneficial project that 
generates primarily a direct impact. On the other hand, large multipliers 
may translate into large overall net benefits depending on the initial 
importance of the directly impacted sectors in regional GDP and 
employment. The relative importance of different factors in influenCing 
the level of multiplier values needs to be assessed by undertaking a 
sufficient number of case studies. 

Notwithstanding the exact magnitude of the value of multiplier, an 
important message that the presence of multipliers conveys is that, 
assessing the project based solely on its direct impacts may be missing a 
sizeable portion of its benefits. 

Analysis of Income Distribution and Poverty 
Reduction Impacts of Dams 

SAM-based models and CGE models explicitly take income distribution 
considerations into account through a disaggregation of households into 
various income categories. Such a disaggregation enables carrying out a 
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meaningful welfare and poverty impact analysis of the consequence of a 
dam project and to clearly identify groups that stand to lose or gain from 
the project. This also enables tracing the direct and indirect channels 
through which such gains and losses take place. 

In the case of Bhakra dam, for example, the results on income 
distribution show that the gains to the agricultural labour households 
from the dam were higher than gains to other rural households and to 
urban households. For the agricultural labour households, the income 
level under 'with project' situations are estimated to be 65 per cent 
higher than the income level under the 'without project' situation. The 
corresponding figures for self-employed rural households and urban 
households were 42 per cent and 16 per cent, respectively. 

The SAM-based, fixed price, multiplier model for the Bhakra dam 
has also been used to estimate direct and indirect income effects of 
additional irrigation and hydropower provided by the Bhakra dam for each 
of the household categories. The resulting estimates show, that a major 
part of the income of rural households comes from the output of sectors 
directly affected by the dam. For example, for self-employed rural 
households, about two-thirds of the difference in income under 'Without 
Project' and 'With Project' situations are due to higher output and value
added in sectors that are directly affected by the dam, namely agricultural 
crops and electric power. The rest, about one-third, of the difference in 
income is attributable to changes in the value of output and value-added 
of sectors that are affected indirectly (through inter-industry linkages and 
consumption-induced effects). In the case of agricultural labour 
households, as much as 70 per cent of the difference in income is due to 
changes in output/value-added of sectors that are directly affected by the 
dam. However, in the case of urban households, the situation is 
completely reversed. As much as 83 per cent of the difference in income 
(under with and without project situations) is accounted for by changes in 
the outputs of sectors that are indirectly affected by the dam, namely agro
processing, manufacturing of textiles etc. 

The findings are of importance to project analyst intent on 
improving the distribution as well as the absolute levels of incomes in 
the project area, for it again implies that the indirect benefits cannot be 
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easily ignored. This also underlines that much more attention than is 
typically given to project design and appraisal work needs to be given to 
complementary policies that might help ensure a more equitable 
distribution of these secondary benefits. 

Indirect Economic Impact Analysis and Project Appraisal 

A question that needs to be resolved is which of the economic impacts 
should be included in the project appraisal and which in ex-post 
evaluation, and for what purposes. Ex-ante darn project appraisal 
generally tends to focus solely on the value-added produced by the 
sectors directly affected by the project, with no consideration for the 
'multiplier effects' their outcomes produce on the regional, national, and 
sometimes global economy. 

As per the standard approach of project analysis, currently used by 
practitioners, multipliers are generally not used for project evaluation 
because of the difficulty of avoiding double counting of benefits. It is 
argued that shadow prices that include carefully traced indirect changes 
in value-added include the multiplier effects while minimising the 
danger of double counting. Behind this argument are the two key 
underlying assumptions in using shadow prices that justify such an 
exclusion of multiplier effects from consideration. These conditions 
stipulate that the full employment conditions hold and the project 
under consideration does not alter relative prices. 

In practice however, the two standard assumptions may not hold, 
as may well be the case in a number of agricultural and industrial 
sectors in developing countries where darns are introduced. As a result, 
social cost-benefit analysis may not fully capture a project's net benefits 
because multiplier impacts on output, income and employment can 

indeed be large and should not be ignored. In addition the economy-wide 

models also prove useful especially when distortions that may affect 
project outcomes are associated with policies whose impacts are not 
traditionally quantified in cost-benefit analyses leBA), such as 

macroeconomic policies. For large infrastructure projects whose impacts 
may affect the productive structure of a region and, conversely, can be 
affected by exogenous shocks and policy changes, this type of analysis 



122 INDIRECT ECONOMIC IMPACTS OF DAMS 

can be a useful complement to traditional CBA. In addition, these 
techniques can be applied to estimate region-specific shadow prices, 
which would be needed for appropriate CBA but seldom exist. 4 

Even if the two basic assumptions were to hold good, for large-scale 
projects, regional and macroeconomic impacts may have potentially large 
consequences in terms of income distribution, spatial configuration of 
regional development, and the non-economic impacts on regions other 
than the project area. These are often of great interest to project 
developers or to the government of the region or country where the 
project is located. While not needed as part of a project's social cost
benefit analysis, these impacts need to be adequately evaluated and 
presented to decision-makers, so that they can make a more informed 
decision based on the broader set of consequences produced by a project 
and its alternatives. 

Having underlined the unavoidability of using multiplier analysis to 
complement Social Cost-Benefit Analysis, a question that needs to be 
resolved is how to use the information on multipliers derived from ex
post evaluation of a project as a predictive tool in ex-ante appraisal of 
darn projects. Rather than applying an ad-hoc factor, to take account of 
multiplier effects, to inflate the value-added produced by the sectors 
directly affected by the project, it is considered desirable that valuable 
lessons can be learned by assessing the full range of developmental 
impacts, including the distributional impacts, of dam projects in the 
context of ex-post evaluations, and that ex-post evaluation in turn could 

serve as a valuable tool for the identification and design of alternatives 
for new projects, as well as for their ex-ante assessment. 

Indirect Economic Impact Analysis 
and Project Monitoring 

Given the significance of accounting for indirect economic impacts, it 
would be desirable to not only use this information in project appraisal 
and evaluation but also to monitor the project during its 

implementation phase so that necessary corrective actions could be 

4. See Bell and Devarajan (1980). 
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taken to enhance the growth linkages and in spreading the benefits to 
wider sections of society. 

Measuring the progress of the project, and its subsequent 

evaluation, has implicacions for data collection. For an effective 
monitoring and evaluation, data collection on base line conditions 
should commence even before the project starts. Subsequent data 
collection after the construction of the project work starts should 
continue at regular intervals not only until the project is completed but 
also subsequent to that till most of the adjustments on account of the 
project are complete. The data collection efforts must approach with an 
analytical framework that attempts to trace direct as well as the indirect 
impacts of the project not only in the periphery of the project site but 
beyond in areas in which the indirect impacts may extend. 

Since the indirect impacts can be many and varied, monitoring the 
indirect impacts requires collecting relatively huge amounts of data on a 
wide variety of variables at different levels of aggregation. and for a 
relatively much longer period of time. As mentioned above, most of the 
indirect impacts emanate essentially as a result of changes in variables 
directly impacted by the dam. For monitoring the indirect impacts and 

more clearly understanding the linkages between the direct and indirect 
impacts, one would therefore, need to collect the baseline data both on 
the variables that are likely to be impacted directly from the construction 
of the dam as also of the variables that are a priori expected to be 
impacted indirectly. Since the Government policies and a host of other 
complementary variables (such as the availability of railroad 
infrastructure, availability of credit, technology etc.) can play a major role 
in determining the magnitude of the indirect impacts, in speeding up or 

slowing down the transmission of these indirect impacts in the economy, 
and in the distribution of the gains emanating from these indirect 

impacts across different sections of the society, baseline information on 

some such variables would also need to be collected. While some of such 

indirect impacts can occur in the short run, others can be realised only in 

the medium and somewhat long run. To capture, therefore, some of these 

complexities, the data collection efforts would need to be extended to a 
much wider area and for a much longer time period. 
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Without such a detailed time series of data it is difficult to obtain a 
real understanding and a quantification of the magnitude of structural 
changes that have taken place. This multifarious data collection over a 
long period of time is of course an expensive affair but in the larger 
interest of improving the efficiency of the project during its 
implementation and its subsequent evaluation is an indispensable 
necessity for which necessary funding must be provided at the project 
formulation stage. Due to non-availability of such detailed data, for 
estimating project benefits, one has often to resort to the use of models 
to picture the pre and post project situations in the regional economy. 
Apart from aiding proper monitoring, the availability of such data could 
avoid the need for resorting to such modeling to estimate project 
benefits and in improving the reliability of the results obtained on 
project evaluation. 
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Recommendations for 
Additional Work 

Ramesh Bhatia, R.P.S. Malik, 
Monica Scatasta and Rita Cestti 

As we have seen from the results of the four case studies, indirect 
economic impacts are quite significant in relation to the direct 
economic effects of dams. Further, these projects also provide 
substantial benefits to people who are in the relatively lower income 
groups. Hence, it is critical that such indirect economic impacts are 
explicitly considered and evaluated for water infrastructure projects. 

Further, since water investments are not 'marginal' or small in 
comparison with the rest of the economy, it is important to capture the 
total benefits of the project in the context of regional development. Such 
considerations of creating employment and regional incomes were the 
motivation behind large-scale water and other infrastructure projects in 
the United States, Europe and other countries. Regional benefits were the 
reasons that major projects such as the Hoover dam, Grand Coulee dam 
and the Columbia Basin Project were undertaken with federal funds in 
the United States. As pointed out by Briscoe (2003), regional multipliers 
were precisely the point of such projects and it was expected that water 
investments would II change the trajectory of regional economies." 
Multipliers were the explicit and overt reason for these projects. 

However, in practice, the Office of Management and Budget in the 
United States explicitly states that secondary benefits should not be 
included in project appraisal since secondary benefits resulted in no net 

economic gain at the national level.! Ex-ante dam project appraisal tends 

1. 	 In the words of one summary (Ortolano, personal communication): "The issue (of 
indirect benefits) was intensely debated in the early 1950s and, as far as US 
government agenCies are concerned, it was resolved with the distribution of 
Circular A-47 of the Bureau of the Budget. This document forbade the inclusion of 
secondary benefits, basically concluding that secondary benefits resulted in no net 
economic gain at the national level." 
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to focus solely on the value added produced by the sectors directly 
affected by the project, with no consideration for the 'multiplier effects' 
their outcomes produce on the regional, national, and sometimes global 
economy. It has been suggested by Gittinger (1982), that the multiplier 
analysis is generally not used in project analysis because of the difficulty 
of avoiding double counting of benefits. Shadow prices that include 
carefully traced indirect changes in value-added include the multiplier 
effects while minimising the danger of double counting. 

In view of this difference between the current practice of ex-ante 
project appraisal that ignores indirect economic impacts and the 
significance of the indirect economic impacts on growth and poverty 
reduction, there is an urgent need to initiate a major research effort that 
Ire-visits' the methodology of cost benefit analysis ICBA1 of major water 
investment projects. Such a research effort should also include case 
studies on investment paths of water infrastructure and institutions 
across the stages of development, hydrological characteristics, 
institutional contexts and policy situations. Some of these issues are 
discussed in detail below. 

Studies on Indirect Economic Impacts of Dams 
under Varying Hydrological and Policy Situations 

It is important that both direct and indirect impacts are captured and these 
impacts for different economic groups, including the poor, are quantified 
with the use of economy-wide multiplier models that incorporate Social 

Accounting Matrices (with embedded input-output analysis). Such ex-post 
analyses should be carried out for a number of large dams, medium-sized 

dams and small check dams under a variety of hydrological typologies 
(rainfall level and variability) and socio-political situations. Such case 
studies should be carried out both in developed countries in the United 

States, Europe and Australia and in developing countries such as Brazil, 
India, China, South Africa, Mexico, Turkey, and Pakistan. 

Documenting the Costs of Inaction 
and Delay in Projects 

It is important to document the costs of inaction or delay in· the case of 
large multipurpose water projects that have transformed regions! 
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countries. Such analyses should quantify the costs of inaction in terms 
of adverse impacts on food security and regional incomes if a particularly 
large or medium-size dam had not been built or delayed considerably. 

Comprehensive Benefit-Cost Analysis of Projects 

Currently, in the ex-ante evaluation of water investment projects, the 
full range of costs and benefits are not assessed and evaluated. 
Furthermore, because these tools were developed in countries that 

already had a 'minimum platform' of infrastructure, these have a heavy 
focus on marginal analysis that may be inappropriate in some developing 
countries. In particular, in ex-ante project analysis, only direct benefits 
are calculated and indirect economic impacts stemming from inter
industry linkages and consumption-induced effects are not incorporated 
in the analysis. 

It is sometimes asserted that "Shadow prices that include carefully 
traced indirect changes in value-added include the multiplier effects 
while minimising the danger of double counting. And ... Most of the 
multiplier effect is accounted for if we shadow-price at opportunity cost" 
iGittinger, 1982). 

Both in principle and when applied to the stream of direct inputs 
and outputs associated with a project, the shadow prices used in a full 
cost-benefit analysis account fully for all downstream effects because 
they contain, among other things, all the information obtainable from a 
semi-input-output analysis. In practice, however, shadow prices are llDt 
usually calculated on the basis of such complete information, but are 
derived using the shortcut methods proposed in the standard literature. 
Further, it is stated2 that "capturing multiplier effects in cost benefit 
analysis requires, in principle, that the estimates of the relevant 

parameters pertain to the region in question. Since developing countries 

are usually regionally heterogeneous and input-output tables are not 
available at the regional level, the cost-benefit analysis usually may not 
capture downstream effects." This was also suggested by Chopra (1972) 

in a pioneering study on the regional distributive effects of the irrigation 

2. For details. see Bell and Devarajan, 1980. 
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Bhakra Multipurpose Dam 
System. India 

Ramesh Bhatia and R.P.S. Malik 

Introduction and Overview 

The Bhakra dam system in the northern part of India has contributed 
significantly to increases in irrigated area and the output of agricultural 
commodities and electricity over the last 40 years. 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 indirect economic impacts of the Bhakra dam 
system and the subset of social impacts linked with changes in 
household expenditure, income, and its distribution. It considers as 
direct all economic impacts descending from the construction of the 
dam, the water stored and other services provided by the structure, and 
changes in flow regimes-regardless of whether these impacts were 
initially planned. Indirect and induced impacts are those that stem from 
the linkages between the direct consequences of the dam project with 
the rest of the economy. Among them are impacts due to changes in 
output and input use in sectors other than those affected directly by the 
dam, or changes in relative prices, employment and factor wages. The 
indirect and induced impacts have been estimated in terms of a 
multiplier value. As already discussed, multipliers are summary 
measures expressed as a ratio of the total,effects (direct and indirect) of a 
dam project to its direct effects. 

Apart from estimating multipliers, the models used in the study 
explicitly consider income distribution by dis aggregating households into 
various income categories. The impact of the dam system is explicitly 
considered on the changes in income levels of landless workers, 
agricultural labour, self-employed farm households and urban households. 
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The material presented in this Chapter is organised as follows. We 
first present some salient features of the Bhakra dam system and its 
major outputs and impacts. This is followed by the approach and 
methodology used for the multiplier analysis. The estimates of 
multiplier values for the project multiplier are discussed next followed 
by a brief discussion of the multiplier effects of the Bhakra dam outside 
the project region. The social and environmental aspects of the Bhakra 
dam are presented next followed by the conclusions on the multiplier 
effects of the dam. 

The Bhakra Dam System 

The Bhakra Nangal Project, located in North-West India, is a 
multipurpose river valley project encompassing the three eastern flowing 
rivers-Sutlej, Beas and Ravi-as well as the Yamuna. The project is a 
splendid example not only of Integrated Water Resources Management 
!IWRM), as the project was planned not only on a 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, Haryana, Rajasthan and Jammu & Kashmir on 
sharing of water. The Bhakra Nangal Project thus, is 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 harnessing the waters of the Sudej, Beas and 
Ravi. The Master Plan, envisaged as under; 

1. 	 The three rivers will be developed as an integrated unit and in 
addition will be integrated with the Yamuna river in so far as the 
Narwana branch of the Bhakra main line canal allows Sutlej 
waters to be used in the Western Yamuna canal areas. 

2. 	 Storage dam at Bhakra on the Sutlej to meet the needs of 
erstwhile Punjab via diversion at Nangal, Ropar and Harike with a 
small portion going to Rajasthan. 

3. 	 In order to fill the Bhakra reservoir in view of the heavy demands 
upon it from erstwhile Punjab and Rajasthan, Beas water will be 
diverted into the Sutlej via a high level canal and two tunnels 
between the Beas and Pandoh and the Bhakra reservoir (Beas

Sudej link). 
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4. 	 The remainder of the Beas water will continue to flow into the 
Pong reservoir to be released as required at Harike. Thus, the 
main burden of the Rajasthan canal component would be covered 
by Pong reservoir in Beas. 

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

The process of integrated development has been carried out in a 
phased manner from 1954. As part of this process the Bhakra dam was 
the first 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 completion 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 
of the Bhakra dam system, resulted in a very significant increase in the 
gross irrigated area, output of agricultural commodities and generation 
of hydro-electricity. In addition to these direct economic impacts, the 
Bhakra system induced several indirect economic impacts. These direct 
and indirect economic impacts transformed the economy of the Punjab
Haryana region resulting in a significant reduction in the incidence of 
poverty in this part of the country. Higher output and consequently a 
higher level of marketable surplus of foodgrains in the Punjab-Haryana 
region made it possible to provide these foodgrains to the urban poor at 
affordable prices even in far away regions of the country. Increased 
demand for labour in agricultural and non-agricultural activities provided 
jobs and substantially 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 concrete 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 13 kms downstream of the Bhakra dam, is 29 
metres (95 feet) high and comprises 26 bays of 9.14 metres (30 feet) 
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Figure 6.1 

The Master Plan for Development of Water Resources 

A. Satluj Beas Ravi Development Master Plan 

BhakraOam ~ 
Nangal Hydel Channel 

Hanke Head Work 

each. It is designed to pass a flood of 10000 cumecs (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 
irrigation purposes. The Nangal pond acts as a balancing reservoir to 

smoothen out the diurnal variation in releases from the Bhakra Power 
Plants. The Nangal barrage provides the headwork for the 414 cumecs 
Nangal hydel channel with hydro stations at two falls 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 from 
Nangal Dam to irrigate large tracts and firm up supplies to some older 
systems. The Beas Project I comprises a diversion dam at Pandoh, 
several hydel channels, tunnels, control works, a balancing reservoir and 
Dehar power plant while the Beas Project unit II comprises the Pong 
dam, tunnels, spillways and Pong power plant. The salient features of 
the Bhakra dam system are given in Table 6.1. 

" The Bhakra dam and its various components were constructed at 
different stages over a number of years. At prices prevailing in the early 
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Thble 6.1 

Bhakra-Nangal-Beas Project: Salient Featwes 

BhakraDam Nangal Dam &u1s Unit I-
Pandoh. Dam-

BeasUnitlI 

DeharPower 
Plant 

Type of 
Dam 

Concrete straight 
gravity 

Earth cum 
Rockfill 

Earth Core 
Gravel Shell 

Height abov~ 
Deepest 
Foundation 

225.55 metres 76.2 metres 132.59 metres 

Height above 
River Bed 

167.64 metres 29 metres 61 metres 

Length at Thp 518.16 metres 304.8 metres 255 metres 

WidthatThp 9.14 metres 12.19 metres 

Catchment 
Area of 
Reservoir 

56980 sqWu:e 
Kms 

12560 square 
metres 

Area of 
Reservoir 

162.48 sqIHre 
Kms 

Live StQ,t'age 
Capacity 

6911 million 
cum 

18.56 million 
cum 

7290 million 
cum 

Gross Storage 
Capacity 

9340 million 
cum 

41.00 million 
cum 

8570 million 
cum 

Number of 
Power Houses! 
Units 

2 2 6 6 

Capacity of 
Power Plants 

1325 MW 
(5x180+5x 
157) 

154MW 
(4x24+2x29) 

990MW 
(6XI65) 

396 MW 
[6x(6) 

Thble 6.2 

Capital Costs of the Bhakra System Components at Current 

Prices and 2001-02 Prices (Rs. Millions) 


Original Cost Year of In 1993-94 In 2001-02 at 
(Rs Million) lnv6Stment at 1993-94 Prices Current Prices 

Bhakra a.nd 2426 1957·58 33671 55751 
Nanga.lDams 
Power House 983 1967-68 7404 12259 
Upgradation of 
powerhouse 

100 1980-81 308 510 

Beas-SuUej Link 4492 1976·77 19236 31850 
Pong Dam 3259 1976-77 13.956 23108 
Thtal 11260 74575 123478 
SOUTce: Bhakra Beas Management Board and Author's Calculations. 
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Keeping in view the complex system of water management, sharing 
and transfers within the system, of which Bhakra-Nangal project is the 
most important component, it will not be prudent to confine the benefits 
flowing from the Bhakra-Nangal project to the boundaries as defined in 
the original project reports and documents when this project was 
planned. Since the Bhakra-Nangal is the core around which all the 
activities described above have been carried out in phases, we have 
therefore interchangeably used the Bhakra system and the Bhakra-Nangal 
project to reflect some of these inter-linkages. Hence, the estimates of 
irrigated area in different states and the output of electricity reflect the 
benefits from all the components of the larger Bhakra-Nangal-Beas system 
termed here as the Bhakra system. These figures will be different from 
those given in the official documents that refer mainly to the Bhakra dam. 

The Major Outputs of the Bhakra Dam System 

The major outputs of the Bhakra dam system, inter alia, have been: 

(i) 	 Increased availability of water for irrigation resulting in higher 
agricultural output 

[ii) 	 Availability of water for industry, household enterprises and for 
households and livestock 

(iii) 	 Generation of hydro power, and 

(iv) 	 Moderation of floods reducing flood damage significantly. 

The construction of the Bhakra system has made available huge 
amounts of water for meeting irrigation requirements of the region. The 
command area of the system-covers the three States-Punjab, Haryana 
and Rajasthan. Delhi also gets a small share of 1 per cent of the system 
water for meeting partially its drinking water requirements (Figure 6.3). 
(Gopalakrishnan, 2000). 

A number of studies have been undertaken in the past to estimate 
the direct economic impacts of the Bhakra dam. In his pioneering study 
on the cost benefit analysis of a water investment project, Raj (1960) 

attempted to break down costs and returns of the project into certain 
categories and evaluated these according to selected criteria so as to 
determine the social economic value of the project as distinguished from 
its private economic value. According to the author, "the decision to 
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Figure 6.3 

Shares of Different States in Water from the Bhakra System 

Delhi 
0.6 

Rajasthan 
33.9 

Punjab 
46.7 

Source: Prepared by authors from Gopalakrishna 12000J. 

locate a fertiliser plant at Nangal appears to have been, by itselt a correct 
one. The production of nitrogenous fertilisers is not only dependent on 
the availability of cheap power but it is vital to the economy of this 
region; in fact, it would make possible more effective utilisation of the 
irrigation facilities provided by the project" (RaL 1960: 129). 

Chopra (1972) presents results on the regional distributive effects 
of the irrigation component of the Bhakra darn using Social Cost Benefit 

approach. An evaluation of the 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 
on funds devoted to investment. The results show that regional 

incomes have increased to a far greater extent than aggregative incomes. 
The empirical analysis also shows that in the case of aggregative effect, 
the elements that are relatively more significant are the foreign exchange 

component of costs and the shadow price of foreign exchange. 
Interdependence between sensitivity with respect 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 
for itself many times over." The Bhakra-Beas projects have brought 
agricultural stability to Punjab and Haryana. "In the bad drought year of 
1987, when many parts of the country reeled under distress, farm 
production in northwest India was unaffected. Thanks to that, India 
could face and overcome the crisis. Employment and income have risen 
appreciably and Punjab has attracted migrant labour for sowing and 
harvesting from as far as Bihar and Orissa" /Verghese, 1994: 39-40] 

Additional Irrigation and Agricultural Output 

The Bhakra system irrigation command is spread over several districts of 
the States of Punjab, Haryana and Rajasthan. Almost 86 per cent of the 
geographical area in the command area in Punjab and Haryana is under 
cultivation. More than 73 per cent of the gross cropped area in the 
region is devoted to the cultivation of food grains. 

The availability of irrigation and consequent shifts in the cropping 
pattern have been accompanied by adoption of yield increasing 
technological innovations. Almost 96 per cent of the area under wheat 

and 86 per cent of the area under paddy-rice is sown with HYV seeds. 
The methods of cultivation have also undergone significant changes over 
the years. Large-scale mechanisation of such farm operations as land 
preparation, sowing (for wheat), irrigation, harvesting and threshing 
have made the region agriculturally the most advanced region in the 
country. Most of the area under rice and wheat is now harvested 
mechanically using combine harvesters. 

The availability of irrigation water through this dam-canal network 
in addition has helped in increased recharge of groundwater. The water 

that is lost as seepage in canal irrigation system is available as surface 
return flow or groundwater recharge. Irrigation by groundwater on a very 
large area in this region, with an average rainfall of about 60 cm only, 
has largely been made possible through recharging of the groundwater by 
seepage through canals. It has been estimated that the natural recharge 
to groundwater in Punjab can sustain hardly half the 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). 

Adoption of the complementary yield enhancing technological 
innovations consequent upon availability of assured water supply has led 
to a very significant jump in crop yields. The yields of rice and wheat in 
the region are higher than yields obtainable in any other region of the 
country and compare favourably with the yield levels obtaining in some 
of the advanced countries of the world. 

The availability of year round irrigation water through the dam
canal network (Figure 6.4) and groundwater pumping has helped in 
bringing large tracts 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 foodgrain production in the Bhakra 
command area during the year 1996-97 was of the order of 27 million 
tonnes, an additional output of 25.2 million tonnes compared to the 
food output in the mid 1950s. 

It may be emphasised that in a low-rainfall (less than 600 mm per 
year) area such as the Bhakra command, adequate and timely irrigation 
is an essential input without which the high-yielding variety seeds 
cannot be used. Further, the level of use of chemical fertilisers also 
critically depends on the availability of reliable irrigation water. It is in 
this context that irrigation from the Bhakra dam and from groundwater 
pumping in the area has been a 'leading input' without which it would 
not have been possible to attain such high crop yields in rice, wheat and 
cotton as have been obtained in Punjab and Haryana. 

Impact on Food Security of India 

The availability of huge surpluses of foodgrains from the region has 
significantly reduced the dependence of the country on imports of 
foodgrains for meeting the foodgrain requirement of the population, 
insulated the country to a large extent against droughts, made Indian 
agriculture more sustainable, contributed to the food security of the 
country and has helped in reducing wide fluctuations in the prices of 
foodgrains. 
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Figure 6.4 

Water Releases from Bhakra During Different Months, 
1998-99 (eumee days) 
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'Thble 6.3 

Irrigated Area and Production of Foodgrains in Bhakra Dam System in 


PunjaD and Haryana: 1955-56 and 1996-97 
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Net Irrigated 3.0 5.6 87 
Area 

Gross Irrigated 3.2 10.3 222 
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Production of 1.8 27.0 1400 
Rice and Wheat 
(Million Tonnes I 
Fertiliser Neg 1.5 
Consumption 
{Mn Nutrient 
1Onnes) 

Source: Statistical Abstracts of Punjab and Haryana, Various years. 
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Increase in surface irrigation from the Bhakra dam and resulting 
groundwater pumping have led to significant increases in foodgrain 
production. By 1980, the production of foodgrains in both states had 
reached around 18 million tonnes or 19 per cent of the total all-India 
production. As much as 55 per cent of the total increase in foodgrain 
production in the country over two decades (1980 over 1961) came from 
the Bhakra dam command. As a result of such a high increase in 
domestic production, the net imports of foodgrains declined 
substantially from 10.3 million tonnes in 1966 to almost zero in 1972. 
Even though the imports declined, the net availability of foodgrains 
continued to increase. Further, even though the population increased 
from 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 region created vast quantities 
of marketed surplus of these grains. The procurement agencies of the 

Central government every year purchases enormous amounts of this 
marketed surplus of foodgrains for maintaining the national buffer stock 
of foodgrains and running the Public Distribution System (PDS) of the 
country through a distribution network of hundreds of ration shops 
spread all over the country. During the year 2001-02 the States of Punjab 
and Haryana contributed 17 million tonnes of wheat out of a total of 21 
million tonnes procured by these agencies from all over the country. 
Similarly, during the year 2000-01 out of a total procurement of 19 
million tonnes of rice from the entire country, Punjab contributed 7 
million tonnes while Haryana contributed another 6 million tonnes. 

Impact on Hydropower Availability 

The hydro power stations installed in the Bhakra system have a 
combined generating capacity of 2880 MW that currently generate about 
14000 million Units (kWh) of electricity in a year. It has set up 
transmission lines running in to 3738 ckt kilometres. The power 
generated, benefits seven states/union territories. Of the total of 13796 
million units of electricity transmitted during 1998-99, about 38 per 



147 BHAKRA MULTIPURPOSE DAM SYSTEM, INDIA 

cent was utilised by Punjab, 27 per cent by Haryana and 23 per cent by 
Rajasthan (Figure 6.5). The generation of hydropower has enabled the 
region to more than achieve the desired hydro-thermal mix of 40:60. As 
of March 1996, Punjab had an installed power generating capacity of 
3509 MW of which about 51 per cent was hydel power, mainly from the 
Bhakra system. In Haryana, of the total installed generation capacity of 
1762 MW, hydro constitutes about 50 per cent. In comparison at the all
India level the share of hydropower in the total electricity generating 
capacity was only 25 per cent. 

Bhakra-Beas Management Board (BBMB) supplies about 50 per cent 
of the total hydropower in the Northern region besides meeting the peak 
demand of about 2500 MW of the Northern Grid. The availability of 
hydropower has helped BBMB generate huge revenue. The 14110 million 
units of hydropower generated in 1998-99 evaluated at a conservative price 
of Rs. 2 per unit is worth Rs. 28,220 million (Table 6.4). The operational 
cost of power generation and transmission work out to less than Rs. 0.10, 
perhaps the cheapest in the world (Gopalakrishnan, 2000). 

Figure 6.5 

Share of Different States in Electricity Generated in the Bhakra System 
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SOUTce: Based on data from www,bbmb,gov.in and Author's Calculations. 
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Table 6.4 

Total Generation and Value of Electricity from the Bhakra System 

Year Total Generation Value @Rs. 2 per 
(Million Units) Unit (Rs. in Million) 

..~..~.~ 

1994-95 12223 24446 
1995-96 12086 24172 
1996-97 12085 24170 
1997-98 10607 21214 
1998-99 14110 28220 

Source: Based on data from www.bbmb.gov.in and Author's Calculations. 

Rural Electrification 

As a result of availability of power from the dam, 100 per cent 
electrification was achieved in Punjab and Haryana by the year 1976. 
Most of the towns and villages in Western Rajasthan have also been 
electrified. In comparison, at the all-India level average rural electrifi
cation was around 40 per cent. In other states, the percentage of villages 
electrified ranged from 28 per cent in Bihar, 32 per cent in Uttar 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 in education, health, and quality of life. 
Village electrification also helped in the development of rural industries 
and agro-based industries in these areas resulting in all-round prosperity 
and poverty reduction. 

The overall power consumption per 1000 population as also per 
square kilometres of area amongst all States in the country (except the 
highly urbanised Delhi) is the highest in Punjab. The electricity 
consumption (for utilities) per 1000 population during 1996-97 was 776 
kWh while consumption per square kilometre area was 347,619 kWh. 
The corresponding figures for all-India average during the year were 297 

kWh and 85,240 kWh respectively. 

Installation of Tubewells 

The increased availability of power enabled farmers to install private 
shallow tubewells for groundwater withdrawals. This has already been 
discussed above. These tubewells during the year consumed about 8700 
million kWh of electricity. The proportion of electricity consumption for 

www.bbmb.gov.in
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irrigation pumping to total electricity consumed in the region worked 
out to about 40 per cent. 

Impact on Reduction in Poverty in Punjab and Haryana 

The availability of irrigation water and electricity for households, 

agriculture and industry and the consequent growth in rural and urban 
areas that followed has helped in very significantly bringing down 
poverty in the two states of Punjab and Haryana. As already mentioned 
the benefits of this economic development in the region have been 
shared both by rural as well as urban areas. As a result this growth 
scenario has led to a steep decline in poverty in the rural areas of both 
the States-this despite the fact that a very large number of labourers 
from poor regions of the country having migrated to this region. The 
poverty in the two States is much lower in comparison to both all-India 
figures as also in comparison to other major States of the country. In 
rural areas, as shown in Table 6.5, the percentage of people below the 
poverty line during 1999-2000 was only 6.35 per cent in the Punjab and 
8.27 per cent in Haryana as compared with 27 per cent in India. In 
urban areas, the per cent of people below the poverty line was only 5.7 
in Punjab and 10 per cent in Haryana compared to 23.6 in the country 
as a whole. The Bhakra dam has played a very significant role in the last 
about 40 years in bringing about significant reductions in poverty in the 
states of Punjab and Haryana. It is expected that the remaining 
command area under the Bhakra system also experienced similar poverty 
reduction impacts. 

Thble 6.5 

Poverty Ratios: Per cent of People Below Poverty 

Line in Punjab, Haryana and All-India 


State Rural Urban Rural+Urban 

1973-74 1999-2000 1973-74 1973·74 1999·2000 

Punjab 28.21 6.35 27.96 5.75 28.15 6.16 

Harya~ 34.23 8.27 40.18 10.00 35.36 8.74 

All-India 56.44 27.09 49,01 23.62 54.88 26.10 

Source: Economic Survey, 2001·02. 
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Flood Control Benefits of the Bhakra System 

One of the most reliable structural methods to physically control floods 
is to store the excess water in major dams. The Bhakra and Pong dams 
were not planned as flood control reservoirs though these were expected 
to provide a cushion against floods. However, the Bhakra and Beas dams 
have helped in the moderation of floods by absorbing peak flood inflows 
as would be clear from the data in Table 6.6. 

Table 6.6 

Impact on Moderation of Floods 

Year Bhakra Dam BeasDam 

Peak Flood Max Released Peak Flood Max Released 
Inflow (Cumecs) (Cumecsj Inflow (Cumecsj 

1978 10719 3887 

1988 9004 4209 10692 7972 

1992 6625 1542 6587 2741 

1994 6364 1695 8931 1406 

1995 8977 1658 9623 5633 

1998 5244 1330 4270 

Source: Gopalakrishna 12000). 

The Bhakra dam has solved the problem of recurring floods in the 
Sutlei River, where a large extent of the wide bed of the Sutlej below the 
Bhakra dam is now utilised for intensive agriculture. (Gopalakrishnan, 
2000). 

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

Benefits from the integrated management of hydro power and irrigation 

have been analysed in a few studies on the Bhakra system and the 
integrated operation of the Beas-Sutlej system (Minhas et aL, 1972; Rao 
and Ramaseshan, 1985; Rao and Ramaseshan, 1985a). In the Bhakra 
system, (the then) planned levels of power generation vary widely 
between 766 MW from December through April to 1697 MW in 

September. Conjunctive utilisation models have been developed for 
integrated management of surface and groundwater irrigation. A linear 
programming model of the system was developed {Rao and Ramaseshan, 
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1985a) that attempted to maximise the level of firm power and satisfied 
irrigation demands in each of the sub periods. The power required to lift 
groundwater was over and above the firm power that was to be supplied. 
This integrated framework led to a better unders,tanding of the 
interaction between the irrigation and firm power objectives. The 
results showl that conjunctive utilisation can increase firm power by at 
least 36 MW [over and above a firm power of 797 MW). The results also 

indicate, contrary to the then practice, groundwater use occurs generally 
between May and November and not from December to April. The firm 
power level reached in a dry year is 200 MW (i.e. 20 per cent) less than 
that reached in a dependable year. The levels of irrigation and power 

planned for a dependable year from the reservoirs of the Beas-Sutlej 
system can be attained even in a dry year by conjunctive utilisation of 

surface and groundwater. 

Multiplier Effects of the Bhakra Dam 
System in the Punjab State 

As discussed above, the Bhakra dam system has benefited not only the 
states of Punjab, Haryana, Rajasthan, Himachal Pradesh and Delhi but 
also the entire country. For the estimation of the multiplier effects of 
the dam for the present study, we will however confine to the direct and 
indirect benefits of the dam system in only a part of the benefited area 
viz. the state of Punjab, the biggest beneficiary of the dam system. 
Further, the analysis captures the main effects of the dam system in a 
typical year during its lifetime viz. 1979-1980, approximately 20 years 
after 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 state. The choice of geographical area viz. Punjab 

state and the choice of the year 1979-80 for the present analysis has in 

large part been dictated by the availability of an Input-Output [1-0) table 

(for constructing the Social Accounting Matrix) for the state of Punjab 

(Bhalla et aI., 1990) and not for the entire Bhakra system. In India 1-0 

tables at the state level are available only for a few states and that too for 

only one or two points in time. It is however, expected that similar 

2. 	 It is likely that the Bhakra-Beas Management Board is operating the system so as 
to optimise the power and irrigation output. 
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indirect economic impacts are also available in other areas in Haryana 

and Rajasthan that have benefited from the Bhakra dam system. 

For the last four decades or so, the Bhakra dam system has played 
an important role in the provisioning of irrigation and electricity to the 
Punjab state. During the period between 1955-1956 to 1979-80, the 

availability of net irrigated area has increased by almost 55 per cent 
while the gross area irrigated has increased by 125 per cent [Table 6.7). 
During the year 1979-80, the Bhakra system command produced about 3 

million tonnes of rice and 7.4 million tonnes of wheat besides a host of 
other crops including sugarcane, cotton etc. [Table 6.8 and Figure 6.61. 

The Approach and Methodology 

Major outputs of the Bhakra multi-purpose dam system, like any other 
large multipurpose dam, and reservoir project include: hydropower, 
irrigated agriculture, water supply, fishing, flood control, drought 
prevention and value of recreational activities/tourism revenues. In 

Thble 6.7 

Estimated Irrigated Area in the Bhakra System Command in Punjab: 

1955-56 and 1979-80 ('000 HaJ 

1955-56 1979-80 

Net Irrigated Area iNIAl 
- By Canals 1340 1478 
- By Wells, TW and Other 852 1913 
Sources 
Total NIA 2192 3391 
Total Gross Irrigated 2426 5448 
Area (GIA) 

Source: Statistical Abstract of Punjab, Various Issues. 

Table 6.8 

Area and Production of Important Crops in the Bhakra 

System Command: 1979-80 

Area 

Wheat 2787 7362 
Sugarcane 59 294 
Cotton 626 2045 

Source: Statistical Abstract of Punlab and Haryana, Various Issues. 
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Figure 6.6 

Area and Production of Important Crops in Bhakra 

System Command: 1979-80 
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addition, there are non-irrigation benefits of irrigation canals in terms of 
water for households, livestock, household enterprises, animals and 
birds, among others. The negative direct impacts of the dam project 
include, inter-alia, social, economic, and cultural costs of resettlement; 
value of lost ecosystem/historical/cultural heritage sites; opportunity 
cost of lost output from inundated area and reduction in fish output 
upstream. For the purpose of this paper, direct costs and benefits are all 
those that descend from the construction of the dam, as well as 
economic benefits accruing to all beneficiaries of the water stored and 
other services proVided by the structure and the economic impacts
positive or negative-to all populations, species and ecosystems affected 
either by the construction or by the changed regime of the river. 

Indirect and induced impacts are those that stem from the linkages 
between the economic, environmental, social or other direct 
consequences of a dam project with the rest of the economy, as well as 
the non-economic impacts descending from such linkages. Among them 
are impacts due to changes in output and input use in sectors other 
than those affected directly by the dam, or changes in relative prices, 
employment and factor wages. 
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Major outputs of the dam have significant inter-industry linkages 

and result in an increase in the demand for output of other sectors of 
the economy. Hydropower produced from a multipurpose dam provides 
electricity for households in urban and rural areas and for the increased 
output of industrial products (e.g., fertilisers, chemicals, machinery 

etc.). Changes in the output of these industrial commodities require 
inputs from other see tors such as steel, energy, and chemicals, among 
others. Similarly, water released from a multipurpose dam provides 

irrigation for the increased output of agricultural commodities. Changes 
in the output of these commodities require inputs from other sectors 
such as energy, seeds, fertilisers, etc. Further, increased output of some 

agricultural commodities encourages setting up of food processing and 
other industrial units. Thus, both the increased output of electricity 
and irrigation from a dam result in significant backward linkages (i.e., 

demand for higher input supplies) and forward linkages (i.e., providing 
inputs for further processing). 

Increased outputs of industrial and agricultural commodities 
generate additional wages and incomes for households. Higher incomes 
result in higher consumption of goods and services that, in turn, 
encourages the production of various agricultural and industrial 

commodities. Further, changes in output gencrated by the project may 
affect prices of direct project outputs, inputs, substitutes, complements 
and factors of production. Changes in wages and prices have both 
income and substitution effects on expenditure and saving decisions of 

different owners of factors, which further impacts the demand for 

outputs both within the region and throughout the economy. Induced 

impacts reflect the feedbacks assoeiated with these income and 

expenditure effects, and also include any impacts of changes in 

government revenues and expenditures that result from the project. 

Major outputs from a dam thus generate both inter-industry 

linkage impacts and consumption-induced impacts on the regional! 
national economy. The level of indirect impacts of a dam on regional 

output and value-added will depend on the strength of linkagcs among 

various sectors of the economy. Multiplier analysis is one of the 
approaches for quantifying the magnitude of inter-industry linkages and 

consumption-induced effects, relative to purely direct impacts. 
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Multipliers are summary measures that reflect the total effects of a 

project in relation to its direct effects. A multiplier of 1.90, for instance 

shows that for every one dollar of value-added generated directly by the 

project at maturity, another 90 cents were generated in the form of 

indirect or downstream effects. Thus, a multiplier is a ratio of the total 

effects (direct and indirect) of a dam project to its direct effects. 

Estimation of multipliers requires careful analysis of the direct 

effects of a dam. This involves the quantification and valuation of major 

outputs of the dam and the assessment of the share of direct effects that 

is attributable to the dam project. Valuation of outputslbenefits from a 

water project is quite a complex matter, particularly in the case of multi 

purpose dams. 

As already discussed, the multiplier analysis reported in this chapter 

is confined to the state of Punjab, a major beneficiary of the Bhakra dam 

system, and the analysis has been done for a year (1979-80) for which 

adequate data were available from a detailed study (Bhalla et aI., 1990). 
The study employs a SAM-based multiplier model to estimate project 

multipliers using a Social Accounting Matrix for Punjab.' The model has 

been used to compute the values of relevant variables in the 'With Project' 

situation with their counterparts in the hypothetical case that the project 
had not been undertaken. This set of variables comprises all the elements 

of a SAM for the region in each situation, assuming fixed prices. In 

measuring the impact of the project, an attempt is made to assess the 
situation in the region (the Punjab state) for the hypothetical case of 

1979-80 in the absence of the project. This has been done by assuming 
that all autonomous changes would have taken place except the effects of 

changes due to major outputs of the project, namely irrigation and hydro

electricity. This hypothetical case in the absence of the project4 is termed 

as 'Without Project' scenario for 1979-80. 

3. 	 The approach and the methodology used in estimating the multiplier effects of the 
Bhakra dam are similar to those adopted in studies on the Muda dam in Malaysia 
(Bell, Hazell and Slade, 1982) and indirect effects of the green revolution in south 
India (Hazell and Ramaswamy. 1991). 

4. 	 Unlike in the pioneering study of the Muda dam (Bell et al.. 1982), it was not 
possible to prepare a SAM for the pre-project situation because not even input
output tables were available during 1952-53 when most of the additional irrigation 
was not available from the Bhakra dam. 
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As shown in Table 6.9, for estimating a project multiplier value for 
the Bhakra dam, for the numerator, we need to estimate the regional 
value-added (for Punjab state) under 'With Project' situation as well as 
the regional value-added under 'Without Project' situation. For the 
denominator, we need to estimate the value-added from the sectors that 
are directly affected by the major outputs of the dam [namely 
agricultural output, hydro electricity, water supply etc.). 

Table 6.9 

Values of Variables Required for the Estimation of a Protect 


Multiplier of the Bhak:ca Dam Project, India 


Regional value-added Regional value-added 
Oefinition with project without 
of Project 

VlIlue-added of agrieulture Value-addeq of agricultureMultiplier 
and electricity with project and electricity without project 

Regional value-added under 'With Project' situation has been 
estimated by using the SAM-based multiplier model. The model has 
been used to estimate the SAM coefficients for each household category 
and for each production sector. These SAM coefficients have then been 
used to estimate the regional value-added under 'Without Project' 
situation by fixing the outputs of sectors directly affected by major 
outputs of the dam, namely irrigation and hydropower. Value-added of 
sectors directly affected by the project have also been estimated from the 
SAM model. The agricultural sectors directly affected by the project for 
which the outputs have been fixed are: wheat, rice, sugarcane, cotton, 
gram and other agriculture. The values of agricultural output and 
electricity sectors under the iWithout Project' situation have been 
estimated under a variety of assumptions regarding availability of canal 
irrigation, groundwater pumping and hydro power and the technology 
choices affecting area and yield of major crops. The details of the 
assumptions made in estimating the outputs of these agricultural 
sectors and electricity under a 'Without Project' situation have been 
described in the following sections. The multiplier values for the Bhakra 
dam, under different scenarios, have been estimated by using the values 
of regional value-added under 'Without Project' situation and comparing 
these 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 description of the Punjab economy in 1979-80, 
almost 20 years after the construction of the Bhakra dam was 
completed. The SAM framework provides a consistent, comprehensive, 
and detailed picture of the transactions in the economy (Figure 6.7). 
Production activities, government and households are considered and 
the pattern in which incomes are distributed takes its place alongside 
the sources of its generation. The SAM also provides a basis for the 
construction of a model of the regional economy that is used to 
estimate the direct and indirect effects of the Bhakra dam. The data 
source for estimating the fullS SAM is a detailed study of the Punjab 
economy reported in Bhalla et ai. (1990). 

The key features of the regional economy6 of the Punjab are 
analysed with the help of an aggregated SAM in Table 6.10. In this SAM, 

Figure 6.7 

SAM Interactions and Circular Flow of Income 

Domestic Private Savings 

Investment 
Demand 

5. 	 The full SAM of the Punjab economy is available with the authors. 

6, 	 Figures used in the SAM are marginally different from those in the data sources in 
Shalla at al. (1990) due to balancing of figures in the SAM. 
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Table 6.10 

Aggregated SAM for Bhakra 1979-80 

Agri. Non. Ag. Other- HHU Agri. Manf TTS BIS PS Capital Covt. ROW Total 
Lab. Lab. Rural 

SeU-Empl. 0 0 0 0 a 9562 2870 179 214 221 0 0 -540 12505 

Agri. Lab. 0 0 0 0 0 5010 0 0 0 0 0 0 -1006 4005 

Non. Ag. Lb 0 0 0 0 0 1389 373 38 30 28 0 0 -732 1125 -z 
Other-Rural 0 0 0 0 0 3035 2498 216 194 191 0 0 2279 8413 0 

-

HHU 0 0 0 0 0 1000 3092 8217 438 3584 0 0 0 16331 :IJ 
rn 

Agri. 3656 1390 393 2323 2048 2239 4800 0 0 202 235 25 12737 .30048 
0 
-< 

ManL 3833 1407 424 2422 3482 3609 13397 837 12 1327 9275 181 -3245 36961 m 
0 

1TS 1560 560 162 1115 1000 573 4055 1431 34 773 324 79 2175 13841 0 
z 

BIS 55 20 6 39 48 98 380 319 83 48 0 0 29 1123 0 
s: 

PS 472 169 49 337 691 0 0 971 18 347 0 0 4266 7320 0 
CapitaL 2296 235 26 1405 7939 749 1354 593 34 333 0 20 0 14985 -

s: 
Gon. 473 165 48 666 677 232 467 414 4 246 627 0 -3636 385 u 

l> 

ROW 160 59 17 104 445 2552 3674 627 61 22 4524 79 330 12655 
0 
-< 
(J) 

Total 12505 4005 1125 8413 16331 30048 36961 13841 1123 7320 14985 385 12655 0 0 
'Tl 

0 
l> 
s: 
(J) 
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39 production sectors have been aggregated to five categories. In 1979
1980, the gross value of output in the Punjab was Indian Rupees 7 (Rs.) 
89.3 billion and the value-added was Rs. 42.4 billion (47.5 per cent of 

the gross value of output). Agriculture accounted for 33.7 per cent of the 
total value of output while manufacturing accounted for another 4l.4 

per cent of the output. Shares of value-added in the total value-added 
were: Agriculture and animal husbandry 47.2 per cent; Manufacturing 
20.8 per cent and construction and services 32 per cent. The net 

transactions with the rest of the world (ROW) were Rs. 12.66 billion. 
The capital accounts were of the order of Rs. 14.99 billion. 

A SAM-based Multiplier Model of the Punjab Economy 

A SAM-based multiplier model has been used to provide a quantitative 
analysis of the direct and indirect impacts of increased agricultural 
production and electricity output available from the Bhakra dam. The 
model is calibrated for the year 1979-80 for Punjab using the Social 

Accounting Matrix (SAM) described in the previous section. 

Since the SAM is a double-entry accounting system, we can use 
either the row or column accounts for its presentation. The rows 

provide the statement of receipts for each account, whereas the columns 
provide the statement of expenditure. For example, the row for the k th 
type household represents the receipts of household k, i.e. 

Total income of household k Value-added received by household k 
from the production sectors + Income transfers from abroad to the 
household. 

The corresponding column for the household provides the details 
of the expenditures of the household, i.e. 

Total expenditure Expenditure on domestic goods + Savings + 
Taxes + Expenditure on imported goods. 

Table 6.11 shows the interactions among different accounts in the 

SAM. These interrelationships are explained in more detail in the 
following equations. 

7. 	 The current (December 2002) conversion rate is Rs. 48.4 for a US$, The exchange 
rate during 1979-80 was approximately Rs 10 to a US dollar. In this report we have 
used Indian Rupees (Rs.) for value figures using 1979-80 prices. 
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'Thble 6.11 

A SAM-based Multj:plier Model of the Punjab Reglonal Economy 

Receipts Hoo.seholds Ptodw:tion Capital Government Rest of TOTAL 
Account the World 

Households 0 'LwkiX.i 1 0 0 ~ Yk 

1<;=1, .. ,5 

Production Sectors 'LCikYk 
k 

J;OijXj 
} Ii . G, X; 

i=1,2, ... 39 
Capital .Account Sk SI 0 Sg SR F 

Government 'Lt,lk 
- k 'LtiX", 0 0 Rg G 

Rest of the World Mk Mj 0 Mg 0 M 
TOTAL Yj Xi F G M 

In the SAM-based multiplier model there are 39 production sectors 
including the agricultural sectors, manufacturing, electricity, gas and 
water supply, trade and transport services etc. (see Table 6.16 for a 
listing of these sectors). There are 5 types of households namely, self
employed rural households (HRSE), rural households employed as 
agricultural labour (HRAG), rural non-agricultural labour households 
(HRNA), other rural households (HRO) and urban households (HHU). 
The notation used in the following is as follows: 

The subscript k 1,2,00.5 denotes the type of households, while i, 
j denote the production sectors. 

= total income of households of type k 

e

Yk 

X, = value of gross output of sector i 

wki = coefficient (ratio) of value-added received by household type k to 
output of sector i 

Rk = income transfers from abroad to households of type k 

ik = proportion of income household k that is spent on the 
purchases of sector i's output 

aij input-output coefficient for production sectors 

Ii = investment demand of sector i 's output 

G i == government purchases of sector i 's output 
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E, exports of sector i 's output 

G = total tax revenues 

tk = tax rate for households of type k 

tj = tax rate for production sector i 

Rg income received from Irest of the world' by the government 

F total savings in the regional economy 

Sk = total household savings 

Sj = savingslinvestment by production sectors 

Sg government savings 

SR exogenous inflow of capital 

M total value of regional imports 

= expenditure on imported goods by household of type k 

= value of imported intermediates purchased by sector i 

Mg imports by the government 

As in a Leontief system, we assume that all the structural relations 
(both behavioural and technological) are linear or at least that they can 
be approximated to linear functions. More specifically, some of these 
assumptions are stated below. 

The model's coefficients were estimated from the SAM entries for 
1979-80 for 39 production sectors based on data from Bhalla et aI. 

(1990). A description of the various rows of the SAM-based multiplier 
model is presented in the equations given below. 

Households: 

4-WkiXi +Rk for k == 1,2, ... 5. i 1,2, ... 39 Yk I 

[Total income of households of type k] = [Total factor payments 
received from all production sectors] + [income transfers from abroad to 
households of type k] 

Production Sectors: 

X. L[.kYk + La..X. +J. +6. +£. 
7 k7 jUJ 1 7 7 

[Gross Output of production sector i] = [Sum of all households' 
demands for output of sector i] + [Intermediate demand by sector j for 
output of sector i] + [investment demand] + [Government purchases of 
sector i 's output] + [Exports of sector i] 
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Government Receipts: 

G= ItkYk + It.X. +R
k ; 1 1 g 

[Total tax revenues 1 = [Taxes paid by all households 1 + [Taxes paid 
by all sectors1 + [Income received from rest of the world by the 
government] 

Capital Account Receipts: 

F= f Sk + fSi +Sg +SR 

[Total Savings] [Total household savings] + [Savings/Investment 
by production sectors]+[Govt savings]+ [exogenous inflow of capital] 

Rest of the World Account: 

M IMk + IM. +Mg
k i 1 

[Total Imports] [expenditure on imported goods by all 
households] + [value of imported intermediates purchased by 
production sectors] + [imports by the government] 

Regional Value-Added: 

I 	 Iwk·X.
k 	 ill 

Regional value-added is the sum of incomes received by all 
households from all production activities. 

In this SAM-based multiplier model of the Punjab regional 
economy, regional value-added (RVAj has been taken as the objective 
functionS to be maximised under the two situations: 'With Project' and 

'Without Project'. 

Simulations under 'With Project' Situation 

As mentioned above, the SAM-based multiplier model described above 

has been used to compute the values of relevant variables in the 'With 
Project' situation with their counterparts in the hypothetical case that 
the project had not been undertaken ('Without Project'j. This set of 

variables comprises all the elements of a SAM for the region in each 

8. 	 We have used GAMS (General Algebraic Model System) to obtain optimum 
solutions. 
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situation, assuming fixed prices. The optimum solution under 'With 
Project' situation gives an estimate of the regional value-added alongwith 
household incomes, sectoral gross outputs or export levels, savings and 
investments and government expenditure for the year 1979-80. 

Simulations under 'Without Project' Situation 

The regional value-added [RVA) under 'Without Project' situation has 

been obtained by using the SAM-based multiplier model by fixing output 

levels of agricultural commodities and electricity under the hypothetical 
situation of 1979-80 in the Punjab state in the absence of the Bhakra 
dam system. 

Most of the inter-sectoral interactions in Punjab are driven by 

output increases in the agricultural sector. Agriculture in turn is driven 
very strongly by the availability of irrigation wa'ter. It is therefore, 
important to explicitly account for this important driving force of inter
sectoral linkages. To assess therefore, how the non-availability of 
irrigation water and hydropower in the 'Without Project' situation 

would have affected the inter-sectoral linkages and the production of 
different sectors in SAM, it is important to estimate how the 

agricultural production. would have been affected in the event of non
availability of irrigation water and hydropower (a part of which is used 
for pumping groundwater for irrigating crops). 

Irrigation and Agricultural Output under 
'Without Project' Scenarios 

The major effects of the Bhakra dam system have been in terms of 
increasing area under irrigation and the output of electricity, Had the 
dam not been built, it would have affected the availability of irrigation 

and hydropower. Thus, for the hypothetical case of 'Without Project' 

scenario, the following assumptions are made with respect to the 

availability of irrigation and the irrigated area. 

Irrigation Under 'Without Project' Scenario in Punjab 

The availability of Bhakra waters has helped in several ways in 

contributing to the increased irrigation availability in Punjab. It has led 

to changes both in terms of quantity of irrigation water available as well 
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as quality (as measured in terms of reliability of irrigation water at the 
required time) of irrigation water available. It has helped in extending 
surface irrigation water availability to hitherto unirrigated areas, in 
tremendously increasing water availability in the existing canal network 
and, through seepage of canal waters to the groundwater, in making 
available huge amounts of groundwater for exploitation through 
tubewells. 9 

Thus, while it may not be correct to attribute the entire changes 
on the irrigation scene, presented above, to the building of the Bhakra 
dam, it is however correct to infer that the irrigation scene in the 
absence of the project would have been much different than that 
presented above. In the hypothetical situation of the Bhakra dam not 
having been built, the likely irrigation scenario in Punjab could be 
visualised as consisting of the canal network that existed in the pre 
project period continuing to carry low volumes of irrigation water, 
though maybe somewhat at a higher level than that in the pre project 
year, and a reduced level of groundwater availability due to the absence of 
recharge of groundwater from the canal waters. In the absence of data 
available on actual amounts of water flowing through the canal system, 
and to avoid any undue prejudices against the 'without project' scenario, 
we assume that the volume of water carried in large parts of the canal 
system would be sufficient to grow all crops including high yielding 
varieties of crops, except that of Paddy due to its high water 
requirement. The available water is however, assumed to be sufficient to 
grow local varieties of paddy due to their low irrigation water 
requirement. We also assume that of the total canal irrigated area 

available in 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 yielding varieties of paddy also. 

9. 	 The role of seeped in waters in improving recharge is often not so well recognised 
in the case of canal irrigation. A canal system is inherently rather leaky. more so 
when it is unlined. According to some of the available estimates, the natural 
groundwater recharge in Punjab could sustain half the existing number of tubewells 
in Punjab. In other words. the investment in canal works has enhanced 
groundwater availability in Punjab by a factor of two. Therefore. half the crop 
output originating from tubewell·irrigated lands in the Punjab State is from 
groundwater that is of canal origin (Dhawan, 1993). In another study on Punjab, 
Dhawan (.1989) concludes. "These exercises should convince a discerning reader 
that we are justified to adopt a range estimate of 50 to 70 per cent for the share 
of canal seepage in total groundwater." 
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Irrigation from Check Dams 

Given the flat topography of the land in most of the command area of 
the Bhakra dam system, it is assumed that no substantial irrigation 
could be obtained from investing in small check dams, In any event, the 
area that could have been potentially irrigated by small dams in the 
region would have been a very small part of the total area irrigated by 

large canals from the Bhakra dam system. Hence, we have not made any 
estimates for the area that could have been irrigated from the small! 
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 assumptions made: 

Assumption I: It is assumed that the water available in the canal 

irrigated area is sufficient to grow all crops, except HYV of paddy. 
However, in 25 per cent of this area, it is assumed that the available 
water is sufficient to grow HYV of paddy as well. The groundwater 
irrigated area has been assumed to be 50 per cent of the groundwater 
irrigated area in the 'With Project' situation and that the entire 

groundwater irrigated. area is suitable for cultivation of all crops, 
including HYV of paddy. 

Assumption II: It is assumed that the water available in the canal 
irrigated area is sufficient to grow all crops, except HYV of paddy. 
However, in 25 per cent of this area, it is assumed that the available 
water is sufficient to grow HYV of paddy as well. The existing 
groundwater lO area in the pre-project period will become suitable for 
HYV of paddy and other crops but there would have been no new 

additions to area under groundwater irrigation. 

The estimated figures suggest that had the Bhakra dam system not 

been built, the Net Irrigated Area INIA) would have been between 43 

10, 	 It is assumed that. in the absence of water releases from the dam, the 
groundwater recharge would have been lower due to low volume of water available 
in the canal system. However, the existing wells would have converted into the 
tubewells and would have drawn more water than they were drawing before the 
project. But it is assumed that no new area under groundwater would have come, 
This restrictive assumption has been made to see the impact of low irrigation 
availability on direct and indirect impacts. 
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and 54 per cent lower in 1979-80 than that actually prevailing in 1979-80 
(Table 6.12). 

Thble 6.12 

lJrigated Area in Punjab under Alternative Assumptions 
(Thousand Hectares) 

Actual Actual Without Bhakra 1979-80 

1950-51 1979-80 I II 

1. Canal 
lItigated Area 

(al Adequate 1496 241 241 
Water for Growing 
HYVPaddy 

(bJ Inadequate 922 681 681 
Water for HYV 
Paddy 

2. Groundwater 764 2062 1106 764 
Irriga ted Area 

3. NIA (Net 1686 3558 2028 1686 
Irrigated Area) 

4. GIA (Gross 2278 5708 ,3245 2698 
Irrigated Area) 

Note: 1. 	 For calculating GIA we have used the same irrigation intensity that prevailed actually in 1979
80 viz., 1.60, though this may somewhat cause an upward bias. 

2. 	 While calculating the "without" Bhakra scenario figures we have applied percentage reductions 
to only Bhakra served area of Punjab. 

Agricultural Production under 'Without Project' Scenario 

To assess the implication of reduced availability of irrigation water on 
the agricultural sector, in the hypothetical situation that the Bhakra 
dam system had not been constructed ('Without Project'), a formal 
model of the agriculture sector has been developed. In particular, we 
developed a Linear Programming (LP) model of the agricultural sector, 
which solves for equilibrium values of the area allocation to different 
crops for a defined objective function. The model is validated for the 
year 1979-80. The model simulates the steady state equilibrium as it 

. should have been during that year and may therefore, deviate from the 
values actually prevailing in the study region. Subsequently the model 
has been used to analyse the direct effects of the Bhakra project by 
solving the model for different hypothetical 'Without Proiect' situations 
as discussed above. 
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To simulate the regional agricultural economy in the absence of the 
Bhakra dam, apart from reduced availability of irrigation water as 
discussed above, it was also necessary to make some plausible 
assumptions about some of the underlying variables. It is assumed that 
identical input-output relations hold under both 'with' and 'without' 
project situations. It has also been assumed that farmers would have 
access to the same level of agricultural technology (HYV and 
mechanisation) and would have used the same input levels such as that 
of fertiliser and seeds on irrigated farms in the region in the absence of 
the Bhakra dam as in the presence of the dam. It is also assumed that it 
was reasonable to foresee the autonomous changes in population, 
incomes, prices and investments in the absence of the project. Further, 
we assume that prices of inputs and outputs, subsidies, markets, 
infrastructure (except that of irrigation), government policies etc. were 
identical in both situations. Hence, the difference in values of relevant 
variables derived from the two situations would provide an estimate of 
the 'pure' impact of the Bhakra dam system. Some of the relevant 
variables used for this impact evaluation are: increased area under 
irrigation under rice, wheat, cotton and other crops and the increases in 
output of these crops as a result thereof. 

The production and value of output of some of the major crops, at 
1979-80 prices for 'With Project' and 'Without Project' situations, are 
given in Tables 6.13 and 6.14. It may be noted that Tables 6.13 and 6.14 
show the predicted differences between what would have been the 
situation in the region 'with' and 'without' the Bhakra dam system. In the 
case of animal husbandry, the value of output under 'Without Project' 
situation has been estimated to reflect the area available for fodder crops. 

The results obtained from solution of the model under different 
situations suggest that if the Bhakra project had not been undertaken, 
the production of rice would have been about one half of what was being 
produced in 1979-80 with Bhakra. Similarly the production of wheat 
would have been between 54 and 65 per cent of the currently produced 

quantity of wheat (See Figures 6.8 and 6.9). The total value of these four 
major crops would have been between 52 and 61 per cent of the value 
currently obtainable. 
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Thble 6.13 

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

Crop LP ~th 1979-80 
Prevailing Conditions 

LP with. Groundwater 
at 50 per cent of 
use in 1979-80 

LP without additional 
Groundwater use 

Rice 3437 (100) 1717 (501 (48) 

Wheat 

Cotton 

8190 (100) 

259 POOl 
5354 (65) 

157 {611 

4438 (54f 

125 (48) 

Sugarcane> .477 (100) 471 (99) 285 (60) 

Note: 	 'Production of sugarcane is in terms of Cur. 

Figures in parentheses are index nnmbers. 

'lllble 6.14 

Value of Outptlt of Major Crops under Alternative Scenarios 
(Mn Rs. at 1979-BOPrices) 

Crop IJ''?i#:h 1979- LP with Groundwater LP without additional 
1980 Prevailing at 50 Per cent of use in Groundwater use 

Conditions 1979-80 (Assumption I) (Assumption II) 

Rice 6187 3091 2945 

Wh!::at 10647 6960 5769 

Cotton 2072 1256 1000 

Sugarcane 859 848 513 

Total or Four 197651100! 12155 (611 10227 (52) 
Crops 

Electricity Output Under 'Without Project' Scenario 

Apart from the reduced availability of irrigation water under the 
'without' project scenario, the availability of electricity would have also 
been affected. We make the following two assumptions about the 
availability of thermal power in the absence of availability of hydro power 
from the Bhakra dam system: 

Assumption I: No additional thermal power available to replace 
hydropower available from Bhakra. 

Assumption II: Additional thermal power will be available to replace 50 
per cent of hydropower available from Bhakra. 
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Figure 6.8 

Production of Different Crops With and Without 

Bhakra Dam-Thousand Tonnes/yr 
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Figure 6.9 

Value of Output With and Without Bhak:ra Dam-Rupees MillionIYR 
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The electricity scenario in the two cases would thus have been as 
follows: 

Assumption I: The installed capacity of electricity in Punjab in 1979-80 
was 1536 MW of which 1416 MW was from the Bhakra dam system. In 
the year 1979-80 total electricity generated in Punjab was 6235 million 
kWh (rnkWhJ of which 6033 rnkWh was from the Bhakra system. 

According to the available data, estimated value of output of 
electricity, gas and water supply sector in 1979-80 was Indian Rupees!l 

iRs.) 1647 million (Bhalla et al., 1990). Assuming that 90 per cent of this 
was due to electricity, this gives an estimated value of Rs. 1484 million 
from electricity for an estimated generation of 6235 million kWh or Rs. 
0.24 per kWh. Using this estimate of the unit price of electricity, the 
estimated value of electricity from Bhakra in Punjab comes to Rs. 1442 
million. Thus, in the hypothetical case under which the Bhakra dam 
system had not been constructed, the value of electricity output in the 
Punjab would have been Rs. 50 million iRs. 1484 million minus Rs. 1434 
million). Hence, the output value of electricity, gas and water sector in 
1979-80 under 'Without Project' situation is estimated at Rs. 213 million. 

Assumption II: The value of output from the electricity and gas sectors is 
taken at 50 per cent of the value of output under 'With Project' situation. 
Hence, the output value of electricity, gas and water sector in 1979-80 
under 'Without Project' situation is estimated at Rs. 823 million. 

The above two alternative assumptions have been used to derive 
simulation results on the impact of non-availability of hydro power from 

the Bhakra dam system using the SAM model. 

Results of Multiplier Analysis 

The gross output levels and value-added for Punjab during 1979-80 

under different assumptions of irrigation availability and electricity 

availability in the 'Without Project' situation have been estimated using 
the SAM model. We present in Table 6.15 results for one such 

11. 	 The current (December 2002) conversion rate is Rs 48.4 for a US $. The exchange 
rate during 1979·80 was approximately Rs 10 to a US dollar. In this report we have 
used Indian Rupees (Rs) for value figures using 1979·80 prices. 
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combination of alternative scenarios comprising Assumption I for 
groundwater and Assumption II for electricity as discussed above. The 
results are presented for a sectoral aggregation of the 39 sectors. This 
Table also presents gross output and value-added, respectively, for each 
aggregated sector as estimated in the SAM for 1979·80 representing the 
'With Project' situation. The detailed sector wise gross value of output 
and value-added for each of the 39 sectors under the 'With Project' 
situation are presented in Table 6.16. 

Under defined combinations of assumptions about the availability 
of irrigation and electricity under the 'Without Project' situation, the 
aggregate gross output in 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 project not been constructed. 

'Thble 6,15 

Estimated Gross value of Output QJ!Jil Value-Added in Simulation 

Exercises using the SAMMode1 for Punjab: 1979-80 


(Millions of Indian Rupees) 


Value Added 

Sectoral 

Asrieu1ture 15137 22072 4.¢\ 9870 14398 46 

Aninlal 5583 7976 43 3919 5598 43 
Husbandry 
Agro Processing 3734 5566 49 473 727 54 
Manufacturing 17790 21884 23 3866 4767 23 
Electricity, 824 1647 100 473 946 100 
Gas and Water 

ConsttuctlQn and 27501 30148 9.6 14277 15943 12 
Services 

Total 70568 89294 26.5 32878 42379 29 
Notes: • Figures do not add up to totals due to rounding. 

I. In simulations under 'Without Project' scenarios, 	Vlllue of output was fixed for the 
following sectors: wheat, rice, cotton, animal husbandry and electricity, gas &. water 
ISee text). 

Assumption: 	Assuming that under 'without project' situation, groundwater use will be at 50 per cent 
of the use in 1979-80 iunder 'with project' situation) IAssumption J of irrigation 
availability scenario) and additional thermal power equal to 50 per cent of hydro output 
IAssumption lJ of electricity scenario! will be available. 
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'lable 6.16 
Value-Added and Gross Output of 39 Production Sectors in the SAM for 


Punjab (Millions of Indian R'!pees) for 1979~80 


\blue Gross Per cent of Regional 
\blue·Added 

Wheat 5421 9735 55.7 12.8 
Rice 3574 5189 68.9 8.4 
Cotton 1573 2196 71.6 3.7 
Sugarcane 650 813 79.9 1.5 
Gram and Pu!SlilS 365 479 76.2 0.9 
Oilseeds 367 454 80.8 0.9 
Other Agr. and FOle$t;nr 2448 3207 76.3 5.8 
Animal Husbandry 5598 7976 70.2 la.2 
Dairy Products and .. Hi5 669 23.1 !L4 
Confectionary 

Grain Mill ProduCts 157 1874 8.4 0.4 
»akely Products 53 156 34 0.1 
$tlgal' 3.4 195 17.5 0.1 
ot:herFood Industries '140 512 27.4 0.3 
Edible Oil 140 1876 7.5 0.3 
Breweries andBeve~age8 47 285 16.6 0.1 
Ginning and Thxtiles 1251 6932 18.1 3.0 
Sawmills and Wooden 234 601 38.9 0.6 
goods 
Paper, Printing and 51 144 35.3 0.1 
Publishi1)S' . 
Rubber and Leather 233 890 26.2 0.6 
Products 
Basi,c Chemica!a and. 271 1055 25.7 0.6 
fertilisers 
Drugs and phamia· . 7 39 17.1 0.0 
ceuticals 
Other Chemicals 36 233 15.4 0.1 
Glassand.~ .561 1488 37.7 1.3 
Products 

, ~'" 

Basic Metallnd~ 392 4328 9.1 0.9 
Metal Productlj 280 1377 20.3 0.7 
Machinery except: 241 1119 21.5 0.6 
Electrical 

" Electrical Machinery 112 536 21.0 0.3 
Railroad Equipment 28 65 43.3 0.1 
Motor Vehicles, 399 1073 37.2 0.9 
Manufacture and 
Repair 

Bicycles and P:ttts 412 1313 31.4 1.0 

contd... 
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conul... 

Value GrQSs Value-Added Per Per cent of Regional 
Added Output. Urlit of Grosli Output Value-Added 

Scientific and Surgical 25· 86 28.S ill 
Instruments 
Sports and Athletic Goods 102 412 24.7 0.2 
Miscellaneous Industries 133 193 6K9 0.3 
Electricity, Gas and 946 1647 57.4 2.2 
Water Supply 

Cons*~ion 2393 7863 30.4 5.6 
Tlade,1l:ansport and 8649 1384.1 62.5 20.4 
Storage 

Other Services 
8anking and Insurance 
Real Estate and Owner Q{ 

Dwellings 
TOTAL 

3494 
877 
530 

As expected, the project had its biggest impact on the output of 
agricultural commodities, specially the output of wheat, paddy, cotton 
and oilseeds. The output of agricultural commodities is larger by Rs. 7 
to 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 
electricity is estimated (for 1979-80) to be higher by 6033 million kWh 
or Rupees 1442 million. 

Table 6.17 presents the results of the estimates of value-added 
multipliers based on the methodology and assumptions described above. 
Two estimates of multipliers have been reported based on the 
assumptions regarding the impact of seepage from canals on the 
availability of groundwater irrigation and the availability of electricity. 
These are: 

Scenario I: Assuming that under the 'without project' situation, 

groundwater use will be at 50 per cent of the use in 1979-80 
(Assumption I of irrigation under 'Without Project' situation) and 
additional thermal power equal to 50 per cent of hydro output will be 

available (Assumption II of electricity under 'Without Project' 
situation). 

Scenario II: Assuming that under 'without project' situation, 
groundwater use will be at 50 per cent of the use in 1979-80 
(Assumption I of irrigation under 'Without Project' situation) and no 
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Thble 6.17 

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

Definition of Direct Effects + Indirect Effects 
Multiplier ~-- (Direct Effects) 

Vidue Regional vallie Added (With Project)l - Regional Value Added l'Without Projeet'L_ 
(Millions Value Added of Ag.~ Elec. ('With Project') - Value Added of Ag.&. Elee. {'Withont Project I 
oflndian 
Rupees IRs.' 42379 32878 = 1.90 
Scenario I 15343 10343 

Value Regional value Added (With Projeetll - Regional value Added ('Without Project') 
(Millions Value Added of Ag. &. Elee. ('With Projeet') Value Added of Ag. &. Elee. ('Without Project) 
ofJndian 
Rupees (Rs.1 42379 - 30729 1.78 
Scenarion -15343 - 8807 

Notes: 	 Scenario I: Assuming that under without project situation, groundwater use will be at 50 per 
cent ot the use in 1979·80 lunder with project situation) and additional thermal power equal 
to 50 percent of hydro output will be available. 

Scenario II: Assuming that under without project situation, groundwater use will be at 50 per 
cent of the use in 1979-80 (under with project situation I and No additional power available 
from thermal sources 

SOUlce: See text and tables 

additional thermal power is available in the absence of hydropower from 
Bhakra system (Assumption I of electricity under 'Without Project' 
situation). 

Under Scenario I, the results show that the regional value-added 
under 'With Project' scenario at Rs. 42.38 billion is larger than the 
regional value-added under 'Without Project' scenario by Rs. 9.5 billion. 
Compared with thiS, the value-added from agriculture and electricity 
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, Rs. 5 billion is due to an increase in the outputs of 
agricultural commodities and the additional generation of hydroelectri
city from the Bhakra dam. 

This gives a multiplier value l2 of 1.90 i.e. Rs. 9.5 billionJRs. 5 
billion. Thus, for every rupee [100 paise) of additional value-added 

12. 	 Here we are using the multiplier value for the project as a whole as defined in Bell 
et a/. (1982). An alternative estimate of multiplier, as used in regional science 
literature, would be higher at 2.78 when total effects vis-a-vis direct effects are 
considered under the 'With Project' situation. 
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directly by the project in agricultural and electricity sectors, another Re 
0.90 (90 paise) were generated in the form of downstream or indirect 
effects. 

Under Scenario II, the results show that when electricity availability 
is lower than in estimate I (under the scenario of 'Without Project't the 
regional value-added under 'With Project' scenario at 
Rs, 42.38 billion is larger than the regional value-added under 'Without 
Project' scenario by Rs. 11.65 billion. Compared with this, the value

added from agriculture and electricity sectors at Rs. 15.34 billion is larger 
than the corresponding value-added under 'Without Project' scenario by 
Rs, 6,53 billion, This gives a multiplier value of 1. 78 i.e. Rs. 11.65 billion! 
Rs, 6.53 billion. Thus, for every rupee of additional value-added directly by 
the project in agricultural and electricity sectors, another Re 0,78 were 
generated in the form of downstream or indirect effects. 

Thus, the simulation results based on a SAM model show that the 
Bhakra dam project generated significant indirect or downstream effects 
in Punjab state. The multiplier values range between 1.78 to 1,90 
depending on the assumptions regarding the impact of canals on 
groundwater availability, For every rupee (100 paise) generated directly, 
another 78 to 90 paise were generated in the region as downstream or 
indirect effects. These multipliers include the effects of inter-industry 
linkages as well as consumption-induced effects, 

Multiplier Effects Outside the Region 

In addition to the direct and indirect effects realised in the directly 
impacted region falling in the Bhakra system command, the dam has 
directly and indirectly also impacted regions and people in area located 

far-off from the project region. The increased economic activity in the 
directly impacted region has provided employment opportunities to 

thousands of migrant labours from some of the poorest regions of the 
country such as from the states of Bihar and Uttar Pradesh, The 

remittances from these migrant labours back to their families in their 

native villages in turn has impacted the economy of these villages. The 
huge foodgrain surplus production from the project region is procured 

by Government· 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' to 
labours employed under food-for-work programmes etc. carried out in 
different parts of the country. 

We briefly discuss some of these impacts. 

Multiplier Effects of Remittances by Migratory 
Labourers in Villages Outside Punjab 

The shifts in the cropping pattern and attendant changes in crop 
production brought about by the availability of irrigation water in the 
region created huge employment opportunities in agriculture and related 
sectors. The employment opportunities available on a continuing basis 
for hired labour every year lures thousands of labour from far-off poor 
regions of the country-Bihar, Uttar Pradesh etc, where wage rates are 
low and unemployment is very high, to migrate to this region in search 
of employment and better wages. While some of these labours have 
settled down permanently in the region itself, others migrate every year. 
In a study carried out recently by the Punjab Agricultural University it 
has been estimated that during the lean period of agricultural operations 
the number of migrant labour employed in Punjab was 387 thousand 
and this number increased to about 774 thousand in the peak period 
(Sidhu et al., 1997). About 93 per cent of the migrants belonged to the 
poor states of Bihar and Uttar Pradesh while about 5 per cent also came 
from Nepal. It has further been estimated that the number of migrant 
labour have increased by about 35.31 per cent in 1995-1996 as compared 

to 1983-84. In terms of the proportion of migrant labour to local labour 
the proportion of migrant to local labour increased from 7.60 per cent in 

1978-79 to 11 per cent in 1995-96. In other words, Punjab agriculture 

meets almost one-tenth of its total labour requirement by migrant 
workers. 

The wage rates, which these migrant labourers get in their native 
villages, are much lower than what they get in Punjab. Thus, for 
example, about 46 per cent of migrant labour were getting less than Rs. 
300 per month for being employed on a permanent basis in their native 
villages while in the Punjab they were getting almost 200 per cent 

higher wages. 
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It has been estimated that total earnings of the entire migrant 
labour force in crop production in Punjab during 1995-96 was Rs. 5344 
million ( US$ 114 million) out of which they remitted Rs. 3548 million 
(US$ 75 million or 66 per cent) back to their native places while the 
remaining Rs. 1796 (US$ 39 million) were spent by them in Punjab 
itself. About 18 per cent of the migrant labour utilised their savings for 
creation of assets in their native places. 

The remittance of such huge amounts of money to relatively far
flung poor 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. About 96 per cent of the migrant 
labours reported that they utilised these savings for purchasing 
consumer durables such as televisions, radios, bicycles, sewings 
machines etc. About 18 per cent also utilised their savings from Punjab 
on the repair and construction of their houses in their native village. A 
small percentage of labourers also used these savings to either lease land 
for increasing their operational holdings or for buying a new piece of 
agricultural land. In addition, part of the savings were of course used for 
improving daily consumption. 

Apart from earning cash, these migrant labourers have acquired 
new skills in crop cultivation and operation of farm machinery during 
their stay in the Punjab. This has offered a great scope for 
transformation of the agricultural economies of their native villages but 
these labourers have not been able to use their acquired skills in their 
native villages due to a number of factors such as the non-availability of 
irrigation, inadequate credit etc. Nevertheless migration has helped 
them improve their skills 

Multiplier Effects of Surplus Foodgrains used in 
'Food for Work' Programmes 

During the year 2001-02 the States of Punjab and Haryana contributed 
17 million tonnes of wheat out of a total of 20.63 million tonnes 

procured by the Statefoodgrain procurement agencies from all over the 
country. Similarly during the year 2000-01 out of a total procurement of 
19.10 million tonnes of rice from the entire country, Punjab contributed 
6.93 million tonnes. 
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The Bhakra irrigated region provides the bulk of the foodgrains 
required by the Central Government for running the food distribution 
system in the country. While part of the procured foodgrains are utilised 
for running the Public Distribution System iPDSj of the countryj a part 
of the procured foodgrains are provided to the States during emergencies 
created by natural calamities such as floods, droughts etc. These 
allocations in part are used by the States to create gainful employment 
opportunities under various employment generation programmes such 
as for creation of infrastructure etc. in which part of the wage payments 
are made using these foodgrains. For example during 1997 the central 
Government allocated 1303 thousand tonnes of rice and 70S thousand 
tonnes of wheat for various employment creation programmes in the 
States. 

Multiplier Effects of Water Supply to Rural and Urban Areas 

As mentioned earlier, the Bhakra system has provided adequate drinking 
water supply to many towns and cities in the states of Punjab, Haryana 
and Rajasthan. Even Delhi gets a part of its water supply from the 
Bhakra system. J3 In the absence of this water supply, the growth of 
industry and services in these towns and cities would have been 
adversely affected. However, due to the non-availability of any studies on 
the subject, it has not been possible to make any estimates of direct or 
indirect land multiplier benefits) from the availability of water supply 
that is critical for generating urban incomes and employment. 

Income Distribution Impacts of the Bhakra Dam System 

The availability of irrigation water, and the consequent growth in rural 

and urban areas that followed, has helped in a very significant way in 
bringing down poverty in the two states of Punjab and Haryana. As 

already mentioned the benefits of this economic development in the 
region have been shared both by rural as well as urban areas. The 

income distribution effects of the Bhakra dam have been analysed using 

13. 	 Total water supply to Delhi from Bhakra in 1999 was 2803 cumec days out of a 
total of 428182 cumec days. However. the water supply from Bhakra meets a 
substantial part of the industrial demand for water supply. 
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the SAM-based multiplier model for the Punjab economy described 
above. 

The income distribution effects of the Bhakra dam have been 
analysed in three ways: 

(i) 	 By comparing the shares of agricultural labour and other 
households in aggregate incomes under 'With' and 'Without 
Project' in the Punjab state. 

(ii) 	 By comparing the differences in aggregate income levels of various 
household categories under two scenarios of 'Without Project' 
and 'With Project'. 

(iiil 	 By assessing direct and indirect 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 into 
urban households [0.7 million) and four categories of rural households, 
namely, households self-employed in agriculture l 4, agricultural labour 
households, non-agricultural labour households and other households. 
Of the total 12 million rural population, 46 per cent or 5.5 million were 
self-employed in agriculture while 23 per cent or 2.7 million were 
agricultural labour households. Non-agriculture labour households 
constituted about 6 per cent and other rural households constituted 
about 25 per cent of total rural households. 

The SAM-based multiplier models have been used to assess the 
income effects of additional irrigation and hydropower provided by the 
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 households in the aggregate rural income under 'with' and 

14. 	 Those households which earn 50 per cent or more of their total income from self
employment in agricultural occupation during the last 365 days are treated as self
employed in agriculture. Those households which earned 50 per cent or more of 
their total income during the last 365 days from wage paid manual labour in 
agriculture are treated as agricultural labour households. 
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Figure 6.10 

Income Shares: Without Project 
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Figure 6.11 

Income Shares: With Project 
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Source: Author's calculations and based on model's results. 

'without project' situations. For example, for the self-employed rural 
households, the share of their income in aggregate rural income levels is 
46.8 per cent under the 'without project' situations compared with 48 
per cent under the 'with project situation'. The share of agricultural 
labour households at 15.4 per cent of the total under 'with project' 
situation is higher than 12.9 per cent under 'without project' situation. 
However, when a comparison is made between shares of aggregate rural 
and urban incomes in the total, the results show that the share of rural 
households is hi~her (61.5 per cent) under the 'with project' situation 
when compared with that (57.4 per cent) under the 'without project' 
situation. The share of urban households is 42.6 per cent and 38.5 per 
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cent in the aggregate income under the 'without project' and 'with 
project' situations respectively. 

Differences in Aggregate Income Levels of Various Household 
Categories under 'Without Project' and 'With Project' 

The SAM-based multiplier models have. been used to assess differences 
in household 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 

Thble 6.18 

Differences in Incomes of Agricu1tu~al Labonrand Other Rural 

Households: With and Without Bhakta Dam (Rupees Jy1illion) 


Category Of Households Difference . Percent 

Self employed Rural 3680 41.7 
Hwseholds 
Agriculture labor 4005 2425 1580 65.2

Rural Non Agriculture 1125 627 498 79.5 

Rural· Others 8413 6988 1425 20.4 

Urban Households 16331 14014 2317 16,5 

TOTAL 42379 32878 9501 28,9 

Source: Simulations using the SAM model for the Punjab 1979·80 described in the text ISee text). 

Figure 6.12 

Income of Different 1Jrpes of Households With and 

Without Project (Rs. Million) 
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Figure 6.13 

Percentage Change in Income of Different Types of 

Households With and Without Bhakra Dam 
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Project' situation. For example, for self-employed rural households, the 

difference in income levels (under 'with' and 'without project' situations) 
is estimated to be Rs. 3680 million. Their income under 'with project' 
situation is 42 per cent higher over the income level under 'without 
project' situation (Rs. 8825 million). 

In the case of agricultural labour households, the difference in 
income is Rs. 1580 million, which shows that their income under 'with 
project' situation is 65 per cent higher than the income level of Rs. 2425 
million under 'without project' situation. 

However, in the case of urban households, the difference in income 

levels under the two situations is relatively low, only 16.5 per cent. The 

level of income of urban households under 'without project' situation is 

Rs. 14014 million compared with Rs. 16331 million under the 'with 

project' situation. The results show that the gain for rural households 

from the dam is relatively higher than the average difference of 29 per 

cent between aggregate incomes under 'with' and 'without project' 

situations. Further, the investment in the Bhakra dam has provided 

income gains to agricultural labour households that are higher than 
those for the average households. 
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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 to estimate 
direct and indirect income effects of additional irrigation and 
hydropower provided by the Bhakra dam. This has been done for each of 
the five defined household categories. The SAM coefficients for each 
household and each production sector have been used to estimate the 
value-added received by each household category from each sector. These 
SAM coefficients have been used to estimate the componerit of a 
household's income that is due to value-added from sectors affected 
directly by the outputs of the dam, namely irrigation and hydropower. 
Similarly, SAM coefficients for remaining production sectors have been 
used to estimate the component of income t~at is due to value-added 
from sectors affected indirectly by the outputs of the dam. This type of 
analysis is based on the usual assumptions for this type of fixed-price 
SAM-based multiplier models, namely that the value-added per unit of 
output remains the same for each sector and the adjustments take place 
through changes in quantity. The procedure used to estimate the share 
of direct and indirect components in household incomes is as follows. 
First, the SAM coefficients have been used to estimate values of a new 
SAM for the 'Without Project' situation by fixing the outputs of sectors 
directly affected by the dam (agricultural sectors and electricity). Then 
the difference between the values of outputs and household incomes in 
the two SAMs is used to estimate the differences in incomes under the 
'with project' and 'without project' situations. The difference in 
household incomes is further divided into two components-one from 
direct sectors and the other from indirect sectors. To calculate the 
component from direct sectors we look at the row of each household in 

the matrix of income differences and sum up the incomes the 
household received from sectors directly affected by the project namely
wheat, rice, sugarcane, cotton, gram, other agriculture and electricity. To 

calculate the component from the indirect sectors we added the incomes 
received from the remaining production sectors out of the total of 39 
production sectors used in the SAM. 

The resulting estimates show, as predicted, that a major part of the 
income of mral households comes from the output of sectors directly 
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Figure 6.14 

Income Gains to Households from Sectors Affected 

Directly and Indirectly by the Dam 
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affected by the dam. Figure 6.14 presents the results of the 
disaggregation of the ,differences in household incomes under the 'with' 
and 'without project' situations into sectors affected directly by the dam 
and those indirectly affected. For example, for the self-employed rural 
households, the difference in income levels [under 'with' and 'without 
project' situations) is estimated to be Rs. 3680 million. About two
thirds of this difference (or Rs. 2391 million) is due to higher output 
and value-added in sectors that are directly affected by the dam, namely 
agricultural crops and electric power. The rest, about one-third, of the 
difference in income (or Rs. 1288 million) is attributable to changes in 
value of output and value-added of sectors that are affected indirectly 
{through inter-industry linkages and consumption-induced effects). In 
the case of agricultural labour households, as much as 70 per cent of the 

J 

difference in income is due to changes in output/value-added of sectors 
that are directly affected by the dam. However, in the case of urban 
households, the situation is completely reversed. As much as 83 per 

HRSE HRAG HRNA 
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cent (or Rs. 1925 million) of the difference (under 'with' and 'without 
project' situationsl is accounted for by changes in outputs of sectors 
that are indirectly affected by the dam, namely agro-processing, 
manufacturing of textiles etc. 

Social and Environmental Effects 

Displacement of People and their Rehabilitation 

Construction of big dams have almost always led to the submergence of 
large 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 vary very substantially according to the source of 
information. 

The Bhakra reservoir submerged 17,800 hectares of land, affecting 
371 villages with a population of about 36,000 people or about 7,200 
families. Bilaspur town with a population of 4000 was also submerged. Of 
the 7,206 affected families, 5,027 were given cash compensation under the 
Land Acquisition Act and resettled elsewhere on their own. A Bhakra 
Rehabilitation Committee was appointed to examine the future of the 
remaining 2,179 families. Since these farmers expressed a desire for 
resettlement in the Bhakra command, the committee located suitable 
lands in compact blocks in Hissar and Sirsa districts in Punjab (now 
Haryana) and 13,200 acres were accordingly acquired in 30 villages. As the 
amount due in compensation exceeded the value of the land acquired, the 
displaced persons were compensated partly in land and partly in cash. 

Landless tenants were declared eligible to be given an area 
equivalent to their submerged tenancy, subject to a maximum of 5 acres. 
Other artisans and labourers from the affected villages were offered a 
half acre homestead plot free of cost. Those choosing to remain in 
Himachal Pradesh were granted free fishing licenses in Gobindsagar for 
three years (Verghese, 1994) 

The Pong Dam displaced 16,000 families (about one hundred 
thousand people). An attempt was made to rehabilitate about half of them 
in the faraway deserts of Rajasthan in the command area of the project. 
Each family was given 16 acres of land (the highest so far under any 
rehabilitation scheme in the country). In spite of this, unable to adjust to 
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the new climatic conditions, water, people and language, most of the 
displaced people sold their lands and returned to their native place. 

In a recent press statement, quoting government sources, it was 
reported that there are still 784 oustees of Bhakra dam who still remain 
to be rehabilitated. 

Health Impacts 

The availability of dependable source of drinking water for millions both 
in the project region as also in the neighbourhood is likely to translate 
into better health of people. With the Indira Gandhi canat the 
percentage of the reported relative incidence of waterborne diseases to all 
diseases dropped considerably over a 12-year period in areas that received 
continuous irrigation facilities (Goel, 2000). In addition, the 
improvement in economic conditions of a majority of population within 
the irrigation command helps investment in improved sanitation and 
also makes the people more health conscious resulting in the reduced 
incidence of diseases. 

Environmental Impacts 

The construction of dams, apart from causing economic impacts, also 
causes a number of social and environmental impacts, some of which 
are beneficial for the environment while others have negative impacts. 

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 that 
assumed at the time of planning of these reservoirs. The Ravi, Beas and 
Sutlej have substantial upper catchments, the Pong catchment extends 
over 12,560 square kms. The Sutlej catchment of 56980 square kms is 
much larger. Approximately 27,000 acre-feet of silt flushes down the 

Sutlej annually, as measured near the Bhakra. The Bhakra dam was 
originally based on an assumed siltation rate of 4.29 ha-metre per 100 
square kms but this had increased to 6.22 by 1979. Similarly in the Beas 
reservoir, the sedimentation rate during 1981 was 23.58 as against the 
original rate of 4.29 assumed during 1974 (NLUPB, 1988) 
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The faster than assumed siltation of reservoirs has resulted in a 
serious reduction in the carrying capacity of these structures and has 
accordingly reduced the efficacy of these reservoirs. The Gobindsagar Lake 
started filling in 1959 and up to the end of 1988 had lost 21.99 per cent of 

dead and 6.42 per cent of live storage with an overall capacity loss of 10.26 
per cent. The total silt deposit in Gobindsagar in 28 years up to 1987 was 

0.935 MAP, the average up to 1986 working out to 25,300 acre feet per 
annum as against the design figure of 27,250 acre feet. 

The Sixth sedimentation report of the Pong Dam, 1988-89, 
indicated an average sedimentation rate of 26,500 acre feet per annum as 
against the designed figure of 20500 acre feet. The total silt deposit in 
the reservoir between 1974 and 1989 worked out to 0.3975 MAF or 5.72 
per cent of the gross storage capacity. The small Pandoh reservoir, 
however, had accumulated 16,886 acre feet of silt as against a gross 

storage capacity of 33,240 acre feet as of October 1989 (BBMB, 1990) 

Waterlogging and Soil Salinity 

Large dams have diverse and complex ecological impacts and they often 

generate environmental costs for those very groups who are supposed to 
be the beneficiaries. Water logging and salinisation are twin problems 
caused by the wasteful use of water. 

Waterlogging is caused by the interaction of a large number of 

factors such as irrigation intensity, soil characteristics, drainage, seepage 
from reservoirs, distributaries and field channels and becomes almost 
inevitable in areas with undulating topography and water retentive soils. 

According to an assess-ment of the Ministry of Water Resources, 
the extent of waterlogged and soil affected areas in the irrigation 
command area of Punjab is 200 thousand hectares of waterlogged area 

and 490 thousand hectares of salt affected area. Similarly in Haryana the 

corresponding figures were 249 and 197 thousand hectares while in 

Rajasthan the figures are 180 and 70 thousand respectively (Government 

of India, 1991) 

Groundwater Pollution 

The availability of Bhakra water supplemented by groundwater led to 

adoption of intensive cultivation practices based on intensive use of agro 
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Th.ble 6.19 

Nitrate Content of Groundwater in North West India: 1995 

SUlte/Nitrate Content Number of Samples Average Nitrate Level 

Punjab 

0-45 328 (68.9) 

46-100 71 (15.1) 

>100 71 (15.1) 

Total 470 (l00) 

Ha~ana 

0-45 222 (63.1/ 

46·100 62/17.6) 

>100 68 (19.3) 

'IOtal 352 (100) 

N·Wlndia 

0-45 550 (66.9) 

4.1HOO 133 (l6.2) 

>100 139 (16.9) 

1btal 8229 {lOG! 

14.50 

66.49 

238.97 

56.26 

15.41 

68.58 

283.65 

85.59 

14,84 

67.46 

280.82 

64.97 

Note: Figures in parentheses denote percentages 


Source: Singh and Bal 119871. 


chemicals in the region, The indiscriminate and unsupervised use of 
agro chemicals (fertilisers, pesticides and insecticides etc) have been one 
of the important sources of non point pollution, In addition to loss 
through run-off, these chemicals leach in to the groundwater aquifer 
and have the danger of polluting the groundwater. 

Table 6.19 shows that the desired level of nitrate in large parts of 
Punjab and Haryana groundwater has already reached a level above that 
permissible in drinking water. The results show that 33 per cent of the 
samples in North-West India had nitrate content well above the 
permissible limit of 45 mgll. In fact, in about 17 per cent of the 
samples, the nitrate content was more than 100 mgll. 

Making Deserts Green 

Large dams can also become instruments for improving the 
environment, as has been the case in Western Rajasthan, which has 
been transformed in to a green area because of the Indira Gandhi Canal, 
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which draws water from Bhakra Nangal dam. The project has not only 
allowed the farmers to grow crops in deserts but also has also checked 
the spread of the Thar desert in adjoining areas of Punjab and Haryana. 
Besides providing irrigation bt-ilefits for over 800 thousand hectares of 
desert land! which now cultivates crops like wheat, cotton, mustard etc, 
the most needed water (11 per cent of th~ project water) is reserved for 
drinking, domestic, energy and industrial uses in areas around Bikaner, 
Jodhpur, Jaisalmer towns and 3500 villages. The value of agricultural 
produce from this vast new areas brought to cultivation is nearly Rs. 
12,000 million which is likely to double up as and when the project is 
complete (Gopalakrishnan, 2000). 

Restoration of Loss due to Forest Submergence 

The loss in biomass, 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 increased agricultural production in the 
project region. 

Mitigation of Green House Gas Emission 

If the environmentally clean hydro power of 14110 million kWh 
generated during 1998-99 were to be produced from the next best 
alternative of coal based thermal power plant, the plants would have 
emitted, 106 million tonnes of carbon dioxide per year in addition to 
emitting several other green house gases (taking the carbon dioxide 
emission from coal based thermal power plants to 330 kg/GJl. The 
creation of hydropower potential has thus enabled mitigation of GHGs 
to the tune of 106 million tonnes of carbon dioxide. However, there are 
other effects of greenhouse gas emissions 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 

The cultivation of wetland paddy is one of the important sources of 
methane emission, Methane emission from paddy cultivation accounts 
for about 25 per cent of the total methane emissions from all sources. 
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The large-scale diversion of cropping pattern in favour of cultivation of 

rice has thus led to the increased emission of methane from rice fields. 

Seismic Impacts 

Doubts are often raised about the safety of large dams due to seismic 
forces. It has been argued that impounding water in reservoirs induces 
seismicity. The Bhakra dam which has been constructed in the 

Himalayan region for more than 40 years now has not led to any 
increase in seismic activity after construction. 

Conclusions 

The simulation results based on a SAM-based multiplier model show 
that the Bhakra dam project generated significant indirect or 
downstream effects in the Punjab state. The multiplier values ranged 

between 1. 78 to 1. 90 depending on the assumptions regarding the 
impact of canals on groundwater availability and availability of power. 
For every rupee r100 paise) generated directly, another 78 to 90 paise 
were generated in the region as downstream or indirect effects. These 

multipliers include the effects of inter-industry linkages as well as 
consumption-induced effects. 

The multiplier effects will be much higher if indirect and induced 
effects of remittances sent by agricultural workers from Punjab and 
contributions of the Bhakra dam towards the 'Food for Work' programme 
are also included in the analysis. 

The results on income distribution show that the gains to 

agricultural labour households from the dam are higher than gains to 

other rural households and to the urban households. For example, for 

the agricultural labour households, the income level under 'With 

Project' situations is estimated to be 65 per cent higher than the income 
level under the 'Without Project' situation. The corresponding figures 
for self-employed rural households and urban households arc 42 per cent 

and 16 per cent, respectively. 
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Check Dams in the Bunga 
Village, India 

R.P.S. Malik and Meera Bhatia 

Introduction and Overview 

The Shivalik hills, running between the productive and well-irrigated 
plains of North-West India and the high Himalayan ranges, are 
composed of heavily erosive, loosely consolidated sandstones and gravel. 
People living in the lower Shivalik range of the Himalayas, were very 
poor and had been witnessing severe environmental degradation of the 
region and experiencing the effects of this degradation on their living 
conditions. The region was characterised by low agricultural 
productivity, compounded by a lack of any irrigation facility. A small 
check dam built in one of the villages in the region, Sukhomajri, 
demonstrated the change that harvesting of rainwater can bring about in 
arresting environmental degradation and in bringing about an 
improvement in the living conditions of the poor people in the region. 

The success of the Sukhomajri water harvesting structure led to 
the construction of a number of similar other structures in the 
surrounding villages of the Himalayan Shivalik. During the two-decade 
period between 1976-1996, 102 water harvesting structures were 
constructed in 60 villages of the Shivalik. This paper describes some of 
the direct and indirect impacts derived from the water harvesting 
structures constructed in one of these villages, Village Bunga, and 
attempts an estimation of the multiplier effects of these dams. While 
Sukhomajri was the first watershed to be built in the area, Bunga was 

the third to be constructed. 

Check Dams in Village Bunga 

Two check dams (Figure 7.1) were built in Village Bunga~the first in 
1984 and the second in 1986. The second dam however, could not 



194 INDIRECT ECONOMIC IMPACTS OF DAMS 

deliver water due to some bureaucratic hurdles in laying of pipelines for 
distribution of the water. The second dam actually started supplying 

water in the year 1996. The two structures combined together are 
presently supplying irrigation water to 276 ha of village cultivated land. 
The main features of the two check dams of Village Bunga are presented 
in Table 7.1. 

Thble 7.1 

Main Features of the Check Dams in the Bunga Village 

Dam 1 Dam 2 

Year of Construction/Availability 1984 1996' 
of Water 

Catchment Area Ihal 155 101 

Dam Height 1m) 16 15 

Storage Capacity iha meters) 180 215 

Pondage (hal ILl 12.4 

Command Area: Proposed (Ha) 243 268 

Command Area in 2002 (Hal 156 120 

Total Cost (Thousand Rs. in 1984 3951 4431 
pricesl" 

Notes: 	 ···Although the dam was completed in 1986 the distribution pipelines could not be laid and 
the dam actually started giving water from 1996. 

"-In 1984 1 US$ Rs. 10.5 Appx. 

Source: Arya and Samra 120011· 

Major Outputs of the Dams 

The major outputs of both the check dams have been making water 
available for irrigation. However, since the requirements of water for a 
fully irrigated agriculture in the village are much more than the water, 

these small dams can store and supply, these dams have been able to 
fulfill only a part of the irrigation water requirements of the village. To 

make more efficient and equitable use of the available water, the water 
supply has been restricted both in terms of the amount of water that an 

individual household can get as also the season in which the water 
supply can be made available. The magnitude of shifts that have thus, 
occurred in the agricultural production scenario have been less than the 

potential and have been contingent upon the availability of water. 
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Figure 7.1 

Location of Sukhoma;ri and Bunga Check Dams in 


Sbivalik Hill Region in Haryana, India 
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In addition to making water available for irrigation, the other 
important outputs of these dams have been-the almost complete 

elimination of floods that used to inundate this village due to heavy run
off of rainwater during the rainy season; reduction in soil erosion from 
the barren hill slopes, and improved availability of drinking water in the 
village for human beings as also for the livestock. 

While the process of development and restoration of environmental 
degradation in the village began with the construction of water 
harvesting structures and setting up of water rights for village 
households, however subsequent institutional and other changes that 
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occurred in the process combined together have been responsible for the 
transformation witnessed in this village. Therefore, while it is difficult 
to attribute the resultant observed changes in this village to the 
availability of irrigation water per se, nevertheless the availability of 
irrigation water has been the major driving force for the observed 
changes in Bunga. 

Economic Impacts of Water Storage Dams in Bunga 

Direct Impacts of Dams in Bunga 

Changes in Agricultural Output and Milk Production 

The availability of irrigation water has brought about significant shifts 
in the economy of Bunga village. The data presented in Table 7.2 and 
depicted in Figure 7.2 shows that the availability of water from irrigation 
structures has led to significant shifts in cropping patterns, a very 
substantial increase in crop yields, and as a result, a significant shift in 
crop output, specially of foodgrains and fodder crops. During the period 
between 1983-84 and lOOI-02, the value of wheat production increased 
five fold (measured at 2001-02 prices), that of maize three times and that 
of fodder by about 3.5 times. 

The available data also shows that there have been significant shifts 
both in the livestock number as also in the composition of livestock 
between the pre- and post-project period. Thus while the number of 
goats in the village declined from 2174 in 1983-84 to almost nil in 2001
2002 , the number of buffaloes during the period increased from 206 to 

an estimated 496 (an increase of 141 per cent). As a result of the 
increased availability of fodder in the village, reduetion in migration of 

1able 7.2 

Changes in Agricultural production in Bunga 

Area under (ha) Value of Prodn. Rs.) 

Before (1983) After (2001·02) Before (1983) After (2001·02) 

Wheat 88 170 496.5 2421.2 
Maize 80 119 332.5 1007.2 
Fodder 46 82 327.7 1102 
Other Agr. Na 85 1700 1366.4 
Soulce: Arya and Sanra (2001) and Author's calculattons. 
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Figure 7.2 

Changes in Area under Important Crops (Ha.) 
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animals to outside village and changes in livestock composition, the 
productivity and production of milk increased in Bunga, The annual 
milk production in Bunga increased from about 231 thousand litres in 
1983-84 to more than 600 thousand litres in the year 2001-02, 

The Bunga society, Hill Resource Management Society (HRMS), 
also leases out fishing rights of the check dams to a contractor on an 
annual lease basis. During the period 1986-1998, the Bunga society 
earned on an average about Rs. 4,500 per year from the sale of fish 
culture. During 2001-02 it earned about Rs. 12,000 from fish culture. 
The income from the sale of fish is credited to the society for other 
developmental activities. 

Household Incomes 

The ultimate effect of development and management of common and 

private resources gets reflected in income, consumption and savings 

patterns at the household level. The construction of the dam and 

availability of irrigation water have benefited all the households in the 

village though to varying extents. The availability of water has not only 

benefited agricultural production directly but also animal husbandry 
indirectly through the availability of a larger quantity of green fodder, dry 
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fodder and concentrates. The benefits of livestock occurred both via 
changes in the composition of livestock and through the better milk 
yield of milch animals. These changes have been accompanied by more 
intensive integration of the Bunga village economy with both the 
economy outside the village but within the region as also with the rest 
of the world. The net result of these changes has been an increase in 
income of all sections of society. 

During the year 2001-02 estimated average income per household per 
year in the village was Rs. 58,488 though it varied substantially between 
different classes of households (Table 7.3 and Figure 7.3). The income of 
the non-agricultural households viz. workers was the lowest. The income 
per household increased with an increase in the size of the landholding 
class. The average per capita income is estimated to be Rs. 8,012 with 
substantial income differentials across different classes of households 
(Figure 7.4). The average per capita income of Bunga is however still about 
38 per cent of the average per capita income of Haryana State (during the 
year 1999-2000 per capita income in Haryana was Rs. 21,250). 

An important point to observe is that the benefits of water 
availability have been shared almost equally by all the land owning size 
groups of farmers. The realised average income from agriculture per 
hectare of gross cropped area is almost equal in marginal, medium and 
large farms though in the case of small size group of farmers the average 
income per hectare of gross cropped area from agriculture is somewhat 
lower. 

Thble 7.3 

Income Per Household (HH) and Per Unit of Gross 

Cropped Area (GCA): Bunga 2001-02 

Parmer Size No. of GGA Income/ Income/ InCQme/ A8r. 11lCQme/ 
Category/ Group (ha) HH (ha) HH-All Capita-All GCA-All GGA (Rs) 
Workers SO!JTces SOl1rces Sources 

38 41.2 
Small 1-2 lui 54 184.1 55824 6568 16373 6235 
Medium 2-3 ha 30 128.2 87880 12554 20566 10824 
Large >3ha 18 126.8 139800 11650 19850 10047 
Workers 38 0 27316 4878 
Total 178 480.3 58488 8012 

Source: Author'S Survey. 
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Figure 7.3 

income per Household from All Sources (Rs,) 
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Figure 7.4 

Income Per Capita from All Sources (Rs.) 
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Contribution of Different Sources to 
Household Incomes in Bunga 

As mentioned above, apart from the direct benefits of increased 
agricultural production, the villagers also benefited from larger milk 
production. While the agriculture production benefits to the land 
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owning households from irrigation water occurred primarily due to 
increased crop productivity, the non-land owning households benefited 
from larger employment opportunities both on-farm and off-farm in 
such activities as construction etc. All the households however 
benefited from animal husbandry. 

An examination of the contribution of different sources to the total 
household income suggests that on an average about 43 per cent of the 
household income in Bunga came from agriculture and 33 per cent from 
animal husbandry (Table 7.4 and Figure 7.5). In the case of marginal and 
small farmers however the larger proportion of income (between 46 to 57 
per cent) was derived from animal husbandry sector while in the case of 
medium and large farmers, agriculture contributed more than 50 per cent 
to household income. The non-land owning households however got 
about 20 per cent of their income from employment in the agriculture 
sector and 17 per cent from animal husbandry. More than 47 per cent of 
their income came from employment in non-agriculture sectors. 

Household Savings 

Except for the non-land owning households, all the other households 
saved a part of their income. The average saving rate of the village was 
quite high-at about 40 per cent (Table 7.4). This is much higher than 
the average saving rate of Haryana state. 

Indirect Impacts of Dams in Bunga 

Recharge of Groundwater 

In the case of Bunga village, the water table before the construction of 
dam was about 400 feet below the ground surface. However as a result of 
the seepage of water from the dam the groundwater got recharged and 

the water table has now risen to between 300 feet. As a result of rise in 
water table there has been some private investment in installation of 
tubewells in Bunga village. In all, about seven private tubewells have 
come up in the village supplying supplemental irrigation water to 

owners who also sell tubewell water to fellow farmers to enable them 
meet their additional irrigation water requirement. A tubewell 
exclusively for drinking water has come up in the village that has 

considerably improved the drinking water supply in the village. 
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Improvement in Living Conditions 

The living conditions of households in Bunga have also improved 
considerably. By 1992, the covered area with mud roof, wall and floor 
reduced by 388 per cent and modern housing area increased by 3938 per 
cent (Arya and Samra, 2001). Similarly area under boundary with mud 
wall and floor decreased by 103 per cent whereas with brick wall and 
mud floor increased by 817 per cent. Similarly area under semi-modern 

cattle shed increased by 208 per cent over the traditional design. 

Integration of Village Economy with 'Outside' World 

One of the important indirect impacts of the dam has been the 

integration of the village with the rest of India. The marketable surplus 

of agricultural commodities and milk production generated in the village 

after the construction of the dam has helped integrate the economy of 
the village with the rest of world. Every day almost four to five tonnes of 

milk are sold outside the village. A number of village youths now go out 

for work to the neighbouring cities of Panchkula and Chandigarh. 
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Multiplier Effects of the Bunga Check Dams 

The Approach and Methodology 

As in the case of most of the village economies of the developing world, 
the structure of the economic activity of the study village Bunga is also 
reasonably simple, Before the construction of check dams in Village 
Bunga, the production and consumption structure tended to be very 
simple. The economy of the village was more or less a subsistence 
economy with minimal interactions amongst production units 
themselves or between the village and the rest of the world. That is, 
however, not to imply the complete isolation of the village from the rest 
of the economy, The subsistence food economy co-existed with a small 
commercial food and non-food sector, Crop production and livestock 
rearing formed the core of economic activity in the village, Most of the 
production in this small village used to be consumed by the production 
units themselves and thus did not enter the exchange economy inside or 
outside of the village, Many of the inputs were supplied by the same 
production units in the form of family labour, draft power or seeds saved 
from previous crops etc. However all the households were neither 
uniform in their resource endowments nor were they self sufficient in 
all respects. 

After the construction of the dams, the production structure 
became more complex and diversified, production-consumption 
interactions became more apparent, village income increased and 
interactions with the outside world increased both on the input and 
output sides, The list of goods and factors demanded and supplied by 
the village households also expanded I, These interactions have resulted 
in creating multiplier effects via linkages in production and linkages 

induced by higher income and consumption of households. Thus the 
total effects (direct and indirectl of production activities resulting from 

irrigation available from small check dams have been much higher than 
the apparent direct effects. 

1. 	 The role of outside and inside institutions in utilisation of common property 
resources and in shaping the development of the village increased. National 
policies, especially of minimum support prices of agricultural commodities, became 
increasing important in taking farm level decisions. However, given the small size of 
the village, its demand and supply has had no effect on the prices of tradables or 
their production. 
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Multipliers are summary measures that reflect the total effects of a 

project in relation to its direct effects. A multiplier of 1.40, for instance 

shows that for every one dollar of value-added generated directly by the 

project at maturity, another 40 cents are generated in the form of 

indirect or downstream effects. Thus, a multiplier is a ratio of the total 

effects (direct and indirect) of a dam project to its direct effects. 

Estimation of multipliers requires careful analysis of the direct 

effects of a dam. This involves the quantification and valuation of major 

outputs of the dam and the assessment of the share of direct effects that 

are attributable to the dam project. In addition to quantification of 

direct impacts, it is important to capture the indirect impacts of 

increases in crop production and incomes resulting from water available 

for irrigation. These indirect impacts include purchase of fertilsers, 

seeds and other inputs; water sales; animal husbandry, milk production 

and processing; sales of consumer goods and consumer durables such as 

radios, televisions, bicycles, scooters, motor cycles, pumps, diesel 

engines etc. Due to the non-availability of these facilities within the 
village, most of these transactions take place in the neighbourhood area 

of the village where such facilities for marketing of inputs, outputs and 

other goods and services exist. It is therefore, important to capture 

these indirect impacts of crop production and higher incomes by 

defining an 'economic region' of the village that includes an area outside 

the village but within a reasonable distance from the village. Based on 

discussions with the village local people and through personal close 

observation of the prevailing situation, for the Bunga village such an 

'economic region' has been defined as an area lying within a radius of 

about 30 kilometres of the village. Most of the strong economic ties, 

which the village has with the outside world, in terms of the sale of 

agricultural commodities, sale of milk and its processing, purchase of 

inputs and consumption goods, opportunities for employment etc. lie 

within this region. 

For estimating the multplier value of the Bunga check dams, as 

shown in Table 7.5, for the numerator, we need to estimate the 

aggregate value-added (for the village and the surrounding area) under the 

'With Project' situation as well as the aggregate regional value added 

under the 'Without Project' situation. For the denominator, we need to 
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estimate the value added from the sectors that are directly affected by 
the major outputs of the dam (namely agricultural output, water supply 
etc.). As discussed later in this section, the estimates of the aggregate 
value-added under the 'With Project' situation and the 'Without Project' 
situation have been obtained from the use of a Social Accounting Matrix 
(SAM) for the 'region' defined to include the village and its neighbouring 
areas in Haryana state. Value-added of sectors directly affected by the 
project (agricultural and water sales) have also been estimated from the 
SAM model. The values of agricultural output and water sectors under 

Thble 7.5 

Values of Variables Required for the Estialatio.n o.f a Pro.ject 

Multiplier o.f the Bunga Check Dam Pro.ject, India 


Aggregate value-added Aggregate value-added 

Definition of multiplier W4h Prot~ 
Value-added from 

Without Project 
--

Value-added of 
Crops and water crops and water sales 
Sales With Project Without Project 

the 'without project' situation have been estimated from the data on 
area and yield of major crops in the pre-dam situation. 

To capture the complex interlinkages among village production 
activities, village institutions and the outside world, village-level SAM 
provides a useful starting point for village wide economic analysis 
(Taylor and Adelman, 1996). A village SAM summarises and neatly 
illustrates the flow of inputs, outputs and incomes between different 
production activities and village households and institutions, the 

channeling of these incomes into consumption and investments and the 
exchange of goods and factors between the village and the rest of the 

world. 

The SAM framework is a form of double entry accounting. The 
SAM presents income and product accounts and input-output 
production accounts as debit and credit entries in income balance sheets 
of institutions and activities. The activities in the case of Bunga village 
SAM include agriculture-appropriately disaggregated, animal husbandry, 
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forestry and fisheries, and water, institutions, capital account and the 
rest of the world. 

Entries in SAM include intermediate input demands between 

production sectors, income (value-added) paid by production sectors to 
factors of production (land, labour and capital), and the distribution of 
household groups' expenditure across savings, consumption of goods 

and services and imports from the rest of the world. The institution, 

HRMS, account collects water tariffs from households, income from 
leasing out of fisheries rights and income from forestry and redirects 

this income within the system on various developmental activities or 
saves it. 

The analysis has been done using data for 2001-02. For estimating 

the multiplier values, the 2001-02 'Without Project' values of major 
production activities have been estimated on the basis of values of 
underlying variables as prevailing in 1983-84. It has been assumed that 

in the absence of the project while the cropping pattern would not have 

undergone significant changes, the crop yields would have nevertheless 
improved somewhat. 

A SAM-based, fixed price, multiplier model has been used to 
estimate the project multiplier using a Social Accounting Matrix for 
Bunga for the year 2001-02. The aspects of the dam that have been 
analysed include: changes in the area irrigated; changes in yields and 
production technology that would have been unlikely in its absence. The 

analysis is envisaged to capture the main effects of the dam during a 

typical year during its lifetime, that is, say during 2001-02. The effects 

have been divided into direct and indirect. The indicators, capturing the 

effects, include production, trade, as well as disaggregated household 

incomes and their distribution. 

The institutions in SAM include households of different types in 

the village-marginal farmers (operating less than 1 ha of land), small 

farmers (operating between 1- 2 hectares of land), medium farmers 

(operating 2-3 hectares of land] and large farmers (operating 3 hectares or 

more of landli workers (landless) providing agricultural labour to land 

owning households and also earning their livelihood through 
employment in other vocations; the village society-HRMS , shops and 
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other establishments located within the villagej shops and 

establishments located outside the village but within the economic 

region of the village, As already discussed, the economic region of the 

village has been defined as an area lying within a radius of about 30 

kilometres of the village within which the village has strong economic 

ties in terms of the sale of commodities, purchase of inputs and 

consumption goods and also for earning wage employment, There are 

nine production sectors. The data source for estimating the SAM is a 

recent study of the Bunga economy.2 The study collected detailed data 

from 47 sampled households (there are 178 households in the village) 

selected according to an appropriate stratified sampling scheme. The 

study also reports data collected from shops and other institutions. 

The aggregated version of the Bunga SAM is presented in Table 7.6. 

The key features of the economy of Bunga are analysed with the help of 

the aggregated SAM. In 2001-02, the gross value of output in Bunga was 

Indian Rupees (Rs.) 20,065 thousand and the value added was Rs. 9,373 

thousand (about 47 per cent of the total production). Gross value of 

agricultural output (including water) was Rs. 6099.7 thousand (30.4 per 

Table 7.6 

An Aggregated Social Accounting Matrix for Bunga 2001-02 ('000 Rs.) 

HHs Agriculture Animal Forest Shop-in Shop-out HRMS Capital ROW Tbtal 
Husband. e) Fish 

HHs 0 4415.4 3256.4 0 26.7 1575.5 0 0 98.9 9372.9 

Agriculture 1148.7 497.6 2681.5 0 629.4 883.5 50 209 0 6099.7 

Animal 1696.8 412.4 0 0 249.6 2468.8 0 1079.4 0 6117 
Husbandry 

Forest &. 0 0 0 0 0 0 0 59 0 59 
Fish 

Shop-in 744.5 537.6 0 0 0 226,6 0 0 0 1678 

Shop-out 1653.4 0 0 0 234.7 0 0 0 3549.8 6111.3 

HRMS 0 25.4 0 59 0 0 0 0 0 84.4 

Capital 4129.5 0 0 0 447.1 555.6 34.4 0 -3323.7 1828.2 

ROW 0 0 0 0 0 0 0 480.8 0 480.8 

Thtal 9372.9 6099.7 6117 59 1678 6111.3 84.4 1828.2 480.8 

2. 	 Collective Action and Income Distribution Aspects of Water Management; A Case 
Study of the Bunga Check Dam, Haryana, India. Draft Report prepared by Meera 
Bhatia. January 2003. 
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cent of the total value of production) while output of animal husbandry 
was Rs. 6117 thousand (about 30.5 per cent of total value of production). 

A SAM-based Multiplier Model of Bunga 
Village and Neighbouring Economic Region 

This study uses a SAM-based, fixed price, multiplier model which has 
been calibrated for the year 2001-2002. 

Since the SAM is a double-entry accounting system, we can use 
either the row or column accounts for its presentation. The rows 
provide the statement of receipts for each account, whereas the columns 
provide the statement of expenditure. For example, the row for the k th 
type of household represents the receipts of household k, i.e. 

Total income of household k = Value-Added received by household 
k from the production sectors + Income transfers from outside the 
region to the household. 

The corresponding column for the household provides the details 
of the expenditures of the household, i.e. 

Total expenditure = Expenditure on domestic goods + Savings + 
Taxes + Expenditure on imported goods. 

Thble 7.7 

A SAM-based Multiplier Model of the Bunga Regional Economy 

Receipts Households Production Capital Rest of TOTAL 
(HHs) Sectors Account the World 

k=1,..,6 i=1,2.... 9 

Households 0 EWkiX.
i 1 0 Rk Yk 

k=1, .. ,6 

Production ECikYkk 
Ea··X·
j 1) J I, E, X, 

Sectors 
i=1,2, ... 9 

Capital 5. 5, 0 SR F 

Account 
Rest of the Mk M, 0 0 M 
World 

TOThL Y& X, F M 
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Table 7.7 shows the interactions among different accounts in the 
SAM. These interrelationships are explained in more detail in the 
following equations. 

In the SAM based model there are 9 production sectors including 
wheat, maize, fodder, other agriculture, animal husbandry, water, fishing 
& forestry, shops within the village and shops outside the village. As 
mentioned before, there are 5 types of households namely marginal 
farmers, small farmers, medium farmers, large farmers and workers. 
There is also an institution namely the HRMS. The notation used in 
the following is as follows: 

The subscript k 1,2, ... 6 denotes the 5 types of households and 
the HRMS, while i, j denote the production sectors. 

= total income of household! institution of type kYk 

X, = value of gross output of sector i 

Wid coefficient (ratio) of value-added received by household type k 
to output of sector i 

Rk = income transfers from abroad to households of type k 

Gik = proportion of income of household k that is spent on the 
purchases of sector i's output 

a;j input-output coefficient for production sectors 

" = investment demand of sector i 's output 

E, = exports of sector i 's output 

F = total savings in the village economy 

Sk = total household savings 

Sj savings/investment by production sectors 

SR = exogenous inflow of capital 

M = total value of imports 

Mk = expenditure on imported goods by household of type k 

Mi value of imported intermediates purchased by sector i 

As in a Leontief system, we assume that all the structural relations 

(both behavioural and technological) are linear or at least they can be 
approximated to linear functions. A description of the various rows of the 
SAM-based multiplier model are presented in the follOwing equations. 
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Households: 

y. = fWk/ i + Rk for k 1,2, ... 6. i 1,2, ... 9. 


[Total income of households/institution of type kJ = [Total factor 

payments received from all production sectors] + [income transfers from 
abroad to households/institution of type kJ 

Production Sectors: 

X = IC.kYk + Ia"Xj +1; + Ej
I k 1 j 1] 

[Cross Output of production sector iJ = [Sum of all households'/ 
institution's demands for output of sector i ] + [ Intermediate demand 
by sector i for output of sector i ] + [investment demand] + [Exports of 
sector i ] 

Capital Account Receipts: 

FISk + IS. +SR 
k i 1 

[Total Savings] = [Total household/institution savings] + [Savings/ 
Investment by production sectors] + [exogenous inflow of capital] 

Rest of the World Account: 

M IMk+IM. 
k i 1 

[Total Imports] = [expenditure on imported goods by all 
households/institutions] + [value of imported intermediates purchased 
by production sectors] 

Simulations under the 'Without Project' Situation 

Bunga check dams have contributed significantly to the increase in the 
output of agricultural commodities and milk production and these in 

turn have been an important source of growth in the village economy. 

These increases have inevitably generated downstream growth in many 
other sectors of the village economy. In addition, there have been some 
other minor sources of growth that are not related primarily to the 
production of agricultural crops and milk. These include small 

government expenditures in infrastructure, education and health. In 
order to unravel the impact of increases in agricultural commodities and 
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milk production from all the other autonomous sources of growth in 
the economy, it is necessary to construct a picture of the 'regional 
economy' as it would have been in 2001-02 had the Bunga check dam 
not been constructed. A key element in the analysis is to construct an 
estimate of this hypothetical situation for the economy and then to 

make comparison against the situation with the construction of the 
dam. 

We have had access to some of the actual data on some of the 

relevant variables under the 'With Projece situation with their 

counterparts in the 'Without Project' case. This set of variables 
comprises all the elements of a SAM for the 'region' in each situation, 
assuming fixed prices. 

Bunga Village Economic Region-'Without Project' Scenario 

Cropping Pattern 

Before the construction of the project, in the year 1983-84 the cropping 
pattern of the village was as follows (Table 7.8) 

The entire area under all the crops was unirrigated. The most 
important contribution of the project has been that the availability of 
irrigation has enabled cultivation of wheat on a much larger scale and 

'Thble 7.8 

CroPPi?g Pattern and Crop Yields in Bunga: 1983-84 

Crop, Area in Ha Per cent Share 

RaQj Season Crops 
Wheat 88 16.0 910 
Gram 65 11.8 390 
Arhar 72 13,1 702 
Other Rabi crops
Khanf Season Crops 

.18 3.3 702 

Maize 80 14.6 875 
Groundnut 72 13.1 665 
Batra 93 16.9 1050 
lowaI 46 8.4 950 
Other Khan! crops 15 2.8 1050 

Source: Arya and Samra 12001). 
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under irrigated conditions. In addition, the availability of irrigation has 
enabled cultivation of Berseem fodder that was not being cultivated in 
unirrigated conditions and a reduction in fallow area. 

It is safe to envisage that in the likely scenario of the project not 
having been built, the area under cultivation in the year 2001-02 would 
have remained at the same level as prevailing in 1983-84. 

The yields of some of the crops prevailing during 1983-84 in the 
Village Bunga were as given in Table 7.8. During the intervening period 
1983-84 to 2001-02 it is very likely that the crop yields would have risen 
somewhat even if .the project had not been undertaken and the crops 
continued to be cultivated under rainfed conditions. We assume that the 
crop yields would have risen by about 10 per cent during the intervening 
period. Using the crop prices prevailing in 200 1-02, the likely gross value 
of agricultural production in the 'without project' scenario would have 
been as follows (Table 7.9) 

'Dlble 7.9 

Value of Agricultural Output in BuUga under 

Without Project Conditions: 2001-02 


Value 

546 

Maize 366 

Fodder 361 
Other Agriculture 1648 
Thtal 2921 

Source: Author's Calculations. 

A comparison of the value of crop output under the 'with' and 

'without project' scenarios in the year 200 1-02 in Bunga suggest that the 
value of all the three important crops~wheat, maize and fodder increased 
significantly as a result of the project (Table 7.10, Figure 7.6). The gross 
value of output of the four crops increased by almost 102 per cent. 

Results of Multiplier Analysis 

Table 7.11 presents the results of the estimate of value-added 
multipliers based on the methodology and assumptions described above. 
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Thble 7.10 

Value of Crop Output in Bunga: VVith and 
~thout Project-2001-02 

Crop Value rOOO Rs) 2001-02 Vahle ('000 Rs) 2001-02 
With Project Without Project 

Wheat 2421 546 
Maize 1007 366 
Fodder 1102 361 
Other Agriculture 1366 1648 
'lbtal 5896 2921 

Source: Author's Calculations. 

Figure 7.6 

Value of Crop Output VVith and VVithout Protect (Rs. '000) 

Wheat Maize Fodder Other AgrL Total Agr. 

Without Project 

Thble 7.11 

Estimated Value for Multiplier Effects of the Bunga Check Dam, India 

Definition Direct Effects + Indirect Effects 
of Multiplier !Direct Effeets) 

v.llue Aggregate Viilue Added {With Project) Aggregate Viilue Added ('Without Project') 
{Thousands Value Added of Seetm'!l Affected Directly ('With Project') - Value Added of Sectors Affected 
of Directly ('Without Project) 
Indian 
Rupees {Rs.l 10241- 6759 = 1.41 

4711- 2235 

Nates: Sectors affected directly by the Darn are: Foodgrains. fodder, water, fishing and forestry. 

Source: See text and tables. 
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The results show that the regional value-added under the 'With Project' 

scenario at Rs. 10,241 thousand is larger than the regional value added 

under the 'Without Project' scenario by Rs. 3,482 thousand. Compared 
with this, the value-added from sectors affected directly by' the project at 
Rs. 4,711 thousand was larger than the corresponding value-added under 

the 'Without Project' scenario by Rs. 2,476 thousand. Thus, in the 

aggregate, the project induced an increase of Rs. 3482 thousand in 
regional value added. Of this, Rs. 2A 76 is due to an increase in the 

output of sectors directly affected ,by the Bunga dam. 

This gives a multiplier value of l.41 i.e. Rs. 3,48212,476. Thus, for 
every rupee (100 paise) of additional value-added directly by the project in 

the agricultural sector, another Re 0.41 (41 paise) were generated in the 

form of downstream or indirect effects. 

Income Distribution Impacts of the Bunga Check Dam 

The income distribution impacts of dams indicate that while all the 
sections of the households have benefited from the construction of the 
dam, the benefits have accrued relatively more to the households having 
land as compared to landless households. However, even within the land 

holding households the magnitude of income impact has differed 
somewhat-the relatively smaller farmers have benefited more as 
compared to the large farmers. 

As discussed earlier, there are various categories of households in 

the village mainly distinguished by their land ownership. These are: 

(i) 	 Marginal farmers (operating on less than 1 ha of land) account for 

2l.3 per centof total households. 

(ii) 	 Small farmers (operating between 1-2 hectares of land) acc~)Unt for 

30.4 per cent of total households. 

(iii) 	 Medium farmers (operating between 2-3 hectares of land) account 

for 17 per cent of total households. 

(iv) 	 Large farmers (operating between 3 hectares or more of land) 

account for 10 per cent of total households. 

(v) 	 Workers (landless) providing agricultural labour to land owning 

households and also earnirjg their livelihood through employment 
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in other vocations inside or outside the village (accounting for 
21.3 per cent of total households). 

The income distribution impacts of the Bunga dam have been 
analysed in three ways: 

(i) 	 By comparing the shares of marginal and small farmers, workers 
and other households in aggregate incomes under the 'With' and 
'Without Project'. 

Iii) 	 By comparing the differences in aggregate income levels of various 
household categories under the two scenarios of 'Without Project' 
and 'With Project'. 

(iii) 	 By assessing direct and indirect components of income differences 
under the 'With' and 'Without Project' scenario. 

Shares of Small and Marginal Farmers and Workers 
in Aggregate Incomes under the 'With' and 
'Without Project' Scenarios 

The SAM-based, fixed price, multiplier models have been used to assess 
the income effects of additional irrigation provided by the Bunga dam. 
This has been done for each of the household categories described 
above. Table 7.12 and Figures 7.7 and 7.8 present results of the shares of 
different categories of households in the aggregate rural income under 
the 'With' and 'Without Project' situations. For example, for the 
marginal farmer households (which account for 21.3 per cent of 
households), the share of their income in the aggregate rural income 
levels is 11.5 per cent under 'Without Project' situation compared with 
11.6 per cent under the 'With Project' situation. For small farmers, 
accounting for 30.4 per cent of total households, the share of income at 
29 per ccnt of the total under 'With Project' situation is higher than 27 
per cent under 'Without Project' situation. However, when a comparison 
is made between shares of large farmers under the 'With' and 'Without' 
situations, the share of large farmers (10 per cent of total households 1 is 
marginally lower under the 'With Project' situation. Similarly, although 
worker households (21.4 per cent of total households) with an income 
level of Rs. 842 thousand under the 'Without Project' situation 
increased their income levels to Rs. 1038 thousand, their share in the 
total is lower (10 per cent) under the 'With Project' than under 'Without 
Project' situation (12 per cent of the total). 



216 INDIRECT ECONOMIC IMPACTS OF DAMS 

Figure 7.7 

Share of Income of Different Classes of Households

Without Project: Percentages 

MarginaLWorkers 
12 --- --- 11.5 

SmaLL 
27 

Large 
25.1 

Figure 7.8 

Share of Income of Different Classes of Households
With Project: Percentages 

Marginal 

Large 
24.2 	 SmaLL 

29 

Workers __--= 
10 
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Table 7.12 

Income Shares With (lnd Without Project {In Indian Rs.} 

Category of ~tbout Percent of ~tb Project Per cent of 

Household Total Total 


Marginal F anncrs 803 11.5 1206 11.6 


Small Farmers 1891 27.0 3015 29.0 


Medium Fanners 1715 24.5 2636 25.3 


Large Fanners 1762 25.1 2516 24.2 


Workers 842 12.0 1038 10.0 


Thtal 7013 10411 


Source: Simulations using SAM for Bunga. See Text 

Differences in Aggregate Income Levels of Various 
Household Categories under the 'Without 
Project' and 'With Project' 

Table 7.13 and Figure 7.9 show that all households have higher income 
levels under the 'With Project' situation than under the 'Without 
Project' situation. For example, for the marginal farmers, the difference 
in income levels (under the 'With' and 'Without project' situations) are 
estimated to be Rs. 403 thousand. Their income under 'With Project' 
situation is SO per cent higher over the income level under the 'Without 
Project' situation (Rs. 803 thousand). In the case of small farmers, the 

Table 7.13 

Differences in Income Levels of Various Household Categories 

'VVith Project' (lnd 'VVithout Project' Situations 


(Income in '000 Rs. from All Sources) 


Category of ~th Project ~thout Project Percentage 
Households 2001-02 2001-02 

Marginal Farmers 1206 803 50.1 
iless than 1 Ha) 

Small Farmers 11-2 Hal 3015 1891 59.4 

Medium Farmers (2-3 Haj 2636 1715 53.7 

Large Farmers i> 3 HaJ 2516 1762 42.8 

Workers 1038 842 23.3 

Total 10411 7013 48.5 

Source: Simulations using SAM for Bunga. See text. 



INDIRECT ECONOMIC IMPACTS OF DAMS218 

difference in income is Rs. 1124 thousand, which shows that their 
income under the 'With Project' situation is 59 per cent higher than the 

Figure 7.9 

Income of Households With and Without Project (Rs. '000) 
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income level of Rs. 1891 thousand under the 'Without Project' 
situation. 

However, in the case of workers, the difference in the income levels 

under the two situations is relatively low, only 23.3 per cent. The level 
. of income of workers households under the 'Without Project' situation 

is Rs. 842 thousand which increases to Rs. 1038 thousand under the 
'With Project' situation. The results show that the gain for land holding 
households (except for large farmers) from the dam is relatively higher 

than the average difference of 48 per cent between village-level incomes 

under the 'With' and Without Project' situations. Further, the worker 
households do not benefit much from the dam because the demand for 
increased labour from irrigated crops has been met from family labour by 

most of the farm families. Due to relatively small size of farm holdings, 

the farm households do not increase their demand for hired labour that 



219 CHECK DAMS IN THE BUNGA VILLAGE, INDIA 

would have benefited landless households, However, the worker 
households benefit indirectly from the dam in terms of higher incomes 
from milk production and shops [as discussed later in this section), 

Direct and Indirect Components of Income Differences 
under 'With' and 'Without Project' 

The SAM-based multiplier models have also been used to estimate the 
direct and indirect income effects of additional irrigation provided by the 
Bunga dam. This has been done for each of the household categories, 
namely, marginal, small, medium and large farmers ll;nd workers, The 
SAM coefficients for each household and each production sector have 
been used to estimate the value-added received by each household 
category from each sector. These SAM coefficients have been used to 
estimate the component of a household's income that is due to value
added from sectors affected directly by the output of the dam, namely 
irrigation and water supply. Similarly, SAM coefficients for the 
remaining sectors have been used to estimate the component of income 
that is due to value added from sectors affected indirectly by the output 
of the dam. This type of analysis is based on the usual assumptions for 
this type of fixed-price SAM-based multiplier model namely that the 
value-added per unit of output remains the same for each sector and the 
adjustments take place through changes in quantity and so on. 

The procedure used to estimate the share of direct and indirect 
components in the household incomes is as follows. First, the SAM 
coefficients have been used to estimate values of a new SAM for the 
'Without Project' situation by fixing the outputs of sectors directly 
affected by the dam (agricultural sectors). Then the difference between 
the values of outputs and household incomes in the two SAMs are used 
to estimate differences in incomes under the 'With Project' and 
'Without Project' situations. The difference in the household incomes 
is further divided into two components-one from the direct sectors and 
the other from the indirect sectors. To calculate the component from 
the direct sectors we look at the row of each household in the matrix of 
income differences and sum up the incomes the household received 
from the sectors directly affected by the project namely-production of 
wheat, maize, fodder and sales of water. To calculate the component 
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from the indirect sectors we added the incomes received from the 
remaining sectors (e.g. milk production, shops). 

The resulting estimates show, as predicted, that a major part of the 
income of rural households comes from the output of sectors directly 
affected by the dam. Table 7.14 and Figure 7.10 present the results of 
the disaggregation of the differences in household incomes under 'With' 
and 'Without Project' situations. For example, for the marginal and 
small farmers, about two-thirds of the difference between incomes under 
the 'With' and 'Without' situations is due to higher output and value
added in sectors that are directly affected by the dam, namely 
agricultural crops. The rest, about one-third, of the difference in income 
is attributable to changes in value of output and value-added of sectors 
that are affected indirectly (milk production! shops etc). In the case of 
medium and large farmers, as much as 77 per cent of the difference in 
income is due to changes in output/value-added of sectors that are 
directly affected by the dam. However, in the case of worker households, 

Figure 7.10 
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'Dlble 7.14 

Income Gains from the Bunga Dam~From Direct and Inditect Sectors 

Category 
ofHH 

Income from 
Direct Sectors 

Income from 
Indirect Sectors 

Total J:ncDme 
!'rem Direct and 

Per cent from 
Direct Sectors 

Per cent from 
Indirect Sectors 

Indirect 

Marginal Farmers 255 147 402 63.4 36.6 

Small Farmers 776 347 1125 69.1 30.9 

Medium Farmen; 704 2.{7 921 76.S 23.S 

~Farmers 581 173 754 77.0 25.0 

Workers 75 122 197 3~..1 61.9 

Source: Simulations Using SAM for Bunga. See text 

the situation is completely reversed. As much as 62 per cent of the 
difference (under the 'With' and 'Without Project' situations) is 
accounted for by changes in outputs of sectors that are indirectly 
affected by the dam, namely animal husbandry, shops etc. 

Economic Evaluation of Additional Investments 
in Check Dams in Bunga 

The results obtained have clearly demonstrated the benefits that the 
village economy has reaped from the water made available from these 
dams. The benefits of these check dams that have been derived so far 
are, however, much less than the benefits that can potentially be 
derived. The Bunga village currently has two check dams but due to 
heavy siltation in the dams over the years their command area has 
declined. As a result, the dams are currently able to supply water to only 
wheat during the Rabi season. In addition, limited amount of water is 
also made available for meeting the water requirements for cultivating 
fodder. If additional water can be stored in the present dams by desilting 
them and/or an additional dam can be built to supplement the available 
water, the villagers can be assured of a second irrigated crop in the khanf 
season. 

In the neighbouring areas of Haryana and Punjab the availability of 
irrigation during the kharif season has resulted in shifts in area in 
favour of Paddy from the other crops. In most cases this shift has been 
achieved at the cost of the area under maize. We do expect that if 
additional water were made available in Bunga during the khanf season a 
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similar change in crop pattern would emerge. The water in the Bunga 
dam during the year 2001-02 was able to supply water for irrigating 170 
hectares of wheat land. The water requirements of Paddy are however 
much more than that of Wheat. We assume that the water requirement 
of 1 hectare of paddy is roughly equivalent to 4 hectares of wheat crop. If 
through construction of a new dam or desilting of the existing dam the 
currently available water supply can be doubled and the additional water 
so generated is supplied in the kharif season, it could irrigate about 42 
hectares of paddy land. We assume that this paddy land comes from the 
land that is currently under maize. As a result the area under maize 
declines from the current level of 119 hectares to 77 hectares. Taking 
the average yield of Paddy for Haryana State at 3.6 tonnes per hectare and 
the prevailing procurement price of paddy, the gross value of Paddy 
output from this land would be of the order of Rs. 800 thousand . The 
loss in gross value of output of maize on account of conversion of this 
land would be around Rs. 357 thousand. The net increase in gross value 
of agricultural output is likely to be of the order of 443 thousand. Taking 
the ratio of value-added to gross value of output at approximately 0.67 
the net value addition is likely to be of the order of Rs. 300 thousand or 
Rs. 0.3 million per year. 

While any official estimate of the cost of desilting and other costs 
are not available for the purpose of the present exercise we estimate that 
the cost of construction of a small dam upstream (to slow down the rate 
of desilting in the future years) and the cost of de siltation of the two 
existing dams would be around Rs. 1.5 million. 3 Assuming that 08tM 

costs will be 5 per cent of capital cost, this gives a sum of the present 

values of 08tM costs at Rs. 0.46 million assuming an economic life of 
10 years at 10 per cent discount rate. Thus, the present value of total 

capital and 08tM costs would be of the order of Rs. 2 million. 

Taking the net additional annual value of output at Rs. 0.3 million 

per year, the present value of net benefits will be Rs. 1.85 million (0.3 
million x 6.16) taking an economic life of 10 years at 10 per cent 

discount rate. This is marginally less than the present value of total 
costs and hence will give a benefit-cost (B/C) ratio of 0.94 or less than 1. 

3. 	 Based on discussions with knowledgeable persons in the Village. The villagers had 
got these estimates from some contractors who do the desiltation jobs. 
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However, if we use the value of the multiplier to incorporate the 
indirect effects of the investments in the check dams, the benefit cost 
ratio may be different. Taking a multiplier value of 1.4, as obtained for 
the investments in check dams in the past and multiplying net benefits 
by 1.4, the net value added per year is estimated to be of the order of Rs. 
420 thousand or Rs. 0.42 million. This gives a net present value of 
additional benefits of 2.6 million over a ten-year life at 10 per cent 
discount rate. If we take the multiplier value to reflect additional net 
benefits to the society, then the benefit-cost (BtC) ratio is equal to 1.33 
or marginally higher than 1.0. 

Summary and Conclusions 

Bunga provides an excellent example of how creation of even small check 
dams, coupled with complementary resource management policies and 
development of appropriate institutions for their management, can 
transform the economy of the village and neighbouring areas. The 
results obtained using a Social Accounting Framework for the Bunga 
village suggest that the magnitude of the multiplier effect, though not 
very high is, still substantial. 

The results of the multiplier analysis show that as a result of the 
check dam at Bunga the value added in the 'economic region' of the 
check dam under the 'With Project' scenario has been higher than the 
value added under the 'Without Project' scenario. In the aggregate, the 
project induced an increase of Rs. 3,482 thousand in 'regional' value 
added. Of this, Rs. 2,476 was due to increase in the outputs of sectors 
directly affected by the Bunga dam. This gives a multiplier value of 1.41 
i.e. Rs. 3,48212,476. Thus, for every rupee (100 paise) of additional value 
added directly by the project in the agricultural sector, another Re 0.41 

(41 paise) were generated in the form of downstream or indirect effects. 

The results on income distribution effects of investment in check 
dams show that small and marginal farmers (operating between 1-3 

hectares of land) benefit relatively more than the marginal or large 
farmers. Workers do not benefit much from the dam since the demand 
for hired labour does not increase since farm households have enough 
family labour. For example, in the case of small farmers, the aggregate 
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income under the 'With Project' situation is 59 per cent higher than the 
income level under the 'Without Project' situation. However, in the case 
of workers, the difference in the income levels under the two situations 
is relatively low, only 23.3 per cent. Further, 67 to 77 per cent of income 
gains for farm households come from the agricultural sector and a 
quarter of the benefits come from the indirect effects of the dam. 

The multiplier effects of check dams would be higher if the indirect 
effects of Bunga dams outside the village (through sale of milk and 
animals) were included in the analysis. 

Can small check dams bring about the level of economic 
development witnessed in Bunga at other locations as well specially 
outside the Himalayan Shivalik region where these villages are located? 
It is difficult to hazard a guess but probably would depend on a number 
of conditions prevailing at the pre-project stage-socioeconomic 
conditions, availability of leadership, the degree to which participation 
can de developed between and amongst different agencies and people, 
institutional development, role played by catalytic agencies, positive 
government policies etc. 

References 

Agarwal Anil and Sunita Narain (1999). Community and Household Water Management: The 
Key to Environmental Regeneration and Poverty Alleviation. Paper presented to EU
UNDP. Feb. Brussels Conference. 

----. (19891. Towards Green VilJages-A Strategy for Environmentally Sound and 
Participatory Rural Development", New Delhi: Centre for Science and Environment. 

Agnihotri, Y, S.P. Mittal, S.S. Grewal and P.R. Mishra (19861. "Economic Evaluation of Water 
Resource Development in Shivalik Foot I'Iills-A Case Study", Indian Journal 0/ Soil 
Conservation 14(21. 

Anonymous (2001). "A Tribute to P.R. Mishra", Down to Earth, May 31. pp.52-53. 

---. (1998). "Sukhomajri at the Cross Roads", Down to Earth, December 15. pp.30·36 

Arya, Suman Lata and r.S. Samra 12001). Socio Economic Implications Appraisal of Integrated 
Watershed Management Project at Bunga. Chandigarh: Central Soil and Water 
Conservation Research and Training Institute Research Centre. 

Bhatia, R., M. Scatasta, and R. Cestti (20031. "Study on the Multiplier Effects of Dams: 
Methodology Issues and Preliminary Results", Presented at the Third World Water 
Forum. Kyoto, Japan. March 16-23. 

Bhatia, Meera [2003]. Collective Action and Income Distribution Aspects of Water 
Management; A Case study of the Bunga Check Dam. Haryana, India. Draft Report. 



225 CHECK DAMS IN THE BUNGA VILLAGE, INDIA 

CSE (1999). State of India's Environment: The Citizen's Fifth Report, Vol. I. New Delhi: 
Centre for Science and Environment. 

CSWCRTI (1982). Sedimentation in Sukhna Lake: Status Report. Chandigarh: Central Soil 
and Water Conservation Research and Training Institute. 

Chopra, Kanchan, Gopal K. Kadekodi and M.N. Murthy (19901. Participatory Development: 
People and Common Property Resources. New Delhi: Sage Publications. 

(1988). "Sukhomajri and Dhamala Watersheds in Haryana: A Participatory 
Management", New Delhi: Institute of Economic Growth. mimeo 

Datta, Sumana (1999). "Differing Perspectives", Down to Earth, April 30. pp. 56-57 

Gulati, S.c. and Suresh Sharma (1998). Population-Poverty-Environment Interface: Case 
Study of Sukhomajri, Jattanmajri, Ralegan Siddhi and Panoli Villages". New Delhi: 
Centre for Science and Environment. mimeo. 

Koppen, Barbara van (19991. Sharing the Last Drop: Water Scarcity, Irrigation and Gendered 
Poverty Eradication. 

Mishra, PRo and Madhu Sarin (19871. "Sukhomajri: A New Model of Eco-Development", 
Business India. November 16-29. pp. 78-90. 

Mittal, 	S.p, S.S. Grewal and PRo Mishra i19801. Operational Research Pro;ection Watershed 
Development for Sediment Drought and Flood Control-Sukhoma;ri. Chandigarh: 
Central Soil and Water Conservation Research and Training Institute. 

Rao, S.L. and L Natarajan 119961. Indian Market IJ emographics: The Consumer Classes. 
Global Business Press/National Council of Applied Economic Research. New Delhi. 
p.49. 

SPWD /1986). (lCase Studies of Sukhomajri and Jawaja", Paper presented at the International 
Conference on the Economics of Dryland Degradation and Rehabilitation. Canberra. 
Society for the Promotion of Wasteland Development 

Sarin, Madhu (19961. Joint Forest Management: The Haryana Experience. Ahemdabad: 
Centre for Environmental Education. 

Seckler, D. and Deep Joshi 119801. Sukhomairi: A Rural Development Programme in India. 
New Delhi: The Ford Foundation 

Sharma, Sudhirendar 12002). "Reinventing Watersheds Proposing a New Approach to India's 
Rural Drought Problems". D+C Development and Cooperation 1: 24-26, January! 
February 2002. 

Stewart, Willam in.d.). "Evolving Watershed Management System in the Shivalik Hills of 
North West India". (mimeo). 

Taylor, 	 J. Edward and Irma Adelman 11996). Village Economies: The Design, Estimation and 
Use of Village-wide Economic Models. Cambridge University Press. 





The High Dam at Aswan 

Sherman Robinson, Ken Strzepek. 
Moataz EI-Said and Hans Lofgren 

Introduction and Overview 

The purpose of this study is to generate an improved understanding of 
the impact of the High Dam at Aswan on Egypt from an economy wide 
perspective. Our primary analytical tool is a CGE model of Egypt. The 
model is used to carry out comparative-static simulations of Egypt's 
economy with and without the Dam. The analysis covers the impact of 
the dam through the following channels: changes in the supplies of 
irrigated land and water; changes in the supplies of electric power; 
changes in yields and production technology [primarily changes in 
fertiliser use); and real costs associated with the investment relative to 
other investments (in flood control and hydropower) that would have 
been likely in its absence. In addition, the analysis considers the 
implications of the fact that, without the dam, the performance of 
Egypt's economy in each year would have depended on Nile flow levels. 
The model is built around a 1996/97 SAM for Egypt. For our 
simulations, we draw on a wide range of additional information, most 
importantly historical data on Nile flows and assessments of various 
aspects of the costs and benefits analyses of the Dam in the literature. 

This analysis tries to explore the main impacts, both costs and 
benefits, of the dam in a typical year during its lifetime. We divide the 

impacts into direct and indirect. The impact indicators include 

production, trade, as well as disaggregated household incomes and their 
distribution. A virtue of the relatively simple framework [compared to a 
full dynamic model) is that it is relatively straightforward to implement. 

Our analysis provides a prototype that can be applied to other cases. The 
only requirement is to put together a database, the components of 
which we have clearly identified. 
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We proceed as follows. The following section provides a general 
background on the Dam and a review of cost-benefit analyses of the 
Dam, both in terms of factors considered and overall findings. Our 
review points to the importance of an economy wide approach in the 
analysis of the impact of large dams, including the High Dam in Egypt. 

We next present the CGE model that is used in this study and discuss 
the application of such models to the cost-benefit analysis of major 

investment projects, like dams. We also note that SAM multiplier 
analysis-characterised by the assumption that the prices of 
commodities, factors and foreign exchange all are fixed-is a special case 
of CGE analysis. Subsequent to this, we carry out a set of simulations 
under alternative assumptions about the working of the economy (with 
"SAM multiplierJi assumptions as one extreme case). The simulations 

are used to assess how Egypt's economy would have performed in 19961 

97 without the dam and how the economy, with and without the Dam, 
would have been affected by year-to-year variations in Nile flows. 

The Nile. Egypt and the High Aswan Dam 

The Hydrology of the Nile 

The Nile is the birthplace of hydrology. Since the Nile has been of 
critical economic importance to both ancient and modern civilisations 
alike, its flow has been studied for more than 5,000 years, and recorded 
for more than 13 centuries. Its source has been a mystery as well as the 
predicting of its annual rise and falL The Nile also exhibits cycles of 
years below the mean flow} drought years, followed by years above the 

mean, flood years. The impact of this tendency is well documented in 

the Book of Genesis 18 which describes the Nile's seven years of flood 

and seven years of drought and Joseph's management of the resulting 
agricultural production. 

The Nile River flow entering Egypt is made up of runoff from two 

very different hydrological systems. One, the White Nile, and two, is the 
Blue Nile and Atbara. The two systems join in northern Sudan iAt 
Khartoum). The White and the Blue Niles form the main Nile with the 

Atbara joining the Nile shortly downstream well before entering Egypt. 
Figure 8.1 shows the location of these two systems. 



229 THE HIGH DAM AT ASWAN 

Figure 8.1 
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The White Nile rises in the Equatorial Lakes of DR of Congo, 

Tanzania, Kenya, Rwanda, Burundi, and Uganda. It is dominated by the 
outflow of Lake Victoria. The White Nile equatorial stream flow 
pliImmets off the Equatorial escarpment onto the plains of Sudan where 

together with the runoff from the Gebel el Jebel it spreads out over 

massive wetlands of the Southern Sudan called the Sudd. The Sudd has 
a major impact on the hydrology of the White Nile in two ways. First, 

the wetland evapotranspires approximately 50 per cent of the runoff and 
second, the wetlands act as a damper and releases the flow evenly over 
the years as seen in Figure 8.2. The White Nile contributes 
approximately 25 per cent of the annual flow of the Nile entering Egypt. 

The Blue Nile and Atbara systems have their sources on the 
Ethiopian highlands and have an entirely different hydrology. They 

receive the heavy rains of the summer monsoon and produce the 3 
month "summer Nile Flood" that reaches Egypt in late July and recedes 

in late October. The flow of the Blue and Atbara Rivers contribute 
approximately 75 per cent of the annual flow of the Nile entering Egypt, 
almost entirely during the summer flood as seen in Figure 8.2. 

Paleohydrology 

Archeological, geochemical, and palynologial evidence suggests that the 
Nile River basin and resulting flows have varied greatly due to global and 
regional climatic variations. From the beginning of the Egyptian 
Dynastic period, approximately 3500 BC, the Nile basin has remained 

stable in its current Equatorial and Ethiopian Highland sources. 

However, there have been major wet and dry periods over the past 5000 

years with the current millennium appearing to be the most arid of the 

late Quaternary. Since the Dynastic period there have been short-term 

sequences of droughts and floods. These periods have greatly affected 

the economic and political success of individual dynasties as seen by 14
year periods described in Genesis. 

Hydrology of the Last Millennium 

The Massachusetts Institute of Technology's Elfatih Eltahir and Guiling 

Wang created a record of water levels from the Nile River extending back 

to 622 A.D. and examined the correlation of these flows to large-scale 
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Figure 8.2 

Contribution of Major Nile 1Iibutaries to Flow Entering Egypt 
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phenomena such as jet stream circulation patterns or the EI Nino 
frequency. The researchers found a strong relationship between the Nile's 
flow level and the existence of EI Nino-so strong that the Nile water 
level record can be used as a proxy for EI Nino occurrence. They found 
that the frequency of El Ninos in the 1990s has been greatly exceeded in 
the past. In fact, the period from about 700 to 1000 A.D. was a very active 
time for EI Ninos, making our most recent decade or two of high EI Nino 

frequency look as mild in its comparison. A graph of the Nile minimum 
flows from 622 to 1400 shows short-term sequences of droughts and 
floods that persisted in this millennium (Figure 8.3). 

Modern Hydrology 

The modern era of Nile hydrology began around 1870 with the 
introduction of an accurate stream flow gauge at Aswan. Figure 8.4 
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Figure 8.3 


Nile River Minimum Water Levels for 622 AD to 1284 AD 
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shows the stream flow record of the major tributaries of the Nile and 

other major African rivers for most of the 20th century. It shows that 
short-term sequences of droughts and floods are seen in the 1900's with 

a major difference in the mean flow at Aswan from 1870 to 1900 of 110 

MCM as compared to 84.9 for 1900 to 1960. It is the record from 1900 
that is accepted by hydrologists and water resources planners, of the last 

Figure 8.4 

Stream Flow of Major Nile Tributaries and Other African Rivers 
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half of the twentieth century, for the development and management of 
the Nile River resources. 

Egypt and the Utilisation of the Nile 

The Nile enters Egypt at its southern border and flows almost directly 
north for 1000 kilometres to Cairo and the start of the Nile Delta and 
then on to the Mediterranean Sea via a number of river branches (Figure 
8.5). The number of river branches has changed over the past 5000 years 

from seven in the time of Moses to two currently. 

Figure 8.5 

Map of Egypt 
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Dynastic 

Most of Egypt receives no rainfall and rain fed agriculture is limited to a 
small strip of land along the Mediterranean coast. Agriculture is limited 
to the limited land of the Nile Valley that can be irrigated by waters from 
the Nile. Thus, agriculture is a function of the ability to apply water to 
the land and the availability of water, which in turn is a function of the 
type of irrigation system and the management of water resources of the 
Nile River. 

Recession Irrigation 

In pre-dynastic time, the Nile flood would overflow its banks starting in 
August and inundate the lands adjacent to the Nile, saturating the soil 
and depositing its rich sediments as a fertile layer of new soils. Farmers 
would sow seeds on the lands as the flood waters 'receded'. This allowed 
for only one crop per year and that too only during the winter season 
after the flood. 

Basin Irrigation 

The first major irrigation engineering development in Egypt occurred 
during the first Dynasty around 3100 Be with the intentional flooding 
and draining of land along the Nile by using dykes to form "Basin" with 
the water controlled by sluice gates. 

"The traditional form of irrigation along the Nile was the use of 
basins, varying in size from 1000 to 4000 feddans. In turn these were 
divided into smaller units of 4 to 5 feddans running in parallel to the 
main irrigation canals. The flood wave along the Nile used to begin to 

affect Upper Egypt by late July. Water levels rose rapidly in August and 
peaked in September. The water was kept in the basins for 40-60 days 
and then drained back to the river, or, in times of water shortage, into 

the next basin downstream" (Hurst, 1952). Once the water had left the 
fields, no more water was added until the next flood. Therefore, all crop 
growth was dependant on the soil moisture reserves that had been 
replenished. With the long dry season the soil was broken up by 
desiccation and little plowing was necessary before the seeds were sown 

on the newly depOsited silts and clay once the waters had receded. Plant 
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growth took place in the winter period and the crop was harvested in 
late spring. The ground then remained fallow until the next crop was 
sown flowing the succeeding annual flood. The traditional basin 
irrigation system limited the range of crops that could be grown with 
cereals, by far the most important food crops. The basin irrigation 
system was designed to make use only of the flood wave. No control of 
the flow of the river was ever attempted and as a result most of the flood 
waters were discharged into the Mediterranean, unused. 

Figure 8.6 illustrates just how important the Nile river waters are 
to the Egyptian agriculture. This remote-sensed image demonstrates 
that vegetation can only occur where the Nile waters have been applied 
to lands via irrigation. 

Figure 8.6 

Remote Sensed Image of Nile Delta, October 1986 
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Lift Irrigation 

The second major irrigation engineering development, lifting Nile water 
via the shadoof (human-powered counter weighed bucket on a long pole) 
occurred during the 18th Dynasty (1550-1307 Be). This concept was 
enhanced by the introduction of the saqia, Persian water wheel around 
300 Be. The saqia is an animal powered device that could lift significant 
amounts of water. This technology allowed for supplementing flood 
flows during drought years and providing for limited summer irrigations. 

Summer cultivation was also practiced using waters from flood 
plain wells or from the Nile itself. The main difficulty with this type of 
operation was that the water often had to be lifted considerable 
distances, severely restricting the area that could be cultivated. It did, 
however, enable valuable crops such as sugarcane, rice, cotton, and 
tobacco to be grown. This system of irrigation remained almost 
unchanged until the middle of the 19th century. 

The Nineteenth Century 

Perennial Irrigation 

The first major change that occurred in the irrigation system was the 
introduction of perennial irrigation. In 1805, the new ruler of Egypt, 
Mohammed Ali Pasha felt that the future of Egyptian development 
should be via development of summer agriculture, especially the cash 
crop, cotton plus sugar cane and vegetables. To achieve this, engineers 
came up with a plan to build structures (called barrages) across the Nile 
to raise the water levels of the low summer flows to provide for gravity 
flow in one-metre deep irrigation canals. 

Two barrages were constructed north of Cairo at the start of the 
Nile Delta on the two branches of the Nile, the Rosetta and Damietta, 
and are known as Mohammed Ali Barrages. Although there were some 
problems with the structural integrity of the barrages, the system was 
very successful and cotton became a major export commodity and led to 
the beginning of the Egyptian textile industry. 

Still, by the end of the nineteenth century, the agricultural system 
was limited to summer flows that could be extremely low and variable 

from year to year (Figure 8.7). 
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Figure 8.7 

Mean Monthly Nile Flow at Aswan 
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The Twentieth Century 

The Aswan Dam 

The desire to have more water for the profitable summer crops required 
the storage of some of the flood waters for release during the summer 
irrigation season. To achieve this, in 1902 a dam was built at Aswan 
that held 1 million cubic metres (MCM), equal to about 2 per cent of 
the average annual Nile flow. It was so economically successful that it 
was raised in 1912 and then again in 1934 to total storage of 5 MCM. In 
addition, Egypt obtained an extra 1 MCM of storage in the Jebel el Aulia 
Dam on the White Nile at Khartoum, Sudan. Egyptian water resource 
engineers and policy makers dreamt of controlling the Nile flood to 
avoid its damage and store its waters for the profitable summer crops. 
This dream became a reality with the completion of a new dam just 
upstream of the Aswan dam. 

The High Aswan Dam 

After the July 1952 Revolution, studies w'ere carried out to construct the 
High Dam at Aswan. The World Bank agreed to finance the huge project 
but later withdrew its consent. This led Egypt to nationalise the Suez 
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Canal to use its revenue complemented by technical assistance from the 
Soviet Union to finance the project. 

The Engineering 

On January 9, 1960 the foundation stone of the High Dam was laid. On 

January 15, 1971 a ceremony was held marking the completion of the 
High Dam. The total cost of its constmction was LE 500 million. Fifty 
thousand engineers and workers took part in the implementation of this 
giant project. The High Dam is a rock-filled dam south of Aswan. It is 
3600-metre long and pyramidal in shape. It is 980 metre wide at the 

base and 40 metres at the top. It is III metre high above the Nile floor 
and 196 metres above sea level. 

Water is released via six huge tunnels, 14 metres in diametre. 

There are 12 huge units for hydraulic power generators. A great lake has 

been formed in front of the High Dam, Lake Nasser, with a storage 
capacity of 164 billion cubic metres that reach 182 metres high. Lake 
Nasser is a large reservoir in the midst of the desert with a large surface 
area, which leads to enormous amounts of evaporation. 

In 1959, Egypt and Sudan signed the Nile Waters Agreement of 
1959, a bilateral agreement to allocate the water of the Nile potentially 
crossing the Egyptian-Sudanese border. The agreement assumed the 
following availability and proposed allocations as shown in Table 8.1. 

Thus, Egypt is legally able to annually release 55.5 MCM. With the 
active storage of the High Aswan Dam, reservoirs design theory suggests 

that a firm yield ia constant annual release with 100% reliability) of 55.5 

Table 8.1 

Water Allocation under Egyptian-Sudanese Bi-lateral 

Agreement (in BeM) 


Average Annual Nile Plow 84.0 

Reservoir Losses Due to Evaporation and Seepage -10.0 

Net Water Availability per Annum 74.0 

Allotment to the Sudan 18.5 

Allotment to Egypt 55.5 

Total Water Usage per Annum 74.0 
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MCM is obtainable at the cost of evaporating 10 MCM or 12.5 per cent 

of the annual flow. Figure 8.8 shows the impact of High Aswan Dam on 

water supply availability to Egypt. 

Figure 8.8 

Impact of High Aswan Dam on Egyptian Water Supply 
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The Benefits 

Economic 

The economic benefits of providing a highly reliable and non-flooding 
water supply to Egypt are listed below: 

It has saved Egypt from devastating floods which resulted in lost 

summer harvests and damage to infrastructure, and potential loss 

of life. 


The High Dam water has been used in reclaiming about 1.2 


million feddans. 


Perennial irrigation of about 850 thousand feddans has replaced 


basin irrigation. 


• 	 Rice and sugarcane production has increased considerably. 

The High Dam turbines generate an average of 8 billion kilowatt

hour used in industry and the electrification of all towns and 

villages in Egypt. 
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• 	 The High Dam has facilitated navigation up and down the Nile 
all the year round. 

Table 8.2 shows the actual crop areas in 1995, 25 years after the 
High Aswan Dam, compared with Pre-Dam area. It shows major 
increases in wheat, maize, rice and sugar cane areas, and a major 
\..iecrease in the cotton area.! Also, Table 8.3 shows a typical annual 
cropping calendar after the dam. 

ThbIe 8.2 

Cropped Area 

1960 1995 

Wheat 1,387 1829 

Maize 1,727 1906 

Millet 469 346 

:\tice 799 1276 

Cotton 1,751 884 

Sugar Cane 122 274 

lOW 6,255 6,515 

Thble 8.3 

Cropping Calendar of Egyptian Major Crops 

Oct Nov Dec Feb Mar 

Berseem 	 1 
Short-berseem 
Wheat 
Barley 
Winter veg 
Cotton 
Rice 
Summer maize 
Sorghum 

Summerveg 
NiH maize 
NiH veg 
Citrus 
Sugarcane 

1. 	 The net addition in cropped area before and after the dam is less than expanded 
irrigation figures mentioned above. This is mainly attributed to urban encroachment 
on cultivated land and the difficulties encountered with reclaiming new lands. 
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Social 

It is difficult to measure the social benefits of the High Aswan Dam. 
However, summarising the proceedings of a one-day symposium held in 
Cairo in 1993 on the pros and cons of the High Aswan Dam, the then 
Secretary-General of the International Commission of Large Dams, 
Joannes Cotillon, made some telling remarks: 

• 	 That the stored water saved Egypt from famine in 1972-73 and 
again in the nine successive drought years from 1979-1987. 

• 	 That the reservoir protected the Nile valley from major floods in 
1964, 1975 and 1988. 

• 	 That it enabled double the previous population to be fed, avoiding 
the social cost of drought and floods as well as the positive 
benefits of providing adequate nutrition to the population 

Secondary Impacts of the Dam 

Fertiliser Impact of Flood and Sediments 

It is argued that the dam created demand for fertiliser use as it blocked 
the sediments that came with the floodwaters and prevented agricultural 
land from its benefits. However, increased use of fertilisers within 
Egyptian agriculture was to happen with or without the dam. A number 
of references state that the fertiliser effect of the Nile flood is a long
term process, and that about 70 to 80 per cent of the sediments were 
washed into the Mediterranean Sea. The soil-enhancing process of the 
Nile is of a IOO-year or greater time scale. In addition, animal and 
industrial fertiliser use were greatly increasing even before the High 
Dam was built. The reasons for such a rapid growth of commercial 
fertiliser after the Dam came into being can also be attributed to the 
following: 

1) 	 The co-incidence of Green Revolution varieties that required high 
chemical inputs. 

21 	 The control of the Nile flood prevented the flooding of summer 
crops and greatly increased the expected value of fertiliser 
applications. 
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Impact of High Floods on Agriculture Output 

After extensive research with many secondary references we have come 
up with a robust initial estimate of a Flood Damage Function for 
Agricultural Output. 

Positive impacts of high flood: There is a threshold amount of flood 
water that can be economically utilised and high floods are just surplus 
resources with zero to negative value. 

One expects that a high volume flood would flood more land and is 
a potential for more water to infiltrate into soil moisture. However, 
because of the rare nature of the high flood, there is a limited amount of 
land served by canals and irrigation due to expected value of the low 
frequency of irrigation actually taking place, so there is a maximum 
amount of land that becomes a constraint to the amount of water that 
can be utilised. Also, to infiltrate more water means leaving the land 
flooded for a longer period. However, the longer the period the land is 
flooded, the shorter is the growing period, so there is a trade off in 
maximising yield between available soil moisture and the length of the 
growing season. 

Negative impacts of floods: For agricultural outputs there are three 
negative effects, two of which we can quantify for this analysis. 

1) Damage to agricultural infrastructure (fixed capital, canal, bridges, 
pumping stations ... ), which will not be modeled. 

2) 	 A high flood highly correlated to an early flood, leading to a 

premature harvesting of the summer crops, reducing yield~ 
cotton and maize being the main victims. 

3) 	 An extremely high flood can result in a total flooding of the 

summer crops, while still in the field, leading to a loss of the 
entire crop. 

We have developed a crop damage function from empirical data to 

model the lost harvest effect of the high floods for summer crops only. 
The functions is: 
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Y =0 

t ,1'5IQ(f) < 68 billion cubic meter 


Y =(Q(f}-68 I 68 < Q(f) < 81 

t 13 / 


Y 1 Q(f}> 81 

t 

Where YRt, yield reduction for t = summer 

and 

Q(f) = quantity of flood 

Impact on Navigation and Transportation 

The construction of the dam has positively affected navigation along the 
Nile in two ways. First, it is now possible to maintain stable water 
levels above a minimum, which allows year round navigation from the 
Mediterranean in the north to Aswan in the south, and lowers 
navigation fuel costs when the flow is high during the flood season. 
Second, navigation south of the dam, from Aswan to Dongola in Sudan, 
is possible through Lake Nasser. 

Navigation is a binary process. When flows are below the draft 
depth no shipping is possible. In terms of modeling the effect of 
improved navigation can be represented as: 

If Q(f) = quantity of flood 

then no shipping when Q(summer)< 18 BCM 

In 1997, transportation along the Nile River accounted for 8.4 per 
. cent of all shipping. As with hydropower, this shipping can be made up 
by the higher cost of rail or road. Thus if: 

no shipping when Q[summer) < 18 BCM then 4.2 per cent are 
loses to transporation 

Impact on Tourism 

The High Aswan Dam, allowing year round navigation up the Nile, has 
led to major investment in Nile River Cruises as well as Lake Nasser 
Cruises. In 2000, tourism accounted for 4.4 per cent of GDP. A rough 
estimate is that 25 per cent of Tourism is Nile Related. Hence, 
asQ(summer)falls below 18 BCM, then navigation is disrupted for half of 
the year. This leads to: 
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12 per cent loss to tourism when Q(summer) < 18 BCM 

Also in very high flood years, tourist sites are flooded (especially 

places in Luxor and the Valley of the Kings). In this case: 

12 per cent loss to tourism when Q(summer) > 81 BCM 

Overview of CGE model Structure and Database 

Model Structure 

CGE models are solvable numerically and provide a full account of 

production, consumption and trade in the modeled economy. Since the 

first applications in the mid-1970s, this class of models has been widely 

used in policy analysis in developing countries. The present analysis is 

based on an extended version of IFPRI's Standard CGE model, written 

in the GAMS (General Algebraic Modeling System) software. The 

computer code separates the model from the database-with a social 

accounting matrix (SAM) as its main component-making it easy to 

apply the model in new settings. 

The Standard model follows the disaggregation of a SAM and 

explains all payments that are recorded in the SAM. It is written as a set 

of simultaneous equations, many of which are non-linear. There is no 

objective function. The equations define the behaviour of the different 

actors. In part, this behaviour follows simple rules captured by fixed 

coefficients (for example, ad valorem tax rates). For production and 

consumption decisions, behaviour is captured by non-linear, first-order 

optimality conditions of profit and utility maximisation. The equations 

also include a set of constraints that have to be satisfied by the system 

as a whole but which are not necessarily considered by any individual 

actor. These "system constraints" define equilibrium in markets for 

factors and commodities, and macroeconomic aggregates (balances for 

savings-investment, the government, and the current-account of the rest 

of the world). 

The standard model is characterised by flexible disaggregation and 

pre-programmed alternative rules for clearing factor markets and macro 

accounts. Figure 8.9 provides a simplified picture of the links between 

the major building blocks of the model. The disaggregation of activities, 
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Figure 8.9 

Structure of Payment Flows in the Standard CGE Model 

Factor 
Costs 

ACTMTIES 

Sales 

Domestic Private Savings 

Consumption 

Foreign Transfers 

Foreign Savings 

(representative) households, factors, and commodities-the blocks on 
the left side of the figure-is determined by the disaggregation of the 
SAM. The arrows represent payment flows. With the exception of taxes, 
transfers and savings, the model also includes "real" flows (a factor 
service or a commodity) that goes in the opposite direction. The 
activities (which carry out production) allocate their income, earned 
from output sales, to intermediate inputs and factors. 

The producers are assumed to maximise profits subject to prices 
and a nested technology in three levels. At the top of the nest, output is 
a Leontief or CES function of aggregates of value-added and intermediate 
inputs. At the second level, aggregate value-added is a constant elasticity 
of substitution (CES) function of factors, whereas the aggregate 
intermediate input is a Leontief function of disaggregated intermediate 
inputs. A third level is specified in one area: agricultural land and water 
are combined in fixed proportions to form a land-water aggregate that 

enters as a factor on the second level. Each activity produces one or 

more commodities and any commodity may be produced by more than 
one activity. 

Given the assumption that they are small relative to the market, 

producers take prices as given when making their decisions. After 
meeting home consumption demands, the outputs are allocated between 
the domestic market and exports in shares that respond to changes in 

the ratio between the prices that the producers receive when selling 
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domestically and abroad. In the world markets, the supplies of exports 
are absorbed by infinitely elastic demands at fixed prices (the small
country assumption). Domestic market demands (for investment, 
private consumption, government consumption, and intermediate input 
use) are met by supplies from domestic producers and the rest of the 
world (imports). For any commodity, the ratio between the demands for 
imports and domestic output responds to changes in the relative prices 
of imports and domestic output that is sold at home. In world markets, 
import demand is met by an infinitely elastic supply of imports at fixed 
prices. In the domestic markets for products of domestic origin, flexible 
prices assure that the quantities demanded and supplied are equaL 2 

The factor costs of the producers are passed on as receipts to the 
household block in shares that reflect endowments. In addition to factor 
incomes, the household block may receive transfers from the 
government (which are CPI-indexed), the rest of the world (fixed in 
foreign currency), and from other households. These incomes may be 
spent on savings, direct taxes, transfers to other institutions, and, for 
the RHs, consumption. Savings, direct taxes, and transfers are modeled 
as fixed income shares. Consumption is split across different 
commodities, both home-consumed and market-purchased, according to 
LES (Linear-Expenditure-System) demand functions (derived from utility 
maximisation) . 

The government receives direct taxes from the households and 
transfers from the rest of the world (fixed in foreign currency). It then 
spends this income on consumption (typically fixed in real terms), 
transfers to households, and savings. The rest of the world (more 
specifically the current account of the balance of payments) receives 
foreign currency for the imports of the model country, and then spends 
these earnings on exports from the model country, transfers to the 
model country's government, and on "foreign savings" (Le. the current 
account deficit), Together the ,government, enterprises, and the rest of 

2. 	 In terms of functional forms. the Standard model \(Ises a GES function to capture 
the aggregation of imports and output sold domestIcally to a composite commodity. 
and a GET function to capture the transformation of output into exports and 
domestic sales. Without any change in the GAMS code. the model can handle 
databases with commodities that are only exported (no domestic sales of outputl. 
only sold domestically (no exports), or only imported (no domestic production). 
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the world may play an important role in the distributional process, by 
"filtering" factor incomes on their way to the RHs and by directly taxing 
or transferring resources to the RHs. Finally, the savings-investment 
account collects savings from all institutions and uses these to finance 
domestic investment. 

The user has the option to choose among a relatively large number 
of pre-programmed alternative closure rules for the factor markets and 
the three macro accounts of the model, the (current) government 
balance, the balance of the rest of the world (the current account of the 
balance of payments, which includes the trade balance), and the savings
investment balance. The closure rules that are selected in this study are 
presented in a later Section below. 

The model is used for comparative static analysis, implying that 
the impact of the shock lor the combination of shocks) that is being 
simulated is found by comparing the model solutions with and without 
the shock(s). Each model solution provides an extensive set of economic 
indicators, including CDP j sectoral production and trade volumesj 
factor employmentj consumption and incomes for representative 
households; commodity prices; and factor wages. 

Data 

Social Accounting Matrix (SAM) for 1996-97 

The bulk of the model data are arranged in the format of a dis aggregated 
SAM (an 83x83 matrix) for 1996/97-see Box 8.1. The SAM, which was 
used in Lofgren and EI-Said (20011, was constructed on the basis of data 
from various official publications including national accounts, 
government budget, and trade data as well as Egypt's most recent official 
Social Accounting Matrix (Central Bank, 1995 and 1998, CAPMAS, 
1996a, 1996b, and 1998, IMF, 1998). The Egypt Integrated Household 
Survey (EIHS) and IFPRI research documents based on the EIHS were 
the primary source for data on consumption (IFPRI, 1998). Data in 
Kherallah et al. (1998) were used for flour production. Underlying the 
construction of such a SAM is an attempt to make the best possible use 
of available scattered data. Inevitably imbalances appear when data from 
different sources and years are integrated in one frameworkj a SAM
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Box 8.1 

Social Accounting Matrices 

A social accounting matrix (SAM) provides much of the data needed to 
imple:mt)Ilt a computable general equilibrium (GGE) model. A SAM is a square 
matrix that, for a period of time (typieally one yearl, accounts for the economy
wide circular flow of incomes and payments. It summarises the structure of an 
economy, its internal and external links, and the roles of different actors and 
sectors. Its disaggregation is flexible and may depend on data availability and the 
purposes for which the SAM will be used. If the SAM is to support analyses of 
Dam projects, it must include a detailed disaggregation of agricultural factors, 
activities and commodities as well as other areas, such as electricity production, 
that are most directly affected by the Dam. A SAM brings disparate data 
(including input-output tables, household surveys, producer surveys, trade 
statistics, national accounts data, balance of payments statistics, .and 
government budget informationl into a unified framework. In order to overcome 
data inconsistencies, IFPRI has extended estimation methods in 'maximum 
entropy econometrics' (appropriate in data scarce contexts I and applied them to 
SAM estimation (Robinson et aI., 2001j. 

Entropy programme, developed at IFPRI, was used to generate a balanced 
model SAM that retains as much as possible of the information 
contained in the original data set (Robinson, Cattaneo and EI-Said, 

2001; Thissen and Lofgren, 1998). 

For each of the ten households, income and price elasticities for 
disaggregated foodstuffs and aggregated nonfood consumption have been 
taken from Yohannes and Bouis (1999). A variety of sources were used 
for other elasticity estimates needed for the household nonfood LES 
functions as well as the functions for import aggregation, domestic 

output transformation tCET), production (CES), and (constant

elasticity) export-demand. 

Compared to the original SAM, we introduced the following 

changes, suppressing aspects of Egypt's economy that are peripheral to 
the purposes of this analysis: 

• food subsidies have been turned into transfers to the households; 

aggregation of activities and commodities that were disaggregated 

on the basis of whether they involve or do not involve subsidised 
commodities. 

Table 8.4 shows the SAM disaggregation of institutions, factors, 
and activities in the model. Among the factors, labour and capital are 
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used by all sectors, while water, summer land, and winter land are used 
only by agricultural crop activities. The crop activities are differentiated 
according to the period of land occupation into winter crops, summer 
crops, and perennial crops. Outside of agriculture, there is a one-to-one 
mapping between activities (the producing sectors) and commodities 

(the outputs produced). Inside agriculture, the two berseem activities 

and the two vegetable activities are both assumed to produce the same 
commodity (berseem and vegetables, respectively). Given the quality 

difference between domestic maize (some 95 per cent white maize) and 
imported (yellow) maize, the latter is a separate imported commodity 

without any domestic production. Moreover, several crop activities 
produce bypro ducts that are used as animal feed. This disaggregation of 
agriculture makes it possible to capture direct links between crop and 

animal activities: crop outputs (most importantly berseem, maize, and 
various crop by-products) are used as inputs in the animal activitYi 
animal outputs (manure and animal labour) are used as inputs in crop 

activities. Table 8.5 shows an aggregate version of the 1997 Egypt SAM, 
and Table 8.6 reports selected shares showing the structure of the 
Egyptian economy in the SAM. 

Thble 8.4 

Disaggregation of Factors, InstiW..uollS and Activities 

Set 	 Elements 
~.-~.~ •.~----~----~ 

Institutions (l2) 	 Households 

Government 

Rest of the world 


Factors of Capital Labour 
production /5) Water Summer land 

Winter land 

Activities (26) 	 Winter crops 

Summer crops 

Perennial crops 
Other agriculture 
and food processing 
Other 

------~.--.-.-

rural and urban, both disaggregated by 
quintile 

agricultural and nonagricultural 
agricultural and nonagricultural 

wheat, long berseem, short berseem, 
legumes, winter vegetables, other winter 
crops 
cotton, rice, maize [inclu4ing sorghum}, 
summer vegetables, other summer crops 

fruits, sugarcane 
animal agriculture, bread, flour, other food 
processing 
oil, cotton ginning, textiles, other industry, 
electricity, construction, 
government services, 
transportation, other services 
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'Thble 8.5 

Egypt Macro SAM, 1997 (Billion L.B) 

- 1 • -2 3- -4- - 5- - 6- - 7 - 8- -9 - 10 - - 11 - Thtal 

1. Activity 437.54 437.54 

2. Commodity 196.30 196.25 26.01 54.58 45.08 518.22 

3. Factors 238.81 238.81 -z 
4. Households 231.44 13.65 11.21 256.30 0 

5. Government 11.34 ·0.08 14.55 8.17 2.43 10.55 46.96 
:D 
m 

6. Rest of the World 61.96 -3.98 57.99 
(') 
..... 

7. Sa~-Investment 45.50 7.30 -7.72 45.08 m 
(') 

8. Institution tax 14.55 14.55 0 
z 

9. Import tax 8.17 8.17 0 
s: 

10. Aotivity tax 2.43 2.43 (') 

11. Commodity tax 10.55 10.55 s: 
Total 437.54 518.22 238.81 256.30 46.96 57.99 45.08 14.55 8.17 2.43 10.55 

'U 
~ 
(') 

Source: Lofgren and Ej·Said 120011. ..... 
(fJ 

0 
" 
0 
~ 

s: 
(fJ 
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Thble 8.6 

Structure of the Economy, Egypt 1999 

Sector 	 Value output Employment Exports 

added 


Agriculture 

Wheat 1.74 1.19 1..39 5.97 42.28 

Maiu: 1.56 1.02 1.35 

Yellow maiu: 2,10 100,00 

Rice 1.05 0.76 0.89 0.13 2,10 

kgumes 0.20 0.17 0.24 0.03 2.57 0,31 30.98 

Su~ne 0.37 0.29 0040 

Q~winter 1.55 1.12 2.02 
crops 

ather crops 1.10 0.80 1.47 
horticulture 

Pruitt! 2.01 1.42 1.59 0.29 2.S1 {l.20 2.73 

Vegetables 3.10 2.34 1.75 0.17 0.92 

Cotton 1.09 0.74 1.53 

Berseem 0.89 9.54 0.23 

Livestock 3.07 4.00 1.87 1.08 4.72 

lndumry 

Bread 0.21 1.20 0.49 

Flour 0.30 1.53 0.17 0,12 1.57 

Otherlood 2.66 9,02 1.67 1.81 2.50 3,14 6,09 

Oil 6.61 4.38 0.87 18.33 52..26 9.19 38.74 

Cotton ginning 0.04 0.91 0.08 0.58 8 . .00 

Thxtiles 5.64 6.93 7.53 6.68 12.02 1.88 4.87 

adler industry 9.31 12.$1I 6.19 10.34 10.00 62.85 47.25 

Electricity 1.78 1.62 1.48 

Construction 5.34 7.70 5.19 

Services 

Government 7.85 5.83 24.15 
services 

Tranlij>01'tation 6.78 6.49 4.12 22.06 42.41 1.58 5.65 

1rade 35.76 27.12 33.34 39.57 18.20 11.57 6.88 

Other Services 7.85 5.83 24.15 

Total 100.00 100.00 100.00 100.00 12047 100.00 15.48 

Agriculture 17.72 14.36 14.73 0.62 0,54 9,66 9.69 

Non-agricul- 82.28 85,64 85.27 99,38 14.48 90,34 16,52 
ture 

Source: Egypt 1997 SAM. 

http:Non-agricul-82.28
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Other Data 

Additional data used in the different simulations include: 

Nile Flows 

To match the cropping season of Egypt as well as the seasonality of the 
Nile flows, we have divided the Nile into two seasonal flows, Flood from 
August to January and Summer from February to July. The flood flows 
account for approximately 70 per cent of Nile flow at Aswan and 
primarily come in the three months of August, September, and October 
with its source the Blue Nile with headwater in Ethiopia. Summer flow 
comes almost exclusively from the White Nile, which exits the SUDD 
wetlands in Southern Sudan after losing 50 per cent of its volume to 
evapo-transpiration by wetland vegetation. 

With the Nile Waters Treaty, Sudan is entitled to abstract 18.5 
BCM, but has averaged only 12 BCM per year since 1965. Without the 
High Aswan Dam, Egypt can store a total of 6 BCM of flood flow for use 
during the summer season. The correlation coefficient between the two 
seasonal flows is only 0.32, which is expected as the meteorological 
process driving the flows, are spatial and temporally different. Table 8.7 
gives the historical time series of seasonal natural flows and seasonally 
adjusted flows to reflect Sudanese abstractions and within-year storage 
at the Aswan dam (4 BCM) and Gabel el Ali Dam (2 BCM) in Sudan. 

Thble 8.7 

Nile Flow 

Natural Nile Flow at ASWAN Available Nile Flow at ASWAN 
with no abstraction by Sudan or after 12 BCM abstraction by Sudan 

storage and s.toring 6BCM from Flood in 
Aswan and Gabel Reservoirs 

Flood Summer Total Flood Summer Total 

Mean 67.42 16.96 84.37 55.42 16.96 72.37 

Standard Deviation p.18 3.48 13.18 3.48 

Covariance 0.20 0.21 0.24 0.21 



253 THE HIGH DAM AT ASWAN 

Water Use in Egypt 

Shiklamanov (2000) reports the distribution of Egyptian Water use in 
1995 as listed in Table 8.8 below. As seen in the table, municipal and 
industrial (M&l) water use accounts for 15.3 per cent of withdrawal and 
2.7 per cent of consumption. Government policy has been and remains 
such that these uses get priority over agricultural uses. These uses tend 
to be evenly distributed over the year. Thus, for the purpose of water 
balance modeling it is suggested that the following seasonal M&.I water 
demands be assumed: 

Table 8.8 

Water Use: 1995 

nOM/year 

Water withdrawal: 55.5 37.6 

Distribution over sectors: % nCMlyear 

Agricultural 47.0 84.7 30.6 96.7 

Domestic 3.6 6.5 0.5 1.5 

Industrial 4.9 8.8 0.6 1,8 

S~ctors: Flood Summer 

Municipal 1.8 1.8 


Industrial 2,45 2.45 


Table 8.4 indicates that the SAM has 12 agricultural sectors grown 
over three seasons. Winter crops grown traditionally in the lower 
temperature months of October to March, and before the High Dam, 

were irrigated by basin irrigation from the floodwaters. These crops 
include: Wheat, Long Berseem, Short Berseem, Legumes, Winter 
Vegetables, and Other winter plants. 

The summer crops grown from April to September were 
traditionally grown with water stored from the flood in the Aswan and 

Gabel dams, plus diverting via deep canal summer flows and then lifting 
the water on the land to irrigate. These crops include: Cotton, Rice, 
Maize, Sorghum, Summer Vegetables, and other Summer Plants. 
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Finally there are the perennial crops, which are citrus orchards and 
sugar cane. These crops occupy the land the year round. For purpose of 
water balance modeling the water required for perennial crops has been 
divided into their winter and summer water demands. Perennial crops 
require only 35 per cent of their water withdrawal in the winter six 
months while the warmer summer requires 65 per cent. 

Water: Data and Modeling Approach 

Modeling Crop Water Use With and Without Dam 

A recent award winning paper by Ali and Mahmoud (n.d.) by the 
Ministry of Public Works and Water Resources, Government of Egypt 
provides us with the last detailed look at crop water consumption and 
cropping patterns for 1993. Based on their data and the crop sector 
disaggregation in the SAM, a calibrated water use sector is presented in 
Table 8.9. They assume that overall hydraulic efficiency for the Egyptian 
irrigation system from Aswan to the Mediterranean Sea is 65%. This 
includes all water reuse along the Nile and in the Delta. Based on that 

1able 8.9 
Agriculture Water Use: 1995 

Crap sectors Crop Water .1993 Water Water 
Consumption Crap Area Consumption Withdrawal 

(rn3 per feddan) Feddans (BCM) (BCM) 

Winter crops 
Wheat 1}816.38 1,829,232 3.3 5.1 
Legume!> 1,461.37 323,700 0.5 0.7 
Long Berseem 2,538.18 1,668,846 4.2 6.5 
Short Berseem 903.47 642,643 0.6 0.9 
Winter vegetables 1,489.10 508,040 0.8 1.2 
Other Winter 1,286.65 75,429 0.1 0.1 
Perennial-winter 2,030.51 794,032 1.6 2.5 

Total Winter 5,841,922 ILl 17.0 
Summer crops 
Cotton 3,025.81 884,310 2.7 4.1 
Rice 4,691.40 1,276,295 6.0 9.2 
Maize+Sorghum 2,525.84 2,252,043 5.7 8.8 
SummerVeg 1,939.89 558,549 1.1 1.7 

Other Summer 2,473.08 286,106 0.7 1.1 
Perennial summer 3,770.94 794,032 3.0 4.6 

'lbtal Summer 5,257,303 19.1 29.4 
'lbtal annual 11,099,225 30.2 46.5 
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assumption and the calculated crop consumption we can determine 
crops' water withdrawal requirements. 

In the CGE model, water and land usage are assumed to be in fixed 
shares to produce crops-a Leontief production function. In addition, we 
specify four possible land-water technology combinations for each crop, 
with assumed declining marginal productivity of water, as shown in 
Figure 8.10. In effect, the model specifies the choice of land-water 
combinations by crop as a linear programming problem. 3 The farmer 
chooses the least-cost land-water technology for each crop, given the 
'prices' of land and water.4 The model solves for land rental rates and the 
shadow price (or scarcity price) of water that ensures the efficient 
allocation of available water and land across competing uses (i.e., crops 
in this model, since non-agricultural demand for water is assumed to be 
met always). 

The model distinguishes two types of land and water: summer 
land, winter land, summer water, and winter water. With the exception 
of vegetables and sugar cane, the various crops are season-specific-they 
are either grown in the winter or summer, and only use land and water 

Figure 8.10 

LandlWater Technology 

YIeld Land 
wnJfd 

water 	 water 

3. 	 Berek. Goldman. and Robinson (1991) and Robinson and Gehlhar (1996) use this 
technique in CGE water models. but do not assume the availability of alternative 
technologies by crop. 

4. 	 The linear programming problem is translated in the CGE model into a mixed 
complementarity problem (MCP) and the overall model is solved using an MCP 
algorithm (PATH). with the linear programming complementary slackness 
conditions explicitly specified. See Lofgren and Robinson (1999). 



256 INDIRECT ECONOMIC IMPACTS OF DAMS 

in one season. The aggregate supplies of winter and summer land and 
water are specified separately, and the model generates separate shadow 

prices for winter and summer land and water. Since the effect of the 
Aswan dam is to permit Egypt to make the seasonal flows of water more 
even over the year, the model is specified so that, for the with-dam 
scenario, the total High Aswan Dam release of 55.5 BCM is available to 
be allocated to either summer or winter crops. Without the dam, the 

winter flood is assumed to generate an excess supply of water in the 
winter, with corresponding water scarcity in the summer. 

Given the solution to each sectoral linear programming problem, 
the model generates a land-water aggregate for each agricultural sector 

that is then assumed to enter a neoclassical production function along 
with labour and capital. The rental rate of the land-water aggregate in 
the model is assumed to consist of separate values of the land and water 
components, valued at their shadow prices. Agricultural technology in 
the model is thus specified as a nested function with a Leontief demand 

for intermediate inputs, a CES function of value added (labour, capital, 
and land-water aggregate), and a linear programming specification of land 
and water use. In the base solution, it is assumed that water is in 
excess supply and hence has a shadow price of zero. In this case, the 
entire value of the land-water aggregate is attributed to land. 

Modeling the Water Balance in the 
CGE With and Without Dam 

With the High Dam 

The firm yield of the High Dam is an annual release of 55.5 billion 

cubic metres. Then we can define the water balance equation as follows: 

s.c 

Where s = season c = crop A = area 

WC = Leontief water consumption coefficient for the two seasons 

TWA = total water available 
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Q = quantity of water flowing through the turbines 

WMI municipal and industrial water demand [set exogenously) 

Since Aswan is downstream and their turbines have less capacity 
Qs is appropriate for both power stations (see section on hydropower 
below). Also for land, the balance equation is defined as: 

IAc :::;; Total irrigation land 
c 

Without the High Dam 

The big difference for water balance is that now we must have seasonal 
water balances each year and the amount of TWA is a stochastic random 
variable. The water balance equation is defined as: 

:r(AcWCc,s +WM1s):::;; TWAs 

Turbine flow is directly limited by the season flow and not the 
irrigation decisions. Plus there is no High Dam power station (see 
section on hydropower without dam below). In this case the land 
balance equation is defined as: 

IAc :::;; Total irrigation land 
c 

Hydropower in the CGE With the High Aswan and Aswan Dams 

Table 8.10 below gives a time series of the mix of hydro versus 
thermal electricity in Egypt from 1980 to 2000, which includes our SAM 
base year of 1997. Hydroelectric power is the product of flow through 
the turbines, Q, and, Head (Net difference between water level in the 
reservoir upstream and water level downstream), 

E = B* Q* H 

We see lower hydro generation in the mid to late 80's because there 
was a drought and while the release from High Aswan was maintained 
the reservoir level was dropping. We see generation going up in the end 

of the 90's because reservoir levels were going up. We see a dramatic 
increase in 1999 and 2000 as renovation of the generators completed in 
1999 led to increased power capacity. 
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Thble 8.10 

Egypt; Hydroelectric Power Generation, 1980-2000 

Tbtal % %LowDAM 

1980 9.7 8.56 18.26 53% 11% 

1981 10.11 10.39 20.50 49% 10% 

1982 10.37 9.57 19.94 52% 10% 

1983 10.09 12.39 22.49 45% 9% 

1984 9.90 19.42 29.32 34% 7% 

1985 8.02 24.28 32.30 25% 5% 

1986 7.92 25.56 33.48 .24% 5% 

1987 8.17 28.58 36.75 22% 4% 

1988 7.82 27.58 35.40 22% 4% 

1989 7.92 29.78 37.70 21% 4% 

1990 9.88 31.53 41.41 24% 5% 

1991 8.55 34.02 42.57 20.% 4% 

1992 8.46 35.04 43.50 19% 4% 

1993 10.38 37.37 47.75 22% 4% 

1994 10.63 39.43 50.06 21% 4% 

1995 10.70 41.38 52.08 21% 4% 

1996 11.44 40.32 51.72 22% 4% 

1997 11.88 42.96 54.84 22% 4% 

1998 12.10 47.11 59.21 20% 4% 

1999 15.15 49.54 64.69 23% 5% 

2000 15.94 53.65 69.59 23% 5.% 

The High Aswan Dam power generation function based on flow 
going through the turbines is given as : if E is annual energy generated 
in 106 kilo watt hour (K.W.H) and Q is flow through the turbines in 
billion cubic metres (BCM) then as shown in Figure 8.11: 

E = 201.63* Q - 1.229* Q2j 

and the relationship between Q and release from Aswan is as 
follows: 

If Qflood season is the flow during the flood season (August-January) and 

If Qsummer is the flow during the summer season. Then 

Qflood season = 27.5 ifQflood :2 27.5 
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Qsummer = 27.5 ilQoummer :;::: 27.5 

Q,ummer = Qrummer ilQsummer < 27.5 

~ Os = 0fl.ood season + Osummer for s Iflood season, summer] 

Figure 8.11 

Energy Generation from High Aswan Dam 
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Without the H!gh Aswan Dam but With the Aswan Dam 

The Aswan Dam was built in 1902 that held 1 MCM of water which 
was later raised to store 4 BCM in 1933. It was electrified only in 1960 
in conjunction with the building of the High Aswan Dam. It can use 

more of the Nile flow with a large 182 BCM storage reservoir upstream 

to smoothen out within and over-year flow variation. The Aswan Dam 
power station has an installed capacity of 345 MW as compared to 2100 
MW of the High Dam power Station. The Aswan turbines have a 

maximum release capacity of 4 BCM per month (Table 8.11) without the 

High Aswan Dam. On average, however, more water is spilled than 

passes through the turbines. 

The assumption is that the Aswan Dam would not be removed and 

thus below is the power generation function based on flow going 

through the turbines: if E is annual energy generated in 106 kilo watt 

hour (KWh) and Q is f~ow through the turbines in BCM, then as shown 
in Figure 8.12: 
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Thble 8.11 

Aswan Dam Water Flow and SpiJ.1 

Flow Thrbine 

Jan 3.4 3.4 

Feb 2.7 2.7 

Mar 2.2 2.2 

Apr 2.3 2 ..3 

May 2.2 2.2 

Jun 2.2 2.2 

Ju1 5.1 4,0 1.1 

Aug 18.4 4.0 14.4 

Sep 20.7 4.0 16.7 

Oct 12.9 4.0 8.9 

Nov 6.6 4.0 2.6 

Dec 4,2 4,0 0.2 

39,0 43.9 

Figure 8.12 

Energy Generation from Low A~wan Dam: 1933 
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E = 68.641 *Q - 0.5809* Q2 

The relationship between Q and Nile flow at Aswan is as follows: 

If Q is the flow during the flood season (August - January)
flood season 

and 


If Q is the flow during the flood season (August - January)

summer 
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Then 

Qflood season = 24 

Qflood SeasOIl = Qtlood season if Qflood < 24 

Qsummer 24ifQsummer 2:: 24 

ifQsummer < 24 

t Qs Qjloodseason +Qsummer for s (flood season! summer] 

Model Simulations 

This section presents the results of simulations to assess how Egypt's 
economy would have performed in 1996/97 without the dam and how 
the economy! without the dam! would have been affected by year-to-year 
variations in Nile flows. Variations in Nile flows affect the economy 
through availability of water supplies for agriculture, the generation of 
hydropower! navigation, and tourism, Along these lines! we apply a set 
of historical data about the Nile flows to determine how the Egyptian 
economy would have fared without the dam,5 Three sets of simulations 
are performed using the historical data under different assumptions 
about factor prices, In all three sets! the !shock! is to reduce the supply 
of summer water! using historical data on summer water flows. In 
effect, the removal of the dam is assumed to force Egypt to adjust to less 
water in the summer season, with an excess supply of water in the 
winter. 

In simulation 1 (SIM 1), all factor prices adjust to clear factor 
markets, assuming exogenously specified aggregate employment of 
labour and capitaL In SIM 2, the labour wage is fixed and labour supply 
adjusts freely to clear the labour market-there is no aggregate 

employment constraint. 

5, 	 Appendix A, lists historical data on the Nile flood levels, summer flows, and 
associated losses in summer agriculture production in the following year, the 
reductions to navigations from low summer flows, and to tourism from low summer 
flow. The losses to these activities were determined using the functional 
relationships described in the previous section. Noting that no dam implied no 
hydropower, assuming a 25 per cent decline in the electricity sector productivity 
captured the effect of no dam on hydropower across all historical runs. 
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In SIM 3 J both the wage and the return to capital are fixed; 
assuming unlimited supplies of labour and capital are available at the 
fixed wages. 

A CGE model with all factor prices fixed, and hence with no supply 
constraintsJ operates like a fixed'price, multiplier model. Because factor 
prices are fixed J then output prices must also be fixed, given standard 
cost functions. Output is completely demand determined. In fact, this 
model is not completely demand driven because land and water are 
assumed to be in fixed supply. The result is a kind of 'constrained 
multiplier model,' which will behave close to a SAM multiplier model. 
In SIM 2, with only labour unconstrained, one would expect the 
multipliers to be smaller than in SIM 3, where both labour and capital 
are unconstrained. SIM 2 seems like a reasonable specification for a 
country in which there is excess labour. In SIM I, all aggregate factor 
supplies are fixed, and the model will operate like a standard 
neoclassical CGE model. 

In the simulations, the model is run 72 times-one experiment for 
each specification of winter and summer water availability, based on 
historical data. Some extreme years were omitted. For these experiments, 
the output loss in the summer arising from flooding in the previous 
winter is ignored. These numbers are significant, but we chose to ignore 
them in experiments since the magnitudes of the crop loss are hard to 
capture in the model-it is not clear how to model the offsetting market 
adjustments. So, the experiments we report will underestimate the gains 
from the dam, or the losses associated with 'removing' the dam. 

Tables 8.12 and 8.13 summarise the results for all three sets of 
simulations. The Base column shows values from the 1997 SAM for 

Egypt, and the other columns show the mean value and standard 
deviation of selected variables for the set of simulations using historical 

flow data. Figures 8.13 and 8.14 show the frequency distribution for real 
GDP and total absorption for each set of simulations. 

Summarising the Results 

• 	 Average aggregate economic actIVIty declines under all 
simulations. The dam generated significant benefits. 
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Table 8.12 

Selected Results for Model Simulations 

SIMl SlM2 SIM3 

Base Mean Std. Mean Std. Mean Std. 
deviation deviation deviation 

..  ..-.-~.-~.-

Real Absorption' 267.3 262.5 4.0 260.1 5.1 233.5 23.5 

Consumption 196.3 191.5 4.0 189.0 5.1 162.4 23.5 

Exports 54.6 53.5 1.0 53.0 1.1 46.5 5.5 

Imports -62.0 -60.9 1.0 -60.4 1.1 -53.9 5.5 

RealGDP 260.0 255.2 4.0 252.7 5.1 226.1 23.5 

GDP at factor cost 238.& 235.0 5.2 232.3 4.7 207.9 21.5 

Agriculture' * 42.3 43.2 4.& 42.0 0.8 39.0 2.9 

Winter 12.4 12.5 0.3 12.4 0.1 11.6 0.6 

Summer 16.9 17.8 4.8 16.8 0.6 15.8 1.2 

Perennial 5.7 5.7 0.1 5.6 0.1 5.1 0.5 

Non-agriculture 196.5 191.8 3.0 190.3 4.0 168.9 18.6 

Household consumption (L.E. bn.) 

Rural (quintiles): 84.5 82.5 1.9 81.3 2.2 69.0 10.6 

1 8.9 8.7 0.3 8.6 0.2 7.4 1.0 

2 11.6 11.4 0.4 11.2 0.2 9.7 1.3 

3 14.7 14.3 0.4 14.1 0.4 12.0 1.9 

4 18.3 17.9 0.4 17.6 0.5 15.0 2.3 

5 31.0 30.1 0.6 29.7 0.9 25.0 4.1 

Urban (quintiles) 111.8 108.9 2.2 107.8 3.0 93.4 12.9 

1 9.1 9.0 0.2 8.9 0.2 7.9 0.9 

2 12.9 12.7 0.3 12.6 0.3 11.0 1.4 

3 17.5 17.1 0.3 17.0 0.4 14.8 1.9 

4 24.0 23.4 0.5 23.2 0.6 20.1 2.8 

5 48.2 46.7 1.1 46.2 1.5 39.6 6.0 

Notes: 	 • Among the components of absorption, only household consumption changes. Government 
consumption and investment are fixed in real terms as part of the macro closure rule . 

•• Includes livestock 

• 	 Average real consumption for all households falls across the three 
simulations. 

• 	 The declines increase from SIM 1 to SIM 3. SIM 3, and the full 
multiplier model generates the largest losses from the removal of 
the dam. Assumptions about supply constraints affect the results 
significantly. 
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Table 8.13 

Value Added, Production, Exports and Imports (in L.E. bn.) 

SIMI SIM 2 S1M3 

Base Mean Std. Mean Std. Mean S!iJ. 
Deviation Deviation Deviation 

Value 

Thtalagriculture 42.3 43.2 4.8 42.0 0.8 39.0 2.9 

Winter crops 12.4 12.5 0.3 12.4 0.1 11.6 0.6 

Summer crop!> 16.9 17.8 4.8 16.8 0.6 15.8 1.2 

Perennials 5.7 5.7 0.1 5.6 0.1 5.1 0.5 

Thtal non-agriculture 196.5 191.8 3.0 190.3 M 168.9 18.6 

Total 238.8 266.0 13.0 232.3 4.7 207.9 21.5 

Real production 

Total agriculture 62.8 64.0 6.3 62.4 1.1 57.6 4.5 

Winter crQPS 16.2 16.4 0.4 16.3 0.1 15.3 0.8 

Summer ClOPS 21.7 23.0 6.4 21.6 0.7 20.4 1.5 

Perennials 7.5 7.4 0.2 7.4 0.2 6.7 0.6 

Total non-agriculture 374.7 366.3 5.2 363.3 7.3 322.7 35.2 

Total 437.5 430.2 lS.5 425.6 S.3 3S0.2 39.6 

Exports 

Thtal agriculture 0.34 0.65 1.48 0.34 0.39 0.50 0.09 

Winter crops 0.05 0.07 0.01 0.05 0.07 0.10 0.02 

Summer crops 0.14 0.42 1.48 0.14 0.15 0.22 0.05 

Perennials 0.16 0.16 0.01 0.16 0.17 0.18 0.01 

To~ non-agriculture 54.24 52.88 1.17 54.24 52.58 45.99 5.63 

Thtal 54.58 53.53 1.02 54.58 52.97 46.49 5.54 

Imports 

Thtal agriculture 5.99 5.81 0.21 5.72 0.20 4.60 0.94 

Winter crops 3.89 3.75 0.15 3.69 0.15 2.86 0.69 

Summer crops 1.30 1.28 0.02 1.27 0.03 1.12 0.13 

Perennials 0.12 0.12 0.01 0.11 0.00 0.09 0.02 

Livestock 0.67 0.66 0.05 0.65 0.02 0.54 0.10 

Total non-agriculture 55.98 55.11 0.82 54.63 0.91 49.27 4.60 

Total 61.96 60.91 1.02 60.35 1.11 53.87 5.54 

Source: Model Simulations 

In SIM I, agriculture gains (especially summer crops with high 
value) and the burden of the shocks falls on the non-agricultural sectors, 
with declines in power, transportation, and tourism. The increase in the 
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value of agricultural production arises from the fact that land used in 
high-value crops has a higher marginal product than land used in low 
value crops. With the removal of summer water, farmers grow only high 

value crops, increasing the value of agricultural output. Put another way, 
the dam allowed Egypt to even the water flow over the year and to 
support growing low value crops. The dam allowed Egypt to follow a 
pattern of distorted policies. With uncertain water flows, restricted in 
the summer, production moves to high value crops, especially summer 
crops. The decrease in distortions increases efficiency in agriculture, 
although not enough to offset the losses in electric power, tourism, and 
transportation. Overall, the dam generates significant gains. 

Multiplier models are commonly used in the analysis of the impact 
of a 'project' such as introducing a dam. The CGE model permits 
comparison of different kinds of 'constrained' demand multiplier models 
with a scenario with constraints on factor supplies. For the two 
multiplier models, SIM2 and SIM3, with less supply constraints: 

• 	 the full multiplier model, with both labour and capital 
unconstrained (SIM 3), yields very large effects. 

• 	 the multiplier model with only labour unconstrained (SIM 2) 
yields much smaller losses than the full multiplier model. 

Figures 8.13 and 8.14 show the distribution of results for real GDP 
and aggregate absorption from the three experiments. Note that the 
distributions of returns are not symmetric, but are skewed to the left 
and not unimodal. These results indicate the importance of using data 
on historical flows in order to determine the pattern of returns from the 
smoothing of flows due to the dam. Analysing the impact of average 
changes in flows would miss the wide variation in flows over the 

historical record. 

Using the mean of the results, it is possible to compute the net 
benefits arising from the dam. Tables 8.14 and 8.15 summarise official 

Egyptian government analysis of costs and benefits estimated in 1960, 

and Table 8.16 summarises recent estimates, and includes the estimates 
of average benefit from SIM 1 and SIM 3. Surprisingly, given the very 
different approaches taken, the official estimate in 1997 of the annual 
average net gain (5.5 billion pounds) is within ten per cent of the SIM 1 
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'Dible 8.14 

Estimated Benefits of High Aswan Dam 

Annual Increase in GNP (1960 prices) 	 L.E. mi11ionlyear 
--~~------~~--~--~~~----------~----~ 

1. 	 Extension o£ cultivated area by 1,200,000 63.0 

feddan and co!lwsion III 850)000 feddlln from 
basin to perennial irrigation 

Inm:easing Rice cultivation to f,OOO,OOQ 56.0 

feddans 

3. Flood Protectipn 	 10.0 

4. Improved Navigation 	 5.00 

5. Hy~r Electric Energy Generation 	 100.0 

6. Increase of taxes on Old lands and New taXes 9.0 

7. Savings o!1 bartage maintenance 	 2.5 

8. {mm Dams e1eet(ification 	 10.5 

256.0 

'Dible 8.15 

Annual Operating Cost of High Aswan Dam (HAD) Project 

Project Element 

1. 	 Coat Of artificial to replace 
nlltuul from fJoodsediment 

2. 	 MamU}llance of ~r Station &. 
trlj.l}stnission lines 

3. Ma4itenance of HAD 3.0 

1btal Annual AOOftional Costs Ie! 28.0 
(d) 48.0 

rule 8.16 

'Tbtal Annual Net Benefits 

officilll. Govt. 1960 wlo flood 218.0 L.E. Million (1960) 

Official Govt. 1997 5.5 L.B. Sillion(1997} 

. CGEAnalysis 1997 w{oflood(SIM 11 5.0 L.E. BilUon{1997) 

Multiplier Analysis" 1997 w/o flood (SIM 3) 34.0 L,E. Billion(1997) 
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estimate {S.O billion pounds). The estimates of net annual gains using 
the multiplier model, SIM 3, is much higher /34 billion pounds). 

Multiplier Results for the Aswan High Dam (AHD) 

As shown in Table 8.17 the value-added multiplier values range between 
1.22 to 1.4 in the three simulations. The multiplier value of 1.4 implies 
that for every LE of value-added in directly impacted sectors, another 0.4 
LE of value-added is generated through inter-industry linkages and 
consumption-induced effects. 

Table 8.17 

Multiplier Results for the Aswan High Dam (ARD) 

VaIueAdded TNith AHD minus Withoot AHD 

SIM 1 SIM2 S1M3 

Value Added of Directly 3.1 5.3 22 
Impacted Sectors' 

Total Value Added 3.8 6.5 30.9 

Multiplier 3.8/3.1=1.25 6.5/5.3= 1.22 30.9/22.0"" 1.40 

Note: • Directly impacted sectors: agriculture, electricity, navigation and tourism 

Income Distribution Impacts of Aswan High Dam (AHD) 

In the base case, total consumption is 196.3 LE billion, while under 
SIM 3 it is 162.4 LE billion, indicating a difference of 33.90 LE billion 
under a situation 'With Aswan High Dam'. In order to trace the income 
distribution impacts of the Aswan High Dam, we look at the 

consumption levels of different quintiles with and without the Aswan 
High Dam. Figure 8.15 shows quintile-wise consumption of the rural 

population with and without AHD, and Figure 8.16 shows quintile-wise 
consumption of the urban population. 

http:3.8/3.1=1.25
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Figure 8.15 

Rural Consumption Quintile-wise (LE bn) With and Without AHD 
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Figure 8.16 

Urban Consumption: Quintile-wise (LE bn) With and Without AHD 
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Conclusions 

A few empirical conclusions can be drawn from this analysis. 

• 	 The high Aswan dam was, and is, a good investment, yielding 
significant annual net returns. The model analysis of net benefits 
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is conservative, ignoring some benefits, which are significant but 
difficult to model (e.g., the elimination of major damages from 
periodic serious flooding). 

• 	 For agriculture, the existence of the dam allowed Egypt to pursue 
policies that distorted agricultural production, yielding a cropping 
pattern that favoured low-value crops that made inefficient use of 
both water and land. Reducing summer water and using the 
remaining water efficiently would yield increases in the value of 
agricultural production. With or without the dam, eliminating 
these distortions would greatly increase efficiency in Egyptian 
agriculture. 

• 	 Given the distortions in agricultural production, the largest gains 
from the dam arise from non-agricultural sources: hydropower, 
transportation, and tourism. 

In terms of methodology: 

• 	 The use of unconstrained demand multiplier analysis to compute 
the benefits of a project such as a dam will tend to yield 
significant overestimates of benefits. 

• 	 Assuming that only labour is unconstrained, which should be a 
realistic assumption in many developing countries, yields a 
significant increase in estimated benefits compared to a model in 
which all factors are in fixed supply, but the estimates seem 
reasonable and are much less than those coming from a simple 
unconstrained demand-multiplier modeL 

• 	 In estimating the impact of a large project such as the high 
Aswan dam, which affects a significant share of aggregate 

economic activity and has significant effects on many prices, a 
CGE model provides a good framework for analysis. The 

inclusion of water in the model, however, requires major 

extensions to the 'standard' CGE model. 
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Annex A-S.I 

Historical Nile Flows and Losses to Summer Agriculture, 

Navigation and Tourism 


Table A.B.I. lists historical data on the Nile flood levels, summer flows, 
and associated losses to summer agriculture production in the following 
year, the reductions to navigations from low summer flows, and to 
tourism from low summer flow. Noting that no dam implied no 
hydropower. Assuming a 25 per cent decline in the electricity sector 
productivity captured the effect of no dam on hydropower across aJI 
historical runs. 

Table A-B.I 
Historical Nile Flows and Losses to Summer Agriculture, , 

Navigation and Tourism. 

Model Runs Flood Level Summer flows Summer Navigation Tonrism 

Base 
1 4.0&0 1.139 0.000 0.000 0.036 
2 4.701 1.131 0.000 0.000 0.120 
3 2.967 0.975 0.303 0.000 0.000 
4 3.270 0.909 0.000 0.000 0.000 
5 5.101 0.866 0.400 0.000 0.120 
6 3.162 0.865 0.000 0.000 0.000 
7 2.148 0.863 0.000 0.000 0.000 
8 2.420 0.855 0.000 0.000 0.000 
9 2.486 0.850 0.000 0,000 0,000 
10 3.086 0.834 0.468 0.000 0.000 
11 2.764 0.827 0.000 0.000 0.000 
12 2.184 0.816 0.000 0.000 0.000 
13 2.781 0.800 0.000 0.000 0.000 
14 3.691 0.799 0.000 0.000 0.000 
15 3.702 0.797 0.004 0.000 0.000 
16 3.948 0.792 0.000 0.000 0.017 
17 3.437 0.787 0.000 0.000 0.000 
18 3.888 0.783 0.000 0.000 0.009 
19 4.096 0.751 0.000 0.000 0.039 
20 3.106 0.750 0.327 0.000 0.000 
21 3.045 0.748 0.000 0.000 0.000 
22 3.232 0.737 0.000 0.000 0.000 
23 2.395 0.736 0.000 0.000 0.000 
24 2.599 0.725 0.000 0.000 0.000 
25 3.035 0.714 0.000 0.002 0.006 
26 2.981 0.708 0.079 0.003 0.008 
27 4.151 0.70~ 0.000 0.003 0.059 

comd". 
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contd ... 

Model Runs Flood Level Summer {lows Summer Navigaticm Tourism 

28 4.206 0.697 0.000 0.005 0.074 
29 2.860 0.693 0.139 0.005 0.016 
30 2.369 0.693 0.000 0.006 0.016 
31 4.188 0.691 0.000 0.006 0.073 
32 3.774 0.689 0.000 0.006 0.018 
33 3.164 0.689 0.000 0.006 0.018 
34 2.180 0.683 0.000 0.007 0.021 
35 3.472 0.667 0.000 0.010 0.029 
36 2.377 0.657 0.000 0.012 0.034 
37 3.145 0.652 OA08 0.013 0.036 
38 2.945 0.643 0 ..000 0.014 0.040 
39 3.686 0.639 0.000 0.Dl5 0.043 
40 1.795 0.633 0.000 0.016 0.046 
41 2.671 0.632 0.000 0.016 0.046 
42 3.668 0.629 0.000 0.017 0.048 
43 2.234 0.629 0.000 0.017 0.048 
44 2.908 0.627 0.000 0.017 0,049 
45 1.658 0.627 0.000 0.017 0.049 
46 2.547 0.614 0.000 0.019 0.055 
47 2.756 0.613 0.000 0.019 0.055 
48 3.511 0.613 0.000 0.019 0.056 
49 3.156 0.603 0.000 0.021 0.061 
50 2.400 0.603 0.000 0.021 0.061 
51 3.625 0.599 0.000 0.022 0.062 
52 2.667 0.596 0.000 0.022 0.064 
53 1.433 0.595 0.000 0.023 0.065 
54 2.796 0.590 0.000 0.023 0.067 
55 2.404 0.584 0.000 0.024 0.070 
56 2.735 0.576 0.000 0.026 0.074 
57 3.355 0.576 0.497 0.026 0.074 
58 3.680 0.575 O,QOO 0.026 0.074 
59 3.174 0.573 0.000 0.026 0.075 
60 2.672 0.572 DADO 0.026 0.076 
61 3.441 0,572 0.000 0.027 0.076 
62 3.943 0.565 0.000 0.028 0.095 
63 a.aHa 0.559 0.000 0.029 0.082 
64 3.530 0.552 0.000 0.030 0.086 
65 3.256 0.547 0.000 0.031 0.089 
66 2,694 0.539 0.000 0.032 0.092 
67 1.545 0.526 0.000 0.035 0.099 
68 3,376 0.504 0.000 0.038 O.UO 
69 2.980 0.499 0.000 0.039 0.112 
70 3.208 00460 0.000 0.042 0.120 
71 2.787 0.442 0.000 0,042 0.120 
72 1.572 0.379 0.133 0.042 0.120 





Sobradinho Dam and the 
Cascade of Reservoirs on the 
Sub-medio Sao Francisco 
River, Brazil 

Monica Scatasta 

Introduction and Overview 

The premise of this study is that "a simple accounting for the direct 
benefits provided by large dams[ ... J often fails to capture the full set of 
social benefits associated with these services. It also misses a set of 
ancillary benefits and indirect economic (or multiplier) benefits of dam 
projects" (WeD, 2000). Nowhere does this seem more cogent than for the 
large dams and reservoirs located in the driest region of the Sao Francisco 
river basin, in Brazil's Northeast region. The Sao Francisco is the largest 
and one of the few permanent rivers in a region characterised by irregular 
rainfall patterns, high average temperatures and evaporation rates, and 
cyclical droughts that are occurring with increasing frequency-every five 
years or less-and persisting over more than one year. Despite the 
irregularity and concentration of rainfall and the fragility of the 
Northeast's soils, its vast interior was already occupied by the end of the 
XVIII century, fuelled primarily by extensive livestock production 
accompanied by subsistence farming. The persistence of traditional land 
use practices further degraded soils, limiting their capacity to retain 
rainfall. In spite of the rapid urbanisation process in coastal areas, the 
majority of people in the semi-arid interior still reside in rural areas, 
generally in dispersed centres with few economic alternatives. 

The construction of the Sobradinho dam in 1973-1979 was expected 
to transform the region's economy, society, and landscape. With a surface 
of over 4,200 Km2 and a water storage capacity of 34 billion m3, the 
reservoir contributed not only to stabilising downstream flows for the 



276 INDIRECT ECONOMIC IMPACTS OF DAMS 

reliable operation of a hydropower complex with a current installed 

capacity of about 10 Gw, but also to provide water for large irrigation 

projects that are revolutionising agricultural production in the region 

(Nishizawa and Uitto, 1995). And yet, despite the existence of a number 

of success stories in the region, its socio-economic vulnerability appears 

to persist. This study analyses the direct and indirect economic impacts 

of the set of large dams in the medium and lower reaches of the Sao 

Francisco river. Its goal is to understand whether these impacts have, as 

some maintain, fallen short of expectations, and what factors have 

affected their magnitude, including those falling outside the scope of dam 

design and water use decisions. The study also highlights some of the 

emerging success stories, trying to reveal both their multiplier impacts 

and the lessons to be learned from them. Finally, it presents a brief 

overview of the social and environmental impacts of the selected dams. 

The Sao FranciSCO River Basin: Hydro-climactic 
Characteristics and Water Use 

The Sao Francisco river is 2,700 km long and its basin has a surface of 
639.219 km2 (7,5 per cent of the country's area) The basin comprises 

504 municipalities in Minas Gerais, Bahia, Goias, Pernambuco, Alagoas, 
Scrgipe, and the Federal District, with a population of over 16 million. 

Brazil's Northeast macro-region accounts for 62.5 per cent of its area, 

over half of its municipalities and 36.3 per cent of its population. A large 

share of the Northeastern population in the basin resides in areas that 

fall either in the Drought Polygon or Semi-Arid region 1-100 per cent in 

Pernambuco, over 80 per cent in Bahia, and about 70 per cent in Alagoas 

(Fibge, 1999 and Sudene, (1999) (Figure 9.1).2 

With an annual available discharge of 64.4 BCM/year, the Sao 

Francisco reprcsent 69 per cent of the available surface water in the 

1. 	 The Drought Polygon is a political and administrative region. legally recognised as 
subject to periods of prolonged drought, but with some areas with positive water 
balance. The semi·arid is one of BraZil's six climactic zones, defined based on its 
precipitation regime: average annual rainfall below 800 mm. irregular and 
concentrated in three months of intense and short rainfall episodes. 

2. 	 All Maps are modified versions of those in CODEVASF (2000). Cadastro do Vale 
do Sao Francisco·-2000. available at www.codevasf.govbr ThiS section draws 
heavily on information contained in that document. 

www.codevasf.govbr
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Figure 9.1 A 

The Basin and the Country 

Sao Francisco Valley 


Nortest Region 


Figure 9.1 B 

The Basin, the Northeast Region and the Drought Polygon 

Sao Francisco Valley 


Northeast Region 


Drought Polygon 
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Northeast region3 and 73 per cent of its guaranteed surface water 
availability. The large reservoirs in the Sub-Medio Sao Francisco, while 
contributing to evaporation losses, account for about 60 per cent (50.9 
BCM4) of the region's surface water accumulation capacity. Despite its high 
overall average, however, the Sao Francisco river flow is plagued with 
significant fluctuations, with annual averages ranging from 1,768 to 5,244 
m3/s, and monthly values from 644 to 13,743 m3/s.5 This is due in part to 
the intermittent nature of many of its 168 tributaries. Most of the 
perennial tributaries are located in its upper reaches and the last significant 
one-the Rio Grande, in Bahia-merges with the Sao Francisco 1,178 km 
from its estuary. Most tributaries in the Drought Polygon are torrents 
whose regimes depend solely on rainfall patterns. Thus, the region between 
the MG-BA border and the city of Juazeiro represents 45 per cent of the 
basin area but contributes only 20 per cent of its annual flows. 

The climate of the Sao Francisco Valley is characterised by high 
average temperatures, with very high evapotranspiration (896 mmlyear 
on average), particularly in the Northern part of the Valley. The rainy 
season runs November through January, when 55 to 60 per cent of 
annual precipitation takes place, while June-August are the driest 
months. Rainfall decreases moving towards the riverbed and 
downstream. The highest annual rainfall levels (1,600 mm) take place at 
the source, while the lowest (350 mm) characterise the region along and 
between the studied reservoirs, then increasing again towards the 
estuary (Figure 9.2). Based on these characteristics, the basin can be 
divided into four regions (Figure 9.3). The studied dams are located in 
the Sub-Medio region, in Bahia and Pernambuco, characterised by semi
arid/arid climate (average annual temperature 27°C, evaporation 3,500 
mm, and rainfall as low as 350 mm in the Sobradinho area), and a 
landscape dominated by scrublands. The Sub-Medio region accounts for 
15 per cent of the basin's total population and 23.5 per cent of its rural 
population, with an urbanisation rate of 56.6 

3. 	 The region loses 88 per cent of its annual rainfall to evaporation or evapotrans
piration. Only 8.6 per cent flows as surface water and 3.4 per cent infiltrates in 
ground-water aquifers 

4. 	 Sobradinho (34.1 BCM), Itaparica (11.8 BCM), Xing6 (3.8 BCM) and Moxot6 (1.2 
BCM) 

5. 	 Data from www.cbhsaofrancisco.org.br 

6. 	 Elaboration of data from www.cbhsaofrancisco.org.br. the official site of the Sao 
Francisco river basin committee. 

www.cbhsaofrancisco.org.br
www.cbhsaofrancisco.org.br
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Figure 9.2 

Rainfall and Climactic Zones 
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Table 9.1 

Water Availability and Demand in the Silo Francisco 

Basin and Its Regions 


Area P E Q DemlHld (m"1s) Inig. Demand 
(kr.ri') (mm) (mrn) (m3/sJ % Thtal IFlaw 

Alto 1,4(12 1,051 1,013 16 22 18 57 40.35 6 
Medii> 339,763 1,111 952 1,773 6 64- 4 3 77 87.18 3 
Sub-media 155,637 695 619 375 3 63 1 6 73 87.67 20 
Baixo 32,013 842 694 217 3 11 1 2 17 75.00 7 
Thtal Basin 63.9;219 1,036 896 2,85011 28 160 7 Z9 224 74_55 8 

Notes: P - precipitation, £--evapotranspiration, Q-average annual flow 

1/ The overall average is smaller than the sum of the sub-basins' due to evaporation losses 
from flow regu\arisation reservoirs 

Source: www.cbhsaoirancisco.org.br 

Direct Impacts of the Cascade of Reservoirs 

Hydropower Development along the Sub-Medio Sao Francisc09 

Hydropower was the primary goal behind the construction of the large 
reservoirs along the Sub-Medio Sao Francisco, and plays a crucial role in 
the management of the basin's waters. The basin's hydropower potential 
is estimated at 26,300 MW; of which 10,533 (15 per cent of Brazil's 
installed capacity) have already been developed, with 33 power stations 
currently in operation, 9 of which are along the Sao Francisco river 
(Figure 9.41. These provide the backbone of power supply to the North! 
Northeast electric polo, which was integrated with the 1981 
inauguration of the Boa Esperan~a/lmperatriz transmission line linking 
CHESF's with Eletronorte's lines,lO 

9. 	 Data from www.energiabrasil.gov.br, www.chesf.gov.br, www.porta/sf.com.br, 
where not otherwise indicated. 

10. 	 The role of the transmission in the Brazilian hydroelectric system is of major 
importance, as it permits the optimisation of generation, increasing overall energy 
output by transferring surplus energy to regions with unfavourable hydrological 
conditions, The optimised operation of the Brazilian system results in an increase 
of about 30 per cent in energy generation, compared to the production that would 
be obtained through the operation of the plants without the coordination of a 
c~ntralised dispatch. In the Brazilian electriC power system, the market supply 
crltenon IS based upon meeting average energy reqUirements. attributing a lower 
prlonty to peak supply. The system adopts a criterion based on the supply of 
guaranteed energy with a certain deficit risk, Currently the maximum annual 
defiCit risk conSidered for expanding the electric power generation is 5 per cent 
(Ventura Filho, 2002) . 

A 

www.porta/sf.com.br
www.chesf.gov.br
www.energiabrasil.gov.br
www.cbhsaoirancisco.org.br
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Figure 9.4 

Main Power Infrastructure in the Basin 

Main Operational, Hydropower P!ant~ 

Generation Pnremia! Wale[ Storage 
{MW} {Billon ml)

ires Mari as 	 19.3 
Sobradi Nho 34.1 
Itapari ea ( •• ) 11.8
Comple-xu Mo)(Oto( * ) 
Xingo 	 1 

38 
{*) rNCL Paulo Afonso 
{V} Now Luis Gonuga 

After one hundred years of studies and pilot projects,ll and the 

creation of CHESF (the Sao Francisco Hydroelectric Company) in 1948, 

Paulo Afonso I was inaugurated in 1955 and in 1959 the first 

transmission lines started providing power to Northeastern state 

capitals. In 1961 and 1971, the Paulo Afonso (PA) II and III stations 

were activated, taking capacity to 1,500 MW. Increasing power 

consumption required CHESF to build regularisation reservoirs that 

11. 	 In 1859, the emperor Dom Pedro II ordered the realisation of studies on its 
hydroelectric potential, and the first pilot station was built In 1913. 
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would ensure flow reliability. The Moxot6 12 reservoir (100 km2, 1.2 
BCM) was built 4 km upstream of PA to provide weekly inflow 
regularisation and additional capacity (440 MW). Pluriannual flow 
regularisation was also needed to increase minimum guaranteed dry 
season flows and ensure the viability of a fourth station in the PA 
complex, leading to the construction of Sobradinho dam, about 470 km 

upstream of it, in 1973-1979. Its objective was to maintain a minimum 
flow of 2,060m3/s, as well as additional generation, with an installed 
capacity of 1,000 MW 13 Its costs reached US$ 987 million, including 
the cost of the navigation gates of the head structures for irrigation, but 
excluding a full assessment of environmental and social impacts. A few 
months before the inauguration of Sobradinho, the PA IV plant (2,400 
MW) was inaugurated. Meanwhile, CHESF had started building the 
Itaparica reservoir and power station (834 km2, 11.8 BCM, 1,500 MW). 
Its inauguration was planned for early 1981, but financial problems 
produced delays that, together with an unfavourable hydrological cycle, 
caused energy rationing in the Northeast in 1987-88. The latest addition 
to the system was the Xing6 station, downstream of PA, in the Baixo 
Sao Francisco, which started operating in 1994 and reached total 
capacity (3,000 MW) in 1997. The US$ 3.1 billion project accounts for 
25 per cent of installed capacity in the Northeast. 

In the late 1970's, Brazil could rely on various alternative primary 
energy sources, including coal, uranium. On the other hand, oil and 
natural gas reserves were too low, and their import price too high, for a 
large-scale conventional thermoelectric generation expansion 
programme. In 1994, ELETROBRAs estimated the relative 
competitiveness of various sources (Table 9.2).14 Today, only 33 per cent 
of Brazil's hydroelectric potential has lower costs than other sources, 
although two thirds remain competitive. At the time of their 
construction, however, the studied dams were provided electricity at 
costs (around 1,000 US$/kW or less-roughly 20 US$/MWhj (Ventura, 

12. 	 Renamed Apol6nio Sales, in homage to CHESF's founder. 

13. 	 More recent sources set its installed capacity at 1.140 MW at 

ww.portaldosaofrancisco.hpg.ig.com.br 


14. 	 The study states that all costs (investment, operation/fuel and maintenance, and 
environmental) were considered. Benefits were calculated for each plant operating 
under optimised conditions within the interconnected system. AID per cent annual 
discount rate and a useful life of 50 years for hydro and 30 years for thermal plants 
was assumed. 
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'lllble 9.2 

Brazil: Competitiveness of P{imary Sources for 

Electric Power Generation 


Source 

Natural Gas 11 40 to 50 

Biomass/Sugarcane Bagasse 40 to 8.0 

Oil By-Products 5.0 to 60 

Mineral Coal 50 to 65 

Nuclear Power 21 6.0 to 7D 

Hydroelectric Power 33% : less than 403 
39%: ~twee.n 40 and 70 
28% ; over 7'0 

Note: II Recent bids for imported rultural gas fired thermal generation point to costs in the range of 
30 USS/MWh 

21 ELETRONUCLEAR, the Brazilian Nuclear Engineering Company and Utility, foresees some 
reduction in these. 

Source: ELETROBAAS 11994) 

2002) that are at least 50 per cent lower than those of the currently 
cheaper alternative, and were likely more competitive at a time of higher 
fossil fuel prices and more expensive imported technology. 

Today, the hydropower plants along the Sub-Medio Sao Francisco 
represent over 97 per cent of CHESF's 10.7 GW installed capacity, the 
largest of any power company in Brazil, representing over 12 per cent of 
the country's capacity and accounting for 80 per cent of power 
generation in the Northeast. Through its power generation, 
transmission and distribution activities, CHESF serves primarily eight 
Northeast states benefiting over 40 million people in an area of 
influence of 1.2 million km2 (about 14.3 per cent of Brazil's area). 
Beneficiaries, however, are mainly located in urban areas, as severe 
imbalances still characterise access to electricity in the region, where 
most villagers and small holders lack many basic requirements, and less 
than half of rural households have access to electricity (World Energy 
Council, 2003). In addition, the large dams and the interconnected 
nature of Brazil's system did little to prevent the 2001 energy crisis, due 
to a combination of natural causes and under-investment in generation, 
as several years of below average rainfall had left reservoirs over 70 per 
cent depleted, while installed capacity expansion had not kept up with 
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the steady growth of electricity demand since 1980. 15 The crisis was 
overcome primarily thanks to consumers' response to the rationing 
programme that mandated 20 per cent consumption reductions across 
the board. 16 

Irrigated Agriculture in the Sao Francisco River Basin 

The regularisation of the Sao Francisco river benefited the agriculture 
sector, providing reliable sources of irrigation water that supported 
irrigation expansion. In the late 1960's, the Federal government 
launched the Multi-year Irrigation Programme to spur socio-economic 
development in the semi-arid region by increasing in its agriculture 
output and productivityY Since then, the Northeast has been the 
theatre of massive public sector irrigation projects. 18 Two public 
implementing agencies operate in the region: CODEVASF (the Sao 
Francisco River Valley Development Company), created in 1974 to lead 
irrigation development in the basin,l9 and DNOCS (the National 
Department of Anti-Drought Works), in charge of drought relief and 
irrigation in the rest of the region. Table 9.3 shows the evolution of 

15. 	 Pago Filho et al. (2001), Watts and Aritzia (2002). and information at wwwiie.org, 
wwwfe.doe.gov 

16. 	 Residential consumers exceeded such targets by eliminating wastes and replacing 
inefficient household appliances, while industry relied on existing own generation 
capacity, often in the form of cogeneration, Reforms in the 19908 introduced 
competition in generation, While not a cause of the crisis, their lack of clarity and 
investors' risk aversion delayed the construction of gas· fired plants after the 
opening of the Bolivia-Brazil pipeline. The 2002 Northeastern Water Infrastructure 
Programme called for CHESF's restructuring (avoiding its privatisation), the 
consolidation of the Interconnected System and the installation of thermoelectric 
plants close to large markets. 

17. 	 The programme focused on structural deficiencies of Northeastern agriculture such 
as VUlnerability to climate and low productivity of food crops; conflicts over 
factors; supply disequilibria that caused deficits of grains, basiC foodstuff and 
export goods; subsidies; and repressed demand for a more diversified production. 

18. 	 By 1970, the Northeast's share of Brazil's irrigated area had passed from 0.2 per 
cent to 15 per cent, and has only inched upwards since then. However, it was only 
after 1970 that the public share of irrigated area in the region surged, going from 7 
per cent to 29 per cent by 1995 (SUDENE, 1997), and www.codevasrgov.br). 
This seems to contradict the statement that public irrigation was needed because 
higher irrigation costs in the region would limit private investment, which carried 
out the bulk of irrigation development in the rest of Brazil 

19. 	 Substituting the Superintendancia do Vale do Sao Francisco (SUVALE), which in 
1967 had replaced the Comissao do Vale do Sao Francisco (CVSF), created in 
1948. 

http:www.codevasrgov.br
http:wwwfe.doe.gov
http:wwwiie.org
http:board.16
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total and public irrigated areas in the basin. CODEVASF estimated the 
region's untapped irrigation potential at 1.5 million ha.20 

Table 9.4 shows recent estimates for current and expected irrigated 
areas in different parts of the basin. The areas directly affected by the 

Thble 9.3 

Evolution of Total and Public Irrigated Area: Sao Francisco 

Period Sao Prancisce Yearly growth CODEVASF Yearly growth Public as 

Until rate % rate % % Total 


1950 0.1 0.1 100.0% 

1960 10.8 59.7% 1.1 27.1% 10.2% 

1970 60.2 18.7% 2.3 7.7% 3.8% 

1975 88.0 7.9% 12.1 39.4% 13.8% 

1980 144.5 10.4% 27.0 17.4% 18.7% 

1985 205.9 7.3% 47.9 12.1% 23.3% 

1990 232.6 2.5% 67.0 6.9% 28.8% 

1995 300.0 20.0% 72.8 1;4% 24.3% 

1999 333.0 2.6% 122.0 15.2% 36.6% 

Sources: SUDENE 11999), CODEVASF 11989) and (1999), and author'S calculations 

studied dams are those located between Sobradinho and Xingo, which 
represent roughly 47 per cent of the basin's irrigated area. 

Whether public or private, irrigation appears to have Significant 
impacts on agricultural productivity and profitability, and on 
employment creation, in the Northeast. Considerably higher yields can 
be obtained in irrigated agriculture than in rainfed farming (Table 9.5). 

Irrigators also tend to have higher and more stable net revenues: 
US$ 2,500-5,000Ihalyear, and up to US$ 5,000 in public systems, versus 
US$ 2601ha/year for rainfed farmers. Irrigated agriculture in the region is 

also more labour-intensive than in the rest of Brazil, generating 

employment at lower costs than other sectors (Table 9.6) and providing 

higher salaries than rainfed agriculture. 

20, This is less than 5 per cent of the soils apt for irrigation and less than 20 per cent of 
those for which surface water is available, due to considerations of soil distance and 
elevation from water sources, and of multiple water uses. Assuming consumption of 
20,750 m3/ha/year and a 30 per cent return flows, PLANVASF estimated that a 
smaller planned expansion of 600,000 ha would require 11.7 billion m'/year (13% of 
the Sao Francisco's average annual flow). This would necessitate technological 
improvements and the regulation of the Sao Francisco and its tributaries 
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Thble 9.6 

Sao Fra11Cisco River Basin: Cost of Creating a New lob, by Activity 

Activities Cost 

Y{pod ProcessingtFurniture 

Hotel Services 

Constructions 

Steel 
fertilizers 

Machinery 

l'I;tlp and Paper 

AuI'!) Industry 

2,000-20,000 

9,900~128,400 

12.,300-,140,800 

15,WO-227,400 

15,600-725,100 

29,1ro0-123,100 

38,900-169,600 

46,200-669,100 

47,3.00--127,000 

Source: CODEVASF 11996al 

expansion, as their scale would reduce input costs, attract specialised 
workers, improve trading opportunities and favour the introduction of 

technological innovation; (ii) create employment and reorient migration; 
(iii) turn the Northeast into an exporter of fruits, vegetables and seeds; 

and (iv) develop small and medium-sized urban centres to reduce growth 
and congestion of large coastal cities. Support for district development 
also entailed urban development interventions, investment in energy and 
transportation, and the formation of specialised labour. 

Over time, the p6los turned into a motor of growth for the studied 
regionY The most successful is the one around the cities of Petrolina 
(PE) and Juazeiro (BA), located along and downstream of the Sobradinho 
reservoir. Its development started in the 1960's, with the first irrigators, 
mainly small farmers, settling in 1968. CODEVASF later established 
projects that also offered medium to large plots to corporate farms. 

Agricultural production rose substantially, particularly since the late 

1980's, when tomatoes, melons, cotton, grapes, and mangoes became 

major cropS.22 Agro-processing played a role in its rapid growth, with a 

special mention owed to fruit pulp and mango juice; wine and vinegar; 

21. 	 For recent discussions of their structure and performance. see Accarini (2002) and 
Franga and Maia (2002). 

22. 	 Nishizawa and Uitlo (1995) report that, in Juazeiro, the area planted with tomato 
went up from less than 900 ha in 1984 to 4,700 ha in 1988, and that planted to 
mangoes increased from 20 ha in 1986 to 240 ha in 1987. 

http:cropS.22
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tomato paste and canned vegetables; tobacco manufacturingj seeds and 
seedlings; cotton processing; sugar and alcohol; honey and sweets. The 
district is now the major producer of table grapes in the country, 
accounting for 90 per cent of grape and 80 per cent of mango exports, 
primarily to Europe and the USA, for a total of US$ 36.5 million in 
1999.23 Overall, 40 per cent of the polo's fruit crop output is exported, 
for a value that reached US$ 65 million in 1997, representing 40 per 
cent of Brazil's fruit exports (Lima and Miranda, 2001). 

Recent successes with development districts, however, followed a 
lacklustre start, and advancements were achieved only after a marked 
change in course. 24 The integrated rural development projects 
undertaken in the Northeast between 1975 and the mid-1980s/5 were 
complex interventions that targeted low-income producers with 
production services and subsidies, and provided selected focus areas 
with physical and social infrastructures. Public irrigation interventions 
consisted mainly of medium- and large-scale, area-specific (enclave) 

projects, with substantial investments in water storage or river 
diversions. The projects lacked clear priorities, pursuing a mix of 
production, rural poverty alleviation and drought control objectives, that 
Simply assumed the existence of a link between increased agricultural 
output by small farmers and poverty reduction. Economic efficiency was 
often sacrificed, and the projects did not focus on training, marketing 
activities or the switch to high value crops, nor did they rely on analyses 
of cross-sector and environmental impacts of irrigation. In the end, the 
projects were marred by complexity and inflexibility, large implicit 

subsidies, an incapacity to increase small fanners productivity, top-down 

design and implementation, lack of counterpart funding, and a failure to 
identify the key constraint to rural development at the time: an 

economic policy environment that penalised agriculture to promote 
import-substituting industrialisation. 

The new generation of projects undertaken in the late 1980s and 
early 1990S26 abandoned the pre-existing format of enclave-based 

23. VALEXPORT 2000 data, reported in Correia et al. (200!). 

24. Operations Evaluation Department (1991). 

25. The World Bank financed 42 per cent of their total cost-for about USS 1.4 billion. 

26. These projects also received extensive World Bank support. 

http:course.24
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integrated rural development, and emphasised regional programmes with 
a sub-sector focus. 27 These new projects were accompanied by a 
comprehensive analysis of the agricultural sector and of the role of 
irrigation, embodied in the 1988 National Irrigation Review. Most fared 
better than the previous generation, placing more emphasis on linking 

project areas with markets and providing support to private irrigation 
development, while maintaining public irrigation mainly in the form of 
'mixed' private-public schemes. Poverty reduction was pursued through 
separate State-level Rural Development Projects, which provided targeted 
investments deemed more effective at reaching the poor, such as 
investments in education and health, and employment generating 
activities. In the 1990's the National Irrigation Programme (PRONID) 
combined elements of the previous geographic and sector approaches, 
promoting integrated irrigation planning and management by 
coordinating public and private sector interventions within 
comprehensive development plans for each polo. Public investments and 
government support focused mainly on the polos, while irrigators 
outside the districts received credit support and technology transfers. 
Within each district, care was taken to assign responsibility for public 
infrastructure and complementary works to the appropriate level of 
government. As reforms in economic policies and water management 
progressed in the second half of the decade, so did the concept of 
integrated development underlying the polos. This was revised, based on 
local development models promoted in the Federal programme Brasil em 
A~aof which called for better integration and partnerships between the 
public and private sector and civil society. The original polos depicted in 
Figure 9.5 were thus consolidated based on an updated analysis of their 
development potential and integration with this programme. 2. 

Irrigation management institutions need further integration with 

Brazil's water resources management framework, which has focused on 
integrated planning by participatory basin-level institutions since the 

promulgation of the National Water Law 9.433/97. Irrigation Law 6.662/ 
79 is now largely outdated, due to the evolution of the country's 

27. 	 World Bank (1994) 

28. 	 Alagoas milk-production polo (4146 km2, 265000 hab.), Petrolina/Juazeiro (24385 
km2, 505600 hab.), Western Bahia (46255 km2, 225400 habJ and Northern Minas 
(t 2607 km2, 176400 hab.). (Source; Banco do Nordeste, 1998). 
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economic and institutional framework, and hinders the harmonisation 
of actions in the irrigation sector with river basin planning and rural 
development initiatives. A Draft Law (P.L. 229) was presented to 
Congress in 1995 by the Special Senate Commission for the Sao 
Francisco Valley Development, but is still pending. Recently, 
CODEVASF's actions were integrated in a basin plan, based on an 
assessment of water resources availability and vulnerability, and of their 
multiple uses. 29 

The development of the p6los served by water regulated by the 
studied dams can be seen as one of their direct outputs. However, their 
focus on food processing as the strategic complement of agriculture may 

blur the distinction between direct and indirect benefits. The next 
section focuses on the factors that facilitated or hindered the realisation 
of indirect benefits. 

Indirect Impacts: Driving Forces and Limiting Factors 

This section has two objectives. One is to provide an overview of 
socioeconomic development that accompanied and followed the 
construction of the dams on the Sub-Medio Sao Francisco, highlighting 
some of the Northeast's persisting vulnerabilities, which many see as an 
indication that the dams failed to deliver what they promised. The 
second is to emphasise some of the contextual factors that might have 
affected their capacity to produce multiplier effects. The capacity of a 
dam to generate real indirect and induced benefits depends largely on 
how its outputs build on the strengths and reduce the weaknesses of 
the regional context. It is only by recognising driving and constraining 

factors, and by designing the project and ancillary programmes 

accordingly, that a dam's potential multiplier effects might be realised. 

Between 1960 and 1994, GDP in the Northeast increased almost 
five-fold, while population and GDP per capita doubled. Table 9.7 
shows, however, that early rapid increases in GDP were followed by 

stagnation between 1980 and the launch of the 1994 Plano Real reforms. 

29. 	 This plan includes the intra- and inter·basin transfers discussed earlier. While their 
discussion lies outside the scope of this study. but the database and model 
presented subsequently can help shed some light on their potential benefits. 
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The table highlights a tendency for GDP growth rates in the region 
and in Brazil to move in step. This has traditionally been interpreted as 
evidence of the region's integration with the country's economy. Recent 
studies, however, argue that this is true only for manufacturing, and 

Th.ble 9.7 

Average GDP Growth Rate: Northeast Region and Brazil 

Brazil 	 Northeast Brazil 

5.6 Adjustment Period (1960-67) 4.4 3.9 

1970/93 5.0 4.1 'Miracle' Boom {1968-73) 7.2 10.9 

1980/93 §.S 2.1 Oil Crisis {1974-80! 7.4 6.8 

1970-79 8.1 8.3 Debt Crisis {1981-83) 2.6 -2.2 

1980-89 4.4 2.7 False Recovery (1984-86) 10.1 7.0 

1990/93 -0.7 1.5 Hyperinflation (1987-931 -0.5 0.5 

Source: Maia Gomes and Vergolino 119951. 

that this 'integration' needs to be better characterised. The early surge 
in regional GDP was greatly influenced by fiscal incentives for the 
installation of industries in the region during the years of import
substituting industrialisation (lSI) policies, starting in the mid·1960's. 
Modern industries tended to locate in coastal areas and have few links 
with the interior and little focus on local markets. They appear to 
mirror the Southeast industrial complex, from which they depend 
heavily both as a source of capital and technology and as a market for 
their output, reducing intra-regional economic linkages. 3o Since the 
1960's, the external and inter-regional trade balances of the region have 
shown deficits exceeding 10 per cent of GDP'3! Regional absorption has 
traditionally exceeded output, with the difference financed largely by 
public transfers to states and municipalities, by fiscal incentives, or 
through the social security system. In rural areas and smaller cities, this 
represents the most important income source for lower income 
populations, representing up to 40 per cent of internal product in the 
Semi-Arid region. The region's continuing dependence on income 

30. 	 Guilhoto (1998). Guilhoto et al. (2000). Soares and Pereira (2000) reach these 
conclusions using inter-regional input-output models. 

31. 	 No data exists on service trade. but their inclusion is unlikely to tilt the balance. 
despite a recent boom in tourism. 

http:linkages.3o
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part of the period and by a boom in services in recent years. But it is the 
impressive record of irrigated areas that is of interest herej as they 
presented the same level of dynamism as metropolitan regions. While 
they doubled in their share of regional GDp, irrigated areas still 
represent a very small portion of the region's economy (2 per cent). This 
is nonetheless impressive given their very small area relative to the 
region as a whole. 

The success of irrigated areas in the Northeast has been linked, in 
large part, with the switch to export-oriented, higher-value cropSj and 
their link with agribusiness.33 Thus, in the case of irrigation, the dams in 
the Sub-Medio Sao Francisco seem to have produced indirect and induced 
benefits. In addition, the negative distribution impacts of early irrigation 
and rural credit subsidies appear to have given way to a much different 
picture, at least in the development districts. Recent analyses show that 
irrigation development targeting medium and large producers generated 
significant positive spillovers for smaller farmers, as well as landless 
people employed in agriculture, and that positive indirect impacts exist for 
urban areas of municipalities with irrigation versus without irrigation in 
the Northeast iRodrigues: 2001, Vergolino and Vergolino: 1997, Bonelli: 
2001 ). Given the small area affected by irrigation linked with the large 
dams, however, their impacts may not have been substantial for the 
Northeast region as a whole. Their greatest value, however, may have 
resided in the success stories represented by the second and third
generation interventions in development districts, and in the replicability 
of the lessons learnt from them. 

Too little scaling up seems to be taking place, however. Despite a 

recent upturn in the region's economic performance, its sustainability 
will depend on how effectively the Northeast addresses its environ

mental, socio-economic, scientific, technological, political and 

institutional sources of vulnerability. The sectoral and isolated 
interventions that characterised investment in the Northeast, while 
contributing to structural change, did little to ensure sustainable social 
development in the region. Despite recent advancements in a number of 

33. 	 For a discussion of current conditions of the agriculture/agribusiness productive 
chain see Haugenauer et al. (2001) and Prochnik and Haguenauer (2001) . 

• 4 fun u ; __ I ~_ Q _ II! 

http:agribusiness.33
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indicators, income gaps kept widening. 34 More than 50 per cent of 
families in the region-over 22 million people, of which 12 million in 
rural areas-live below the critical poverty line. The poor of the rural 
Northeast represent 63 per cent and 32 per cent of the country's rural 
and tot'll poor, accounting for 9 per cent of total population, but 
receiving less than 1 per cent of national income. These results extend 
beyond the arid interior to the rural Northeast as a whole. Urban areas 

in the region are also affected by high poverty incidence, which reaches 
29 per cent in metropolitan areas and 41 per cent in non-metropolitan 
areas. Based on a poverty index linked with the capacity of families to 
get adequate nutrition, the Northeast municipalities of the Sao 
Francisco basin present an alarming picture. Table 9.9 compares them to 
the national average (NA) of 24.4 per cent per municipality. Virtually no 

municipality fared better than the national average, and almost all 
presented a poverty index of over 40 per cent. 

As a result, the exodus from the rural Semi-Arid often represented 
an inter- and intra-regional poverty transfer. In the 1960s the net flow of 
migrants reached 4.1 million, 42 per cent of which moved to urban 
centres in the region, while the majority moved to other regions, 

primarily urban centres in the Southeast. In the 1970s their number 
peaked at 4.6 million, with cities in the Northeast representing the 
main attraction pole (63 per cent). In the 1980's the rural Northeast saw 

Table 9.9 

Sao 	Francisco River Basin: Poverty Index by State (Northeast only) 

State No. of No. of Municipalities with Per cent of Poor Families 
Below NA-~~NA to 40% 40 to 50% Over 50% 

Goias 3 0 3 0 0 

Bahia 114 2 46 65 

Pernambuco 65 0 5 29 31 

Sergipe 27 0 24 2 
Aragaas 49 0 23 25 

Source: http://www.codevQs/.gov.br/vaie/asp_sociais.htrn 

34. 	 The Gini coeffiCient grew from 0.59 at the end of the 1960's to 0.64 at the end of 
the 1980's. Rural coefficients were lower but grew faster in the period, from 0.47 
to 0.54. while urban coeffiCients went from 0.60 to 0.64. 

http://www.codevQs/.gov.br/vaie/asp_sociais.htrn
http:widening.34
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a net reduction in rural population. In 1990, poor rural families in the 
Northeast presented an average of 4.3 dependents, only 65 per cent of 

children aged 0-14 were enrolled in school, 66 per cent of family heads 
had no education, and less than 4 per cent had 4 or more years of 

education, 83 per cent reported subsistence farming as their primary 

occupation, from which families derived 76 per cent of their income. 
While recent analyses show a reduction in income inequality at the 
national level, ,,5 they largely confirmed the general results regarding 

poverty in the Northeast. 

Macroeconomic policies and the sectoral nature of other public 
interventions contributed to widening intra-and inter-regional gaps in 
the Northeast, creating pockets of wealth in a still largely poor region, 

and determining the swelling of peri-urban areas by poor migrants from 
rural areas, particularly during droughts. The lack of integrated policies 
and investment programmes appears to have had a dampening effect on 

the benefits from the large number of small and large reservoirs in the 
region. When inadequate thought was given to the existing policies and 
interactions with other sector interventions, their capacity to induce 
complementary developments in the region was limited, often 
preventing expected impacts from actually materialising. In particular, 
the type of industrial development that resulted from macroeconomic 
and industrial policies may have had a dampening effect on their indirect 
impacts from inter-sectoral linkages, particularly those linked with the 
increased supply of electric power to industrial sectors. The next section 

estimates some of the indirect impacts of the studied dams. 

Multiplier Analysis 

Defining the Region's Boundary 

The area of influence of the cascade of large reservoirs along the Sub

Medio Sao Francisco goes well beyond the immediately surrounding 

region. Their hydropower output represents the quasi-totality of energy 
use in the Northeast region. Their irrigation benefits have a more 

35. 	 A recent study (Ferreira et a/., 2001) of various income surveys available for Brazil 
revealed that data appear to systematically underestimate non-labour incomes. 
particularly for self-employed earners in rural areas. 
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localised impact, but have over time affected output composition, input 
use and factor remuneration in agriculture across the region, thanks to 
the dynamism of the irrigated region. If irrigation were the primary 
direct output of the dams, their analysis would need to focus solely on 
the Sao Francisco basin, or even on the relevant irrigated regions. Given 
the preeminence of hydropower output, however, the dams are likely to 
affect output, incomes and consumption levels for the whole 
Northeastern region. On the other hand, their impacts on the Brazilian 
economy as a whole, particularly their indirect and induced impacts, are 

likely to be limited, given the dependence of the Northeast's economy 
on demand and output from other regions and, conversely, the relatively 
small inter-industry impacts on the rest of Brazil of changes originating 
within the region lGuilhoto et ai., 2000). While data available for this 
study does not enable us to probe such conclusions, it seems reasonable 
to limit the focus of the analysis to the Northeast.36 

Choosing the Right Analytical Toop7 ... and Using it Wisely 

The choice of analytical tool should be driven by the assumptions 
regarding the mechanisms through which impacts are transmitted in 
the region of interest, with particular emphasis on the assumptions 
regarding factor employment and mobility. In demand-driven, fixed-price 
models, a change in demand for a sector's output results in changes in 
that sector's supply and factor demand. In the absence of supply 
constraints, adjustments occur via impacts on labour or capital 
employment, and via inter-regional factor migration. The presence of 
idle labour or capacity somewhere in the system-either locally or in 
other regions-is thus crucial for the existence of quantity-driven 

multiplier imp~ds-as estimated by fixed price models. Existence of a 

36. 	 There is at least one outcome of the dams that may have significant repercussions 
outside the region, however. The impact of dams on labour demand-and thus on 
migration-are of particular interest for a region such as Brazil's Northeast, which 
has traditionally served as a source of migrant labourers for the rest of the 
country. Unfortunately, data and model limitations prevent a thorough treatment of 
the subject at this stage. 

37. 	 A number of analytical tools have been suggested in the literature for estimation of 
multiplier effects. See, for instance, Bell and Devrajan (1980), Hazell and 
Ramasamy (1991), Haggblade et al. (1991). See Bhatia et al. (2003) for a review of 
the literature and for a discussion of the strengths and weaknesses of each 
technique under different circumstances 

http:Northeast.36
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multiplier depends on drawing unused or underused resources into 
more productive economic activities. 38 The prevailing conditions in the 
Brazilian economy in the period of our analysis seem to suggest this to 
be an acceptable assumption, at least for labour. For capital, however, 
this is probably too strong an assumption, given that it would assume a 
zero opportunity cost for the resource in a country and at a time where 
capital was scarce and return on investment other than the studied 
dams probably high, even if one accounts for the distortions engendered 
by the then prevalent import-substitution policies. 

Despite this limitation, the analysis uses a fixed price Semi-Input
Output (S-I/O) model that lets all adjustments occur through quantity 
changes. The note regarding capital factors should be considered when 
building the model and interpreting its results, as its consequence is 
that indirect and induced impacts will likely overestimate the actual 
impacts that can be obtained in the presence of competition for capital 
from other sectors and regions. This was partially addressed by defining 
two models, one with no supply constraints and one with supply 
constraints on a number of capital-intensive sectors. 

The model is part of the broad set of input-output (I10) models. II 
o analysis 39 traces the flow of production among the sectors of the 
economy, through to final domestic or export demand. Stemming from 
the I10 model pioneered by Leontief (Leontief, 1970 j 1953), the analysis 
captures the interrelatedness of production arising through the flows of 
intermediate goods. Inter-industry linkages are based on a fixed 
coefficient, square Leontief matrix, assuming no substitution possibili
ties for producers. Similarly, factor remunerations represent fixed value
added proportions of total gross output. Input-output models evaluate 

indirect and induced economic impacts by computing multipliers that 
reflect the impact of changes in one sector's output-due to exogenous 
changes in final demand- onto the output of other sectors, income, and 
employment. It is important to note that, in this class of models, 
income is intended as total factor remuneration, i.e. value-added. The 
focus is on assessing the full impact of a project on factor income, and 

therefore on the income of households who own these factors. In input

38. Haggblade et al. (1991). 

39. For an in-depth discussion of I/O models see Hewings (1985). 

http:activities.38
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output models, however, the lack of an explicit link between factor 
income and their distribution across household categories prevents the 
interpretation of value-added as a meaningful welfare measure. 40 

5emi-input-output (5-110) models are a variant of 1/0 models 
whereby a distinction is made between tradable and non-tradable goods. 
The former are assumed to have an exogenously set total output and in 
its portion sold domestically (or regionally), so that any demand shock 
will affect only their exports. In terms of domestic production, 
therefore, the whole brunt of demand shocks are borne by non-tradables. 
The implication of this distinction is that induced impacts-i.e. those 
descending from impacts on value-added/expenditure linkages
reverberate throughout the economy only via adjustments in non
tradables' output and their inter-industry linkages. This characterisation 
is important, as it refines the representation of the regional structure of 
production, reducing the risk of overestimating induced impacts when 
these are not felt by regional sectors or when tradables have their output 
determined by existing supply constraints. 

1/0 and 5-I/0 models can be used to compare output, value-added, 
and employment under the 'with dam' and 'without dam' scenarios. 41 For 
each scenario, the model computes their percentage changes in the 
'with' versus 'without' cases, as well as summary measures of indirect to 
direct impacts, i.e. multipliers, defined as the ratio of the variation of 
total to direct impacts in the 'with' versus 'without project' scenario. 
Type I multipliers define total impacts as direct impacts plus the 
indirect impacts deriving from inter-industry linkages, while Type II 
multipliers also include impacts from induced income-expenditure 

40. 	 The author also consulted a 1995 Brazil national SAM (Cattaneo. 2002). whose 
agriculture accounts (activities, commodities. factors) are disaggregated by 
macro-region. including the Northeast. This SAM presents a meaningful 
disaggregation with respect to agricultural activities and commodities. and 
manufacturing activities include processed foods. Factors are also disaggregated 
by region. including skilled and unskilled urban and rural labour. as well as small and 
large farm capital. Households. however. are not disaggregated by region. 
preventing the use of this SAM to analyse distributional impacts in the Northeast. 

41. 	 Output (or leontief) multipliers only reflect the degree to which industrial sectors 
are linked with each other and the strength of such linkages, but tell us nothing 
about the set of impacts on an economy of increased demand for the output of any 
of those sectors. To do so. value-added and employment multipliers are also 
estimated. 

http:scenarios.41
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linkages. Care should be taken in their interpretation. Multipliers 
should not be read as indices of a project's desirability, Indeed, a small 
multiplier may be associated with a highly beneficial project that 
generates primarily direct impacts. On the other hand, large multipliers 
may translate into large overall net benefits depending on the initial 
importance of the directly impacted sectors in regional GDP and 
employment. However, the presence of large multipliers indicates that 
assessing the project based solely on its direct impacts may be missing a 
sizeable portion of its benefits. 

The design and application of modeling techniques that compute 
multipliers can be useful for two reasons: Ii) to highlight the salient 
paths of benefit generation associated with a project, and (ii) to clarify 
the interactions between a project's outputs and the structure of the 
economy and institutional/policy setting in which it is inserted. 
Instruments such as S-I/O models42 can be used to explore the impacts 
on expected project outcomes of alternative assumptions about sector 
characteristics or policy packages. The use of these tools to analyse 
project outcomes in second-best conditions is particularly relevant, 
given the importance of understanding the potential outcomes of 
existing policy distortions. 43 Economy-wide models prove especially 
useful when distortions that may affect project outcomes are associated 
with policies whose impacts are not traditionally quantified in cost
benefit analyses lCBA), such as macroeconomic policies. 44 For large 
infrastructure projects whose impacts may affect the productive 
structure of a region and, conversely, can be affected by exogenous 

shocks and policy changes, this type of analysis can be a useful 
complement to traditional CBA. In addition, these techniques can be 

applied to estimate region-specific shadow prices, which would be 
needed for appropriate CBA but seldom exist (Bell and Devarajan: 1982). 

42. 	 And, preferably, price-endogenous models such as CGE models, which should be 
developed for the dams along the Sub-Medio Sao Francisco. 

43. 	 Again, price-endogenous models are more powerful in this respect, given the 
impact on prices of most policy-induced distortions, which cannot be captured by 
fixed price models such as S-I/O models. 

44. 	 Policies or aspects of the economy in which a project is inserted, are generally 
discussed in project assessment documents. However, their consideration is 
limited to the discussion of the risks affecting project benefits. 

http:policies.44
http:distortions.43
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Therefore, the analysis should not focus solely on the numerical values 
of multipliers. What matters is the very process of building and 
analysing the regional database that embodies transactions in the 
regional economy, and the process of building the model and scenarios 
to be tested with it. This process may help identify not only the 
channels through which the majority of benefits and costs are produced 
!direct versus indirect versus income-induced), but also potential 
additional outputs or uses thereof-as well as unforeseen trade-offs and 
negative impacts. 

The Model 

A S-I/O model was calibrated for the Northeast region, with technical 
coefficients, shares and rates computed based on the 1992 regional I/O 
matrix. The model's key relationships are as follows (computed 
parameters in lower case, variables in upper case): 

Production 

A fixed-coefficients, Leontieff production function is assumed. Inputs 
include domestic and imported intermediates, labour and capital. The 
value of output is a linear combination of the values of all intermediate 
and value-added paid to primary factors. As output is valued at basic 
prices, which include indirect production taxes/subsidies, these must be 
included. Thus: 

X. =' t· X.. + t· M. . + tpr V . + t't IT't" whose components areJ 1 lJ 1m lmJ prj 1 1 J ' 
defined as follows: 

Demand for Domestic Intermediates 

Xij ajj *Xji for all i= 1,2, ... 30, j=l,2, ... 30 sectors 

Value of intermediates purchased by sector j from sector i 

= Technical coefficient * Value of gross output of sector; 

Demand for Imported Intermediates 

M . = b. . *Xj j for allim = 1..3 , j = 1.. .30
Im,l Im,j 

Value of imported intermediates purchased by sector ; 
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= Import Coefficient for import category im in sector j "Value of 
gross output of sector; 

Demand for Primary Factors 

Vpr,j = Ppr,j Xji for all pr = 1,2 , j = 1.. .30 

Value-added of primary factor demand by sector j 

= value-added share for factor pr in sector ; "Value of gross output 
of sector; 

Payments/Receipts of Production Taxes/Subsidies 

IT. tt· X; for all it = 1,2, j = 1...30 
ttll I -', J 

Value of production taxes/subsidies paid/received by sector ; 

= tax/subsidy rates for sector i "Value of gross output of sector; 

Regional Value-added (Total Factor Income) 

Regional value-added is the sum of payments from production activities 
to primary factors. 

TVA = I:I:V . 
. PrJ 

PI! 

Total Expenditure 

In a model based on a I/O table, budget constraints are not imposed on 
each demand category. As opposed to SAM-based models, the factor 
income-demand account--expenditure loop is not closed in this class of 
models. However, it is required that- systemically-all resources be 

allocated. No explicit saving takes place in the model, which is short
run in nature. Therefore, 

Ld EXPd =TVA + Lit Lj ITitj 

where total expenditure for each demand category d (EXPd) includes 
final demand for both domestic and imported goods. Note that net 

indirect taxes must be added, as overall expenditure includes the 
government account, which receives them and then spends them. In the 
1992 Northeast 110 table, the government account does not appear 
separately, but rather is spread across the remaining final demand 
categories. 
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Final Demand 

For each demand category, consumption shares by activity is assumed 
fixed at the initial average propensities. Thus: 

FDd = d_coefd * EXPd; for all i=1...30, d = 1...6
1, I, 

Total Demand for Output 

Market equilibrium is ensured by requiring that all output be demanded, 
either in the form of intermediate inputs or as final products by final 

demand categories. 

X'=L,X"+LdFD'd
1 J lJ 1, 

In a Semi-I/O model, output of tradables is fixed. It can be shocked 
exogenously in the scenarios, but cannot change endogenously in the 

adjustment towards a new equilibrium. In addition, domestic final 
demands for tradables are fixed, so that any adjustment to an exogenous 
increase in tradable output will be absorbed by changes in its exports. 

On the other hand, exports of non-tradables are fixed, and two closures 
are possible for their domestic final demands. The first fixes all 
domestic final demands. All adjustments in this case take place only via 

inter-industry linkages, so that the resulting multipliers are of Type I. A 
second option is to assume that changes in value-added only affect 
household consumption (or shared by all domestic demand categories, 
based on their initial shares of total expenditure), fixing all other final 
demand for non-tradables in the short run. This option captures both 
indirect and income-induced impacts, so that the resulting multipliers 
are of Type II. As no saving function is explicitly modeled, induced 
impacts are likely to overestimate actual impacts. In addition to the 

savings problem, as mentioned above, overestimation is inevitable due 

to the fixed-price nature of the model. 

One way to reduce the risk of overestimating indirect impacts due 

to the idle capacity assumption is to choose tradables carefully. Their 

selection should depend on what is believed regarding the existence of 

idle capacity in the system and the impact the dam has on it. One 

option is to consider as tradables only the sectors that are directly 

affected by the dam, setting their output exogenously, estimating their 

direct impacts outside the model and then using them to shock the 
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system. If a larger group of activities are expected to operate at capacity 
with respect to inputs other than water or electricity, they too may be 
treated as tradables, and their output and value-added will not be 
affected by the increased availability of the dam's output. The larger the 
number of supply-constrained sectors, the smaller the indirect impacts, 
induced impacts, and multipliers. Given the importance of electric 
power for the development of the industrial complex in the region, and 
given the role of the constraining factor played by water in agriculture, 
one may assume that the construction of one or more large dams in the 
Northeast would relax supply constraints sufficiently to treat all sectors 
other than those directly affected by the dams as non-tradables. On the 
other hand, given the number of model characteristics that may induce 
an overestimation of indirect impacts, a second version of the model is 
built with supply constraints on 12 capital-intensive industries, which 
are treated as tradables. The supply-constrained sectors45 were chosen on 
the basis of their shares of exports in total demand, and based on 
considerations of capital availability in the Northeast. Thus, despite 
their high export to output ratios, livestock and food processing were 
excluded from the final set, which includes primarily capital-intensive 
industries. The supply-constrained version of the base drop the 
assumption of perfectly elastic capital availability. On the other hand, 
given that large volumes of public investments in capital-intensive 
sectors did in fact take place at the time of the construction of the 
dams, the scenarios described in the foHowing paras are also run for the 
unconstrained base, so as to provide a range of possible impacts under 

alternative assumptions regarding capital availability. 

The Database: 1992 Regional Input-Output Table 

The model is calibrated based on the 1992 I/O tables for the Northeast 
macro-region. 46 These comprise 39 commodities (products), 30 activities 
(processes), a dummy account, and five final demand accounts 
[households, fixed investment, change in stock, export to the rest of 

45. 	 AAGR. AEXMIN. ASID. AMECH. AELETR. ATRAMAT. APAPULP. ACHEM. 
ATEXT. ALEATH. AOTH. ASIUP-see Appendix A.9,1 for a description of these 
sectors, 

46. 	 Consider et al. (1998). Their 1985 I/O table was also consulted for the analysis. 

http:macro-region.46
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Thhle 9.10 

Sector Participation in Output, Vruue-Added and Employment (Per cent) 

OutpUt Value-Added Employment 

Crop cultivation 8.15 9.28 31.77 
Livestotiik production 3.51 4.61 13.61 
TOTAL AGRICULTURE 11.66 13.88 45.38 
Mineral ~action and manufacture Inon-metal] 2.17 2.. 10 0.85 
Steel production, Machinery, Vehicle§ 4.24 1.92 0.80 
Wood &. furniture, Pulp &. paper, Printi!:\! 0.74 0.50 0.46 
Chemical industry 7.98 3.91 0.• 63 
Thxtil.ps, Clothing, Leather 4.34 2.3§ 3.43 
Food Processi!:\! 6.29 3.41 0.98 
Drinks 0.72 0040 0.19 
Miscell1i\neous manufacturing 0.26 0.21 0.22 
Public Utility Services-Electricity; Gas, Water 5.01 4.30 0.46 
Construction 8.65 8.21 5.10 
TOTAL INDUSTRY 40.39 27.33 13.12 
Commercial activities 9.75 10.28 13.52 
1tansportation services 3.88 2.84 2.68 
Communication services 0.91 1.19 0.22 
Finance and insurance services 7.92 11.92 O.BI 
Other Pllblic services 25.49 32.55 24.27 
TOTAL SERVICES 47.96 58.78 41.49 

Brazil, exports to the rest of the worldlY Activities and final demand 
categories buy commodities and imports from the rest of Brazil or rest 
of the World, and pay commodity taxes on both purchases. Activities 
then pay wages/rents to primary factors and indirect taxes net of 
production subsidies. 

Table 9.10 gives an idea of the structure of the regional economy, 
displaying the shares of output, value-added and labour demand48 of the 
major sectors or clusters of sectors presented in the more disaggregated 
table in Appendix A 9.1. A couple of characteristics can be highlighted. 
As was discussed earlier, agriculture represents a declining share of GDP 

47. 	 For ease of use in the model, the full set of tables in the 1992 I/O table was !Jsed 
to derive a 30x30 activities to activities table. The 30x30 1/0 table is presented in 
Appendix A 9.1, together with a legend spelling out the names of each account. The 
full set of 1992 tables is listed in Appendix A.9.2. 

48. 	 Based on employment data that is not reported in Appendix A.9.!. but contained in 
the tables described in Appendix A.9.2. 
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but remains the largest employer in the region. Food processing, on the 
other hand, represents a sizable share of the region's GDP compared 
with other powerful clusters, such as the chemical industrial complex, 
highlighting the importance of the agro-industrial productive chain fer 
the region's economy. 

Before defining the scenarios to be simulated, the unconstrained II 
a value-added multipliers were computed for all sectors, some of which 
are presented in Table 9.11. The reason was to get a feel for the 
magnitude of unconstrained49 indirect and induced impacts of different 
sectors, and show how information that could be rapidly extracted from 
the 1/0 database can be used to build scenarios by complementing 
observations from the qualitative analysis and literature review. 

'!able 9.11 

Unconstrained Value-Added Multipliers in Key SectorsSO 

Economic Secwr I II 

Crop 1.263 3.010 
Food Processing 2,389 5.694 

Drinks 2,145 5.114 

Electricity and Water 1.511 3,602 

Large multipliers on food processing and drinks confirm the 
observations on the importance of linkages between irrigated agricultural 
production and agro-processing activities, as these have the potential to 
spur value-added in areas where irrigated agriculture is presentY 

Unfortunately, the 1992 I/O table only contains one aggregate crop 

49, 	 Note that here 'unconstrained' means that no sector is treated as tradable, not 
even the one whose impacts are being computed, so that extra indirect and 
induced impacts can reverberate through this sector as well. Hence, these 
multipliers are larger than the 'unconstrained' multipliers described in the following 
sections. 

50. 	 These multipliers are obviously larger than those found based on the constrained S
I/O model. 

51. 	 Studies carried out in the context of the Banco Nacional do Nordeste/lnter
American Development Bank program New Irrigation Model for the Northeast call 
for a broader approach to agriculture production in the region, to consider the full 
productive chain and its impacts on on- and off-farm sources of income for local 
populations, Accarini (2002); Haugenauer et al. (2001), Prochnik and Hauguenauer 
(2001). 
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cultivation sector. This is problematic for the analysis, as the expansion 
of irrigation in the region did not only affect planted area and yields, but 
rather encouraged a profound restructuring of the agriculture sector in the 
affected areas. Changes in cropping patterns affect the value of output and 
value-added of the region, but more importantly spur a whole new set of 
backward and forward linkages with agro-processing and other activities. 
The impacts of irrigation on activities in the agribusiness productive 
chain cannot therefore be confined to the backward linkages and 
expenditure impacts produced by a direct impact on crop output, which is 
the only type of analysis permitted by the 1992 I/O. The model's 
estimates of the impacts of irrigation, based solely on output increases in 
agriculture, are thus likely to be lower end values of its overall impacts. 

The Scenarios 

A traditional intra-regional, single-period analysis is applied to the 1992 
110 table. The model studies the impacts of eliminating one or more of 
the studied dams on the 1992 economy-a year of normal operation for 
them. 52 The analysis does not attempt to produce a full counterfactual 
describing alternative development paths the region might have followed 
in their absence. When comparing [with' and [without project' scenarios, 
the structure of the region's economy remains that of the 1992 110 
table, i.e. the structure that developed 'with' the dams in place. What is 
eliminated in the 'without project' case are only the outputs directly 
linked with the project, and their indirect and induced impacts. The 
goal of this exercise is to better characterise the nature and relative 
magnitude of direct, indirect and induced benefits derived from the 
dams in a normal year of operation, not to try to derive a full alternative 
development path for the region. 

The basic set of scenarios combine alternative assumptions 
regarding changes in hydropower generation and crop output if one or 

more of the reservoirs on the Sub-Medio Siio Francisco were to disappear 

52. 	 It is important to nole that while technically this may be true. as maturity had 
been reached. 1992 appears far from being an ordinary year for the region, A 
drought was under way and the hyperinflation period was reaching its critical peak, 
The impossibility to obtain a more recent I/O table. however, made it, impossible to 
obviate such problems. Note that a number of recent economic studies of the 
region have also been based on the 19921/0, 
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in 1992. To test the impacts of changes in the productive structure of 
regional agriculture due to irrigation availability, a second set of 
scenarios suggests ways to include an explicit characterisation of the 
impacts on the food processing sector. The scenarios are run under two 
alternative closures for non-tradables, i.e., with 'endogenous' final 
demand by households (including induced impacts), or with 'exogenous' 
final demand (inter-industry linkages only), generating Type II and I 
multipliers, respectively. The experiment results are all also run starting 
from the second base model with a higher number of supply
constrained, tradable sectors, to check the range of variation of indirect 
impact and multiplier values. 

Single-Sector Scenarios 

Power Generation Assumptions 

CHESF owns and operates the hydropower system along the Sub-Medio 
and Baixo Sao Francisco. Overall CHESF accounts for over 80 per cent of 
the region's installed capacity, and about 90 per cent of its power 
generationY In 1992, the hydropower complex in the Sub-Medio region
excluding Xingo-accounted for 90 per cent of CHESF's installed capacity, 
other hydropower for 4 per cent, and thermal generation for 6 per cent. 
Specifically, Sobradinho accounted for 14 per cent of installed capacity, PA 
I-III for 18.8 per cent, PA IV for 32.65 per cent, Luis Gonzaga for 19.6 per 
cent, and Apol6nio Sales for 5.3 per cent. 

HLO: 	 Sobradinho is not built, with no impacts on the output the 

downstream stations existing in 1992 (i.e. they are not 
negatively affected by less reliable flows, nor do they increase 

their share in generation). No additional thermo or 

hydropower generation is installed. Power generation declines 

53. 	 Data from www.chesf.com.br, www.energiabrasil.gov.br and www.eletrobras.gov.br. 
Data about CHESF found on the latter state that in 1999 it represented only 72.1 
per cent of the region's generation. However. a compa rison of its data with those 
found at www.energiabrasil.gov.br contradicts this share in favour of a 90 per cent 
share. The ELETROBRAS document sets CHESF's commercialised energy at 
45.563 GWh. Subtracting from this the energy imported from the North (4,635 
GWh according to ELETROBRAS, 4,960 GWh according to energiabrasill results 
in a share of over 90 per cent of the sum of energy generated by hydropower and 
conventional thermal power (44.676 and 21 O.g GWh, respectively) reported by the 
energiabrasil site for the Northeast region. 

www.energiabrasil.gov.br
www.eletrobras.gov.br
www.energiabrasil.gov.br
www.chesf.com.br
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by 14 per cent and the output of activity ASIUP decline by 0.14 
• 0.90 • 0.85 (=11 per cent), where 0.9 is CHESF's share of 
regional power output, and 0.85 is the share of ASIUP output 
value pertaining to electricity, according to the 1985 I/O table. 

HME: 	 Sobradinho and. Itaparica are not built, and we assume that 
this would force Paulo Afonso IV to operate at 50 per cent of 
1992 capacity. We also assume that both small hydropower 
developments and thermal capacity would increase 2.5 times. 
Power generation declines by 43 per cent and the exogenous 

change in ASIUP output is 0.43 " 0.90 " 0.85 (= 33 per cent) 

HHI: 	 the extreme scenario assumes that Sobradinho and Itaparica 
dams are not built, that this prevents the operation of PA IV, 
and that no additional small hydro or thermal capacity is added 
to the system. The worst case scenario sees a 66 per cent 

decline in power generation, equivalent to a 50.5 per cent 
decline in ASIUP output. 

Crop Production Assumptions 

The flow regulation function played by large dams along the Sao 
Francisco was crucial in making large-scale irrigation viable in the Sub
Medio Sao Francisco. To compute the impact that a 'without project' 
reduction in irrigated areas would have on the value of agricultural 
output in the Northeast region, the following formula was used: 

Per cent change in output value = 

(ArWO * Yr * Pr + AiWO "Yi" Pi) - (ArW * Yr * Pr + AiW * Yi" Pi) 


(ArW"Yr * Pr + AiW "Yi * Pi) 


Where: ArWO and ArW are rainfed area without and with project, 
respectively, and AiWOAiWstand for irrigated area, Yr and Yi are rainfed 

and irrigated yields, and Pr and Pi are the average prices of the crop mix 

produced by rainfed and irrigated farming. Expressing yields and prices 

relative to rainfed yields and prices, the expression can be simplified as 
follows: 
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Per cent change in output value 


(A 
WO A·WO .. Yi .. Pi) (A W A'W" Yi .. Pi)
r +1 ---r+l -

Yr Pr Yr Pr 

(A 
W A.w .. Yi * Pi)r + 1 ---

Yr Pr 

The set of data available for the region as a whole that are closer to 
the 1992 benchmark year are those for 1995-9654

, when the Northeast's 
area under perennial and annual crops was 10,354,388 ha, of which 
400,000 ha were irrigated. These are the relevant 'with project' area data. 
To compute the 'without project' area, we also use 1995 data for the 
region. Table 9.3 shows that 1995 irrigated area in the Sao Francisco 
basin was 300,000 ha, while Table 9.4 shows that in recent years the 
irrigated area in the large dams sub-region represents about 47 per cent 
of the basin's irrigated area. Assuming this share was valid in 1995 as 
well, the resulting 1995 irrigated area in the dam's sub-region is about 
140,000 ha. One final assumption is that the 29 per cent ratio of public 
to total irrigated areas prevalent in 1990-1994 for the basin as a whole 
(Table 9.3) is also valid for the large dams region, resulting in a public 
irrigation area of approximately 41,000 ha. 

To estimate the impact of shifting part of this from irrigated to 
rainfed farming, we also need to make assumptions regarding differences 
in the value of output for irrigated versus rainfed farming. As was 
discussed earlier, irrigation is associated with yields that are on average 
1.5-2 times those obtained on rainfed land, and it was estimated that 
farmers' rents in irrigated agriculture can be much higher and more 
stable than those in rainfed agriculture, due to a combination of the 

higher value of crops grown in irrigated areas and the reduced 
uncertainty of water availability. In particular, the irrigated perimeters 
developed by CODEVASF along the Sub-Medio Sao Francisco have 
shown great success in switching to fruit production, which has been 
shown to produce net revenues that are up to five times higher than 
those obtained by other irrigated crops ISampaio, 19941. Overall, FAO 

54. Agricultural census, IBGE, (1996), Data can be downloaded from: 
www.sidra.ibge.gov.br. 

www.sidra.ibge.gov.br
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1995 price data for Brazil shows that the average price of the crop mix in 
irrigated agriculture is twice that obtainable in rainfed agriculture 
(www.fao.org). For the present analysis, the following three sets of 
assumptions were made: 

ALO: 	 Only public irrigation projects in the Sub-Medio Sao 
Francisco-downstream of Sobradinho and upstream of 
Xing6-are not undertaken if the dams are not built, resulting 
in a 41,000 ha reduction in irrigated area. This land is 
assumed to be put to rainfed production, which is assumed to 
produce yields and prices of the crop mix that are 50 per cent 
of those for irrigated agriculture. Under the without project 
scenario, we would thus witness a 1.1 per cent decline in the 
value of crop production (AAGR). Livestock sector output 
(APEC), on the other hand, is left unchanged, as the impacts 
of irrigation expansion on the sector are not clear. While 
increases in rents and crop yields may lead to increases in 
productivity via the availability of better feeds and other 
productivity-enhancing measures, one may expect farmers to 
move out of traditional livestock activities in favour of crop 
production. The net impact on livestock output is not clear 
and will therefore, be ignored. 

AME: 	 All irrigated land in the Sub-Medio Sao Francisco area (141,000 
hal becomes rainfed. The same assumptions regarding yield 
and rent differences hold as under ALO. Under the without 
project scenario, AAGR output value declines by 3.7 per cent. 

AHI: 	 The extreme value adopted for the without project case is a 75 
per cent decline in the 'basin's' irrigated area (225,000 hal. The 

same assumptions regarding yield and rent differences hold as 
under ALO. This results in a 5.85 per cent decline in AAGR 
output value 

Combined Scenarios 

Combining these sets of assumptions, we obtain a grid of nine 
combined without project scenarios (Table 9.12). 

http:www.fao.org
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Thble 9.12 

The Nine Combined Without Project Scenarios 

HLO HME HHI 

ALO -11 % AIUP output value 

-1.1% AAGR output val:pe 

AME -11 % AIUP ootput value 

-3.7 % AAGR output value 

AHI -11% AIUP output va1l.1e 

-5.85% AAGR output value 

-33% AIUP output value -50.5% AlUP output 

-1.1% AAGR output value -1.1% AAGR output value 

-33% AIUP output value -50.5% AIUP output value 

-3.7 % AAGR output value -3.7 % AAGR output value 

-33% AIUP output value -50.5% AIUP output value 

-5.85% AAGR output value -5.85% AAGR output value 

The Results 

Single-sector Scenarios 

When each directly affected sector is considered in isolation and the 
three scenarios defined for each are run, multipliers do not change 
across scenarios, but do change when the set of supply-constrained 
(tradable) activities is changed. On the other hand, percentage changes 
in value-added, output and employment obviously change across 
scenarios, and are also affected by changes in the tradables set. 

Table 9.13 presents the multipliers and percentage changes for 
value-added and employment, assuming that no sectors, apart from the 
directly affected one, are supply-constrained. Percentage changes (%D) 
should be read as increases in total value-added and employment 
generated in the 'with project' (i.e., the status quo) versus the 'without 

project' case. They too are distinguished between those including 
induced impacts (II) and those including direct impacts and indirect 

impacts from inter-industry linkages only (I) 

The weight of income-expenditure induced impacts on value-added 

changes is large in both single-sector scenarios, representing 50-54 per 
cent of total value-added effects. With respect to employment, however, 

the two scenarios behave quite differently, with induced impacts 
representing over 85 per cent of employment creation in the hydropower 

scenarios versus 20-25 per cent for the agriculture scenario. In the 
former, their size calls for caution when interpreting results, which are 
likely to overestimate the actual impacts of single-sector output 
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1hble 9.13 

With versus Without Proiect Value Added a1'ld Employment Multipliers 
and Percentage Changes: Unconstrained Single-sector Scenarios 

SECTORS MIl VA MIVA M I FJyfPL 

Hydropower 2.67 1.25 16.436 2.70 

Agriculture 2.292 Ll65 1.320 1.05 

SCENARIOS %DVAII I %D EMPLII %D EMPLI 

HLO 1.2% 0.6% 0.8'7'0 0.1% 

HME 3.9% U% 2.6% 0.4% 

HHI 6.1% 7,,8% 4.0% 0.6% 

ALa 0.2% 0.1% 0.5% 0.4% 

AME 0.8% 0.4% 1.6% 1.2% 

AHI 1.3% 0.6% 2.5% 2.0% 

increases, due to the model's inability to account for saving rates, its 
fixed price nature, as well as the extreme assumption of no supply 
constraints on any activity besides the directly impacted one. This 
assumption can be relaxed, however, and all scenarios can be run with 
12 supply-constrained activities. As shown in Table 9.14, the results 
that are affected the most are those linked with hydropower, as some of 
the capital-intensive industries that are now supply-constrained present 
Significant linkages with the electricity sector. Table 9.15 shows by how 
much the unconstrained multipliers and percentage changes in value
added and employment exceed their supply-constrained counterparts. 
These differences are very high for income-expenditure (Type III 
linkages, particularly for employment in the hydropower scenarios, but 
low when only inter-industry linkages are considered. 

Thus, assumptions regarding supply constraints do matter, and can 

be partially captured with appropriate scenarios even with a fixed price 

modeL Yet, even after correcting for supply constraints, income-induced 

impacts continue to dominate the hydropower-only scenario, at least 
with respect to employment generation, where they represent 80 per 

cent of overall indirect impacts. 



320 INDIRECT ECONOMIC IMPACTS OF DAMS 

Tctble 9.14 

VVith versus VVithout Project Multipliers and Percentage Changes: 

Supply-Constrained Single-sector Scenarios 


SECTORS MIl VA MIVA M II EMPL M I EMPL 

2.114 1.162 10.009 2.185 

Agriculture 1.915 1.103 1.253 1.043 
..__._

SCENARIOS %DVAII %DVA I %D EMPLII %D EMPLI 

HLO 1.0% 0.5% 0.5% 0.1% 

HME 3.1% 1.7% 1.6% 0.3% 

HHl 4.8% 2.6% 2.4% 0.5% 

ALO 0.2% 0.1% 0.4% 0.4% 

AME 0.7% 0.4% 1.5% 1.2% 

AHI 1.1% 0.6% 2.4% 2.0% 

Tctble 9.15 

Unconstrained versus Supply-Constrained Single-sector Scenarios 

MIIVA MIVA M II EMPL MI EMPL 

26.3% 7.6% 64.2% 23.6% 

Agriculture 19.7% 5.6% 5.35% 0.7% 

SCENARIOS %DVATI %DVAI %D EMPLTI %D EMPLI 

HLO 20,0% 20.0% 60.0% 

HME 25.8% 5.9% 62.5% 33.3% 

HHI 27.1% 7.7% 66.7% 20,0% 

ALO 25.0% 

AME 14.3% 6.7% 

AHI 18.2% 4.. 2% 

Combined Scenarios 

Table 9.16 presents the multipliers associated with the nine combined, 
two-sector scenarios, run using the supply-constrained assumptions. 55 

The combined scenarios produce multipliers that fall between the 

55. 	 Under the unconstrained supply assumption. where only AAGR and ASIUP are 
treated as tradables. multipliers are 10-18 per cent larger. VA Type II multipliers 
range from 2.28 to 2.4 and VA M I from 1.19 to 1.24. Employment Type II 
multipliers. on the other hand. range from 1.6 to 5.6. and EMPL M I from 1.09 to 
1.64. As in the supply-constrained case. the lowest values correspond to the 
HLO/AHI case. while the highest to the HHI/ALO scenario. 
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'IhbIe 9.16 

Multipliers under Supply-Constrained Combined Scenarios 

MIl VA 

2.078 1.151 2.344 LI85 

2.029 1.136 1.609 L089 

HLO + AHI 2.007 1.130 1.482 1.073 

HME+ALD 2.101 1.159 3.916 J.390 

HME+AME 2.075 1.150 2.260 1.174 

HME + AHI 2,..059 1.145 1.918 1.130 

HID +ALO 2.105 1.159 4.769 1.501 

HHI+AME 2.087 1.154- 2.709 1.233 

HHI + AHI 2.074 1.150 2.234 1.171 

multiplier values of the single-sector scenarios. This is because 
multipliers represent average measures of the relative importance of 
indirect [or indirect + induced) to direct impacts, so that the peaks 
reached by the induced impacts of hydropower output changes
particularly with respect to employment creation-are softened by its 
interaction with the more direct impact-heavy agricultural sector. Thus, 
under most scenarios, induced impacts account for 28-50 per cent of 
employment multiplier impacts, climbing over 60 per cent for only two 
scenarios {HHIIALO and HME/ALO-not surprisingly, scenarios where 
low agricultural output changes interact with medium-high hydropower 
output shocks). 

As in the single-sector scenarios, Type II multipliers are quite large 
and driven by income-expenditure induced impacts, while inter-industry 
linkages do not produce very significant indirect impacts. Inter-industry 
linkages produce only a maximum of 16 extra centavos for each Cr$ of 

direct value-added impact, while induced impacts produce an additional 
81-92 centavos per CR$ of direct value-added impact, accounting for 

about 45 per cent of the Type II income multipliers. On the other hand, 

value-added M II close to 2.0 are largely driven by the significant impacts 
on service sectors. With respect to employment creation, this is 

concentrated mainly in the commercial and public service sectors, which 
are absorbing a growing share of the region's workforce. Value-added and 
employment impacts reported in Table 9.17 show that the outcomes of 
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Table 9.17 

Percentage Changes "With versus "Without Project: Supply-Constrained 


Scenarios 


SCENARIOS %DVA II %DVA I %D EMPL II %D EMPLI 

HLO +ALO 1.2% 0.7% 0.9% 0.5% 

HLO + AME 1.7% 0.9% 2.0% 1.4% 

HLO +AHI 2.1% 1.1% 2.9% 2.1% 

HME +ALO 3.3% 1.8% 2.0% 0.7% 

HME +AME 3.8% 2.1% 3.1% 1.6% 

HME +AHI 4.2% 2.3% 4.0% 2.3% 

HHI + ALO 5.0% 2.7% 2.9% 0.9% 

HHI + AME 5.5% 3.0% 4.0% 1.8% 

HHI + AHI 6.0% 3.2% 4.9% 2.5% 

combined scenarios are close to a simple sum of the impacts of single

sector scenarios. 

Finally, on a sector by sector basis, the largest indirect and induced 

impacts are generated in services, particularly communications and 
other public services, in clothing and pharmaceuticals/fragrances, and in 

the production of drinks. When the latter is considered together with 

food processing, the indirect impacts, that agriculture and hydropower 

output changes generate in this complex, dwarf all remaining single 

sector impacts. 

The results show that the dams may have accounted for l.2 to 6 

per cent of the Northeast CDp, depending on which 'without project' 

scenario is deemed more realistic. Value-added Type II multiplier values 

are close to 2.0 in most scenarios. For every unit of value generated by 

the sectors directly affected by the dams, another unit could be 

generated in the region. These secondary impacts are largely due to 

income-expenditure induced effects, however, as the effects of pure 

inter-industry linkages are much lower, with Type I multipliers around 

1.15. This result is in line with what other authors have reported 

56. 	 Guilhoto (1998), Guilhoto et al. (2001), Haddad and Hewings (2000). Based on an 
inter-regional decomposition of inter-sectoral linkages, these analyses were able to 
point out that changes in the rest of Brazil had repercussions in the Northeast, 
while changes originating in the Northeast did not produce significant impacts on 
other regions, and therefore did not reverberate back onto the Northeast economy 
via their demands. 
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regarding the dependance of the productive structure of the Northeast 
region on demands from the rest of the country. 56 With respect to 
employment, the range of multipliers is larger than for value-added, 
showing that conclusions regarding employment creation by dams are 

sensitive to the choice of scenario. One may note that employment 

multipliers from agriculture are much lower than those from 
hydropower. This is partly a result of the higher labour-intensity of crop 
production compared to the electricity and water sector that hydropower 

is part of. Thus, while irrigation has a relatively much higher impact on 
total employment generation, this results primarily from direct impacts 
within the sector than from indirect employment generation. This 
appears to contradict some of the findings regarding induced 
employment creation by irrigation. However, one should remember what 
was said regarding one limitation of the model, namely its incapacity to 

fully capture the impacts of dams on the structural changes irrigation 
induces in crop production. Thus, these results are bound to 
underestimate the full set of indirect impacts produced by irrigation. 

Tables 9.14 and 9.17 present an interesting picture of the impact of 
different outputs of dams on the region's economy. Relatively large 
hydropower output shocks produce larger overall value-added than 
simulated reductions in irrigated area, and yet these differences do not 
appear as large when one considers how small irrigated areas and their 
changes are compared to the region's planted area. This is true even 
when the supply constraints on some capital-intensive and energy
intensive sectors are removed. The results with respect to employment 
are even more striking, as the switch to irrigation of small areas 
produces a same percentage change in employment as large reductions in 
hydropower output, under the supply-constrained assumption. These 

results are consistent with other authors' findings regarding (i) increases 

in the share of regional GDP accounted for by dynamic irrigated areas 

versus the stagnating sertiio, iii) demand-induced impacts of droughts, 

and (iii) impacts of irrigation development on employment and value

added. 57 

57. 	 See, for instance, Maia Gomes and Vergolino (1995), Bonelli (2001). Rodrigues 
(2001) 

http:added.57
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Beyond the magnitude of these impacts, what matters is the 
information they provide regarding the structure of benefits that can be 
attributed to the dams. The results suggest that larger overall impacts 
might have been achieved if more attention had been given to multi
purpose use of their water. The dams were built primarily to feed the 
hunger for electricity of the Northeast's industrial complex. Due largely 
to macroeconomic and industrial policies from the late 1960's to the 
mid-1980's, its excessive capital intensity and lack of significant inter
sectoral linkages may have impaired the dams' capacity to generate the 
larger impacts one would have expected. While the model shows the 
presence of indirect impacts, these descend primarily from income
expenditure effects on service demand, which may be overestimated due 
to the fixed price nature of the model. In the absence of the dams, 
alternative, more expensive sources of electricity would have been 
brought on board, which may have favoured a restructuring of the 
industrial complex in favour of less energy-intensive sectors. These 
might well have produced larger inter-sectoral linkages, in the end 
benefiting the region. It is unfortunate that the links between 
agriculture and agribusiness cannot be appropriately analysed with the 
help of this model, given the mentioned limitations of the 1992 110 

table. If this were possible, one could study whether larger indirect 
impacts could be associated with a reduction of irrigated areas. 

SOCial and Environmental Impacts: An Overview58 

Social and environmental impacts generated by the construction of the 

cascade of reservoirs, have been the object of serious scrutiny over the 
past decade. GDP growth associated with the dams' construction did 

not come without negative environmental and social externalities, and 
at least initially it had negative distributional impacts. Hydropower 
development benefited primarily the already favoured coastal 
metropolitan regions, where energy-intensive industries tended to 
concentrate. The recent successes attributable to the modernisation of 
agriculture, its link with agribusiness and the spillover effects from the 
interactions of small and large farmers followed years of peasant 

58. 	 For a more detailed analysis of resettlement issues and SOCial impacts of dams in 
BraZil. see Ferradas (2001), on which this section draws heavliy. 
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displacement and increasing land concentration. Resettled peasants were 
often given plots with poor soils or in areas that required agricultural 
techniques they were not familiar with. For peasants who became 
landless, employment in rural areas materialised slowly and only in 
small irrigated areas, while industries were generally in distant areas and 
many of them either required little labour-due to the bias in favour of 
capital-intensive industrialisation of lSI policies-or skilled labour for 
which they had no training. In addition, the irrigated area boom has not 
been reflected in a marked improvement in other areas of the Northeast, 
so that intra-regional imbalances probably worsened. The lesson learnt 
from these experiences is that appropriate parallel interventions need to 
be undertaken to minimise the social externalities of dams, and that 
these may at the same time improve their economic outcomes. 

With regards to social impacts, the main issues to discuss relate to 

the resettlement linked to the construction of both Sobradinho and 
Itaparica, specifically: 

a. 	 Their forced nature and the secrecy and lack of consultation 
regarding resettlement and other project aspects. 

b. 	 The limited and often inappropriate options given to resettled 
populations, and the lack of programmes to support the 
adjustment of populations to new conditions . 

c. 	 Failure to recognize as affected population groups other than 
property owners in the flooded area, such as vazanteiros, 
fishermen, people employed by those residing in affected areas, 
etc. 

d. 	 Specific impacts on indigenous people 

e. 	 Negative impacts of migration to growing urban areas, such as the 
swelling of slums in and an increase in urban violence. 

The inundation of areas upstream of Sobradinho forced the 
resettlement of the inhabitants of four cities (Casa Nova, Remanso, Sento 

Se e Pilao Arcado) and 30 smaller centres, and of the population living in 

rural areas of the municipalities of Juazeiro and Xique-Xique. During 
construction, local opposition surged and the government used military 
intervention to evict people. In all, 11,853 families lover 70,000 people) 

had to abandon the area by the end of 1977. Of these, 5,806 families 
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remained in rural plots around the Sobradinho lake, while the remaining 
population moved to the new location of the resettled municipalities. In 
addition, downstream flow regime changes also resulted in the permanent 
flooding of 32,000 ha of rice and the displacement of 50,000 persons 
(Gutman, 2001). The resettlement of the affected population was poorly 
planned and executed, and while resettlement costs escalated five-fold 
(resulting in overall costs overruns of 39 per cent), they failed to address 
the needs of the displaced population. Many of the new settlements failed 
to attract the target population. Displaced families received little or no 
compensation, as few could legally prove ownership of the abandoned 
plot, and even in this case, compensation did not always materialise. As a 
consequence, a large portion of the compensation went to the better off, 
and land concentration and poverty both grew. Most displaced families 
relied for subsistence on floodplain agriculture, but were instead relocated 
in dry areas where traditional agricultural practices were infeasible and 
where most of their livestock died. They were provided no technical 
assistance or other means to adjust to the new situation, and received no 
compensation for their losses. Most of the resettled villages lacked 
electricity, even though the dam was mainly built for power generation. 
There were no legal mechanisms through which the population could 
make claims or demand information, as secrecy prevailed under the 
military regime. Very little information was provided to local authorities 
and the general public, and access to construction sites and dam project 
headquarters was also very difficult. Security controls discouraged people's 
involvement. Access to basic information on social and environmental 

impacts is apparently still difficult. (Ferradast 1998). Lessons were learnt 
from this tragedy, howevert as the outcry that followed it contributed to 

the creation of the World Bank's Resettlement Policy. 

A crucial problem with early resettlement and compensation was 

the inability to identify the full set of affected parties, as it was believed 
that only those living in submerged areas would be affected by dam 
construction. This overlooks the fact that the livelihood (If many in the 
region was based on the seasonal use of diverse natural environments. 
Even people whose homes and cultivation plots are in areas to be 

flooded might derive part of their livelihood from activities depending on 
other areas that might be affected by deforestation in flooded areas, 
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changes in water supply and/or water quality. Indigenous communities 
are even more vulnerable because very often their subsistence and socio
cultural ties go well beyond the site where they had built their homes 

(Ferradas, 2001). In addition, activities in the informal economy were 
not assessed for relocation purposes. In the early Brazilian dam projects, 

vazanteiros (river bank dwellers and occasional farmers relying on the 
natural flooding and retreating cycles of the river, located downstream of 
the dams and affected by their alteration of natural flows), fishermen 

and artisans were often overlooked, and the few who were compensated 
were often given homes in cities. 

Another problem was the lack of voice many stakeholders had in 

early negotiations, which were generally limited to the energy company 
and some state agency acting for the affected population, often in an 
authoritarian and paternalistic manner. Decisions were mostly made 
without consultation to regional interests, and local governments 

generally had little knowledge of the characteristics of projects and their 
impacts. Their negotiating power was also very limited, due in part to 
the centralisation of military regimes. Since the mid-late 1980s the 
democratisation process enabled new actors to participate in the 

negotiation of dam projects, including political parties, non· 
governmental organisations, grassroots movements, academic and 
research institutions, and local governments. Non-governmental and 
grassroots organisations are particularly active and have led to significant 
changes in the process. However, not all these groups share the same 
visions regarding key problems and solutions, and the degree to which 
they represent affected people is sometimes a reason for concern. Today 
many previously excluded members of affected communities have 
organised and dam agencies are facing lawsuits and peoples' claims-for 

harvest losses, loss of economic activities, inadequate compensation, 

damages caused by changes in water quality or inappropriate relocation 

sites-showing that if social damages are not adequately compensated, it 

might be more costly to deal with them later. 

59. 	 The discussion of the Itaparica is largely derived from World Bank (1998), the 1999 
Itaparica Project Status Report, discussions with Bank offiCials in 1997·2000. and a 
number of documents by Rede Brasil and other NGOs that were involved in the 
process. including Barros (2001). 
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An attempt to learn from Sobradinho's experience was the Itaparica 
Resettlement and Irrigation Project. 59 Partially funded by the World 
Bank, which did not finance the construction of the dam, it was the 
first example of stand-alone resettlement project, designed solely to 
benefit about 8,100 families displaced by the Itaparica Hydroelectric 
Project. The project was supposed to develop about 18,000 ha of new 
irrigated land for almost 6,000 families, including VQZanteilOS and other 
previously unrecognised affected groups. 

The US$ 232 million project included construction of 110 
'agrovilas', or agricultural settlements, and six irrigation projects for 
some 40,000 people. Despite its good intentions, it has over time 
encountered innumerable difficulties in achieving its objectives. Among 
these difficulties were inadequate counterpart funding leading to delays 
in irrigation systems installation; lack of agency coordination; the 
macroeconomic turmoil which hit Brazil in the early 1990s; and 
problems directly related with the design of the project, especially the 
assumption that unskilled farmers could successfully undertake 
irrigation with advanced technologies on soils that required 

sophisticated management techniques. Training activities were provided, 
but didn't initially prove effective. By the late 1990's, local communities 
were complaining that only one third of the promised projects had been 
built, that much of the irrigation infrastructure was falling apart 
because of poor construction and materials, and that irrigation schemes 
had proven too expensive to use. In addition, numerous problems have 
plagued access to its water, leading to allegations that this was being 

used to irrigate drug plantations instead of the smallholders' plots it was 
designed for. In 1997, these and other allegations of funding diversion 
and corruption, led communities' representatives to submit a claim to 

the Bank's Independent Inspection Panel on Dams regarding the 

possibility of sending an inspection mission to the project. 60 This was 
rejected by the Bank's Board of Directors, in favour of a commitment by 
the Brazilian government to solve Itaparica's problems with Bank 
supervision. Communities' representatives, however, state that they 
were given little access to the decision-making regarding the new funds' 
---...--

60. 	 In October 1997. one of the community representatives who had partiCipated in 
drawing the claim was assassinated. possibly by drug traffickers. 

http:project.60
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allocation, and no role in their monitoring. This process was painful for 
all parties involved, leading the representatives of affected populations to 
question the Bank's willingness to assume responsibility for its 
mistakes, but also raising questions about the politicisation of the 
residents' association. Today, construction continues and the situation 
is improving, but the community still largely depe1,1ds on direct monthly 
transfers (the tmonthly. maintenance subsidy') provided to each family, 
and strong opposition has faced any attempt to phase out the monthly 
checks. The sad irony is that establishing and maintaining this broken 
communities cost more than US$190,OOO per family. Itaparica appears 
to be an example of good intentions gone awry. When failure became 
evident, the new World Bank managers who took over a failing project 
had at least the courage to renew their commitment to the involved 
communities, and the project is showing some reason for hope. Since 
Brazil's financial crisis, however, some of the funds promised in 1997 
were cut. The experience shows that more needs to be done to balance 
the interests and requests t and to recognise and address the 
shortcomingst of all parties involved, from affected populations, to the 
groups that represent them, to the company in charge of the project, to 

all levels of government. 

A final concern is that local communities suffer the adverse 
impacts for project whose main benefits-'-those linked with hydropower 
generation-are appropriated by industries and urban area dwellers 
located in coastal areas, worsening the intra-regional income gap. Brazil 
addressed this issue, at least in part, by setting up a system of royalties 
to be paid to municipalities affected by dam construction as a 
compensation for lost development opportunities. The provision of 
energy generated by dams in the regions affected by them is also 
required. 

Law 7990 (1989) establishes that states, federal districts and 
municipalities should be compensated for the use of their hydraulic 

resources for the productioh of energy. Law 8,001 (1990) defines how 
compensation should be distributed. Recently, the overhauling of 
Brazil's water resources management· system has led to a revision of 
royalty payments, with shares of these going to the National Water 
Agency as payment for the water stored and used for generation. 



330 INDIRECT ECONOMIC IMPACTS OF DAMS 

Environmental externalities of the dams in the Sub-Medio Sao 
Francisco seem to have been less dramatic than the social impact. The 
major concerns are the impacts on riverine and estuary ecosystems, 
biodiversity and health from: 

a. 	 Reservoir construction and associated activities such as road 
construction. 

b. 	 Flooding of upstream areas. 

c. 	 Changes in natural flows. 

d. 	 Sediments from deforestation along river banks-an increasing 
problem, particularly for fish harvests. 

e. 	 Negative development impacts, such as the increased volumes of 
untreated municipal and industrial wastewater. 

f. 	 Lack of fish ladders for species spawning upstream and 
introduction of foreign species. 

Particularly relevant are the adverse impacts on irrigated agriculture, 
as well as their potential mitigating measures, given current plans to 
substantially expand irrigation in the region. Modernisation, as well as 
the need to utilise less fertile soils, as large areas of more fertile soils 
closer to the riverbed were submerged, led to the increased use of 
fertilisers and pesticides. Their use has often been excessive, and so 
have been water applications, leading to agrochernical contamination as 
well as soil salinisation, which is worsened by the lack of adequate 
drainage in semi-arid irrigated areas. Addressing the rational use of both 

water and agrochemicals is possible, given their interactions, and crucial 
at a moment of mounting water use conflicts and when water diversions 

from the Siio Francisco rive,r are being planned to support irrigated 
agriculture. 

Early dam projects were generally undertaken in the absence of 
appropriate, comprehensive environmental impact assessments. Brazil 
now has legislation requiring environmental and social assessments 

before projects are approved. 6J Since 1991, the Plano Diretor de Meio 
Ambiente (PNMD), states that social planning in the energy sector 

61. 	 For a list of Brazil's Laws and Decrees regulating environmental. social. and 
indigenous issues, see Muller. 1995 

http:approved.6J
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should include: a) the identification of social impacts induced by the 
project, b) studies and propositions of options to mitigate the social and 
economic impacts, cl public consultation and revisions in the feasibility 
phase, d) presentation of alternatives to improve social and 
environmental conditions to the administrative sector (state 
institutions), in all the impacted areas, e) design and execution of 
development plans, unifying criteria, establishing agreements with 
various institutions to achieve social and economic regional 
sustainability, (Muller 1995). Resolutions by CONAMA (the National 
Environmental Council) no. 00111986, 006/1987 and 10/1987 deal with 
Environmental assessments and licensing of large electric projects. 
Finally, with respect to indigenous people, articles 231 and 232 of the 
1988 Brazilian Constitution state that the use of natural resources in 
indigenous lands can only be carried out with authorisation of the 
National Congress and requires a hearing with affected communities, 
and their participation in project results. 

Recently the Brazilian government started requiring hydroelectric 
generators to implement four basic measures to compensate for 
environmental liabilities: invest in effic;:iency and move away from huge 
scale projectsj decrease transmission and distribution losses; invest in 
environmental improvements such as forestation and soil conservation; 
and use water in a sustainable manner. 

Should consideration of these negative impacts be incorporated in 
the model? And if so, to what extent is that possible? Some of them are 
already accounted for in the model. For instance, the irrigation scenario 
assumes that irrigated land in the absence of the dam would be 
substituted for by rainfed land, rather than retired. This is equivalent to 
assuming a one-to-one ratio of newly irrigated perimeters to the sum of 
flooded or unusable downstream land plus previously rainfed areas that 

. are later irrigated. On the other hand, lost livestock production for 
displaced populations and 'vazanteiros' could have been accounted for in 
the scenarios if accurate data were available. The same is true for lost 
fish harvest and their values, which could have been incorporated as an 
increase in crop production-the sector under which fishing activities 
are generally subsumed-in the without project scenario, thus reducing 
the impact of the dam in the with project scenario. 
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On the other hand, the model takes a Northeast-wide regional 
perspective, and is therefore, unable to account for intra-regional 
imbalances, such as the concentration of benefits from hydropower in 
coastal areas. Such impacts need to be accounted for in a parallel 
analysis of distributional impacts of the studied dams. Beyond such 
spatial considerations, a parallel distributional analysis needs to be 
performed anyway, given the inability of I/O-based models to trace the 
impacts on different income groups. Thus, nothing can be said about 
the social desirability of the value-added and employment creation 
resulting from the model simulations, as nothing is known regarding 
which income groups will benefit most from it. While some of the 
people that were initially negatively affected by the construction of the 
dams might later have benefited from its direct and indirect benefits, 
this cannot be simply assumed and cannot ,be explicitly derived from the 
modeL Note, however, that in a second phase of the analysis, it should 
be possible to develop a SAM for the region whose labour factor use and 
household categories are dis aggregated in ways that allow a SAM -based 
model to incorporate at least some of these issues. 

Similar considerations can be made for environmental impacts. 
Given available data and the model's disaggregation, it was not possible 
to incorporate their consideration in the analysis. This is not an 
absolute impos'sibility however. As was stated above, even without 
reftning;the model, accurate data on reduced fish harvests and their 
values co~ld have been inc~rporated in the scenarios. This, however, 
dq,es not' exhaust the total value of lost fish population to the 

ecosystems, which would have to be separately assessed. Intra-regional 
disaggregation of some accounts or a full spatial specification of the 
model, on the other hand, would allow the incorporation of impacts 
that are location-dependent, such as those from changes in flow 

regimes, sediment transport or increased pollution from the. gr.owth of 
urban centres in development polos. 

The possibility to refine/extend the model does not exclude the 
need for parallel social and environmental assessments of dam projects, 
particularly for the consideration of impacts that cannot be translated in 
economic terms. The issue here is simply to suggest that ~pcial. 'l-nd 
environmental assessments and the economic evaluatioQ of i'll1pa~bf 
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should be more carefully linked, so that the aspects of the fonner then 
can be incorporated in the economic analysis and are actually 
incorporated. This would enable a comparison of the full set of 
(additional) negative impacts on affected populations with the full set of 
positive impacts from the project, including some of the indirect 
impacts that may in fact benefit the initially negatively affected 
populations. 

Conclusions 

This case study had two objectives. One was to provide a characteri
sation and estimation of the direct and indirect impacts of the dams on 
the Sub-Medio Sao Francisco, given the claims made by many that the 
dams failed to deliver what they promised. The second was to emphasise 
some of the contextual factors that might have affected their capacity to 
produce multiplier eHects. The capacity of a dam to generate real 
indirect and induced benefits depends largely on how its outputs build 
on the strengths and reduce the weaknesses of the regional context. It is 
only by recognising driving and constraining factors, and by designing 

the project and ancillary programmes accordingly, that a dam's potential 
multiplier effects might be realised. 

The simulation results of a supply-constrained semi input-output 
model for Brazil's Northeast macro-region show that the large dams 
located in the Sub-Medio Sao Francisco have generated significant 
indirect and induced effects in the region. The results show that the 
dams may have accounted for 1.2 to 6 per cent of Northeastern GDp, 
depending on which {without project' scenario is deemed more realistic. 
Value-added Type II multiplier values are close to 2.0 in most scenarios. 
For every unit of value generated by the sectors directly. affeeted by the 

dams, another unit could be generated in the region. These secondary 

impacts are largely due to income-expenditure induced effects, however, 
as .the effects of pure iItt'er-industry linkages are much lower, with we I 

multipliers ranging from 1.1 to i .16. This result is in line with what 

other authors have reported regarding the dependence of the productive 
structure of the Northeastern region on demands from the rest of the 
country. With respect to employment, the range of multipliers is larger 

than for value-added, showing that conclusions regarding employment 



334 INDIRECT ECONOMIC IMPACTS OF DAMS 

creation by dams are sensitive to the choice of scenario. Employment 
multipliers from agriculture are lower than one would expect based on 
other authors' findings regarding induced employment from irrigation. 
Again, this may descend from the model's incapacity to fully capture the 
impacts of dams on the structural changes irrigation induces in crop 
production and its links with the agribusiness productive chain. Thus, 
these results are bound to underestimate the full set of indirect impacts 
produced by irrigation, not only with respect to employment creation, 
but with regard to inter-industry linkages and Type I value-added 
multipliers as well. 

Beyond the magnitude of these impacts, what matters is the 
information they provide regarding the structure of benefits that can be 
attributed to the dams. The dams were built primarily to feed the 
hunger for electricity of the Northeast's industrial complex. Due largely 
to distorted macroeconomic and industrial policies from the late 1960s 
to the mid-1980's, its excessive capital intensity and lack of Significant 
inter-sector linkages may have impaired the dams' capacity to generate 
the larger impacts that one would have expected. 

The model shows that while relatively large hydropower output 
shocks produce larger overall value-added than simulated reductions in 
irrigated area, these differences do not appear as large when one 
considers how small irrigated areas and their changes are compared to 
the region's planted area. In addition, the irrigation of these small areas 
produced the same. This is true even when the supply constraints on 

capital-intensive and energy-intensive sectors are removed. The results 
with respect to employment are even more striking, as the switch to 
irrigation of small areas produces the same percentage change in 

employment as large reductions in hydropower output, under the 
supply-constrained assumption. In addition, the large impact from 

hydropower descend primarily from income-expenditure effects on 
seryice demand, whi~h may be overestimated due to the fixed price 
nature of the modeL In the absence of the dams, alternative, more 
expensive sources of electricity would have been brought on board, 

which may have favoured a restructuring of the industrial complex in 
favour of less energy-intensive sectors. These might well have produced 

larger inter-sectoral linkages, in the end benefiting the region. 
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These results suggest that larger overall impacts might have been 
achieved if more attention had been given to multipurpose use of their 
water, while irrigation was given less prominence in the initial design of 
the project and in the design of resettlement and compensation 
programmes. Only in the late 1980's did macroeconomic and 
agricultural policies evolve in a way that recognised the role of 
agriculture and agribusiness as a motor of growth for the region. 

Social and environmental impacts generated by the construction of 
the cascade of the reservoir, have been the object of serious scrutiny over 
the past decade. GDP growth associated with the dams' construction 
produced serious negative social and environmental externalities and, at 
least initially, negative distributional impacts. Hydropower development 
benefited primarily the already favoured coastal metropolitan regions, 
where energy-intensive industries tended to concentrate. Even the recent 
successes attributable to the modernisation of agriculture, its link with 
agribusiness and the spillover effects from the interactions of small and 
large farmers followed years of peasant displacement and increasing land 
concentration. Resettled peasants were often given plots with poor soils 
or in areas that required agricultural techniques they were unfamiliar 
with. Current positive impacts started materialising only after 
addressing the severe deficiencies of early interventions-such as the 
lack of technical support and ancillary infrastructure or other support 
programmes-which took more than a decade. For peasants who became 
landless, employment in rural areas was slow in emerging, while 
industries were generally in distant areas and many of them either 
required little labour-due to the bias in favour of capital-intensive 
industrialisation of lSI policies-or skilled labour for which they had no 
training. In addition, the irrigated area boom has not been reflected in a 
marked improvement in other areas of the Northeast, which may result 
in a worsening of intra-regional imbalances. The lesson learnt from 
experience is that appropriate parallel interventions need to be 

undertaken to minimise social externalities of dams, and that these may 
at the same time improve their economic outcomes. 

While the region's economic performance is improving, its 
sustained development will depend on how effectively the Northeast 
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addresses its environmental, socioeconomic, scientific, technological, 
political and institutional sources of vulnerability. 

The isolated and at times, conflicting interventions that characteri

sed public investment and other interventions in the Northeast, while 
contributing to structural change, did little to ensure sustainable social 
development in the region. Despite recent advancements in a number of 

indicators, income gaps kept widening 

If the question of whether to invest in dams is posed as one of best 
use of limited funds, it is not clear whether it was the best decision to 

I 
concentrate such a large amount of resources to benefit (i) an i11
conceived industrial complex, and (iil a very small irrigated area which is 
only now showing its full growth potential. At the same time, the 
limited indirect impacts of the dams seem to have descended mainly 
from macroeconomic and other existing distortions. Yet, the lesson 
learnt from this is that dam projects should be designed with a clear 

understanding of the impacts these contextual elements have on the 
sectors they benefit. In addition, dams are large enough investments 

that their approval should warrant a re-evaluation of existing policies 
that may harm their outcomes. Alternatively, whenever possible they 
should be accompanied by parallel programmes that minimise the 
impacts of distortions, minimise social impacts, and increase the 
capacity of all potential beneficiaries-including otherwise negatively 
affected populations-to profit from the dam's development potential. 
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Annex A-9.2 


Full Set of 1992 Regional Input-Output Tables 


The full 110 table comprises the following sets of information: 

Table A.1: Regional Output 

Presents the Value of Output at basic prices.! Each row represents 
output by final product of each productive process (activity), so that the 
row sum is the total value of output by activity. Each column represents 
the origin, by process, of each final product, so that each column sum 
represents output by final product (commodity). 

Table A.2: Intermediate Consumption (by Activities) and Final Demand 
of Commodity Produced in the Region 

This is generally thought of as the 110 table proper. Each row 
represents the destination of each commodity, valued at approximately 
the basic price. From this table, the model generates the product matrix 
by activity of intermediate consumption, the matrix of generated 
income, and the matrix of products for final demand. This Table also 
contains information on labour demand (employees) by activity. 

Table A.3-4: Intermediate Consumption and Final Demand-Imported 
from the Rest of BraziL Imported from the Rest of the World 

These mirror Table 2, but only for inter-regional or international 
imports, valued at CIF. It corresponds to the disaggregation of the 
import from Brazil row in Table 2 

Table A.5-7: Consumption Structure 

Computed based on Tables they result from dividing 
intermediate consumption by total value of production (net of imports 
and following rows in Table 2). 

1. 	 In billion 1985 cruzeiros and million of 1992 cruzeiros. The cruzeiro (Cr) is the 
currency that preceded Brazil's short·lived Cruzeiro Real, introduced in 1 $93, and 
the current Real, introduced in 1994. As 1990·1994 were characterised by 
hyperinflation, and given the recent depreciation of the real, it is misleading to use 
the official 2750* 1000 CrIRS conversion rate suggested by various sources. The 
author preferred to maintain the values in 1992 Cr, given that what is of interest 
for the analysis are percentage changes and multiplier values, rather than absolute 
values. 
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Table A8: Matrix of Regional Technical Coefficients 

A square activity x activity matrix showing the intermediate 

consumption requirements by activity. 

Table A 9: Leontitef Matrix 

Computed based on Table 8, this Matrix shows direct and indirect 

impact coefficients, capturing the impacts on production of exogenous 

changes in final demand. Column totals represent backward linkages. 
Row totals represent forward linkages. 

Table A1 0: Impact on Intermediate Consumption Imported from Rest 
of Brazil 

Results from multiplying Table 6 by the Leontief Matrix 

Table All: Impact on Intermediate Consumption Imported from 
the Rest of the World 

Results from multiplying Table 7 by the Leontief Matrix 

Table A12: Employment and Employment Creation Coefficients 

Direct coefficients are obtained dividing employment by the value of 

production by activity. Total coefficients are obtained multiplying direct 
coefficients by the Leontief Matrix, and representing direct and indirect 
employment generation from an additional unit of final demand by each 

row activity. 

Table Al3: Market Share Table ("Make Matrix") 

It indicates the sectoral origin (by activity) of each final commodity 

Table A14: Distribution Margins Table (1985) 

It has the same structure as Table 2 and identifies marketing 

margins and transportation costs associated with intermediate or final 


consumption. 


Table A15: Table of Direct and Indirect Taxes, and Subsidies (1985) 


It identifies their incidence on intermediate and final demand. 



Afterword 
How Theory. Practice. Politics and Time 
Affects Views on the Indirect Economic 
Impact of Water Infrastructure. 

John Briscoe 

This book has described both how a new generation of analytic tools can 
be used for examining the direct and indirect benefits of major 

infrastructure in the developing world and presents results which 
consistently show that major water projects give rise to very large 
indirect benefits. 

The purpose of this Afterword is to locate this theoretical and 
empirical work in a historical, political and economic context. It builds 
on the premise that analytic tools and analytic results do not develop in 
a vacuum, but that they are deeply affected by issues such as the stage of 
development, and the governance of the development process. It will be 
shown that the questions which are asked, and the answers which are 
accepted, depend on who is doing the asking, when they are asking and 
who is deciding what answers are acceptable. It will be shown that 
methods and conclusions which might be appropriate at one period in 
the historical evolution of a country are inappropriate at other periods in 
the development process. It will also be shown that whereas these 
political and contextual questions are of muted importance when there 

is a self-contained examination within a particular country (where moral 
hazards are limited) they are of transcendental importance in the 

development business (where it is usually rich countries defining what 
is acceptable for poor countries, and where post-development insights 

are imposed on pre-development contexts). 

An instructive point to start our story is in 1955, when there was a 

heated discussion between the US Bureau of the Budget and the US 
Congress on the question of indirect benefits of major water 
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infrastructure, The Congressional Record of these two discussions in 
1955 (U,S, Congress, 1955) should be a required reading for all students 
of the history and political economy of the apparently-neutral tool of 
cost-benefit analysis! 

The hearings were called to review a proposal by the Bureau of the 
Budget which, inter alia, suggested that indirect benefits should be 
excluded when evaluating major water infrastructure projects, At the 
first hearing the proposal was hotly contested by the Committee 
Chairman and members of the House Committee. [Some of the 
Chairman's utterances: "I want the gentleman (Director of the Budget 
Bureau) to have the milk of human kindness in his soul as he looks over 
the reasons this order was issued" and "Let the Chair suggest to the 
gentleman that a vicious policy, wherever it originates, should be 
stopped,"), How, the Congress asked, could the government propose to 

exclude consideration of the indirect benefits, when the major reason 
why projects like the TVA and Grand Coulee had been built was 
precisely in order to generate such benefits? The irate Chairman (from 
California) asked the Director of the Bureau to consider what 
development in the Western United States would have been if the 
proposed methodology had been adopted in the developmental stage of 
US history, "Do you mean to say that the people in your agency set up a 
document which is to set the standards .. , And yet you cannot name one 
single project ever built by the Bureau (of Reclamation) or currently 
under consideration that would qualify for construction under the 

standards set in that document?" 

In the second hearing, two weeks later, the Secretary of the Interior 
explained that "a basic purpose of the reclamation (I.e. major water) 

laws is to spur development in the West". There was, therefore, general 
agreement that indirect benefits were important. The problem, he 
further explained, was that "while there is general recognition that such 

(indirect benefits) are created by the projects, agreement has not been 

reached as to how such values are properly measured". 

The result of the hearings was a substantial revision of the original 
proposal. As summarised in the standard World Bank book for the 
Evaluation of Agricultural Projects (Gittinger, 1982) "when market 
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prices are used in economic analysis, as has been the custom in the us 
for water resource and other public works, it is necessary to estimate 
the secondary costs and benefits and then add them to the direct costs 
and benefits". 

Heated though the discussion was, in many ways this debate was 
of waning practical importance in the United States, because by the 
1960s the country had developed the infrastructure platform for its 
broad-based economic development. The US developed about 5000 cubic 
meters of water storage capacity per person, with 900 days of storage 
capacity on the Colorado River, and with about 75 per cent of 
hydropower potential developed. Most of this infrastructure was' 
expliCitly and deliberately designed to provide a platform for broad-based 
development. Where detailed subsequent assessments of indirect 
benefits were subsequently undertaken (for example of the Grand 
Coulee Dam (Ortolano and Cushin, 2003), these confirmed that the 
indirect effects were, in fact, very large, typically about the same size as 
the direct impacts of the energy and irrigation services provided. 

But what of the developing world, where such questions are far 
from academic, since, almost by definition, very little of this 
infrastructure platform had been developed? Compared to the reservoir 
capacity of 5000 cubic meters per capita in the US, Ethiopia and Kenya 
can store only 30 cubic meters; compared to the 900 days of storage in 
the Colorado, Pakistan can store only 30 days of flow on the Indus; 
compared to the 75 per cent development of hydropower potential in the 
US, Africa has generated less than 5 per cent, and Asia and Latin 
America about 30 per cent. In short, what is the import of this debate 
when it takes place before the water infrastructure platform \Grey and 

Sadoff, 2007) is in place? 

In the 1960s and 1970s there was intensive intellectual effort 
devoted to defining methodologies for assessing the economic impact of 

projects in the developing world. A major difference between the case of 
the United States (the focus of the Bureau of the Budget analysis) and 

the developing world was that markets were often severely distorted by 
governments in the developing world. To deal with these price 
distortions, economists developed methods for using shadow prices 



354 INDIRECT ECONOMIC IMPACTS OF DAMS 

(which reflects the opportunity cost for inputs and intermediate 
outputs, and willingness to pay for final goods and services). For 
example, the definitive 1972 UNIDO treatise on cost-benefit analysis 
(UNIDO, 1972), described a four-stage process: 

• 	 Step One: Financial Analysis: calculation of commercial 
profitability at market prices; 

• 	 Step Two: Economic Analysis of Benefits: Calculation of net 
aggregate consumption benefit at shadow prices 

• 	 Step Three: Economic Analysis of Costs: Adjustment of the 
social value of investment 

• 	 Step Four: Other Goals: Addition of benefits deriving from the 
accomplishment of other national goals such as regional 
development and income distribution. 

Subsequent elaborations (for example Gittinger, 1982) forged a link 
between the shadow price analysis (Steps 2 and 3) and Step 4, asserting 
that "Shadow prices that include carefully traced indirect changes in 
value added include the multiplier effects while minimizing the danger 
of double counting" and claimed that "most of the multiplier effect is 
accounted for if we shadow-price at opportunity cost" (Gittinger, 1982). 
These elaborations cautioned against "estimation of indirect benefits, 
which is a theoretically difficult process and one easily subject to 
abuse. II 

And there, to a substantial degree, is where things stopped, with 

general practice in development economics being use of shadow prices to 

estimate inputs and outputs, with indirect effects being ignored both (a) 

because it was asserted that these would be taken account of through 

careful shadow pricing and (b) because it was considered 
methodologically and computationally too difficult to estimate these 

indirect effects. 

Chapter II of this book, co-authored by one of the world's leading 
practitioners of project cost-benefit analysis, reviews the way in which 

shadow pricing is actually applied in project analysis. This review casts 
serious doubts on the claim that using shadow prices actually results in 
an accurate assessment of costs and benefits. It shows, for the case of 
irrigated agriculture, that (a) the use of shadow prices for major outputs 
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either overestimates or underestimates the value-added from the primary 

processing of agricultural commodities and (b) that conventional cost

benefit analysis usually confines its attention to primary outputs (such 

as paddy, wheat, cotton, sugarcane), seldom explicitly taking into 

account secondary forward linkages (such as conversion of wheat into 

bakery products or oils for hydrogenated oil or sugar into confectionery). 

The analysis in Chapter II concludes that, in practice, the use of 

shadow prices seldom captures the indirect or multiplier effects. 

The use of shadow pricing methods has tended to fade in recent 

years as a result of very important changes in the economic landscape in 

most developing countries. Whereas heavy government intervention was 

standard in the 1960s, the level of government intervention, and the 

associated distortions, has fallen fast in most developing countries. 

Today, prices are generally, as in developed countries, reasonable 

reflections of the values of the inputs and outputs. This has meant that 

standard practice in project evaluation has thus converged on the long

standing practice in developed countries, where (as described in 

Gittinger, 1982) market prices are used directly in cost-benefit analysis. 

(To illustrate this change, the words "shadow" does not occur in the 

economic analyses done of the two major recent World Bank financed 
dam projects, Bujagali in Uganda and Nam Theun 2 in Laos). 

Simultaneously computational capacity has improved dramatically, 
as has the availability of calibrated models of regional and national 

economies. As shown in the empirical sections of this book, it is now 

possible, in many settings and at modest cost, to estimate, ex post, the 

indirect costs and benefits of large projects and, in many cases, estimate 

which economic groups benefit from these indirect impacts. 

A summary of the findings in this book (of indirect benefits of large 

dams in Egypt, Brazil and India), in other studies (of the Grand Coulee 

Dam in the United States (Ortolano and Cushin, 2003) and the Muda 

Irrigation Project in Malaysia (Bell and Devarajan, 1985)) show: 

• 	 Methodologies are now available which enable economists to 

estimate, ex post, the indirect effect of major water infrastructure 

projects and the incidence of these benefits on different groups. 
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• 	 Indirect impacts are real and large-typically of the same order of 
magnitude as the direct effects-in the development stages in rich 
countries and in contemporary developing countries; 

• 	 The incidence of benefits is quite different when indirect effects 
are added to direct effects, with some striking cases (Bhakra in 
India) where it is the poor, who were not beneficiaries of the 
direct impacts, who were the major beneficiaries-through the 
labor market-of the indirect impacts; 

• 	 The sources of actual total (direct and indirect) benefits are very 
different ex post than was predicted ex ante. The most striking 
case is Aswan, where the logic of the dam was to develop Egyptian 
agriculture, but where by far the largest direct and indirect 
benefits have emanated from electricity generation. A deeper point 
is that a major attribute of multi-purpose dams is to produce 
major streams of benefits as economies evolve and as societal 
demands evolve. 

• 	 While the number of cases is small, the evidence in this study is 
that smaller dams (Bunga in India) have, as anticipated, smaller 
ripple effects and thus smaller indirect effects than large dams 
(Bhakra in India) 

• 	 While the literature is small, there is also evidence (Hazell and 
Ramasamy, 1991) that the multipliers for infrastructural 
investments are much larger than for the "social" investments 
which are currently given highest priority by development agencies. 

The second part of this chapter examines how these striking 
results, confirming the transformative role of large water infrastructure, 
has been translated into contemporary development policy. One way of 
understanding this evolution is to tell the story from the perspective of 
the World Bank, which occupies center-stage in the development 
community, especially in terms of framing the intellectual debate about 
development. I 

The author was an active participant in this debate in the World Bank. during his 
tenure as the Senior Water Advisor at the Bank during the period from 1995 to 
2005. A description of the war over infrastructure pOllCy in the Bank during that 
period has been described in detail in Chapter 13 of Sebastian Mallaby's The 
World's Banker, the definitive history of the Bank during this penod (Sebastian 
Mallaby. 2004). 
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To understand how the development community has responded to 
these results, it is necessary to start with an understanding of the way 
in which major development institutions are governed, with the World 
Bank an instructive illustrative example. The World Bank lends to 
developing countries through two main "windows"-about 75 per cent 
of lending is done at market rates through the IBRD; about 25 per cent 
is done through heavily-subsidised rates through IDA to poor countries. 
One might expect that hard-lending-window thinking (IBRDJ would 
dominate the intellectual landscape in the Bank, both because it is the 
longest-serving instrument but also because of its numerical dominance. 
The reality is just the opposite, for reasons described by the author of 
the official history of the World Bank. In a brilliant analysis, Devesh 
Kapur (2002) shows how, in recent decades the IDA tail has come to 
wag the IBRD dog. The roots of this paradox are a contrast in the 
politics of raising capital. Raising capital for the IBRD window is a quiet 
and largely invisible process of issuing bonds, and selling these to long
term institutional investors. By contrast, raising capital for IDA is a 
highly-political,permanent process in which the World Bank goes 
around to the capitals of the rich world with cap in hand. As with all 
charitable transactions, he who pays the piper calls the tune. In this 
case rich countries use the leverage of IDA to impose the view of their 
constituents who are interested in development on the World Bank. 
Central to this process is the rapid increase in activism by rich country 
NGOs who have either a charitable, paternalistic view of development or 
a profoundly anti-capitalist view of the development process. As 
described in Sebastian Mallaby's (2004: 8) seminal description of the 
recent history of the World Bank, rich-country NGOs have come to 
exert a huge influence on the development policies of their 
governments, and have often had a fundamental aim of re-shaping the 

World Bank to conform to their image of development. And what is this 
vision? In many ways it could be described as leaping directly from 

poverty to a welfare state, without the intermediate step of developing a 
productive economy. The Millennium Development Goals (MDGs) are 
the perfect articulation of this view-they prioritise services such as 

health, education, basic water and sanitation-but say nothing about 

the economic processes which have underpinned the development of 
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such services in now-rich countries. The MDGs are quiet on the 

fundamentals of economic growth-on the investment climate, and on 
investments in critical institutional and physical infrastructure for 
agriculture, transport, energy and water resources. 

The ironies in this process are astounding. The NGOs incessantly 

complain that "the developing world is not adequately represented in 
institutions like the World Bank" and incessantly complain about "the 
World Bank imposing conditionality on developing countries". Yet they 
specifically target instruments like IDA, where the developing world has 

no voice, to impose extreme conditions which the developing country 
members of the World Bank would never voluntarily accept. They focus 
exclusively and heavily on "sins of commission" ("was anyone adversely 
affected by this process?") and ignore the sins of omission ("how many 
people were harmed by not doing this project"?) 

The recent debate over large dams at the World Bank provides an 
illustration of how this ';orks in pra~tice. In the early 2000s the staff of 
the World Bank advocated, for the first time in decades, that the Bank 
again finance politically-incorrect large dams. A major World Bank 
consultative process (World Bank, 2002) elicited views on the Bank's 
proposed re-engagement with "high-risk, high-reward" water 
infrastructure from different groups of "stakeholders". There was strong 
support for Bank engagement across the spectrum in developing 
countries - from governments, the private sector, academics and most 
NGOs. But there was strident opposition from rich country NGOs 
whose views were, strikingly, very close to those of representatives of 
rich country aid agencies. These divergences were not hidden but 

highlighted, in particular to the developing country members of the 

Board of the World Bank. 

The debate at the Board was, for once, dominated by India, China, 

Brazil, and African countries, who strongly ~upported this policy change. 

The Executive Directors for the rich countries were uncharacteristically 
reticent in the face of the concerted and strongly-felt views of the 

developing country owners of the Bank. But the matter did not rest 
there, but descended to the subtle blackmailing which characterizes the 
formulation of development policy. As the World Bank Vice President in 
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charge of this process returned to his office from the first of these 
exchanges at the Board, the representative of one of the major rich
country owners of the Bank! who had not said a word at the meeting, 
was on the phone. IIIf this is the position taken by the Bank, then you 
must realize that this will put our contribution to IDA in question. II 

This is the way in which the IDA tail comes to wag the IBRD dog! 

Sebastian Mallaby has described (Sebastian Mallaby, 2004) the toxic 
effects of this reality on the World Bank and the broader process of 
development. Jim Wolfensohn assumed the Presidency of the World 
Bank at the height of the red-green NGO onslaught on the Bank. One of 
the first issues he faced was a decision on Bank support for a medium
sized run-of the-river hydropower project (Arun) in Nepal. The project 
was assailed by the "there is no such thing as a good dam" NGOs. 
Wolfensohn had strong links with these NGOs and wanted to buy peace 
with these critics land their rich country supporters on the Board of the 
Bank). Within the Bank there was a line of reasoning which said that 
the project was IItoo big" for the economy of Nepal (ignoring the fact 
that neighboring Bhutan, a fraction of the size of Nepal, had blossomed 
as a result of much larger-scale hydropower development). Using this fig 
leaf of economic analysis, Wolfensohn's first major symbolic act as 
President of the World Bank was to withdraw Bank support for the Arun 
project. 

With Wolfensohn!s support! the Bank subsequently joined with the 
IUCN to launch what was intended to be a broad-based multi
stakeholder effort to define new standards for the construction of large 
dams. What happened was that the World Commission on Dams 
(WCD) was hijacked by the anti-dam NGOs "who have no off switch" 
(Sebastian Mallaby, 2004). In a remarkable, gloating piece (McCully, 
2005), the NGO leader of this capture described in detail, for the benefit 
of other such efforts in the future, how the radical NGOs had no 

intention of compromise, how they were able to ensure that developing 
country governments had no voice! how they were able to blackmail 

moderate NGOs and how they now intended to shove these standards 

down the throats of developing country governments who the NGOs 
had effectively excluded from the WCD process. A central analytic 

decision implicit in the WCD report was that only direct impacts of 
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large dams should be counted as benefits. The final WCD report 
prescribed guidelines which would, if followed, mean that no large dam 
could ever be built again. 

To every reaction there is, eventually, a reaction. When the Board of 
the World Bank considered the WCD report, there was vociferous 
opposition from many developing countries to the Bank adopting the 
impractical WCD guidelines. From the perspective of this chapter, it is 
relevant to note that an important element was the perception of how 
indirect benefits were dealt with in the report of the WCD. Just as there 
had been deep disquiet in the 1950s in the US Congress about OMB's 
proposal to exclude indirect benefits, so too there was now disquiet 
among developing countries about the application of the "indirect effects 
do not count" philosophy in developing countries. Developing countries 
noted, repeatedly, that major water infrastructure had been a platform 
for the development of most now-rich countries, and that the major 
emerging developing countries-India, China, Thrkey, Brazil-had all 
invested heavily in major infrastructure. Developing countries "with 
choices" (such as India, China, Turkey and Brazil) were unequivocal that 
they would continue to build major water infrastructure. Developing 
countries "without chOices", who depend on the goodwill of the World 
Bank and other development partners, insisted that it was immoral for 
rich countries who had such infrastructure deny them the right to 
develop. 

The unwillingness of the developing countries to have their voice 
stifled (led by the "countries with choices") set the stage for a new 
World Bank policy which emphasised that institutional reforms were 
necessary but that, so too was major water infrastructure (World Bank, 
2003). The increaSingly self-confident developing country members of 
the Board of the World Bank, led by India and China, insisted
successfully-that major infrastructure was essential for development, 
and that the World Bank must re-engage across the board. As described 
by the Chinese Executive Director, the debate had not just been about 
dams and infrastructure, but had changed the de facto governance of the 
World Bank (Sebastian Mallaby, 2004). This was a historic turning 
point, in which increasingly-independent, powerful and confident 
developing countries were no longer willing to be objects of recipes 
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decided by rich country NGOs and governments who did not have to 
live with the consequence of their decisions. 

This re-thinking of the role of infrastructure in development-of 
which the current book constitutes an important part-and the re
calibration of governance structures in major multilateral institutions 
has had a major practical impact. Over the last five years infrastructure 
in general and water infrastructure in particular, has again become a 
legitimate area for engagement by the World Bank (and the regional 
development banks). Tust as Tim Wolfensohn's early decision to drop 
Arun was highly symbolic, so too was his declaration, mid-way through 
his presidency that "it is important that we have a balance between the 
Berkeley mafia and the Chadians ... and I, for my part, am more 
interested in the Chadians" (Sebastian Mallaby, 2004). Fittingly the 
focus of Wolfensohn's last Board meeting was the approval of another 
controversial dam-the Nam Theun 2 project in Laos. The two 
following Presidents of the World Bank, Paul Wolfowitz and Robert 
Zoellick, have both strongly supported Bank engagement in major water 
and other infrastructure. 
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