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Summary

This paper explores the linkages between public investment, growth and poverty reduction, with the
aim of providing an overall view of existing theories, evidence and methods, and of examining
ways to provide better guidance to policy-makers in the use of available techniques and information
to set priorities for public investment. This is particularly important at present, as we are once again
witnessing pressure for substantial increases in public investment in developing countries, because
of the slow rates of progress toward the targets contained in the Millennium Development Goals,
especially in sub-Saharan African countries.

There are several channels through which public investment might affect the economy. We review
the theory behind these channels, distinguishing the macro from the micro effects. At a macro level,
we discuss the potential impact of public investment on growth, investment and aggregate
productivity. We then explore the possible micro-economic effects of public investment, which
include a more sectoral approach, at the level of the firm, but also an analysis of household income,
poverty and income distribution. We explain the need for a general equilibrium framework to
capture the extent to which all these effects might appear and combine.

Existing evidence on the poverty impact of public investment is hardly conclusive, but points to a
number of interesting issues. The link between public investment and growth is not proven.
Although there is more evidence that public capital is productive, in the sense that it complements
private capital and other factors of production, there is a clear need to be careful with the choice of
the optimal investment level and allocation across sectors. The case for a rise in public investment
needs to be assessed on a country-by-country basis, according to the structure of its economy and its
initial physical public capital stock. There is also abundant evidence, although sometimes
controversial, on the poverty impact of public investments in areas such as transport and
communications, irrigation and agricultural research and development (R&D).

Methods for assessing ex-ante the impact of public investment on poverty reduction, and therefore
guiding policy decisions, also need to be divided in two categories: those aimed at appraising a
specific investment project, and those guiding inter-sectoral allocation decisions. From a technical
viewpoint, cost-benefit analysis remains the ideal method of determining the desirability of most
types of public investment in any given country. However, resource and informational constraints
mean that full cost-benefit analysis cannot always be carried out. Researchers need to continue
developing, refining and disseminating less information-intensive alternatives. Such approaches
should come with an assessment of the likely magnitudes of error to which they may be subject.

For some types of investment cost-benefit analysis is not appropriate. This includes all those
investments that provide outputs deemed by society to be basic human needs or rights. In such
cases, the benefits of investment are self-evident and do not need to be measured in financial terms.
The only relevant consideration in this case is choosing the least-cost method of meeting a given
need or right. When inter-sectoral comparisons are necessary, as in the case of assessing alternative
investment portfolios, computable general equilibrium (CGE) models can be particularly helpful.
These allow for quantitative macroeconomic analysis of a large variety of public investment
policies. Government spending can also be decomposed in a way that allows comparisons of
different policy choices.

The abundance of existing theories, evidence and methods on the poverty impact of public
investment, however, clashes with the reality of policy-making processes in poor countries, which
are often characterised by limited technical capacity, unavailability of detailed and reliable data,
heavy reliance on external assistance, and political interference which undermines a rational
approach to assessing policy alternatives.



There are four main messages that can be drawn from the overview contained in this paper. Firstly,
there is a need to expand current efforts at developing alternative methodologies which are less
information-intensive and which require lower technical capacity but can still generate useful
insights and inputs for policy-making processes. Secondly, access to existing data and information
at country level should be improved, by supporting the creation of repositories of policy-relevant
datasets, such as cost-benefit analyses (CBAs) carried out for past investment projects. This should
include the design and production of easy-to-access notes and documents to be utilised by policy-
makers to inform decisions regarding public investment options, highlighting the existing state of
knowledge within the country and selected findings from comparable country situations. Thirdly,
the use of CGE models should be widened to cover issues such as (a) trade-offs and
complementarities (inter-sectoral, inter-temporal, inter-regional, etc.) among different investment
portfolios; (b) ‘threshold effects’ that could affect the effectiveness of different investment choices;
and (c) cross-country implications of public investment at the regional level. Finally, there needs to
be a better understanding of the dynamics of policy-making processes in poor countries, to make
sure that information and methodologies are better suited to providing relevant inputs to policy-
makers, and enhancing the poverty orientation of public investment choices.

vi



1 Introduction

1.1 Background

The UN Millennium Project (2005) has re-emphasised the need for a ‘big push’ strategy in public
investment to help poor countries break out of their poverty trap and meet the MDG challenge. The
report argues that, to enable all countries to achieve the MDGs, there should be identification of
priority public investments to empower poor people, and these should be built into MDG-based
strategies that anchor the scaling-up of public investments, capacity-building, resource mobilisation,
and official development assistance. Seven main investment-and-policy clusters are identified in the
areas of rural development; urban development; health systems; education; gender equality;
environment; and science, technology and innovation. Dramatic increases in external aid flows, to
the tune of 0.54% of rich countries’ gross domestic product (GDP) by 2015, are seen as the
inevitable source of the necessary finance, given the lack of domestic resources in many countries.
This ‘big push’ strategy is designed to set low-income economies on a growth path that will become
self-sustainable, as core investments in infrastructure and human capital will enable poor people to
join the global economy and establish the basis for private-sector-led diversified exports and
economic growth.

However, the contribution of public investment to growth and poverty reduction has not always
been as positive or as significant as one might expect. Despite the development of increasingly
sophisticated methods for assessing the desirability of public expenditure during the 1960s and
1970s, large increases in public investment in many developing countries between 1974 and 1982
often yielded few returns (Little and Mirrless, 1990; Easterly, 2001). There are, of course, many
possible reasons for this, including some unconnected with public investments (e.g. declining terms
of trade for developing country exports). Nevertheless, there is a possibility that at least one of the
reasons was that the methods available to assess the desirability of public investment alternatives
were flawed, badly implemented, or ignored.

Looking at methodologies for assisting policy-makers in deciding an optimal investment portfolio
is, therefore, fundamental in furthering our understanding of the linkages between public
investment, growth and poverty reduction, and of the ways in which economic policy-making can
become a better tool for promoting positive development outcomes and reaching the MDGs. In
recent years, there has been an increasing interest in Public Expenditure Management (PEM)
systems, and the ways these can deliver on a government’s poverty reduction objectives. In the
1980s and 1990s the focus was largely on macroeconomic stability and aggregate fiscal discipline
whereas more recently, criteria for resource allocation and issues of efficiency and effectiveness of
public spending have come to the fore, highlighting the importance of the role of government in
determining the ‘pro-poorness’ of growth paths and public investment policies (Wilhelm and
Fiestas, 2005). However, figuring out the likely aggregate effects of alternative policies, and their
impact on the well-being of various social groups, remains a difficult task (Paternostro et al., 2005).

The difficulties related to the definition of appropriate resource-allocation criteria may also derive
from what has been termed the ‘basic budgeting problem’, or the stated impossibility of ‘defining a
comprehensive utility function or decision-making mechanism that can satisfactorily reconcile the
competing claims of different interests for resources across the whole public sector’ (Fozzard, 2001:
44).

These findings, although not very encouraging, point to a contradiction which needs to be urgently
addressed. On one hand, there exist a number of techniques and methodologies for assessing the
impact of public investment on growth and poverty reduction. Information on these methods and
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evidence is contained in a diverse range of sources, not all of which are easily accessible. Moreover,
much of the material is highly technical and not adequate for use by non-specialists. On the other
hand, the reality of the policy process and of political cycles in many poor countries is not often
conducive to a rational approach to policy-making and resource allocation. Investment choices are
made without an appropriate assessment of available alternatives, and follow political rather than
technical priorities. Donor advice is not always followed, and is often deemed inadequate to local
context or ideologically biased. The kinds of evaluations that would benefit the policy process too
often remain in academic and donor circles, and fail to have adequate influence on key policy
decision-making processes.

A solution to this contradiction is doubly important at present, as we are once again witnessing
pressure for very large increases in public investment in developing countries, because of the slow
rates of progress toward the targets contained in the MDGs, especially in sub-Saharan African
countries.

1.2 Objective

This paper will explore the linkages between public investment, growth and poverty reduction, with
the aim of providing an overall view of existing theories, evidence and methods, and of looking at
possible ways to provide better guidance to policy-makers in the use of available techniques and
information to set priorities for public investment. It is addressed to key decision-makers in low-
income country governments (e.g. in finance and sector ministries and central banks), and to donor
agencies which support public investment projects in developing countries.

The paper is not meant as an exhaustive review of all existing material, but simply as a summary of
the main contributions and findings. The added value of this paper is in it bringing together much of
this diverse material into a single publication, and presenting the information in such a way that it
will be accessible to non-specialists.

1.3 Definitions

We define (net) public investment as public expenditure that adds to the public physical capital
stock. This would include the building of roads, ports, schools, hospitals etc. This corresponds to
the definition of public investment in national accounts data, namely, capital expenditure. It is not
within the scope of this paper to include public expenditure on health and education, despite the fact
that many regard such expenditure as investment. Methods for assessing the poverty impact of
public expenditure on social sectors such as health and education have been well covered elsewhere
in recent years (see for example, van de Walle and Nead, 1995; Sahn and Younger, 2000; and
World Bank, 2002).

It can be argued that the distinction between public investment and public spending in general is not
particularly useful. Firstly, public investment projects may (and often do) include large current
expenditure components. Secondly, in terms of poverty impact, it may make more sense to look at
the total of public spending rather than just its capital component. However, for the purpose of this
paper, the focus on public investment is justified by the renewed emphasis on reaching the MDGs
through ‘big push’ strategies based on increased levels of investment, and by the need to provide
more specific guidance for policy-makers on how to make public investment choices.
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As is well known, poverty is multi-dimensional. There are several different indicators of well-being
(e.g. education, health, nutrition, security), and a minimum level deemed acceptable by society
associated with each. A general formula for the amount of poverty in any one dimension of well-
being is:

1 & Z; =)y N
PWZZ[—"Z j (1)

where y; is the level of welfare indicator j achieved by individual 7, and z; is the minimum level

of indicator j deemed acceptable (i.e. the poverty line for indicator j). The parameter a determines
the precise measure of poverty to be used. If a = 0, P, is the poverty headcount (the proportion of
people below the poverty line). If a = 1, P, is the ‘poverty gap’ (defined as the average amount by
which levels of the welfare indicator ; fall below the poverty line)."

One might argue that it is most informative, and most honest, to keep separate the information on
the amount of poverty in each different indicator (e.g. Deaton, 1997). However, it is often useful to
combine information on the amount of poverty in the different dimensions into a single aggregate
measure of poverty. There are two main ways of doing this. The first involves estimating the
amount of income required to attain each of the k poverty lines. Two well known examples of
income poverty lines are the US$1-a-day and US$2-a-day measures proposed for international
poverty calculations and comparisons by the World Bank.> The second approach involves
constructing a weighting system that reflects the relative importance that society places on each
different welfare dimension. However, such a system could be criticised as being arbitrary.

A more elaborated definition of poverty will also consider the ‘capability’ of the poor, as the Sen
approach to development defines it. Improving access to education and health services for the rural
population in remote areas can be seen as part of this enabling process. Public investment in roads,
transport, telecommunication infrastructures and sanitation could be considered as capability-
improving factors, which will reduce the vulnerability of the poor, especially in the context of an
unequal geographical distribution of public and private services.

There are different definitions of the term pro-poor growth. On the one hand, some define it as
economic growth that benefits the poor proportionally more than the non-poor, in the sense that it
increases their income levels more than those of the non-poor (e.g. Pernia, 2003). Others define it as
economic growth that is associated with reductions in absolute poverty (e.g. Ravallion and Chen,
2003; DFID, 2004). Recent debates around these different definitions of pro-poor growth are
summarised in a series of short pieces by the UNDP International Poverty Centre (Zepeda, 2004;
Ravallion, 2004; Osmani, 2005). For the purposes of this paper, it is unnecessary to give an
objective statement as to which of these definitions is to be preferred. The most important point,
about which there is little disagreement, is that rates of poverty reduction depend both on the rate of
economic growth and on changes in distribution. To analyse the impact of public investment on
poverty, therefore, both channels need to be considered.

Equation 1 is referred to as the Foster-Greer-Thorbecke (FGT) equation. It defines a family of measures of absolute poverty in
any one welfare dimension, which vary according to the choice of poverty line and the choice of the parameter Q .

The most common way of calculating such lines is the ‘Engel curve’ method. This involves first estimating the relationship
between household calorie consumption per capita and total household expenditure per capita, and then selecting the level of
household expenditure at which the minimum specified calorie intake is just attained, on average. There is an important debate
about whether the resulting poverty line should be kept fixed, or whether it should instead be allowed to vary in response to
changes in average incomes, relative prices, and the supply of public goods and services. For further discussion of the Engel
method for estimating poverty lines, and its limitations, see Deaton (1997: 141-4). For discussions on the pros and cons of the
World Bank US$1-a-day and US$2-a-day income poverty lines, see Deaton (2001; 2003), Ravallion (2001), and the collection of
articles in the September 2004 edition of /n Focus (UNDP International Poverty Centre, 2004).
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1.4 Structure of the paper

The remainder of this paper is divided into four main sections. Section 2 summarises different
theories showing how public investment can affect poverty, via its effects on macro-economic
variables (e.g. economic growth) and individual firms and households. Both direct effects (e.g.
increased productivity) and indirect effects (e.g. relative price changes) are reviewed. Section 3
summarises recent empirical estimates of the size of these various effects in practice, and Section 4
explains how such evidence can be used by policy-makers to assess and make informed decisions,
ex-ante, about public investment policy. Section 5 concludes and provides some recommendations
for future research.



2 The poverty impact of public investment: theory

In this section, we consider theories behind the channels through which public investment can affect
poverty. We divide the discussion into two parts. The first (Section 2.1) discusses the effects of
public investment on economy-wide variables, and in particular on the rate of economic growth. In
the second part (Section 2.2), we consider the effects of public investment on individual households
and firms. Both are relevant in terms of analysing the impact on public investment on poverty.

2.1 Macro-economic effects

This section discusses the effects of public investment on economy-wide variables, and in particular
on the rate of economic growth. It is based predominantly on theoretical economic models in which
there is just one sector and one representative individual. In most cases these are market-clearing
models, in the sense that prices are assumed to adjust so that all factors of production are fully
employed.

In Sections 2.1.1 to 2.1.5 we examine five channels through which public investment can affect
economic growth, namely: complementing private capital, crowding-in private investment,
increased market integration, increased aggregate demand, and increased national savings. In
Section 2.1.6 we discuss the effects of public investment on other key macro-economic variables,
namely employment and the real exchange rate. Section 2.1.7 summarises, and discusses some of
the limitations of one-sector, single-individual models of the economy to analyse the effects of
public investment. This forms the starting point from which we go on to analyse, in Section 2.2, the
impacts of public investment at a more disaggregated level.

2.1.1 Complementarity between public and private capital

Most discussions on the effect of public investment on economic growth begin with the assumption
that public and private capital are complements. This is justified on the grounds that public and
private capital are made up of quite different things, with public capital consisting mainly of public
goods (e.g. roads, electricity supply) and private capital consisting of private goods (e.g. buildings,
machinery). In this case, the aggregate production function for an economy is of the form:

Y=A4-f(K,G,N,L), (2)

where Y is aggregate output, K is private capital (human and/or physical), G is public capital, N is
natural resources, L is the labour force, and 4 is the level of technology, or total-factor productivity.
When modelled in this way, an increase in the public capital stock raises aggregate output (see
Figure 1). It also raises the productivity of all other factors of production, including labour. If labour
markets are competitive, and labour supply is inelastic, an increase in the productivity of labour
leads to an increase in real wages.



Figure 1

Output

Public capital

When public and private capital are complements in this way, an increase in public investment will
raise a country’s rate of growth, at least up to a point. To illustrate, assume that Equation (2) can be
approximated by a Cobb Douglas function of the form:

y=A-k°g”" 3)

where y =Y/L is output per worker, k = K/L is private capital per worker, and g = G/L is public
capital per worker, and the parameters a and f represent the elasticities of aggregate output with
respect to private and public capital respectively. Assume also that the rate of private saving is

unaffected by the return to private investment (the case of elastic private saving is considered in
Section 2.1.2). The long-run or ‘steady-state’ level of output per worker (y*) is then given by:

yr= 47 Sp. o Sg r” (4)
5| |s

4

where s, is the share of private investment in national income, s, is the share of public investment
in national income, ¢, and ¢, are the rates of depreciation of private and public capital

respectively, and y=1- a- f 3 The prediction is that, in the long run, countries with higher rates
of public investment will have higher levels of output per worker (ceteris paribus). In the short- to
medium-run, as they approach their long-run steady-state level of output per worker, countries with
higher rates of public investment will have higher rates of economic growth (again, ceteris paribus).
Evidence on these predictions is described in Section 3.1.

Equations (2) to (4) could be extended to include several different types of public capital and
investment, each with a potentially different effect on long-run output per worker and economic
growth. Equation (3) could also be extended to a more general functional form. In this case, the
impact of public investment on economic growth will be more varied, and will depend on at least
four things, namely:

the kind of public investment;

the amount of investment;

the initial stock of public capital; and

the economic context in which investment occurs.

> Equation (4) is derived by solving the conditions for the steady-state level of output per worker to obtain expressions for the

steady-state levels of private and public capital per worker, and then inserting these formulae into Equation (3).
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For example, public investment in roads could have either a marginal or a dramatic impact on
productivity and growth, according to whether the initial road network was substantial or, on the
opposite so underdeveloped that it was a major impediment to the functioning of the economy.
Equation (2) could also be extended to allow public investment to affect the level of technology or
total-factor productivity, although separating out this effect in practice would be difficult, and for
this reason the existing specifications are most common.

2.1.2 Crowding-in private investment

Additional considerations arise when the rate of private saving is flexible, and adjusts in response to
changes in the returns to private investment. When public and private capital are complements,
public investment raises the marginal productivity of private capital. This raises the returns to
private investment and, if private savings are flexible, the amount of private investment. This
‘crowding-in’ of private investment in turn increases the rate of economic growth.

However, although public investment is almost certain to crowd in private investment when starting
from a low level, it is unlikely to do so at all levels. This is because increases in public investment
have a successively smaller positive impact on the returns to private investment, while the taxes
required to finance them have a constant negative impact. At some stage, therefore, it is inevitable
that increased public investment will ‘crowd-out’ private investment. Nevertheless, many
developing countries are in all likelihood a long way from this point, given their low levels of tax
revenues relative to GDP.

In the model of Barro (1990), three stages can in fact be distinguished, as shown in Figure 2. For
levels of public investment up to point A, public investment increases the returns to private
investment, the rate of private savings and the growth rate. This is the ‘crowding-in’ phase. After
point A, the (negative) effects of higher taxes offset the (positive) effects of more public capital on
the returns to private investment, and further increases in public investment lower the private
savings rate. Nevertheless, between points A and B, increases in public investment still raise the
growth rate, because public investment remains highly productive. This can therefore be described
as the ‘efficient crowding-out’ phase. Past point B, however, public investment is less productive,
and further increases lower both the savings rate and the growth rate. This is the ‘inefficient
crowding-out’ phase. The optimal level of public investment, as a share of GDP, is point B.



Figure 2

Growth rate

A B shareof public investment in GDP

Private savings rate

A B shareof public investment in GDP

Source: Barro (1990).

The Barro (1990) model assumes that public investment is financed through taxation. When
financed through borrowing, the effects of public investment on growth are complicated, and
depend on the assumptions made about time horizons and inter-generational altruism. This is,
therefore, more of a matter that can only be analysed empirically. For investment financed through
aid, several models predict the same inverse-U shaped pattern shown in Figure 2 (e.g. Lensink and
White, 2001), although for different reasons to the Barro (1990) model.

2.1.3 Market integration

In ‘new economic geography’ models (e.g. Fujita et al., 2001), improvements in domestic transport
and communications infrastructure can have significant effects on growth. There are two reasons for
this. The first is that, by lowering transport costs, firms’ profits are raised, as are (depending on the
characteristics of the labour market) the wages paid to labour. This generates a one-off boost to
average income. The second is that, by driving a cumulative process by which labour and other
resources move to a small number of core regions and/or cities in which (because of increasing
returns) levels of labour productivity are higher, an acceleration in a country’s rate of growth is
caused, which may well persist over several years if not decades. As we will see in Section 3, some
empirical studies (e.g. Easterly and Rebelo, 1993; Milbourne et al., 2003) have found evidence that
public expenditure on transport and communications has particularly large effects on economic
growth, providing some support for this hypothesis.

2.1.4 Increased aggregate demand

In Keynesian models of the economy, public investment affects the level of national income
through its effect on aggregate demand. Such models assume that, because of inflexible wages
and/or prices, economies sometimes operate at less than full employment. In such cases, an increase
in public investment would have an immediate positive impact on the level of national income,
followed by a successively smaller positive impact in a limited number of subsequent years.
Alternatively, for economies with some positive underlying rate of growth, a rise in public
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investment would initially cause growth to accelerate, followed by a gradual deceleration back to
the underlying rate. There are, in fact, many examples of such growth accelerations in developing
countries in recent decades, as shown by Hausmann et al. (2004), although it is not known what
proportion can be attributed to increases in public investment.

2.1.5 Increased national savings

It is also possible that public investment will increase economic growth simply by raising the rate of
national savings. Put simply, a government can, in some circumstances, increase the share of
national income that is saved by taxing consumption and investing the revenues this generates. For
this particular effect to occur, the rate of private saving must not fall significantly if public
investment reduces the returns to private investment. However, whether a government can raise
national savings in this way is, of course, contested. Most notable is the argument, referred to as
Ricardian equivalence and associated most usually with Barro (1974), that current generations will,
in response to a tax rise (fall), adjust their own savings downwards (upwards) by an amount that
leaves the national savings rate unchanged.

2.1.6 Other effects

Public investment is likely to affect not only the rate of economic growth, but also a range of other
key macro-economic variables. We do not have sufficient space to provide a full treatment of these
other effects here, and instead offer only a brief summary. First, in countries operating at less than
full employment, public investment will tend to increase the level of employment, at least in the
short-term, by stimulating aggregate demand.

Second, to the extent that public investment is financed from domestic borrowing, it will tend to
increase domestic interest rates which, like tax-financed public investment, may ‘crowd-out’ private
investment. This need not be the case, however, since public investment can also raise the returns to
private investment, as shown in Section 2.1.1. Furthermore, a certain amount of crowding-out of
private investment can still be efficient, from the point of view of maximising economic growth, as
was shown in Section 2.1.2.

Finally, to the extent that public investment is financed from external borrowing, or aid, it will tend
to appreciate the real exchange rate, and reduce the competitiveness of tradeable sectors of the
economy (the ‘Dutch disease’ phenomenon). It is often argued that this has an adverse effect on
growth, since (it is argued) tradeable sectors are typically the engine of productivity growth and
‘learning-by-doing’ effects. We do not have space to provide a detailed examination of this
hypothesis here. Nevertheless, Adam and Bevan (2004) show that the tendency for externally-
financed public investment to appreciate the real exchange rate is reduced, and may even be
reversed, when taking into account the ‘supply-side’ effects of public investment on productivity in
the tradeable and non-tradeable sectors.

2.1.7 Summary

The single-sector, single-individual models examined in this section have an important advantage,
being that they provide simple but consistent theoretical frameworks from which hypotheses about
the average impact of public investment can be derived and subjected to empirical testing.
Nevertheless, they possess important drawbacks. First, they say relatively little about the impact of
public investment on the distribution of income and welfare. Second, by aggregating across sectors,
they say nothing about the impact of public investment on the relative prices of goods and services,
which typically has significant distributional implications, and may also impact on economic
growth itself.
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An alternative theoretical approach is to start at the level of individual firms and households. One
can then gradually build a picture of the aggregate impact of public investment by incorporating a
wider range of direct and indirect effects of public investment, and by aggregating over
successively large numbers of firms and households. Such an approach generates less in terms of
directly testable hypotheses, but it is more relevant for predicting the impact of public investment
on a particular group of households (e.g. those below the poverty line) in a particular country
context.

2.2  Micro-economic effects

This section discusses the effects of public investment on individual firms and households. It is
divided into three main sections. Section 2.2.1 discusses the effects of increases in the quantity
and/or quality of public capital on firms’ profits and household welfare. Section 2.2.2 discusses the
effects of changes in the price of goods and services caused by public investment on firms and
households, while Section 2.2.3 discusses other effects, including changes in households’
disposable income resulting from the financing of public investment.

2.2.1 Quantity effects

One of the main effects of public investment is to increase the quantity and/or quality of public
goods and services. As is well known, the private sector will typically not supply public goods and
services, because they cannot charge a price for their use. They must instead be provided by the
government, through its ability to raise revenues from domestic taxation or foreign aid. In this case,
the amount of the good or service which is provided, and which any one firm or household can use
is in effect rationed. Nevertheless, additional investment can increase the quantity and/or quality of
this rationed amount, benefiting households and firms in the process.

To analyse these ‘quantity’ effects of public investment on firms, we will again assume that public
and private capital are complements, as in Section 2.1.1. However, we now assume that, from the
point of view of any one individual firm, the supply of public capital (which again may be of
several different types) is effectively fixed, whereas the amount of labour, capital and other inputs
used is under the firm’s control. We can then express the profit function of any one individual firm
as:

ﬂi:f(pi’gk’xj) 5)

where 7, is the profits of firm i, p, are the prices of the various goods and services produced or
used as inputs by the firm, Ek is the fixed amount of the various types of public capital to which the
firm has access, and x; is a set of other characteristics which affect the firm’s profits. The impact of

public investment (i.e. an addition to the stock of public capital of a given type) on the firm’s profits
is given by dr, / dG, . The size of this impact is likely to be smaller, the higher the initial level of

public capital, because of diminishing returns. It is also likely to vary across different types of
public capital, and different sectors of the economy.

Much public investment also provides direct welfare benefits to households, in the form of

increased quantity and/or quality of final goods and services. To analyse these effects, we will
assume a household utility function of the form:

V, :f(mhap_/azk)’ (6)
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where V, is the utility of household /4, m, is the disposable income of household %, p; are the

prices of the various market goods and services consumed by the household, and z, are the fixed

quantities of the various goods and services consumed by the household that are publicly provided.
The direct impact of public investment on household welfare is given by dV, /dz, . This will again

tend to be smaller, the higher the initial amount of the public good or service being provided,
reflecting, in this case, diminishing marginal utility. It will also vary according to household
preferences. Some households may simply value a particular public good or service more highly
than others (see Figure 3).

Figure 3
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The line ABC shows the budget constraint faced by a household where the amount of public good or service
consumed is constrained (at the amount A). An increase in public investment shifts the budget constraint to
A’B’C’, and the amount of the public good or service consumed to A’ (this assumes the household pays no tax for
the increased provision, and that there are no user charges). A household whose preferences can be summarised by
the indifference curves I(a) places a high monetary valuation on an increase in the supply of the publicly provided
good. However, a household with preferences summarised by the curves I(b) places a much smaller valuation.
Because household preferences for public goods are difficult to observe, this makes it difficult to say what the
distributional effects of public investment are.

2.2.2 Price effects

Additional considerations arise to the extent that public investments change the price of the various
market goods and services used and/or produced by firms, and consumed by households. This may
occur for two reasons: first, when the public good or service being provided is either a substitute or
a complement to other market goods and services consumed by households or used by firms; and
second when the good or service being provided by the government is not in fact a pure public
good, and instead simply contributes to existing private sector production.

The effect of price changes on households can be analysed using the utility function shown in
Equation (6). The impact of a change in the price of a market good or service on household utility is
given by dV, /dp, . This is positive for price declines and negative for price decreases. The size of

the effect is greater, the larger the households’ initial consumption of the good or service which has
changed in price. It is also greater, the more difficult it is for households to substitute consumption
away from goods or services which have risen in price, and the easier it is for households to
substitute consumption towards the good or service which have fallen in price.
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Similarly, the effect of price changes on firms can be analysed using the profit function shown in
Equation (5). In this case, the impact is given by dz,/dp, . For goods produced by the firm, this is

positive for price increases and negative for price decreases; for goods used as inputs it is negative
for price increases and positive for price decreases. In each case, the size of the effect is greater (in
absolute terms), the larger the firms’ initial production (or use) of the good or service which has
changed in price. It is also greater, the easier it is for firms to expand production of goods (or reduce
use of inputs) which have risen in price, and to reduce production of goods (or increase use of
inputs) which have fallen in price.

For small price changes, one can reasonably assume that firms’ and households’ consumption and
production decisions are left unchanged. In this case, the impact of a change in the price of a good
or service on any one individual firm or household can be expressed as:

th — th . pi (yhi - qhi)
dlnp, dlnx, X,

(7

where y,. is the production of the commodity, ¢, is the consumption of the commodity, x, is the
total money income of the firm or household, and dV, /d Inx, is the household or firm’s marginal

utility of income (Deaton 1997: 184-5). This equation is used often in empirical applications to
estimate the differential impact of price changes on households, particularly farm-households (for a
recent review see McCulloch, 2003).

Estimating the likely changes in the prices of market goods and services caused by public
investment requires the use of modelling techniques, which span from simple partial equilibrium
approaches to more detailed general equilibrium approaches. The advantage of the latter is that they
take into account the effect that increased investment in one sector has on levels of prices and
output in others.

2.2.3 Other effects

Public investment will have further implications for a household’s disposable income to the extent
that it is financed by direct taxes. The incidence of direct taxes will typically differ across
households, depending on the government’s tax policy, and on the amount by which households
adjust their behaviour in response to a given tax policy. (The impact of indirect taxes can be
analysed through their effects on prices.)

Some public investment also imposes implicit non-income taxes on households. An example would
be a resettlement programme, which can impose substantial non-income (psychological) costs on
households that have to move, particularly when they are not subject to negotiation. Such implicit
taxes might be offset in some way by compensatory payments by government, but also might not.
When resettlement is not compensated, it can be a highly regressive form of taxation (i.e.
uncompensated resettlement is more often imposed on poorer households than on richer
households).

The fact that much public investment is financed by direct taxation means that policy-makers need
to weigh up the benefits for households subject to the quantity and price effects described above, as
against the costs of direct taxation. It also means that the net impact of public investment on
household welfare may be positive or negative, depending on the (difficult to observe) household’s
preferences (see Figure 4). For more information on this, see Aaron and McGuire (1970), Brennan
(1976), and Cornes (1992; 1995).
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Figure 4
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Figure 4 shows the case of an increase in the amount of a publicly provided good or service, financed through a
direct income tax. The initial budget constraint is shown by the line ABC; the budget constraint following the
increased provision is shown by A’B’C’. As shown, the change increases the welfare of households with
preferences I(a), but reduces the welfare of households with preferences I(b).

2.2.4 Summary

The discussion in this section shows that the impacts of public investment can be analysed at a
highly disaggregated level. Such an approach allows for the differential impact of public investment
across firms and households, and the ‘indirect’ effects of public investment which arise through
changes in the relative price of goods and services. These effects are likely to be significant in
practice, therefore the issues raised in this section are important. The main drawback to following a
highly disaggregated approach is that predictions of the effects of public investment on aggregate
variables, such as growth and employment, quickly become highly complex. This means that in
practice, both aggregated and disaggregated theoretical approaches are of relevance, both in terms
of assessing ex-post the performance of past investments and judging ex-ante the desirability of
future investments.
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3 The poverty impact of public investment: evidence

In this section we summarise the most recent empirical evidence regarding the various channels
through which public investment affects poverty. Such evidence is important for two reasons. First,
it provides empirical tests of the hypotheses derived from the theories outlined in Section 2. Second,
it allows policy-makers to make more informed choices, ex-ante, about the optimal level and inter-
sectoral allocation of public investment, as we show in Section 4.

3.1 Effects of public investment on economic growth

Several studies have looked at the impact of public investment on economic growth. One of the
earliest examples was Barro (1991). He found that the average share of public investment in GDP
had a positive, but statistically insignificant, impact on economic growth over the period 1960-85.*
This was followed by a study by Easterly and Rebelo (1993), which extended the analysis in two
directions. First, they included investment by public enterprises as well as that by central
government; and secondly, they distinguished between public investments in different sectors. In
contrast with Barro (1991), they found that public investment by central government had a positive
and statistically significant effect on economic growth. They also found that, of the different
sectors, investment in transport and communications had a particularly large, and statistically
significant, effect on economic growth.

Devarajan et al. (1996) challenged this finding. They distinguished between different types of
public expenditure, both by economic classification and by sector. The expenditure data were taken
from the IMF Government Financial Statistics, which disaggregates expenditure according to: a)
economic classification (capital, current); and b) functional classification (e.g. defence,
administration, transport, health, education). Devarajan et al. also expressed each expenditure
category as a proportion of the total budget, rather than the absolute amount, thus taking into
account the public budget constraint (each expenditure category can be increased only at the
expense of others). In contrast with Easterly and Rebelo (1993), they found that public capital
expenditure had a negative, and statistically significant, effect on growth, as did public expenditure
on transport and communication.

More recent studies of the effects of public expenditure on growth have included Aschauer (2000)
and Milbourne et al. (2003). Both test the predictions of a neo-classical growth model in which
public capital is a complement to private capital, and find that public investment has a positive and
statistically significant impact on economic growth.’ Of the different sectors, investments in
transport and communication and in education have the largest impacts on growth (the effects of
investments in agriculture, health, housing and industry are not statistically significant).

Despite the more optimistic results of these more recent studies, it is difficult to draw any firm
conclusions from this evidence. Two careful studies examining the robustness of results from cross-
country growth regressions (Levine and Renelt, 1992; Sala-i-Martin, 1997) report that no measure
of public expenditure, including public investment, can be said to have a robust effect on economic

Barro (1991) also found that the ratio of public consumption to GDP (not including spending on education and defence) had a
negative effect on economic growth, which is consistent with the model outlined in Section 2.1.2 (although note that public
consumption spending may well still be desirable, even if it lowers the rate of growth of output per capita, if it provides direct
welfare benefits to households).

They also found that current expenditure had a statistically significant positive impact on economic growth, in contrast with
Barro (1991).

Each study uses version (5.6) of the Penn World Table for the ratios of public and private investment to GDP. This is an updated
version of the same dataset used by Barro (1991). Milbourne et al. (2003) also use the data on public investment by sector
collected by Easterly and Rebelo (1993).
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growth.” Milbourne et al. (2003) note that, when allowing for possible reverse causation,
uncertainty about the size of their estimates increases substantially, especially those that relate to
the effects of investment in different sectors on economic growth.

Part of the difficulty is that, in all likelihood, the efficiency of public investment — in other words,
the impact of investment spending on the size and quality of the public capital stock — varies
substantially across countries (Pritchett, 2000). This obscures the underlying relationship between
public capital and private sector productivity under observation. For this reason, some researchers
have looked at the effect of direct measures of public capital and infrastructure on economic
growth. We discuss these studies in Section 3.2 below.

3.2 Effects of public capital on productivity

As described in Section 2.1, the starting point for many analyses of the impact of public investment
is that public capital is complementary to private capital and other factors of production, and is
therefore ‘productive’. One of the first direct tests of this hypothesis was provided by Aschauer
(1989), in a paper entitled ‘Is Public Investment Productive?’. This showed that public capital in the
United States was indeed productive, and that much of the decline in private sector productivity in
the country between 1970 and 1985 could be attributed to insufficient public investment and a
decline in the public capital stock.

A substantial number of papers have followed on from the work of Aschauer (1989). Here we
summarise some notable examples, although for an exhaustive review of empirical studies assessing
the productivity of public capital the reader is referred to Gramlich (1994) or, more recently, Hurlin
(1999). One interesting piece of work comes from Dessus and Herrera (1996), who respond to
criticisms of the original Aschauer (1989) paper regarding bias in the results due to common trends
and long-term stationarity. They focus on 28 developing countries between 1981 and 1991, and
confirm Aschauer’s finding. They find that the elasticity of national product with regard to public
capital is in fact higher than that for private capital. This was among the first studies to include
developing countries into the empirical literature on this issue.

A further example of this approach is Canning and Bennathan (2000). They estimate the marginal
products of two types of infrastructure — electricity-generating capacity (measured in kilowatts), and
the length of paved roads — using cross-country data for the period 1960-2000.° Their results
suggest that the marginal productivity of public capital varies considerably across countries, but that
on the whole, much higher levels of infrastructure provision are warranted.

More recently, Calderon and Serven (2004) construct country-level indices of the quantity and the
quality of public infrastructure. Their index of infrastructure quantity is based on the number of
telephone mainlines, electricity-generating capacity, and total road length per km?, while their index
of infrastructure quality is based on the waiting time for a telephone connection, the share of paved
roads in total roads, and the efficiency of electricity generation. They find that the quantity of
infrastructure, although not the quality, has a large and statistically significant impact on GDP.

Robustness means that a variable retains a statistically significant impact on economic growth under a variety of alternative
econometric specifications. Both studies tested the robustness of approximately 60 variables found to have a statistically
significant effect on growth in at least one specification.

The authors use panel-data co-integration methods to avoid the econometric problems of reverse causation and omitted variable
bias. They estimate both Cobb-Douglas and more general trans-log production functions. They recognise that their measures of
the infrastructure quantity are subject to various biases. Earlier examples of their underlying approach include Sanchez-Robles
(1998), Canning (1999) and Canning and Pedroni (1999).
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A number of other studies have examined the impact of different types of public capital on
productivity at the sectoral level. One interesting contribution is Binswanger et al. (1993), who
estimate the impact of irrigation and roads on agricultural productivity in India. They find that
public investment in irrigation has a direct effect on food production and the productivity of the
agricultural sector, while the development of road infrastructure reduces the transaction costs and
improves the functioning of markets significantly, by allowing producers access to markets. In
another study of India, Mitra et al. (1998) find that public infrastructure has a positive, large and
statistically significant impact on productivity and technical efficiency (as measured by total factor
productivity) in the manufacturing sector.

3.3 Effects of public investment on poverty and inequality

Some recent studies have estimated the effect of public expenditure, including public investment
expenditure, on poverty. Using cross-country data, Gomanee et al. (2003) and Mosley et al. (2004)
have estimated the effects of government expenditure in different sectors on the US$1-a-day
poverty headcount, holding the level of GDP per capita constant. They find that higher government
expenditure on education, agriculture, and housing and amenities (water, sanitation and social
security) all have a negative and statistically significant impact on poverty, presumably by shifting
the distribution of income in a pro-poor direction, since the level of aggregate income is held
constant in their regressions.

Other studies have used cross-state data, particularly in India where state-level data are high-quality
and stretch far back in time. Fan et al. (1999), for example, estimate the effect of public expenditure
on levels of rural poverty across Indian states, distinguishing between expenditure on rural
education, targeted rural development, public health, irrigation, power generation, agricultural
R&D, and rural roads. They find that agricultural R&D, rural roads, rural education and targeted
rural development expenditure all have negative and statistically significant effects on rural poverty.
Of these, spending on agricultural R&D and rural roads has by far the largest impacts on both
growth and poverty reduction.’ Fan et al. (2002) conduct a similar analysis of the effects of public
expenditure on rural poverty across Chinese provinces, distinguishing between expenditure on rural
education, targeted poverty alleviation, telecommunications, irrigation, power generation,
agricultural R&D, and rural roads. They find that spending on rural education has the largest impact
on poverty, followed by spending on agricultural R&D and then by spending on rural roads. More
recent studies on India, China, Uganda and Thailand include Fan et al. (2004a) and Fan et al.
(2004b).

In a similar fashion, Datt and Ravallion (2002) estimate the determinants of differences in the rate
of reduction of the poverty headcount across Indian states over the period 1960-94. They find that
state government development spending has a large and statistically significant effect on poverty
reduction, even when controlling for changes in agricultural and non-agricultural productivity and a
time trend.

3.4 Effects of public capital on poverty and inequality

We end this section by summarising the results of some recent studies which have looked more
directly at the effect of different types of public capital, as opposed to public expenditure on public
capital, on poverty or inequality. Calderon and Serven (2004) estimate the effect of their indices of
infrastructure quantity and quality on inequality, as measured by the Gini coefficient. They find that

For each category of expenditure they calculate the marginal impact of public expenditure (in units of Rs 100 billion). This is
obtained by multiplying the elasticity of poverty with respect to public expenditure by the ratio of poverty to government
expenditure.
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both indices have a negative and statistically significant effect on the level of inequality. We have
been unable to locate any similar studies, although this work is likely to stimulate further work on
this issue. Some studies, however, have estimated the effect of infrastructure on poverty using
micro-econometric evidence. Deininger and Okidi (2003), for example, show that households in
Uganda that were connected to an electricity network in 1992 experienced much higher rates of
income growth over the period 1992-99 than households that were not.

3.5 Summary

This section shows that there is a large and increasing body of evidence on the impact of public
capital and public investment on productivity, economic growth, inequality and poverty. This
represents an important resource from which policy-makers can draw in order to make better public
investment decisions. This evidence shows that public capital is generally productive, in the sense
that it boosts output at the sectoral or national level, in addition to any direct welfare benefits
provided to households. Often, the boost to productivity from an increase in public capital is
significantly larger than that arising from an equivalent increase in private capital. The evidence
also shows that public investment expenditure is associated with greater poverty reduction, at least
in those countries with sufficiently detailed and reliable data on government expenditure and
poverty across states or regions to allow conclusions to be drawn. The main limitation with the
existing evidence, however, is that there are still relatively few studies of the impact of public
capital or investment in specific individual countries. This could be addressed in further work, as
we discuss in Section 5.
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4  The poverty impact of public investment: methods

In this section we ask a different question, namely: what methods can policy-makers use to assess,
ex-ante, the impact of public investment? There are two sets of questions which we address. In
Section 4.1, we look at methods used to assess whether a specific public investment project can be
justified: in other words, techniques of project appraisal. However, when discussing useful ways to
assist policy-makers, the importance of being able to make comparisons among investment
opportunities in different sectors in order to identify an optimal portfolio of public investment for
reducing poverty and achieving other social goals cannot be overstated. In Section 4.2 therefore, we
look at methods used to assess how a given amount (or additional amount) of investment
expenditure should be allocated across competing sectors or expenditure categories.'

4.1 Project appraisal

The standard technique for assessing ex-ante the merits of a proposed public investment project is
cost-benefit analysis (CBA). The basic principle of CBA is simple and well known. It involves
identifying all the people likely to be affected by a public project, and then measuring the net
impact of the project on each person — the benefits minus the costs — in terms of current money
income. A project is said to be justified if the weighted sum of all the net benefits is greater than
zero. The weights reflect the government’s judgement regarding the relative importance to be
attached to the project’s measured net benefits going to different members of society, including
those who have not yet been born.

Two fundamental questions in CBA are: a) how can all the different costs and benefits of a project
be converted into current money terms; and b) what weights should be used when adding up the net
gains or losses of different members of society. We consider briefly each of these issues in turn.

4.1.1 Measuring net benefits in money terms

The monetary impact of changes in the quantity or quality of additional public capital used by firms
is given by the marginal impact of public capital on firm profits, i.e. dr, / dG, in Equation (5) in
Section 2.2.1. Given time-series or cross-sectional information on farm profits and levels of public
capital, as well as the various other factors likely to affect farm profits, this can be estimated

econometrically. For recent estimates for irrigation investments in Vietnam, see van de Walle and
Gunewardena (2001).

The monetary impact of changes in the quantity or quality of final goods and services consumed by
households is given by households’ marginal monetary valuations of the goods being provided.
There are three main ways of calculating these valuations: the contingent valuation approach, the
travel cost method, and the hedonic pricing method.'" All have been used extensively in measuring
the benefits of ‘environmental’ public goods and services (e.g. national parks, air pollution, and

There is an additional issue, namely how policy-makers can decide on the optimal level of public investment, as well as its
allocation across sectors. Although the methods outlined in Section 4.2 shed some light on this question, they would need to be
combined with a fully-specified model of the macro-economy to provide a full treatment. For an exhaustive review of macro-
economic techniques more suited to the analysis of increases in aggregate public investment, the reader is referred instead to Part
II of Bourguignon and da Silva (2003).

Contingent valuation is a survey/questionnaire-based method that asks individuals how much they would be willing to pay for
some change in the provision of a public good. The travel cost method uses the amount that individuals spend travelling to and
from a public good (e.g. a park, a school, or a health clinic) to estimate their valuation of it. The hedonic pricing method uses
variations in the price of market goods to estimate the value of public goods (e.g. variations in property values between areas
with different levels of air or noise pollution). For more information about these approaches, see Mitchell and Carson (1989) or
Johansson (1987).
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noise pollution); for examples, see Mitchell and Carson (1989) or Johansson (1987). Their
application to measuring the benefits of other types of public goods (e.g. water and sanitation) has
been less extensive. However, Alberini and Cooper (2000) discuss applications of the contingent
valuation approach to the appraisal of anti-pollution measures in Taiwan and Thailand, to control of
tsetse flies in Ethiopia, and to public water and sanitation services in Burkina Faso, Brazil, Ghana,
Haiti, India, Nigeria, Pakistan, the Philippines, and Tunisia. Participatory Poverty Assessments
(PPAs), which typically ask respondents which public goods and services they need most, also
come close to the spirit of the contingent valuation approach; for a review see Norton (2001).

The equivalent monetary impact of small price changes is given by the right-hand term in Equation
(7) in Section 2.2.2. This can be calculated, given information on the shares of different
commodities in households’ and firms’ income and expenditure. This can be obtained from
household and/or firm surveys, the number of which has increased dramatically in developing
countries in recent decades, for example through the World Bank Living Standards Measurement
Surveys.'? For large price changes, information is also required on the elasticities of demand and
supply for those goods and services which have changed in price.

4.1.2 Weighting costs and benefits

When public investment raises the rate of growth, it increases the levels of income and consumption
that can be attained in the future. Converting these benefits into current value terms requires a
decision as to the level of discount rate to use. One argument is that, because of technological
progress, incomes tend to grow over time anyway. Combined with the assumption of diminishing
marginal returns to income, this implies that net benefits accruing to future generations should be
given less weight than those accruing to current generations. In the absence of any technological
progress, however, there are no strong normative or ethical grounds for weighting net benefits
accruing to future generations any differently to current generations.

When public investments also have distributional effects, CBA requires a decision as to whether to
weight differently the net benefits accruing to different households and, if so, how. There has been a
long and important literature on this issue. On one hand, it is argued that the most efficient way for
governments to achieve their distributional objectives is through the use of taxes and transfers. The
implication is that the net benefits of public investment projects going to different people need not
be weighted differently. This view was originally associated with the assumption that ‘lump-sum’
taxes and transfers — defined as those which have no effect on the behaviour of donors or recipients
— were possible.

On the other hand, it is argued that governments cannot achieve all of their distributional objectives
through the tax and transfer system, and that opportunities for ‘lump-sum’ taxes and transfers are
limited (e.g. Sen, 1972; Weisbrod, 1972; and van de Walle, 2000). Combined with the assumption
of diminishing marginal returns to income, the implication is that net benefits of public investment
projects should be weighted according to the level of income of the person to whom they accrue,
with greater weight being placed on net benefits going to individuals with lower incomes. This was
advocated, for example, in the study for the World Bank by Squire and van der Tak (1975).
However, there is no clear guidance as to what these weights should be, except in terms of it being a
normative matter that should be decided by a government in consultation with citizens.

12" One needs to be careful to include the opportunity costs of final goods and services when calculating these shares. For example,
one might underestimate the true cost of energy to poor households, to the extent that they spend significant amounts of time
collecting alternative sources of energy (e.g. firewood).
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4.1.3 Using CBA to assess poverty impacts

A special weighting system would be one which places zero weight on net benefits going to
households above an income poverty line, and a weight of one on net benefits going to households
below that line. In this case, the CBA would show the impact of the project on the welfare of the
poor, measured in money terms, which would correspond quite closely with the change in the
poverty gap measure of income poverty (assuming the CBA was carried out well).

However, many would question whether such a weighting system can be justified and/or is ever
likely to be used in practice. There are two reasons for this. First, governments are accountable to
all of their citizens, and generally cannot afford to implement policies that impose unlimited costs
on the non-poor. Secondly, even if society were to agree that such a weighting system was
appropriate in theory, the difficulty and controversy surrounding the estimation of poverty lines in
practice means that a ‘sliding-scale’ weighting system would be preferable to a 0—1 system. For
these reasons, proponents of CBA generally argue that the overall yardstick by which any public
project should be evaluated is social welfare, not poverty (although the two are closely related). The
point is expressed by Deaton (1997: 141):

Poverty measures are designed to count the poor and to diagnose the extent and distribution of
poverty, while social welfare functions are guides to policy. Just as the measurement of social
welfare can be an inadequate guide to poverty, so are poverty measures likely to be an inadequate
guide to policy.

The same applies to assessing the impact of changes in policy (e.g. trade liberalisation, tax reform).

4.1.4 Modelling price, wage and income changes

As discussed in Section 2.2.2, public investment often alters the relative prices of different goods
and services in an economy, the sectoral level of factor productivity and therefore wages and
household income. Anticipating the extent of these changes requires the use of modelling
techniques, which span from simple partial equilibrium approaches to more detailed analyses using
computable general equilibrium (CGE) models.

Computable General Equilibrium (CGE) models belong to the category of general equilibrium tools
which are particularly helpful in understanding the complex economic mechanisms that occur in a
given economy when the government undertakes public investment policies. CGE models represent
a country’s economy through all the flows that occur in a given year between its different agents or
entities. Broadly used and applied to developing countries by research institutions and development
agencies, they are a simulation tool, and are therefore especially helpful in understanding the
consequences of policy choices, as they allow feedback effects to be considered.”” Among other
advantages, CGEs only require data for a given year, unlike econometric models which require long
time series. However, they have to be tailored to reflect the economy of a country, taking into
account enough of its specificities, which implies a large informational requirement.

CGEs allow for quantitative macroeconomic analysis of a large variety of public investment
policies. Government spending can be decomposed in a way that allows comparisons of different
policy choices; Chen and Ravallion (2003), for example, use a CGE model to estimate the effects of
WTO accession on goods and factor prices in China. Each of the effects described in Section 2 can

3 Adelman and Robinson constructed the first model for Korea in 1978 which became a reference for various models simulating
the impact of economic policy on income distribution. For a recent review of the use of CGE modelling in policy impact analysis,
see Lofgren et al. (2003).
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be analysed and assessed using a model that takes into account country specificities. Price effects,
for example, result from a sequence of economic mechanisms, which could hardly be predicted or
analysed without a general equilibrium framework.

One advantage of CGE models is that they take into consideration the effects that increased
investment in one sector have on levels of prices and output in others. CGE models are more
commonly used to analyse the impact of changes in economic policies, as opposed to the effects of
particular investment projects. Nevertheless, CGE modelling can be developed in such a way that
allows for such a study, the prerequisite being to be able to formulate assumptions on the returns to
public investment and the way they should be captured, at the sectoral or aggregate level, to best
embody the country situation.

4.1.5 Alternatives to CBA

Resource and informational constraints mean that full cost-benefit analyses cannot always be
carried out. This means that there is a need for researchers to continue developing, refining and
disseminating less information-intensive alternatives. Such approaches should come with an
assessment of the likely magnitudes of error to which they may be subject.

A good example of this practice is van de Walle and Gunewardena (2001), who compare the net
benefits from irrigation investments in Vietnam calculated by ‘quick and dirty’ methods with those
calculated by ‘slow and clean’ methods. The ‘slow and clean’ method involves estimating, using
household survey data and econometric techniques, the effect of the amount of irrigated and non-
irrigated land on households’ net crop incomes. The method controls for various other influences on
crop income, and allows the marginal benefits of irrigated land to differ according to district, type
of household, and initial level of irrigated relative to non-irrigated land.

The ‘quick and dirty’ method, by contrast, involves simply calculating the difference between the
average crop income of farmers using irrigated land and those using non-irrigated land, and
interpreting the difference as the marginal benefit of irrigated land. The authors’ calculations show
that, if the cost of irrigation investments is low, both methods imply that benefits exceed costs. If,
however, the cost of irrigation investments is high, the use of the ‘quick and dirty’ method can
impose substantial costs, in that non-beneficial projects are accepted, and beneficial projects are not
accepted. The authors conclude that, at least in this case, the additional costs of data collection and
analysis required for the ‘slow and clean method’ are justified. However, in their review of actual
World Bank appraisal reports for irrigation investments, they found few evaluations that used
anything corresponding to such a method.

4.2 Inter-sectoral allocation

4.2.1 Benefit incidence analysis

Benefit incidence analysis has been used extensively in the analysis of public expenditure on health
and expenditure (for recent reviews, see van de Walle, 1998; Demery, 2000; Schwartz and Ter-
Minassian, 2000). The approach involves measuring the amount of some category of public
expenditure which is received by a certain household or group of households, typically deciles of
the population ranked by household income or expenditure. It is often argued that the results of
these studies should be used to guide inter-sectoral expenditure and/or investment allocations, and
in particular that relatively more public expenditure and/or investment should be allocated to those
expenditure categories in which a higher proportion of total expenditure is received by groups with
lower measured welfare. Such sectors are typically referred to as being more ‘pro-poor’.
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There are, however, two main drawbacks with this approach. First, benefit incidence analyses are
difficult to carry out for public investment expenditure, or public spending on infrastructure more
generally. Demery (2000) cites three reasons for this: it is difficult to assign consumption of
infrastructure services (e.g. water and sanitation) to individuals and/or households; government
subsidies are often channelled through public enterprises, which makes them harder to measure, and
public providers of infrastructure services often charge cost-based tariffs, which means that overall
subsidies from the government (at least for current expenditures) are small. Second, benefit
incidence analyses only indicate the distributional impacts of public expenditure, and say nothing
about its absolute impacts, on poverty or on economic growth.'*

This suggests that one should be cautious about using the results of benefit incidence analyses to
inform expenditure allocation decisions. The main exception is when use of, or access to, a public
good or service is considered a basic need or citizen’s right. In this case it identifies households that
are currently not achieving the given need or right, and in so doing provides an unambiguous case
for increased expenditure or investment allocation, assuming the need or right can be met through
additional expenditure.

4.2.2 Target based approaches

An alternative approach to making inter-sectoral investment decisions is that suggested by Ferroni
and Kanbur (1990). In this case, the choice of the optimal inter-sectoral allocation of public
expenditure is a problem of seeking to maximise welfare given a fixed fiscal budget constraint. This
can be expressed algebraically as:

Maximise } ijj(Gi,Y,z,inj), (8)
j

subject to

E G, =G and

k
G, >0,

where G, is government expenditure in sector £, X, is the achieved level of each welfare indicator
J, w, are the normative weights attached to each welfare indicator, z is a vector of other variables

that may affect each target indicator, and G is the total amount of resources available to the
government. The basic ‘rule’ in solving this problem is that an increase in expenditure in some
sector k is justified if it increases welfare, taking into account both direct and indirect effects, and if
no greater increase in welfare can be achieved by spending the same amount in another sector.

In implementing this approach, two main sorts of information are required. The first is the direct
impact of public investment on each welfare indicator; and the second is the indirect impact of
public investment on each indicator, via its effect on other welfare indicators. In the previous
section, for example, we summarised recent evidence regarding the impacts of public investment on
income and poverty. Given such information, the optimal values of G, can be calculated. The

calculations themselves are complicated, but can be made using specialist computer software.

4" Furthermore, they indicate the distributional impacts of accurately only under the strong assumption that all users of a public
project benefit by the same amount from a given amount of expenditure. Where different households benefit to a different extent
from a given amount of expenditure, they may not give an accurate indication even of distributional impacts.



23

One problem with the Ferroni and Kanbur (1990) approach is that it assumes that the total amount
of public resources available is fixed. By contrast, we often want to calculate the amount of public
resources (or additional public resources) which are required to meet a given set of welfare targets.
In this case however, one can simply re-express the problem as one of allocating public expenditure
across sectors, so as to minimise the amount of resources required to meet a given set of targets. In
algebraic terms, Equation (8) becomes:

Minimise ) G, ©)
k

subject to

X,G.zX,.,)>T,
G, 20,

where T, is the targeted level of each target indicator j, and z is a vector of other variables that may

affect any target indicator j. In this case, the basic ‘rule’ for expenditure allocation is that an
increase in government expenditure in some sector k is justified if it reduces a country’s distance
from one or more of the targets, taking into account its direct and indirect effects, and if a greater
reduction in that distance could not be achieved by spending the same amount in another sector.

Note that, unlike Equation (8), there is in Equation (9) no need to attach normative weights to each
welfare indicator. The weights are instead reflected implicitly in the relative size of the targets; the
higher the target for a given indicator, the higher the implicit weight placed on that indicator. The
best known set of targets is gathered under the Millennium Development Goals (MDGs), which
have been interpreted by many (e.g. UN Millennium Project 2005) as applying to each individual
country, as well as to all countries as a whole. However, they could be any set of development
objectives that a government sets for itself, following consultation with citizens. Once such targets
have been set, they provide clear guidelines for determining the allocation of public expenditure
across sectors.

There is however a more serious problem with this approach to inter-sectoral allocation issues.
Firstly, it is often difficult to estimate accurately what the effect of a given category of public
expenditure or investment on any given measure of welfare is. If, for instance, different investment
projects tend to be introduced simultaneously, it is almost impossible to isolate their individual
impacts on any subsequent change in welfare. One can often address this problem by comparing
levels of welfare between regions, states or countries with different levels of public investment (a
‘with and without’ approach). However, in this case, one cannot always ‘net out’ the effects of other
differences that may affect welfare (e.g. private sector productivity, which may crowd in public
investment for the reasons set out in Section 2.2.2).

Despite their promise therefore, the Ferroni and Kanbur (1990) approach, and variants of it, are
‘data-heavy’, especially when considering the reciprocal and complex interaction among the
different dimensions of standards of living. There is a further problem in that, because of the need
to estimate the effect of public expenditure on welfare using statistical methods, the choice of
welfare indicators to be targeted may be determined more by data availability, rather than what is
considered to really matter. Estimates of the effects of public expenditure tend also to be confined
to a small number of countries with the greatest data availability, and such results cannot
necessarily be assumed to apply in all other country contexts.
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4.2.3 CGE-based approaches

An interesting attempt to design something similar to a target-based approach related to the
achievement of the MDGs is being developed by the World Bank, and goes under the name of
MAMS (or ‘Maquette for MDG Simulation’). The MAMS model combines micro- and macro-
elements, with the goal of developing an economy-wide, dynamic CGE model that is able to
capture the combined effects of many of the key MDG-related policies and required foreign aid
flows that a low-income country can utilise to reach the MDGs. It is designed to describe alternative
scenarios involving different investment choices and financing modalities. The model has several
components: (a) a macro-model providing baseline scenarios for growth, aid and public
expenditure; (b) a sectoral supply-demand model, modelling MDG outcomes through production
functions; (c) budgetary and technological constraints to explain changes in production factors and
their cost; and (d) human capital constraints related to the availability over time of a sufficiently
skilled labour force (Bourguignon, 2004).

The World Bank is piloting the MAMS model in Ethiopia, constructing different scenarios to assess
the financing required to achieve a sub-set of the MDGs and absorptive capacity constraints
(Sundberg et al. 2005). However, rather than providing an assessment of the relative impact on
poverty levels of alternative investment portfolios in different sectors, the model is constructed to
show the potential positive and negative complementarities of investing in different sectors for
achieving all or some of the targets.

The figure below depicts the general framework that forms the basis of the MAMS model.

Figure 5
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As Figure 5 illustrates, computable general equilibrium models are a useful tool to design a public
investment strategy, both in terms of how to finance it and what effects to expect. As for their
relevance to studying poverty and income distribution impacts, there are two papers that have used
CGE models explicitly to assess the impact of public investment policies on growth and poverty for
an African country. The first is Levy (2006), which uses a CGE model to show that public
investment in irrigation and roads are complementary in Chad. Both investments have very large
impacts on growth, and the impact of public investment in irrigation has a greater impact on poverty
and inequality than any other public policy.

The second study of this type is Adam and Bevan (2004), which assumes that public infrastructure
capital generates productivity spillovers for both tradeable and non-tradeable sectors. Using a CGE
model designed for Uganda, they discuss the possible effect of different public investment policies
on growth, trade, income and income distribution for different types of households in the country,
and give evidence of how the poorest part of the population can end up worse off as a consequence
of increased aid flows.
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5 Lessons and challenges for research and policy-making

As the preceding sections have shown, there is no lack of existing theories, evidence and methods
that can inform policy-making and public investment choices. In this section we first outline some
of the general lessons drawn from the review of the literature on both the macro- and micro-
economic impacts of public investment (Section 5.1). We then discuss the relevance of the material
contained in previous sections in the context of developing country policy processes, often
characterised by low levels of capacity and high degrees of political interference (Section 5.2).
Finally, we identify some priorities for future research (Section 5.3).

5.1 Lessons from the review of the literature

There is a strong case in economic theory for governments in developing countries to implement
sizeable public investment programmes to raise the rate of economic growth. Nevertheless,
empirical evidence on the links between public investment and economic growth is somewhat
inconclusive. Although there is more evidence that public capital is productive, in the sense that it
complements private capital and other factors of production, there is a clear need for caution with
the choice of the optimal investment level and allocation across sectors. The case for a rise in public
investment needs to be assessed on a country-by-country basis, according to the structure of its
economy and its initial physical public capital stock. There is no presumption that every single
country is below its optimal level of public investment.

From a technical viewpoint, cost-benefit analysis (CBA) remains the ideal method of determining
the desirability of most types of public investment in any given country. For large investment
programmes, this should incorporate the various possible indirect effects of investment, via a
computable general equilibrium (CGE) model. This should be based on specific features of the
country concerned and, as far as possible, on survey data. When implementing the approach, there
are strong arguments that the overall yardstick by which public investments should be assessed is
social welfare, not poverty (although the two are closely related). There are also good reasons for
not using a distributional weighting system, although this decision needs to be made on a country-
by-country basis. Above all, however, any weighting system used should be transparent and based
on consultation between governments and their citizens.

For some types of investment, however, CBA is not appropriate. This includes all those investments
that provide outputs deemed by society to be basic human needs or rights. In such cases, the
benefits of investment are self-evident and do not need to be measured in financial terms. The only
relevant consideration in this case is choosing the least-cost method of meeting a given need or
right. Deciding what levels of public services are to be deemed basic human needs or rights
therefore has a critical bearing on investment appraisal.

Cost-benefit analysis requires a significant amount of information to be carried out. Calculating the
effects of price changes stemming from public investments requires information on household
budget shares, firms’ costs shares, and econometric estimates of relevant demand and supply-side
elasticities. Calculating the effects of a change in the provision of a public good or service typically
requires additional survey-based information (e.g. contingent valuation studies), and further
econometric analysis of the contribution of that good or service to firms’ or countries’ productivity.
Therefore, there is a need for researchers to collect, estimate and disseminate such information in an
accessible form, allowing policy-makers to implement, where possible, full cost-benefit and cost-
effectiveness analyses. One suggestion would be to synthesise and bring together this material (on a
country-by-country basis), with links to relevant studies and sets of notes to guide policy-makers as
to how each particular piece of evidence would be used in a cost-benefit analysis.
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However, resource and informational constraints mean that full cost-benefit analysis cannot always
be carried out. What this means is that there is also a need for researchers to continue developing,
refining and disseminating less information-intensive alternatives to full cost-benefit and cost-
effectiveness analysis. Such approaches should come with an assessment of the likely magnitudes
of error to which they may be subject; a good example of this practice is van de Walle and
Gunewardena (2001).

5.2  Applicability in real-world policy processes

One of the logical consequences of the highlighted theoretical and practical difficulties in applying
existing methodologies for appraising alternative public investment choices is the existence of a
‘policy vacuum’, but one which does not prevent decisions from being taken. Decisions are left to
be taken in the political realm, where competing interests and power struggles are often more
important than rational approaches in influencing policy choices regarding public investment.

The various ways in which political processes and realities can influence policy-making and
investment decisions, however, reinforce rather than weaken the need to overcome the ‘basic
budgeting problem’, by providing policy-makers with useful tools to design an optimal portfolio of
investment. A recent survey of five African countries attempted to assess the extent to which Public
Expenditure Management has been linked to poverty reduction policy goals (Foster et al., 2003).
The study finds that, despite a great deal of political rhetoric, the commitment to poverty reduction
in the case study countries is still quite fragile, as is the one to increased inclusiveness and
participation in the policy process. This has led to uneven buy-in by governments in the design of
Poverty Reduction Strategy Papers (PRSPs) to comply with HIPC requirements, and to limited use
of research-based evidence and poverty analysis in the formulation of adopted policies. Moreover,
the study highlighted that ‘fundamental improvements in budget preparation and
implementation...are a fundamental precondition for ensuring that Governments can budget for
poverty reduction’ (2003: xii). This includes improvements in policy analysis and evaluation, which
provide the informational basis for sound decision-making around public investment alternatives.

In a review of the non-economistic literature on policy-making institutions and budget processes,
Fozzard (2001) distinguishes between ‘rationalist’ and ‘incrementalist’ approaches to policy-
making. The rationalist approach is linked to traditions of development planning in developing
countries, and to the existence of Public Investment Programmes (PIPs) and long-term development
plans. In order to finance projects included in the PIPs, governments established development
budgets, separate from recurrent budgets aimed at financing ongoing operations. Development
plans and budgets fall under the overall responsibility of planning agencies separate from ministries
of finance, in charge of screening and approving investment proposals. In more recent years, partly
given the lack of effectiveness of PIP financing and implementation, and partly given the focus on
stabilisation, the linkages between the planning and finance functions have been strengthened. This
has often occurred in the form of Medium Term Expenditure Frameworks (MTEFs), aimed at
reconciling a ‘top-down’ resource envelope with ‘bottom-up’ estimates of financing needs prepared
by spending agencies. MTEFs are seen as the main policy link between PRSPs, which have often
replaced development plans as the main government strategy documents, and yearly budgets.
PRSPs provide the overall policy framework identifying investment priorities, whereas MTEFs are
the instrument allowing for more careful planning of existing resources over a three to five year
horizon, to be then transformed into budget allocations for implementation. In the rationalist
approach, public investment choices are made within this broader framework, with proposals
submitted by line agencies according to their sectoral plans, and central agencies in charge of
verifying their overall consistency with general policy goals. Although large projects may undergo
technical analysis, most are appraised solely on the basis of their policy relevance.
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The incrementalist approach recognises the limited rationality of the actors involved in policy-
making, and the intrinsically political nature of the budget process (Wildavsky, 1992). Allocation
decisions are ultimately reached through a process of political bargaining, which may involve at any
one time central agencies, line ministries, lobby groups, international agencies, political parties,
civil society, etc. This process often promotes ‘incremental’ budgets, where bargaining is restricted
to the distribution of additional resources, rather than allowing for the proper assessment of trade-
offs between alternative proposals and claims for investment resources. According to such a view,
information generated by policy analysis and evaluation is less likely to influence policy decisions.

In many low-income country settings, a combination of rationalism and incrementalism would
probably provide a good description of the budget process and of policy-making (Caiden and
Wildavsky, 1990). Although it is difficult to generalise, anecdotal evidence suggests that
characteristics of decision-making processes about public investment in poor, aid-dependent
countries include:

a) There is very limited technical capacity within government to carry out detailed technical
analysis, such as CBA or other methodologies for providing rational inputs into policy-
making.

b) There exists an overall development plan in the form of a PRSP or similar strategy, which
states broad policy objectives and investment priorities. However, the strategy has been
formulated with heavy technical assistance inputs and donor support, and does not always
have a strong link with medium-term and annual planning and budgeting cycles, making it
difficult to implement public investment initiatives and to monitor and evaluate their
impact.'®

¢) Detailed and reliable data necessary for technical analysis of investment alternatives are
generally not available or are difficult to access, although donor-financed surveys and
analyses are increasingly filling the gap.

d) Many public investment decisions are actually dictated by the discrete availability of donor
financing for specific projects, rather than a part of a more complete resource allocation
exercise carried out on the basis of an over-arching policy framework and within overall
resource envelopes. Part of the reason for this is that internally mobilised resources only
cover recurrent expenditure.

e) Most actual technical analysis taking place related to public investment is carried out by
donors for donor-financed projects and marred by lack of data.

f) Policy-making is mostly characterised by incremental budgeting, by bidding for scarce
budget resources by line agencies, and by using overall consistency with the general policy
framework as the only appraisal criteria, with major investment decisions taken at cabinet
level through political bargaining and not rational assessment of alternatives.

In such a situation, it is quite difficult to see how to put the theories, evidence and methods provided
in this paper to good use. Current efforts in a number of countries are focusing on addressing these
problems, through increased country ownership, strengthening more rational approaches to policy-
making, and capacity-building both within and outside government. In the short-term, however,
there are two main things that can be done to address the limitations of the current state of affairs
and to promote improved guidance to policy-makers on making public investment choices.

Firstly, current efforts at developing alternative methodologies which are less information intensive
and which require lower technical capacity but can still generate useful insights and inputs for
policy-making processes should be expanded. These could rely on different typologies of existing
data, both quantitative and qualitative, and focus on building the capacity of government officials to
gather and utilise necessary data.

'3 For a review of issues related to PRSPs and planning and budgeting cycles, see Booth (2003), and Holmes and Evans (2003).
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Secondly, the accessibility of existing data and information at country level should be improved, by
supporting the creation of repositories of policy-relevant datasets, of existing studies and analyses
of past expenditure trends and their impact on growth and poverty, and of realised CBAs for past
investment projects, etc. This should include the design and production of easy-to-access notes and
documents to be utilised by policy-makers to inform decisions regarding public investment options,
highlighting the existing state of knowledge within the country and selected findings from
comparable country situations. Moreover, these easy-to-access notes should highlight existing and
potential trade-offs, both within and across sectors, and in terms of inter-temporal choices to which
the existing evidence points.

5.3 Directions for future research

The discussions in this paper further point to a set of issues that could be addressed by additional
research, to complement existing findings and to increase knowledge on policy choices around
public investment for poverty reduction. The main directions for future research can be grouped
into two categories. The first category relates to the methods used to assess public investment
choices, including their financing. The second concerns understanding the dynamics of policy-
making processes, to ascertain that information and methodologies are better suited at providing
relevant inputs for ensuring the poverty orientation of public investment choices.

5.3.1 Improving methods for assessing public investment

Concerning policy design tools, it appears that the use of general equilibrium models is not
sufficiently recognised in the literature. These models, as explained in Section 3.3, are potentially
very valuable to understand the economic mechanisms that occur as a result of public investments,
especially to understand their impact on poverty and income distribution.

However, a proper use of such models requires a prior empirical assessment of public investment
returns or of its impact on the production process. The extent to which the literature actually offers
such an empirical assessment is however relatively limited (due essentially to data availability) and
it would be extremely valuable to develop more work in that field. More efforts should be
undertaken to link the impact of public investment to:

e the kind of investment that is engaged;
e the country, if not the region, in which the investment is implemented; and
e the initial stock and initial context.

Road network development, for example, would probably not have the same effect in South Africa
and Mali, and it does not only mean that the total-factor productivity change would be different, but
also that the impact on the production systems would differ. The initial provision of public
infrastructure or capital stock is then a determinant of the economic impact of investment. The lack
of roads could be a major impediment to the functioning of markets, or it could simply generate
higher transport costs. Similarly, while both capital and labour productivity would be affected in
most sectors in Mali, it is less likely to be the case in the South African context. Therefore, the
impact should be modelled and assessed in the specific case of each country, taking into account the
initial provision of public capital, its regional distribution and the particular economic context.

Similarly, estimating the returns to investment in agriculture is generally problematic due to the
lack of data. However, it would be extremely valuable to analyse the various impacts of different
investment strategies in this sector. Firstly, because it is the sector that the poorest part of the
population are generally most dependent on to survive, and secondly, because rural policies have
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been identified as sources of pro-poor growth by many studies on developing countries. The benefit
of such research would complement the debate on public investment, and generate evidence for
strategies whose aims include a reduction in food dependency, economic development, the
reduction of inequality and identification of pro-poor growth policies.

CGE models are also potentially extremely useful to assess how to finance public investment
policies, and to analyse which fiscal policies induce less economic distortions. They also help in
understanding the economic impact of policies, with a specific focus on poverty, as they take into
account feed-back effects and the different economic links between agents. It is also crucial, to
design a proper investment strategy, that the initial country context is understood and integrated
properly into the general equilibrium framework, in order to take into account country specificities.
As previously discussed, except for Adam and Bevan (2004), and Levy (2006), there are, to the best
of our knowledge, no studies that integrate such considerations, especially not into a general
equilibrium framework.

The use of general equilibrium frameworks would also enable examination of some research topics
which, up until today, have received little attention. These include:

a) The trade-offs and complementarities (inter-sectoral, inter-temporal, inter-regional, etc.)
among different investment portfolios, in order to assess what investment portfolios generate
the greatest impact in terms of poverty reduction and growth. The synergy between different
investments deserves particular attention.

b) Developing regional models, i.e. to test the impact of transport networks or more generally
the cross-country implications of other public investment opportunities at regional level.

¢) Using CGEs to test different assumptions concerning public investment impact on the
production process. The same public investment could therefore be analysed adopting
different theoretical assumptions; one being that public capital is a production factor (which
will then be included in the relevant production function together with other production
factors); the other being that the level of technology, or total factor productivity in a given
sector depend on public capital. In the case of CES production functions (which are the
more generic ones) both assumptions might generate quite different effects.

d) It would also be particularly relevant to test ‘threshold effects’ that could affect the
effectiveness of different investment choices, determining some initial conditions that may
need to be reached before public investment can have its intended impact.

5.3.2 Improving understanding of policy-making processes

Much of the theoretical and methodological discussions included in this paper have been promoted
without taking proper account of some of the issues raised in Section 5.2. It is important to keep in
mind that the assessment of pro-poor public investment and the design of adequate policies will not
be of much use if the information and research results are not integrated within decision-making
processes. For this reason, it is essential to understand how low-income country governments
actually use such information. How much actual use is made of the different methodologies and
sources of evidence described in this paper? Do governments follow a more ‘rationalist’ or a more
‘incrementalist’ approach to policy-making and investment decisions? How does research
contribute to a more rational approach to policy-making — in other words, one in which decisions
are taken on the basis of evidence, analysis and appraisal? This set of questions still needs to be
answered and should certainly be part of further research, to complement the other priorities
suggested above.
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