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Alternative Methods to Value Transfers in Kind: Health, Education, 
and Infrastructure

Chapter 1. The Effect of Government Health Expenditure on Income 
Distribution: A Comparison of Valuation Methods in Ghana
Jeremy Barofsky and Stephen D. Younger
To assess how publicly funded in- kind health care affects the income distribution, we 
must estimate its monetary value to beneficiaries. We describe and compare three ap-
proaches to mea sur ing the distributional consequences of government health spend-
ing: average cost of provision, willingness to pay, and health outcomes. We provide 
example applications for each of  these methods using a national cross- section from 
Ghana for 2012–13. Estimates of a willingness- to- pay model for outpatient ser vices show 
that, on average, users value  those ser vices at less than what the government pays for 
them. The estimated marginal effects of health spending for outpatient care on in-
equality are modest and somewhat smaller than  those for the average cost approach. 
In contrast, the health outcomes method finds that the marginal effects of health spend-
ing for three  causes of death and five health interventions are very large.

JEL Codes: I14, I15, I32, I13, H51, H40

Keywords: health, economic in equality, poverty, mortality, Ghana, 
full income

Chapter 2. The Market Value of Public Education: A Comparison of 
Three Valuation Methods
Sergei Soares
Publicly provided education is both an impor tant public expenditure and a relevant in- 
kind transfer, often to the poorest  house holds. This chapter compares three methods for 
valuing education ser vices and their distributive impact in Brazil. The first method is 
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cost of provision, according to which education is worth what it costs the state to pro-
vide it; the second values educational ser vices using the  labor market as the mea sure of 
their worth; and the third matches private educational expenditures, paid for by stu-
dents or their parents, with equivalent public education ser vices, and then values the 
latter according to the price of the former. The results from all three approaches do not 
fall far from each other. The imputed income from publicly provided education reduces 
in equality by between 3 and 4 Gini points and increases incomes by about 6  percent. 
The chapter concludes that the value of public education in Brazil is close to 6  percent of 
 house hold income and that it is quite distributive, what ever the valuation method used.

JEL Codes: I24, D31, H44, I38

Keywords: educational ser vice valuation, in equality, education, welfare, 
returns to education, hedonic pricing

Chapter 3. Re distribution through Education: Assessing the 
Long- term Impact of Public Spending
Sergio Urzua
This chapter assesses how publicly funded education affects income distribution and 
compares diff er ent approaches to mea sur ing the consequences of government educa-
tion spending. The empirical quantification of private returns to education, the esti-
mation of the elasticity of school enrollment to public spending in the sector, and the 
identification of age- earnings profiles are the building blocks of the analy sis. The text 
extends the conventional incidence analy sis and incorporates behavioral responses to 
public subsidies. The methods are implemented using aggregate- level data and cross- 
sectional information from  house hold surveys from Chile and Ghana. Real- world data 
limitations are taken into account. From the country comparison, we assess how pub-
lic initiatives might shape income in equality in the short and long run.

JEL Codes: I26, I28, I22, J31

Keywords: public spending, education, incidence analy sis, in equality

Chapter 4. The Market Value of Owner- Occupied Housing and 
Public Infrastructure Ser vices
Sergei Soares
Owner- occupied housing and public infrastructure ser vices are a relevant part of in-
come distribution whose impacts have not yet been adequately studied, at least not from 
the distributive point of view. This chapter suggests a way to find the market value for 
 these ser vices using hedonic prices. While far from new, this methodology is neverthe-
less useful in assigning values to  these ser vices. The chapter uses Brazilian data from 
1995, 2005, and 2015 to impute rental values for owner- occupied housing and associated 
infrastructure ser vices. The results are that imputation of housing ser vices considerably 
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reduces in equality and that public infrastructure ser vices have become more progres-
sive as their expansion has brought  these ser vices to increasingly poorer  house holds.

JEL Codes: H41, D31

Keywords: public infrastructure ser vices, hedonic prices, imputed rent, 
concentration coefficients, income distribution

Fiscal Incidence of Corporate Taxes

Chapter 5. Taxes, Transfers, and Income Distribution in Chile: 
Incorporating Undistributed Profits
Bernardo Candia and Eduardo Engel
This chapter seeks to mea sure the distributive impact of fiscal interventions in Chile 
by applying the Commitment to Equity (CEQ) methodology, a standardized fiscal in-
cidence analy sis. In a methodological innovation, we incorporate income accrued and 
not received by Chilean taxpayers through their companies and corporations into the 
distribution of prefiscal income. We find that the difference between the distribution 
of accrued and received income turns out to be impor tant— around 6 Gini percentage 
points for each main concept of income. In addition, when moving from the distribu-
tion of Market Income to the distribution of Final Income ( after taxes and transfers) 
the distribution of income improves by 7 Gini percentage points. To assign the improve-
ment in the distribution of income between the diff er ent fiscal interventions, we apply 
the Shapley value and observe that half of the improvement in the distribution of in-
come is due to transfers in education, while direct taxes only explain 20  percent of 
the reduction of the Gini coefficient. Fi nally, based on the simulation of the impact of the 
2014 tax reform carried out by the World Bank, we estimate that the reform would pro-
duce an additional reduction of 2.4 Gini percentage points when  going from Market 
Income to Final Income.

JEL Codes: D31, H22

Keywords: fiscal incidence, in equality, poverty, undistributed profits, taxes, 
transfers, Chile

Redistributive Impact of Contributory Pensions

Chapter 6. The Within- System Re distribution of Contributory 
Pension Systems: Conceptual Framework and Empirical Method 
of Estimation
Carlos Grushka
When discussing the distributional impacts of pension systems, it is critical to under-
stand the under lying rationale for considering them as  either tax transfers or deferred 
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wage schemes. The way that benefits are determined (usually with decreasing replacement 
rates by income level) plays a significant role in within- system re distribution. However, 
evaluating the overall effective re distribution requires incorporating the effects of cover-
age, or “selectivity,” and the funding or financing of the benefits  under payment. Within- 
system re distribution is greatly affected by rules that change over time, the specific ways 
that they apply in each country, the diff er ent approaches for data definition (on revenue, 
expenditure, and coverage), and data availability.  After analyzing in detail the case of 
Argentina and all the variables involved, we propose a simplified re distribution index, 
defined as the difference of gross substitution rates by education levels (proxy of lifetime 
income). This index can be estimated from cross- sectional income surveys and works as 
an excellent complement to or a reasonable proxy for the significance of re distribution 
within contributory pensions systems in diff er ent countries and periods.

JEL Codes: H50, H55, D31, J14

Keywords: social security and public pensions, personal income distribution, 
economics of the el derly, Argentina

Fiscal Re distribution and Sustainability

Chapter 7. Intertemporal Sustainability of Fiscal Re distribution: 
A Methodological Framework
Jose Maria Fanelli
This chapter develops a methodological framework to study the linkages between fis-
cal re distributions, fiscal sustainability, and the government’s wealth constraint. The 
framework includes demographic  factors and income strata, shows the connections 
between the concepts used in the Commitment to Equity (CEQ) and National Transfer 
Accounts (NTA) databases, and suggests pos si ble synergies and directions for further 
data collection and research efforts. We conclude that more research is needed, first, 
about the role of public wealth, including all assets in the government’s balance sheet, 
and, second, about the distributional consequences—on income as well as wealth—of 
policies regarding fiscal sustainability, intergenerational transfers that finance the de-
mand for life- cycle wealth, and the management of publicly owned natu ral resources. 
We also show that the framework is useful for connecting the two approaches to sus-
tainability: one concerning fiscal soundness and one concerning development. With 
regard to policies, the implications indicate that sustainability tests should be part of 
the design of re distribution initiatives, that  these initiatives must consider the demo-
graphic transition, and that fiscal re distributions may ultimately deplete the stock of 
natu ral resources without ensuring a compensatory accumulation of reproducible cap-
ital if they do not take adjusted government savings and capital gains into account.

JEL Codes: E62, J11

Keywords: fiscal policy, demographics
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Chapter 8. Fiscal Re distribution, Sustainability, and Demography 
in Latin Amer i ca
Ramiro Albrieu and Jose Maria Fanelli
This chapter investigates links between fiscal space, fiscal re distributions, and distri-
butional outcomes for Latin Amer i ca. It focuses on two  factors: (1) the role of inter-
temporal restrictions and debt sustainability and (2) the demographic transition’s 
influence on the fiscal re distribution structure. It also identifies some stylized facts 
that  matter in designing distribution- friendly fiscal consolidation policies. Two findings 
deserve highlighting. First, the way in which a given fiscal adjustment is implemented 
 matters to income distribution. As a general rule, the downward adjustment of expen-
ditures is regressive, although the importance of the impact varies substantially according 
to the expenditure item and from one economy to another. Second, the demographic 
win dow of opportunity (DWO) is the key stage of the demographic transition regard-
ing the fiscal space in Latin Amer i ca. Younger countries are entering the DWO and 
the older ones have to prepare to abandon it and enter the aging stage. The exercises 
suggest that the DWO  will create the fiscal space required to implement progressive 
policies in younger countries while the opposite  will occur in the countries that  will 
age. The simulations indicate that the demographic transition- driven effects on the 
items of fiscal re distributions are potentially very large and have substantial conse-
quences for income distribution and debt sustainability.

JEL Codes: E62, J11

Keywords: fiscal policy, demographics.

Po liti cal Economy of Re distribution

Chapter 9. On the Po liti cal Economy of Re distribution and 
Provision of Public Goods
Stefano Barbieri and Koray Caglayan
We analyze the public provision of public goods and income re distribution in a me-
dian voter framework. We review existing related frameworks, devoting special atten-
tion to their implications for applied analy sis. Motivated by empirical regularities 
discovered in the analy sis of Commitment to Equity (CEQ) data linking the percent-
age of “net receivers” to the levels of provision of public goods, we pre sent an exten-
sion of the classic framework of taxation and public goods provision that departs from 
the assumption of a  simple proportional tax in  favor of a flat tax with an exemption. 
Adjusting the exemption level, we capture tax schemes restricted to generating diff er-
ent numbers of net receivers. We then let voters decide on the tax rate and the quantity 
of public goods provided. In a standard framework, we find that the public goods level 
can increase or decrease in proportion to “net receivers” according to the relationship 
between the income of the decisive voter and the average income in the population 
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conditional on income being larger than the exemption. This result suggests that to 
account for the richness of the comparative statics we observe, the framework should 
encompass additional considerations such as turnout and the presence of substitutes 
for government- provided public goods.

JEL Codes: H21, D31, D72

Keywords: public goods provision, income distribution, median voter, flat 
tax, exemption levels
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Chapter 1

THE EFFECT OF GOVERNMENT 
HEALTH EXPENDITURE ON 

INCOME DISTRIBUTION
A Comparison of Valuation Methods in Ghana

Jeremy Barofsky and Stephen D. Younger

Introduction

Health spending in developing nations has expanded rapidly since 2000. Health ex-
penditure now constitutes 37 and 23   percent of total government expenditure in 
low-  and low- middle income nations, respectively.1 Many developing nations have ex-
panded health insurance coverage, while the goal of universal health coverage for 
even the poorest countries has received increasing support among multilateral insti-
tutions and researchers (WHO, 2010; Jamison et al., 2013).2 Clearly, any comprehen-
sive attempt to understand the distributional consequences of government taxation and 
spending must come to grips with the benefit of publicly funded healthcare. This is 
more difficult than most other parts of the bud get  because the benefits are in- kind, not 
cash. We need a way to value  those benefits in monetary terms.

A standard Commitment to Equity (CEQ) Assessment does this with an estimate of 
the government’s cost of providing the health ser vices  people receive in- kind.3 The mo-
tivation for this chapter is that the standard approach may not be very accurate. We 
discuss criticisms of the standard approach in section 1 and then turn to two alternative 

1 Authors’ calculations using World Bank national accounts data (World Bank, 2018a; 2018b).
2 Recent health coverage expansions include Mexico, Ghana, Thailand, China, and India. See 
Cotlear et al. (2015) for a summary.
3 This is usually called the “average cost” approach, but we prefer “cost of provision” to include 
the possibility of the “insurance value” approach discussed in Lustig and Higgins (2022) (chap-
ter 1 in Volume 1 of this Handbook).
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methods for estimating the monetary value of in- kind health ser vices to their benefi-
ciaries. Throughout, we focus on methods that seem likely to be applicable in many 
countries. In par tic u lar, we take as a constraint that we should be able to implement 
the method with standard multipurpose cross- sectional survey data similar to what a 
CEQ Assessment uses, perhaps along with other data that are readily available in most 
countries.4

In addition to the standard average cost approach, we consider two alternative 
methods to estimate the benefits that patients receive from publicly funded health ser-
vices and a fourth method that is an add-on to the  others rather than a substitute. The 
first uses  actual demand for health ser vices to estimate the benefits consumers receive 
from utilization; this is a revealed preference approach usually referred to as “willing-
ness to pay.” However,  because consumers exhibit positive income elasticity for health-
care, if the poor and the rich exhibit the same level of health need, healthcare demand 
 will be higher among the rich than the poor. Observed healthcare demand therefore 
reflects both an individual’s willingness and ability to pay for care. Consequently, in-
stead of referring to demand calculated using revealed preference as “willingness to 
pay,” throughout the text we emphasize this distinction by using the term “willingness 
and ability to pay” (WATP). The demand estimates use survey respondents’ choice of 
healthcare provider along the lines of the seminal papers by Gertler, Locay, and Sand-
erson (1987) and Gertler and van der Gaag (1990).

Our second alternative estimates the monetary value of the improved health that 
publicly funded healthcare ser vices generate. In par tic u lar, we estimate the reduction 
in mortality produced by government spending across five health interventions and 
three  causes of death and value this averted mortality in monetary terms using the ap-
proach of Jamison et al. (2013). We calculate mortality averted through government 
action by comparing the mortality rate that obtains with Ghana’s current level of health 
intervention coverage against an assumed counterfactual mortality rate that would have 
occurred had health intervention coverage been at the lowest level observed among 
other West African nations. While it is also pos si ble to generate such estimates for the 
mortality effects of entire health systems, our example estimates the value of mortal-
ity reduction from several specific health interventions, including the two largest  causes 
of premature death in Ghana— malaria and HIV.

While each of  these alternative methods addresses some of the limits of the aver-
age cost approach, they have shortcomings of their own, both conceptual and practi-
cal. We discuss  these in turn. It is not clear that one of the three methods is superior 
to the  others, so we discuss situations in which researchers might want to use each of 
them. Our goal is to provide a menu of options for valuing publicly funded healthcare 
benefits and some guidance on how to choose among the methods.

4 The term CEQ Assessment is used for the fiscal incidence studies that use the methodology de-
scribed in Volume 1 of this Handbook. For details, see chapter 1 in Volume 1.
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A common theme is that both new methods estimate the benefit of healthcare ser-
vices to recipients rather than the cost to the government, thus addressing an impor-
tant criticism of the standard approach (section 1). A more subtle point is that by 
 divorcing the estimated benefit from the government’s  actual expenditure, we allow 
the expenditure to have positive (or negative) rates of return: our estimate of the mon-
etary value of in- kind benefits can be more or less than the amount spent to provide it. 
This is not the case for most of the bud get. When government makes a cash transfer, its 
monetary value to the recipient is the amount of the transfer, no more, no less. When 
government collects a tax, its monetary value is the amount paid to a first order ap-
proximation.5 But as we  will see, government spending on in- kind health ser vices can 
have very large rates of return. Jamison et al. (2013), for example, estimate the benefit- 
cost ratio of a basic package of health ser vices in low- income countries at between 
nine and 20. Such high returns provide considerable leverage for public health spend-
ing’s effect on the ex- post welfare distribution.

Apart from the benefit of specific health ser vices to their beneficiaries, the mere 
existence of publicly funded health ser vices provides insurance against the financial risk 
of catastrophic healthcare expenditures.6 Indeed, policymakers’ rationale for Britain’s 
National Health Ser vice and Medicare in the United States was not so much to improve 
 people’s health, but to protect them from large financial losses (Finkelstein and 
McKnight, 2008). Note that this is diff er ent from the “insurance value” approach to 
mea sur ing the value of health spending, which averages total health expenditures over 
all eligible beneficiaries rather than over  actual users of publicly funded health ser vices. 
The insurance  here is financial and valuable for risk- averse individuals  because it lowers 
the probability of catastrophically large health expenditures. We estimate the change in 
 house hold health spending risk across the income distribution and then calculate the 
monetary value of this risk change (usually a reduction) from health insurance using an 
expected utility framework where value depends on an assumed degree of risk aversion. 
The benefit of this financial risk reduction is additional to any ex- post benefits associ-
ated with  actual healthcare ser vices received, so it can be added to any one of  those 
benefit estimates to generate an overall benefit of public spending on healthcare.7

We apply each of  these methods, along with the standard average cost of provi-
sion approach, to data for Ghana, the same data used in a CEQ Assessment for that 

5 See Box 1-1 by Stephen Younger in chapter 1, Volume 1 of this Handbook (Younger, 2022).
6 See Alam and Mahal (2014) and Acharya et al. (2013) for reviews.
7 In princi ple, many forms of government spending provide financial risk protection: disability 
insurance, unemployment insurance, retirement pensions, and targeted transfers for  those with 
low income. The theoretical lit er a ture goes back as far as the 1960s (Arrow, 1963), and  there are 
many empirical studies. See Feldstein (1973) on health insurance, Bernheim (1987) for retirement 
pensions, and Bound et al. (2004) for disability insurance. Even though the topic is not  limited to 
health spending, we include it  here  because it has not yet been treated in a CEQ methodological 
publication.
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country (Younger, Osei- Assibey, and Oppong, 2017). We find that the revealed prefer-
ence method produces benefit estimates that are somewhat smaller and somewhat less 
progressive than the standard average cost approach. The methods based on the mon-
etary value of health improvements produce a range of estimates, most of which are so 
large that they dramatically alter the ex- post income distribution, yielding enormous 
reductions in in equality.

This chapter proceeds as follows: section 1 describes the conceptual weaknesses of 
the current average cost method.  These weaknesses constitute the basis for developing 
new methods to value in- kind government health spending. Section 2 describes the 
WATP approach for valuing healthcare using consumer observed be hav ior. The sec-
tion applies the method to Ghana and summarizes results compared to the average 
cost method. Section 3 defines the health outcomes method, applies the method to 
Ghana, and summarizes results. Section 4 provides guidance on the circumstances in 
which each of the three methods should be used. Section 5 develops a method to esti-
mate the value of insurance from reduced out- of- pocket (OOP) health spending risk. 
It then applies the method to calculate the value of Ghana’s National Health Insurance 
Scheme (NHIS) across the income distribution. Section 6 concludes.

1  What’s Wrong with the Cost of Provision?

Perhaps, nothing. Asking “How much does government spend to provide health ser vice X 
to its beneficiaries and how is that spending distributed across the income distribution?” 
is a reasonable question. Call this “expenditure incidence.” As long as the variation in 
expenditure per patient for ser vice X is small,8 using the average cost of provision for 
that ser vice gives an estimate with which to calculate the expenditure incidence and 
 allows governments to compare spending amounts across policy options.

In most instances, though, we are interested in the value of the ser vice to the re-
cipient, the “benefit incidence.” This can be very diff er ent from the expenditure inci-
dence  because government can spend money inefficiently or corruptly (Gauthier and 
Wane, 2008). Government may pay public sector healthcare staff more than what com-
parable private sector staff are paid (Lindauer and Nunberg, 1994; Lakin, 2010), or 
 those staff may not perform the duties for which they are paid (Das and Hammer, 2005; 
Das et al., 2012). In such cases, part of the benefit from public spending accrues to the 
staff, not patients. In addition, government may pad contracts with suppliers in ex-
change for kickbacks to functionaries, producing a similar effect. Or government may 
simply bungle the job for reasons of inattention or po liti cal economy, offering ser vices 
of  little value that patients nevertheless accept  because they are  free or  because they as-
sume that the healthcare staff know better. In all  these cases, government expenditure 

8 Enami, Higgins, and Lustig (2022) (chapter 6, part 3.8.1  in Volume 1 of this Handbook) dis-
cusses ways to keep the variation small.
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is greater than the benefit to patients and, if it is inefficient, greater than the benefit to 
anyone.

On the other hand,  there are at least two reasons to believe that the benefits of pub-
licly funded healthcare can be greater than what government spends to provide them. 
First, the marginal benefits for many health ser vices are a step function. A first con-
sultation to diagnose a sinus infection is valuable; a second is worth much less or noth-
ing at all. The same is true for vaccinations, many surgeries, and infectious disease 
treatments. As a result, the demand for  these ser vices is discrete: high demand for one 
unit and usually zero demand for any further units. So even if the cost of provision is 
very low, patients  will not demand more than one unit, and the marginal value to them 
of that one unit may be much greater than its cost. It may make sense, then, to esti-
mate the ser vice’s value and use that estimate in a benefit incidence analy sis. In essence, 
this approach captures the consumer surplus associated with that one unit demanded. 
In  doing so, it diverges from standard practice in national income accounting and most 
incidence analyses, where we value all units consumed at the marginal cost (usually 
the market price), thus ignoring consumer surplus. But  doing so in the case of many 
healthcare ser vices seems more egregious than for most other goods and ser vices, 
 because, unlike most goods, health provides both intrinsic and instrumental value (Sen, 
1988). Better health is valuable in itself as the basis for  future utility, while also permit-
ting individuals to achieve other goals they value such as education and greater  labor 
productivity. In addition,  there exists an objective and widespread way to mea sure this 
benefit since we can credibly assume that the marginal utility of health is positive and 
constant without resorting to revealed preference as is necessary with other goods.

A second argument applies to public ser vices that are non- rivalrous, where one 
person’s use of the ser vice does not prevent another’s use.  These include natu ral mo-
nopolies such as  water and sanitation systems and public goods such as information 
on good healthcare practices and vector control.  Here, too, the marginal benefit of many 
such ser vices is a step function, so Samuelson’s (1969) standard efficiency condition— 
provide the public good  until its marginal cost is equal to the sum of every one’s mar-
ginal benefits— may not apply. Spraying once for mosquitos may have joint benefits 
much greater than the cost, but once the mosquitos are dead, further spraying has no 
value, so again, the benefits are greater than the marginal cost.

If  there are good reasons to believe that the benefit incidence of publicly funded 
health ser vices differs significantly from their expenditure incidence, then we need 
methods to estimate that benefit incidence.

2  Using Healthcare Consumers’ Choices to Estimate the 
Compensating Variation for Public Healthcare Expenditures

The compensating variation is the amount of money one would need to receive to keep 
utility constant in the face of a change in prices and/or quality. Public spending on 
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healthcare usually reduces the price that patients pay for health ser vices, so the com-
pensating variation of that price change is an exact mea sure of what the public spend-
ing is worth to them in monetary terms. For a good or ser vice with continuous 
demand, the compensating variation for a price change is the area  under the demand 
curve between the old and new prices, so if we can estimate the demand function, we 
can calculate the compensating variation.

The demand for most healthcare ser vices is discrete, not continuous. This compli-
cates both the demand estimation and the calculation of the compensating variation, 
but both are still pos si ble. Economists working on public transport first developed mod-
els to estimate the demand for any one of a few choices for commuting to work (walk, 
drive, take the bus, for example) using only the fact that if a consumer chooses one op-
tion over the  others, her utility from that option must be greater than the utility she 
would derive from any of the  others (McFadden, 1981).9 Suppose that consumers can 
choose between J healthcare providers and define the utility derived from option j as

Uj = Vj + εj,

where Vj is a deterministic component of utility and a function of variables we observe, 
but εj is random and unobservable. McFadden (1981) calls this a “random utility model” 
(RUM). It is pos si ble to estimate the demand for each option j as the probability that 
the consumer chooses that option, which is the probability that the Uj  > Uk for all k ≠ j. 
Let y be the option chosen, then

Pr[y = j] = Pr[Uk − Uj < 0 ∀ k ≠ j] = Pr[εk − εj < Vj − Vk ∀ k ≠ j].

If we specify the deterministic component of utility as a function of observed vari-
ables, say, Vj  = Xj βj, and we specify a joint distribution for the ε’s, we can estimate  these 
demand functions with maximum likelihood. If the ε’s are distributed multivariate nor-
mal, this model is a multinomial probit.10 If they are distributed type I extreme value, 
this is  either a multinomial logit (if the X’s are constant across the options, i.e., not 
option- specific), a conditional logit (if the X’s are option- specific but the β ’s are con-
stant across options), or a mixture of the two.11 And if the ε’s have the generalized ex-
treme value distribution, this is a nested logit.12

The multinomial probit model is more general than the logit models  because it al-
lows for correlations among the random components, the ε’s. But the logit models are 
usually easier to estimate and so are more often used in practical applications. Both 

9 Cameron and Trivedi (2005) provide a concise textbook exposition.
10 Stata estimates this with asmprobit.
11 Stata calls this “alternative- specific conditional logit” and estimates it with the command 
asclogit.
12 Stata estimates this with nlogit.
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multinomial and conditional logit models assume no correlation among the ε’s. The 
nested logit model generalizes  these models to allow some  limited correlation among 
options’ random components, assuming that options nested together are more similar 
to one another than are options outside their “nest.”

The logit models have the additional practical advantage that calculating compen-
sating variations is easier compared to the multinomial probit. The compensating 
variation for a price change for one option, i, is defined implicitly as

max{ j =1, . . . ,J }U(y − pj
0 , Xj , ε j)= max{ j =1, . . . ,J }U(y −CV − pj

1 , Xj , ε j ),

where y is income and y − pj is net income  after paying for option j, i.e., income avail-
able for consuming other goods and ser vices that provide utility; Xj are other determi-
nants of the utility associated with choosing option j, which includes the quality of op-
tion j but also characteristics of the consumer; and CV is the compensating variation. 
In this  simple example with one price change, the only difference between pj

0 and pj
1 is 

when j = i, but the formula can be applied as well to multiple price (or quality) changes. 
The compensating variation depends on variables we can observe, but also on the 
unobservable errors. To get around this, we calculate the expected value of the com-
pensating variation. In general, this requires integrating over the joint distribution 
of the ε’s, something that is computationally intensive. But Herriges and Kling (1999) 
show how to approximate this expected value for  these models, and Dagsvik and 
Karlström (2005) give another approach that reduces the integration to one dimen-
sion. Even more remarkably, if the marginal utility of income is constant, Small and 
Rosen (1981) derive a closed form solution for the expected value of the compensating 
variation.13

This procedure yields the expected value of the compensating variation for each 
observation (person or  house hold), which we use as the value of the subsidy implicit 
in publicly funded health ser vices to that person or  house hold. An impor tant criti-
cism of the WATP method is that since  there is a positive income elasticity for health-
care, the compensating variation  will be lower for the poor than the rich  because 
demand reflects willingness and ability to pay. To overcome this issue, we first esti-
mate individual WATP for outpatient care (described in greater detail in section 2.1), 
but value that care to each beneficiary using the average WATP across the population 
in our estimated demand model. It is this average WATP value rather than the cost of 
provision that we use to estimate the benefit incidence of public spending on that 
ser vice.14

13 The solution is complicated; we give the specific formula for the case of two options in sec-
tion 2.1 below, where we apply  these methods to demand for health ser vices in Ghana.
14 For the par tic u lar case we estimate in Ghana, results using each observation’s WATP are not 
very diff er ent from the results we pre sent  here using the average WATP across individuals.
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2.1  Example Application: Demand for Healthcare Consultations 
in Ghana

We model the choice of seeking healthcare conditional on having been ill or injured 
in the previous two weeks.15 We assume that utility for each care option is a separable 
function of consumption of non- health goods and ser vices, the quality of healthcare 
received, and a random component:

Uj = VC(Cj)j + VQ(Qj)j + εj = ln(Y − Pj) ⋅ α + X ⋅ βj + εj.

The second equality assumes that utility is logarithmic in consumption to ensure 
that the marginal utility of income is declining in income, but always positive.16 It also 
imposes a bud get constraint that consumption must equal income less the cost of the 
chosen healthcare option. We assume the latter includes user fees plus the time costs 
of getting to a healthcare fa cil i ty and any time spent waiting for attention  there. Spe-
cifically, net consumption Cj is defined in the following way where the term in paren-
theses defines the cost of care choice j:

Cj = Y − (OOPj + wTj + wHj).

The price for the no care option is zero. OOPj is the out- of- pocket (OOP) price 
for provider j, wTj is the opportunity cost of time for travel to and from the health 
fa cil i ty, and wHj is the opportunity cost of wait time at the health fa cil i ty. We use a 
combination of health system structure and self- reports to calculate the OOP price 
of outpatient care. For  those with membership in the NHIS, no coinsurance, copay-
ment, or deductible is required at the point of ser vice (Nguyen, Rajkotia, and Wang, 
2011). Therefore, OOP prices for NHIS members (66   percent and 61   percent of the 
self- reported sick or ill sample in urban and rural areas, respectively) are set to zero. 
This is consistent with what is observed empirically as approximately three- quarters 
of individuals accessing outpatient care report paying no OOP fees at the point of 
ser vice. The data set used, the Ghana Living Standards Survey, 2012–13, round 6 
(GLSS-6) (GSS, 2014), asks questions about outpatient price paid for care overall and 
the price by stage of care (registration, consultation, diagnosis, drugs, and treat-
ment).  Because the price paid for the stages of care does not always sum to the re-

15 This is simpler than the usual approach that assumes  people choose between no care, public 
care, and private care, as in Gertler, Locay, and Sanderson (1987). We do this  because  there is not 
a clear distinction between publicly funded and private healthcare in Ghana. Some private pro-
viders accept payment from the government for NHIS participants, and some public providers 
charge fees to  those who are not NHIS participants, so we limit our model to the no care versus 
care decision.
16 Estimates using a quadratic yielded a negative marginal utility of income at the highest incomes.
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ported total, we use the maximum of  these two mea sures. Once defined, we estimate 
prices for outpatient care using the median self- reported costs for  those without 
NHIS coverage per cluster. We set OOP outpatient fees paid for  those without NHIS 
coverage at the district median.

We calculate the opportunity cost of time as annual  house hold income divided by 
the number of work hours in a year to obtain an hourly wage per  house hold. For 
 house holds that report zero total wages earned, we replace their opportunity cost of 
time with the minimum reported hourly wage in their district. For the other compo-
nents of cost, the GLSS 2012–13 included a community survey for rural areas that asked 
about travel time to the nearest healthcare fa cil i ty and wait time at the nearest fa cil i ty; 
cluster level median values are used from this survey. For urban areas without the com-
munity survey, we use median self- reported travel and wait times by survey cluster 
and, if missing, by region.

We assume that quality depends on  house hold characteristics X that are the same 
across options.17  Because a logit model can identify only the β ’s relative to one option, 
 those for the no-care option are assumed to be zero, and so quality is normalized such 
that it is zero for the no-care option. Note that the α coefficient is not subscripted. This 
constrains the marginal utility of income to be the same across options.18

 Table 1-1 gives the results of the conditional logit demand model for outpatient care. 
Most of the coefficients have the expected sign, but few are statistically significant. De-
mand increases with income, for  children  under five years old, and as the number of 
days sick in the last two weeks increases. It is unusual for the coefficients on urban resi-
dence and the education variables to not be significantly diff er ent from zero. This re-
flects Ghana’s considerable efforts to expand healthcare coverage in recent years, in-
cluding through the NHIS.19

We use  these demand estimates to calculate the compensating variation for a price 
change in the cost of a healthcare consultation equal to the average cost of provision 
used in the CEQ Assessment for Ghana, 33.6 cedis (Younger, Osei- Assibey, and Oppong, 
2017). Given that this amount is small relative to income, we assume that the marginal 
utility of income is constant, which makes the calculation of the compensating varia-
tion straightforward, as given by Small and Rosen (1981):

17 In theory, X could also include option- specific characteristics such as quality mea sures, but we 
have no such data in Ghana, nor is this type of data included in most income and expenditure 
surveys.
18 Most statistical packages, including Stata’s mlogit and clogit commands, normalize all 
the coefficients in the base option to zero which implies a diff er ent marginal utility of income for the 
base option. Stata’s asclogit command allows us to constrain the marginal utility of income 
to be the same across all options.
19 Figure 1A.1 shows the approximately equal access to NHIS coverage across income deciles in 
2012–13.
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CV = 1
λ

⎛
⎝⎜

⎞
⎠⎟ (ln(exp(Vno  care

ex  ante )+ exp(Vcare
ex  ante ))

− ln(exp(Vno  care
ex  post )+ exp(Vcare

ex  post ))),

where λ is the marginal utility of income and the Vs are the estimated utility func-
tions evaluated at the care and no- care options and before and  after the price change. 
 Table 1-2 gives distributional statistics for the compensating variation for a price change 
for outpatient consultations from zero to 33.6 cedis, the average cost of provision at 
public health centers in 2012. It also gives the estimated benefits using the average cost 
of provision, which is the standard approach in most CEQ Assessments. On average, 
the compensating variations are about 10  percent lower than the average cost estimates. 
This difference could reflect inefficiency or corruption in the provision of public health-
care ser vices, which affects demand for care, but it is also to be expected insofar as 
beneficiaries cannot value an in- kind benefit more than the cash required to provide 
that benefit.

The compensating variations are also distributed across all survey respondents in 
the regression sample ( those reporting being sick or injured in the last two weeks) 
 because the probability of using outpatient ser vices among this population is almost 
always positive. The average cost method gives benefits only to  actual users and so is 
more concentrated— note that the benefit for the average cost method at the 25th per-
centile and median are zero.  Actual users, though, are more concentrated among the 
poor as demonstrated by the more negative concentration coefficient for the average 

 Table 1-1
Conditional Logit Estimates of the Demand for Outpatient Health Consultations

Variable Coefficient Standard error

ln(consumption) 14.1 0.9
Urban 0.0361 0.0531
Age −0.0043 0.0050
Age2 4.15E-05 6.14E-05
Male −0.0832 0.0518
Child < 5 years old 0.0674 0.0298
Older than 70 years 0.0653 0.0679
Days sick 0.0797 0.0067
Primary school −0.0729 0.0908
Ju nior high −0.0159 0.1090
Se nior high 0.0114 0.1194
Above high school 0.2023 0.1739
Missing educ. 0.3228 0.0868
Use  Mother’s educ. −0.2285 0.1121

Source: GSS (2014) and authors’ calculations.
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cost method. So, in addition to lowering the overall estimate of total benefits, use of 
the compensating variation spreads the benefits away from the poorer  people who ac-
tually used outpatient ser vices in this sample to all  those who reported themselves 
sick or injured.20 The marginal effects21 for both methods are relatively small, produc-
ing reductions of 0.8 and 0.7 percentage points for the Gini coefficient.

2.2  Discussion of the Revealed Preference Approach to Valuing 
Publicly Funded Healthcare

An impor tant advantage of the compensating variation over the average cost of provi-
sion is that it anchors the estimate of the value of care in consumers’ observed be hav-
ior. In addition,  because the demand estimates can be conditional on consumers’ char-
acteristics, the value we estimate can vary across the population according to  those 
characteristics, including need for health ser vices. Perhaps most importantly, large dis-
crepancies between what government pays for ser vices and consumers’ WATP for 
them may reflect inefficient or corrupt government spending. Using WATP avoids 
erroneously attributing that expenditure to beneficiaries.

20 If the concentration coefficient for healthcare ser vices using the average cost method  were pos-
itive, we would also expect that the concentration coefficient for the compensating variation to 
be closer to zero.
21 The “marginal effect” is the amount that this spending changes the Gini coefficient. See chap-
ter  1  in Volume 1 of this Handbook (Lustig and Higgins 2022) for definition of the marginal 
contribution  here called the “marginal effect.”

 Table 1-2
Distributional Statistics for Estimated Compensating Variation and Average Cost of 
Provision for Outpatient Consultations

Method Mean 25th Median 75th Min. Max. c.c.

Gini— 
marginal 

effect

Average cost  
 of provision

311 0 0 830 0 966 −0.187 0.008

Compensating  
 variation

264 157 365 365 0 365 −0.099 0.007

Sources: GSS (2014) and authors’ calculations; Younger, Osei- Assibey, and Oppong (2017).

Notes: Values in 2012 Ghanaian cedis, annualized.
The quartiles in the column headers are for estimated benefits, not income.
All statistics are on the sample of  those reporting an illness or injury in the past two weeks except the concentration coeffi-
cients which are on the entire GLSS sample.
The compensating variation is for a price decrease from 33.6 cedis, the average cost of provision, to zero.

c.c. = concentration coefficient.
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But as with all the approaches, WATP has limitations. Conceptually, this approach 
is applicable only to ser vices that are private goods  because we must observe demand. 
Practically, using survey data to estimate the demand for healthcare ser vices is an order 
of magnitude more effort than that of the average cost approaches. It is certainly pos-
si ble to estimate the demand for healthcare ser vices with the single cross- section of 
data used for a CEQ Assessment as we have done  here. But a skeptical econometrician 
could easily cast doubt on  whether this approach can successfully identify the demand 
function needed to calculate the compensating variation for a price change. In addi-
tion, as in the average cost approach, while it is theoretically pos si ble to estimate WATP 
for many diff er ent publicly funded health ser vices, in practice we are forced to aggre-
gate  those ser vices into a few groups, which we assume have the same value. In our 
example, we aggregate all outpatient consultations into a single group.

Even the apparently attractive feature of relying on consumers’ choices has been 
challenged in the lit er a ture  because this approach assumes that consumers are ratio-
nal in their healthcare decisions. But given the limits to consumer sovereignty in health-
care generally (Akerlof, 1995), and particularly in low- income settings, many of the 
rational model’s assumptions do not hold. That is, revealed preference is  limited  because 
it relies on the assumption that individuals are able to accurately estimate the expected 
health benefit of obtaining care. Psychological biases such as overweighting low-
probability events and tunneling to the pre sent moment, as well as information 
asymmetry between patient and provider mean that individual decisions often differ 
systematically from utility optimization. Difficulties in accurately estimating the ben-
efit of healthcare choices means that the observed price elasticity of demand is often 
high and the implied value of care is low, even when health technologies are highly 
effective and disease burdens are substantial. Moreover, for certain health choices, 
identifying benefits is more challenging than for  others, making observed choice valu-
ations lower. For highly effective health technologies for which effects are relatively 
difficult to observe, such as better  water quality in protected springs (Kremer et al., 
2011) and insecticide- treated bed nets (ITNs) in malaria- endemic areas (Cohen and 
Dupas, 2010), very high levels of price elasticity of demand are observed.22  These re-
sults indicate that, particularly for healthcare ser vices whose effects are difficult to 
observe (e.g., most preventive care), WATP  will systematically underestimate ex-
pected health benefits. Noting this discrepancy, Greenstone and Jack (2015) observe 
that,  because individuals in high disease burden areas do not exhibit high willingness 
to pay to avoid that burden,  there is “hardly a more impor tant topic for  future study 
than developing revealed preference mea sures . . .  that capture the aesthetic, health, 
and/or income gains from environmental quality [such as clean  water]” (p. 21).

22 See Cohen and Dupas (2010) who offered pregnant  women in rural  Kenya an ITN at prenatal 
clinics and find that net acquisition declines from 99  percent to 39  percent when price increases 
from 0 to $US0.60.
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In addition, low- income  house holds experience liquidity constraints that impede 
decision- making23 about healthcare, and they lack information, or the education to 
pro cess information, on the returns to healthcare. Even when individuals intend to use 
healthcare, they may have trou ble fulfilling  those intentions (Laibson, 1997). The  limited 
studies in the developing world that mea sure WATP do indeed find values for reduced 
mortality risks lower by several  orders of magnitude than estimates in high- income 
countries.24 This contradiction between high health burdens (and therefore high re-
turns to healthcare) and low WATP on the part of consumers challenges the rational 
model. Healthcare may be worth more than low- income consumers’ observed be hav-
ior implies. That is the motivation for the health outcomes approach we address next.

3  The Health Outcomes Approach

Publicly funded health ser vices should improve  people’s health, reducing both mor-
tality and morbidity. This has instrumental value: healthier workers are more produc-
tive; healthier  children learn better. But it also has intrinsic value: health is the basis 
upon which all other utility is enjoyed since extending life allows individuals to pur-
chase additional utility (Hall and Jones, 2007).25 Given that the primary goal of a health 
system is to improve health status, the health outcomes approach estimates a mone-
tary value for  those improvements derived from public healthcare spending.

The approach begins with an estimate of the effect of government healthcare spend-
ing on mortality.26 We estimate this by comparing health outcomes in the nation 
 under study against counterfactual health outcomes, which represent what would have 
occurred without government healthcare spending. We assume that this counterfac-
tual is the mortality level that would have obtained if a country experienced the mini-
mum level of health intervention coverage observed in peer countries over a similar 
time period. We use readily available epidemiological models to estimate how health 

23 See Mani et al. (2013).  There is a response to Mani and  others’ argument, though. If the reason 
that consumers do not demand healthcare despite its high value is that they are liquidity con-
strained, then the prob lem is the liquidity constraint, not lack of demand for healthcare. If gov-
ernment  were to relieve the liquidity constraint with a cash transfer, say, it is pos si ble that benefi-
ciaries would spend the money on something that provided even greater value than healthcare. 
To be consistent with the “consumer surplus” approach we take  here, a CEQ Assessment would 
then need to value the cash transfer at greater than its monetary value, too.
24 Examples include Kremer et al. (2011) and León and Miguel (2017).
25 In addition to Hall and Jones (2007), the health outcomes approach is derived from an  earlier 
lit er a ture that mea sures the social value of mortality and morbidity from 1970 to 1990  in the 
United States (Cutler and Richardson, 1998) and mortality across the twentieth  century in the United 
States (Murphy and Topel, 2006).
26 In princi ple, the approach could be expanded to consider the value of reducing morbidity as 
well. We are unaware of any applications that do that. Given that its benefits are larger and easier 
to mea sure across nations, we limit our discussion to mortality.
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intervention coverage rates affect mortality.  Because the mortality changes are usually 
small, Jamison et al. (2013) use standardized mortality units (SMUs), a change in the 
probability of death of 0.0001 (10–4). Our estimate of the change in mortality for  people 
of age a caused by a par tic u lar publicly funded healthcare intervention h is

ΔSMUc ,h,a = Mc ,h,a  −Mccf ,h,a .

The change in mortality, ΔSMUc,h,a, is the difference in the mortality rate among age 
group a in country c for the nation’s current coverage level of health intervention h 
minus the same mortality units in a comparator counterfactual country (“cf”) that has 
the lowest level of health intervention h coverage among all comparator countries. We 
assume that this is the mortality that would occur if the government in the country of 
interest spent nothing for health intervention h.27

Data for the mortality estimates must come from a source other than the  house hold 
survey used for CEQ Assessments  because income/expenditure or living standards sur-
veys do not usually ask about mortality, and even when they do, they do not ask about 
healthcare the deceased may or may not have received. The alternate data source is usu-
ally an epidemiological model or clinical trial whose main purpose is to identify the 
effect of the health ser vice of interest.  These include medical  trials of very specific 
healthcare interventions— one drug or care practice, for example— but could also in-
clude estimates for entire health systems. Results for specific healthcare interventions 
may be few for any one country, but for many aspects of healthcare, it is reasonable to 
borrow results from studies done in other countries, particularly if the two countries 
share similar socioeconomic, environmental, and disease transmission characteristics.

One particularly useful example of an epidemiological modeling tool for develop-
ing countries is the Spectrum System of Policy Models, which allows researchers and 
policymakers to estimate the impact on mortality (but not morbidity) of health inter-
ventions for HIV, malaria, and a series of maternal, childhood, and noncommuni-
cable diseases.28  These models are based on demographic data and projection mod-
els combined with epidemiological disease transmission models across multiple 
conditions, adjusted for the specific demographic and health data from a country of 
interest.

Once we have estimates for the impact of publicly funded healthcare interventions 
on mortality, we must put a monetary value on  those changes. We do this using an 

27 An alternative approach would assume that  there would be no healthcare of type h at all in the 
absences of public spending on h, but this is unrealistic  because  there  will always be some private 
provision of the health intervention  unless it is a pure public good.
28 Avenir Health (2018). Examples of Spectrum’s use include Korenromp et al. (2015), Korenromp 
et al. (2016), and Stover, Brown, and Marston (2012). See appendix 1A.1 for further details on mor-
tality calculations.
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extensive lit er a ture that examines the be hav ior of  people who systematically and vol-
untarily increase their mortality risk by, say, pursuing an occupation such as policing 
or coal mining, and the additional income they earn for accepting that risk. That ad-
ditional pay divided by the increased mortality risk gives an estimate of the value of 
small changes in mortality risk, which can be understood as the sum of what a cohort 
would pay for risk reductions.29

While most survey data used for a CEQ Assessment are sufficient to estimate  simple 
wage equations with variables to indicate the premium for risky professions, they do 
not have sufficient data to estimate the mortality probabilities associated with  those 
professions, so  here too, the health outcomes approach uses secondary sources.  There 
are many such studies with a wide range of results for the value of an SMU, but most 
are for developed countries. One impor tant and uncomfortable result in  those studies 
is that  people’s willingness to accept higher mortality risk varies substantially with in-
come. This is true within countries and also between them. Hammitt and Robinson 
(2011) review the lit er a ture and conclude that a reasonable value for a mortality risk 
reduction of one SMU (VSMU) at age 35 is 1.8  percent of annual GDP per capita.30 To 
adjust this value for age, Jamison et al. (2013) suggest multiplying the value of an SMU 
for 35- year- olds by the ratio of life expectancy at one’s current age to life expectancy at 
35 years old. They also halve this value for  children  under five years old. We follow both 
 these conventions in our examples, but as in Jamison et al. (2013), we hold the value of 
an SMU constant within any one country.

For a given health intervention h, the formula to value mortality change is the 
following:

V( ′e (a), e(a), y)= 0.018y ⋅ 0
∞
∫ n(a)⋅ e(a)

e(35)
⋅ΔSMUc ,h,a( ′e (a), e(a))da, ,

where

• e(a) is life expectancy at age a before the health spending of interest;
• e′(a) is life expectancy at age a  after the health spending;
• V(e′(a), e(a), y) is the monetary value of changing from the ex- ante to the ex- post life 

expectancies;

29 This lit er a ture often aims to calculate the “value of a statistical life” (VSL), and it is still known 
by that name (Viscusi and Aldy, 2003). But for our calculations, we do not need to value an entire 
(statistical) life, but only small changes in mortality probabilities mea sured in SMUs. In this, we 
follow Jamison et al. (2013) and Hammitt and Robinson (2011).
30 More commonly, the value placed on changes in micro- risk of mortality are expressed as the 
(VSL). A VSL is calculated as the aggregated value of 10,000 *VSMU. For reference, Ghana’s GDP 
per capita in 2013 is US$1,730 using the World Bank Atlas Method, meaning the VSL used im-
plicitly in this analy sis is US$311,400.
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• y is GDP per capita;
• n(a) is the population density at age a; and
• ΔSMUc,h,a (e′(a), e(a)) is the change in standardized mortality units— a change in mor-

tality risk of 10−4—at each age a for country c and health intervention h that results 
from government health expenditure.31

Note that the integral is across the age distribution at a point in time, not across a per-
son’s life. This is the value for one year of health spending that reduces mortality prob-
ability by 0.01  percent. In words, we estimate the monetary value of a health interven-
tion by calculating for each age group the change in mortality probability it induces, 
adjust for life expectancy at each age, sum  those changes, weight by the age- group pop-
ulation share, and multiply that sum by 0.018 times GDP per capita. Again, although 
the value of an SMU is assumed to be proportional to income per capita across nations, 
within a nation, we hold it constant. The implicit assumption is that from the policy-
maker’s perspective, eliminating the death of one citizen is equally valuable irrespec-
tive of a citizen’s income.

3.1  Example Application

We use the Spectrum System of Policy Models to estimate the mortality reduction due 
to five specific health interventions and three  causes of death: indoor residual spray-
ing (IRS) for mosquito control, distribution of insecticide- treated bed nets (ITNs), and 
distribution of antimalarial drugs (mainly artemisinin), all three of which are intended 
to reduce malaria mortality; the distribution of antiretroviral therapy (ART) to treat 
HIV/AIDS; and diabetes control. In each instance, we use the Spectrum software to 
predict the mortality reduction across the age distribution caused by government in-
tervention defined as the difference in health intervention coverage rates in Ghana ver-
sus the minimum coverage counterfactual rate— the lowest health intervention cover-
age rate among peer nations between 2011 and 2015.32 We then apply Jamison et al.’s 
(2013) calculation of the monetary value of that increased mortality risk.

 Table 1-3 shows mortality averted by age group due to each of the five health inter-
ventions. Note in par tic u lar the large reductions due to the distribution of antimalar-
ial drugs. For  children up to four years old, this is almost a one- half percentage point 
per year reduction in mortality. While much smaller, the other malaria interventions 

31 Jamison et al. (2013). Although VSL is commonly used in the lit er a ture, we focus our discussion 
on the value of SMUs  because the maximum change in mortality risk we investigate is 46 SMUs 
or 0.0046 of a VSL.
32 Ghana’s peer nations are based on geography and data availability. They include Benin, Togo, 
Ivory Coast, Guinea, Liberia, Sierra Leone, and Nigeria. Data on health interventions coverage 
levels for IRS, ITNs, antimalarial medi cation use, and diabetes prevalence come from Mea sure 
DHS (2018) and UNAIDS (2019).

1018-103585_ch01_12P.indd   181018-103585_ch01_12P.indd   18 08/03/23   5:17 PM08/03/23   5:17 PM



19G O V E R N M E N T  H E A L T H  E x P E N D I T U R E  A N D  I N C O M E  D I S T R I B U T I O N

also have substantial effects on mortality. For ART, the effects are smaller overall than 
ITNs or antimalarial medi cation, but comparable to ITNs for prime age adults. The 
effects of diabetes control on mortality are minimal.

Use of each of the modeled health interventions is not necessarily equal across the 
income distribution, so the next step in the analy sis is to distribute the calculated re-
ductions in mortality probability across the income distribution according to  actual 
use. GLSS 2012–13 does not include sufficient information on use of  these specific health 
interventions across the income distribution, so we use the 2014 Ghana Demographic 
and Health Survey (GSS, GHS, and ICF International, 2015), which does.  Table 1-4 shows 
how the coverage of each health intervention or disease prevalence varies across the 
distribution of wealth. We take the distribution of wealth based on an index of asset 
owner ship from the DHS as a proxy for the distribution of income. Individuals are 
much more likely to report receiving indoor residual spraying in the last 12 months in 

 Table 1-3
Change in Age- Specific Mortality Rates from Reducing Health Intervention  
Coverage Rates from Current Levels to the Minimum Rates in Peer Nations by  
Age Group and Health Intervention per 10,000  People

IRS ITNs
Antimalarial 
medi cation

Adult HIV 
treatment, 

male

Adult HIV 
treatment, 

female
Diabetes 
control

< 1 year 0.37 4.98 46.44 −0.07 −0.07 0.00
1–4 0.37 4.98 46.44 −0.07 −0.07 0.00
5–9 0.29 3.06 35.94 0.00 0.00 0.00
10–14 0.29 3.06 35.94 0.00 0.00 0.00
15–19 0.22 1.32 13.33 0.05 0.08 0.00
20–24 0.22 1.32 13.33 0.13 0.13 0.00
25–29 0.22 1.32 13.33 0.58 0.65 0.00
30–34 0.22 1.32 13.33 1.11 0.97 0.05
35–39 0.22 1.32 13.33 2.75 2.18 0.05
40–44 0.22 1.32 13.33 4.27 2.48 0.05
45–49 0.22 1.32 13.33 4.24 1.94 0.05
50–54 0.22 1.32 13.33 3.64 1.38 0.10
55–59 0.22 1.32 13.33 2.44 0.92 0.10
60–64 0.22 1.32 13.33 1.69 0.64 0.25
65–69 0.22 1.32 13.33 1.23 0.46 0.25
70–74 0.22 1.32 13.33 0.99 0.38 0.30
75–79 0.22 1.32 13.33 0.85 0.32 0.30
80–84 0.22 1.32 13.33 0.61 0.14 0.20
85+ 0.22 1.32 13.33 0.61 0.14 0.20
Total 0.26 2.23 23.21 0.92 0.59 0.10

Note: Age- specific mortality rate (per 10,000 population). Changes calculated using Spectrum System of Policy Models (Avenir 
Health, 2018).
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the poorest quintile compared to  others, a consequence of the fact that this is mostly 
deployed in poor, rural areas with high malaria prevalence. Distribution of ITNs is also 
more common in the poorer quintiles.  These two expenditures  will thus have a strongly 
progressive impact on the income distribution. Coverage of antimalarial drugs is lower 
in the poorest two quintiles, so spending on them  will be less progressive. It is also 
worth noting that the use of antimalaria drugs is approximately constant across the 
income distribution compared to mea sured malaria prevalence, which is highly skewed 
by income level.

For antiretroviral drugs and diabetes control, the Ghana 2014 DHS does not in-
clude information on  actual use but does have information on disease prevalence. We 
also assume that use of the corresponding healthcare ser vices is proportional to prev-
alence, though it seems likely that this  will be biased  toward being too equalizing since 
in practice we would expect that richer  people with HIV or diabetes would be more 
likely to get treatment in the absence of government intervention. HIV prevalence is 
concentrated in the  middle three quintiles, while diabetes is much more common at 
the two highest quintiles.

The last step in the analy sis is to monetize the mortality reductions we have dis-
tributed across the income quintiles. We do this using the estimated probabilities of 
treatment from  table 1-4 and the monetization formula from Jamison et al. (2013) de-
fined above.  Table 1-5 summarizes the result of applying this valuation method to the 
estimates of mortality averted through government health expenditure. To put the val-
ues in perspective, average expenditure per capita in the GLSS data was 2,261 cedis per 
year in 2012, and the official poverty line is 1,314 cedis per adult equivalent. Clearly, 
the estimated value of mortality reduction due to antimalaria drugs distribution is 

 Table 1-5
Distributional Statistics for the Value of Mortality Reduction Due to Specific  
Health Interventions in Ghana

Intervention Mean 25th Median 75th Min. Max. c.c.

Gini— 
marginal 

effect

Antimalaria drugs 1890 845 1217 3131 0 4430 −0.020 0.117
IRS 23 9 15 27 0 97 −0.372 0.008
ITNs 175 71 125 286 0 417 −0.175 0.039
Antiretroviral  
 drugs

41 0 7 58 −6 393 0.106 0.005

Diabetes 1 0 0 2 0 16 0.359 0.000

Source: GSS (2014) and authors’ calculations.

Notes: Values in 2012 Ghanaian cedis per year.
Statistics in the first six columns are for the distribution of benefits, not income.

c.c. = concentration coefficient.
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substantial. But the other malaria interventions and antiretroviral drugs also have 
high rates of return.33

The concentration coefficients in  table 1-5 show distributions of benefits consistent 
with the assumptions based on table 1-  4. The benefits of malaria drugs are spread evenly 
across the population.34 Indoor spraying and bed nets are both highly progressive. To 
put  these in perspective, the most progressive expenditures in the original CEQ As-
sessment for Ghana are a targeted school feeding program (concentration coefficient 
of −0.40) and the Livelihood Empowerment Against Poverty (LEAP) conditional cash 
transfer scheme (concentration coefficient of −0.29). The benefits of antiretroviral drugs 
and diabetes control go more to richer  people than the poor, but neither is as concen-
trated as income itself.

The marginal contributions of the malaria interventions to in equality reduction 
are also huge.  Those for indoor spraying are comparable to the largest marginal effects 
for any of the bud get items considered in the original CEQ Assessment.  Those for bed 
nets and antimalaria drugs dwarf other line items. In fact, the marginal effect for the 
entirety of government taxes and social spending in the CEQ Assessment is 0.025 for 
the Gini (Younger, Osei- Assibey, and Oppong, 2017). The marginal effects for antiret-
roviral drugs look smaller, but they are in fact similar to many of the marginal effects 
for social expenditures in the original CEQ Assessment. Only diabetes control has no 
perceptible effect on in equality. It is impor tant to remember that what drives  these re-
sults is the extraordinary rates of return from averted mortality through the malaria 
interventions, the validity of which we consider in the next section.

We do not explic itly estimate the change in headcount poverty rates when using 
the health outcomes approach to value in- kind health spending. We refrain from mak-
ing this estimate  because the monetized value of reduced mortality risk is sufficiently 
large to represent a substantial proportion of overall income. To make an accurate es-
timate of changes to poverty headcount rates would require redefining the poverty 
threshold inclusive of health value. Given uncertainty about what health need should 
be, we instead show the combined monetary income and the monetized value of health 
benefits by decile (figure 1-1). We observe that relative value of health benefits is more 
than three times income at the lowest decile and about two times income at the third 
decile. Monetary income and the monetized value of health become equal only at the 
seventh income decile. This relative distribution of monetized value from health ver-
sus income drives the significant in equality reductions we observe in  table 1-5 when 
using the health outcomes approach.

33 We do not have information on the costs of  these programs, but given that public healthcare 
expenditure was less than 2  percent of GDP in 2012, the costs of  these programs must be far less 
than the benefits calculated  here.
34 This might seem at odds with  table 1-4, which shows somewhat higher use in richer quintiles. 
But the largest mortality gains are for  children, and  children tend to be concentrated in the 
poorer quintiles, equalizing the effect.
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3.2  Discussion of the Health Outcomes Approach

Even though the estimated benefits in  table 1-5 are enormous relative to other tax and 
spending programs,35 we must start our discussion by noting that  these are for just the 
few health interventions for which we can calculate effects on mortality probabilities. 
Although a comprehensive assessment of health interventions using the health out-
comes approach would yield larger estimates of their value, this estimate includes 
both the first and second largest  causes of premature death in Ghana in 2012: malaria 
and HIV, respectively (IHME, 2017).36 In addition, Ghana has experienced rapid pro-
gress in reducing the burden of both diseases as malaria-  and HIV- related mortality 

35 In princi ple, the mortality benefits of non- health policies should also be added to a benefit- 
incidence analy sis using the health outcomes approach. However, given that the scope of this 
chapter is focused on health and the method is applied to a high- mortality, weak social safety net 
nation such as Ghana, we expect most health benefits to flow from health sector spending.
36 Premature death refers to the total number of years of life lost (YLLs) per cause of death where 
YLLs are defined as the average number of years lost for a given death compared with what that 
person would have lived given Ghana’s average life expectancy.

Figure 1-1
Final Income and Value of Health Using the Health Outcomes Method by  
Income Decile
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have declined by 28  percent and 43.5  percent, respectively, between 2005 and 2016. This 
means that the current analy sis already includes a substantial proportion of Ghana’s 
government- provided mortality gains. Nevertheless, given the overwhelming size of 
the estimated monetary effects, health spending mea sured with the health outcomes 
approach has a much larger effect on the income distribution than any other public 
expenditure or tax in Ghana. Antimalaria drugs alone reduce the Gini coefficient by 
11 percentage points. So while Jamison et al.’s (2013) argument in  favor of greater health 
spending is based solely on the high benefit/cost ratios, it is also clear that  there is a 
strong distributional argument in  favor of increased spending on certain types of health, 
particularly  those that benefit rural areas and  children. Indeed, it seems likely that the 
most equalizing  thing a country could do is to put in place Jamison et al.’s (2013) basic 
healthcare package.37

Anyone’s first reaction to  these results, including our own, is to question  whether 
the estimates are too high. It is unlikely that the change in mortality estimates is far 
off as  there is an abundance of epidemiological modeling and demographic and medi-
cal data with which to estimate the effects of specific health interventions, and  those 
models and data underpin the Spectrum models we use to estimate mortality reduc-
tions. One limitation is that the definition of the counterfactual minimum level of in-
tervention coverage, if shifted, would also affect mortality change estimates. However, 
adjustments are unlikely to produce substantively diff er ent mortality impacts. And 
 indeed, the way in which we have estimated changes in mortality risk may well be 
 biased downward as even in the comparator country with the worst coverage for any 
specific intervention,  there is prob ably still some public spending on that intervention 
while the appropriate counterfactual for a CEQ Assessment should be zero public 
spending.

The monetary value of mortality reduction, though, is a normative question and 
so open to more debate. Almost all studies to estimate the value of SMUs are done in 
developed countries. While estimates of the value of reduced mortality vary widely, 
they do not vary by more than an order of magnitude. A summary report from the 
OECD (2011) that provides practical guidelines for valuing reduced mortality from 
health, environmental, and transport policies in high-income nations notes that the 
US Office of Management and Bud get (OMB) recommends a range of US$100 to 
US$1,000 per reduced SMU for all government agencies.38 The US Environmental Pro-
tection Agency (EPA) has produced the most cost- benefit analyses of policies that af-
fect mortality and uses a central estimate of 2007 US$750 per SMU. Other agencies in 

37 An explicit assessment of the equalizing effect of introducing this basic healthcare package is, 
however, beyond the scope of the current chapter.
38 Throughout this chapter, we refer to the value of reduced mortality using the value of a micro- 
mortality risk of SMU instead of the more commonly used VSL. We translate guidance from the 
OECD (2011) in VSL terms to SMUs. Additional background on valuing change in mortality risk 
can be found in appendix 1A.2.
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the US government use central estimates that vary between US$500 and US$680.39 
Given lower incomes in the Eu ro pean Union (EU) and the OECD overall, the OECD 
report also recommends a central SMU value of 2005 US$350 for the EU and 2005 
US$290 for an analy sis applied across the OECD. To compare  these values with our 
analy sis, valuing an SMU at 1.8  percent of GDP means that each SMU is equal to 2007 
US$865.40 The value we employ therefore is larger than the EPA’s central estimate, but 
well within the US government’s most frequently used value range for regulatory 
decision- making.

While ethically uncomfortable, it seems necessary for public policy decisions to 
adjust the value of reduced mortality risk by national income  because of government 
bud get constraints. Poor countries simply cannot spend money as if mortality reduc-
tion  were as valuable as the rich countries’ estimates given above. The challenge is how 
to make the adjustment across countries. Several authors have used cross- country re-
gressions of SMU estimates on GDP per capita to estimate an elasticity that can then 
be used to predict the value of an SMU in countries for which  there are no estimates. 
We have used the estimate of Hammitt and Robinson (2011) of 1.8  percent of annual 
GDP per capita for a mortality risk reduction of 0.01 percentage points at age 35.41 Pro-
jecting that constant ratio from the income range of the countries for which we have 
studies that value reduced mortality risk to poor countries such as Ghana can be seen 
as problematic. But it is consistent with the recommendations and practice in both 
Jamison et al. (2013) and the OECD (2011) study, both of which apply a unit income 
elasticity for the value of mortality reduction to adjust across countries.

The other option would be to use estimates of SMU values from studies done in 
the developing world, but  there are very few of  those, and they produce estimates that 
vary by  orders of magnitude from developed country estimates. One study looks at op-
tions for transport to the airport in Freetown, Sierra Leone, and finds values of re-
duced mortality only slightly lower than  those from developed countries. But interna-
tional airport users are on the wealthier end of the income distribution. Another study 
of WATP for improved  water quality among the rural poor in  Kenya finds an SMU value 
of $US0.077 from reduced micro- risk of child death from diarrheal disease. SMU esti-
mates are calculated by comparing the health benefit of cleaner  water against the 
opportunity cost of walking longer distances to obtain it. This estimate is four  orders 
of magnitude smaller than developed country estimates, and the authors provide sev-
eral reasons why  those estimates are likely to be unreasonably low (Kremer et al., 2011).

Given this range of mortality risk values, we investigate how much we would need 
to reduce an SMU’s value from 1.8   percent of GDP per capita to make aggregate 

39   These agencies include the Department of Transportation, Food and Drug Administration, 
and the Department of Homeland Security.
40 Given US GDP per capita of $48,061 in 2007 current dollars.
41 Other estimates are lower— Miller (2000) for example estimated a relation of 1.2— but again, 
not two or three  orders of magnitude lower.
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benefits from the health outcomes approach equal  those from the average cost method. 
This calculation takes as given the estimated change in mortality risk from govern-
ment health spending in Ghana and explores what SMU value would equalize total ben-
efits using the health outcomes and average cost methods. Performing this analy sis, 
we find that an SMU’s value would need to be divided by 40 for the aggregate values of 
each method to be equal. In other words, the VSMU would need to be reduced to 
0.045  percent of GDP per capita instead of 1.8  percent (2007 US$21.6) for the value of 
health spending to be equal  under the health outcomes and average cost methods. A 
reduction in the value of averted mortality that large— almost 1.5  orders of magnitude—
is outside of the plausible range, given valuations in the developed world. Put another 
way, an SMU of less than US$22 is small enough to be rejected on normative grounds. 
Thus, even though we acknowledge that uncertainty exists in what exact SMU should 
be used, our qualitative results remain the same,  unless we reduce the SMU to a level 
too low to be credible.

Based on this robustness check and the magnitude of our results, it should be clear 
that even if we used the lowest value of reduced mortality risk in the OECD (2011) re-
port and adjusted for Ghana’s income, our qualitative results would not substantively 
change. The minimum SMU value mentioned in the OECD (2011) summary across all 
high- income nations is US$100, the low end of OMB guidance. Although to our knowl-
edge no government agency has used an SMU value that low for policy analy sis, if we 
had used that value instead of US$865, our estimates of the value of public spending 
for health would be reduced by almost 90  percent. However, even with that value, the 
three  causes of death we analyze would still generate larger reductions in in equality 
than any other area of government expenditure. In addition, the provision of antima-
laria medi cation alone would still represent the largest single contribution to reduced 
in equality among the bud get items analyzed in CEQ’s previous analy sis in Ghana 
(Younger, Osei- Assibey, and Oppong, 2017).

One weakness of the health outcomes approach as applied  here is that it addresses 
only individual health interventions for which we have readily available estimates of 
mortality effects. So even though the estimated benefits are sometimes quite large and 
represent the two largest  causes of premature mortality in Ghana, they are partial. In 
a country where we do not have estimates for the link between publicly funded health 
spending and the main  causes of mortality, this  will be a more impor tant limitation.

 There is one further conceptual question to consider in this discussion. If govern-
ment spends, say, a dollar to distribute an artemisinin tablet to a malaria patient and 
that tablet reduces mortality by an amount we estimate to be worth $1,000, should we 
count the benefit that government has transferred to the patient as $1 or $1,000? We 
have already mentioned that standard national income accounting would value this at 
its $1 cost, which is also the standard average cost approach of most incidence analy-
ses. To justify the $1,000, we must argue that we should treat health benefits differently 
 because more health is both utility- enhancing on its own and, crucially, allows the pur-
chase of additional utility in the  future.
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Another consideration is that in the absence of government provision, patients 
could presumably buy artemisinin on their own for about $1. If government simply 
transferred cash of $1 and the patient used that dollar to buy artemisinin, we would 
not give government credit for the spectacular rate of return to artemisinin in an inci-
dence analy sis; we would count it as a dollar transferred. The question, then, is if gov-
ernment provides the good or ser vice in- kind rather than the cash one could use to 
buy it, should we “credit” the government with the rate of return in an incidence analy-
sis that aims to understand the overall distributional impact of taxation and spend-
ing? We argue that the value provided by government spending is actually two- fold: 
(1) the monetary value of antimalarial treatment itself and (2) the value of facilitating 
access to this technology when needed among patients without the information or ed-
ucation to do so other wise. Fi nally, we note that this question would not pertain to 
genuine public goods provided by government  because individual consumers could not 
buy  those on their own in private markets. The case for using the health outcomes 
method is therefore stronger when incomplete provision of health- related public goods 
is a significant driver of national mortality.

In the end, the choice between the health outcomes approach and the other meth-
ods to valuing in- kind health ser vices depends on a difficult normative question. We 
are persuaded that we should treat health differently, certainly for public goods, but 
prob ably also for most publicly funded health ser vices. But we recognize that not every-
one  will be convinced. What our example in Ghana shows without doubt, though, is 
that where one comes out on this question has huge consequences for an incidence 
analy sis. If we value health ser vices at cost, they  will have positive but modest distri-
butional effects. If we value them based on reduced mortality, they may overwhelm 
the other line items in the bud get and add a strong distributional argument in  favor of 
universal provision of basic health ser vices.

4  Summary: Choosing among the Options

We now turn to providing guidance on how and when each of  these methods can be 
applied beyond the Ghana context we investigate  here. Each of the three options pre-
sented has strengths and weaknesses and  will be the best option depending on a na-
tion’s health system and the questions a par tic u lar analy sis intends to answer. To judge 
which option is most appropriate in a given country, we describe the positive and neg-
ative attributes of each method along five dimensions: (1) conceptual validity, (2) com-
prehensiveness in health bud get coverage, (3) ability to address the health bud get in 
detail, (4) data requirements, and (5) ease of use.

4.1  Conceptual Validity

The motivation for this chapter is that the conceptual validity of the average cost of 
provision is weak.  There is no reason to believe that what government spends on health 
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ser vices is anywhere close to the value of  those ser vices to beneficiaries. A par tic u lar 
concern is that government may spend money corruptly or incompetently so that the 
average cost of provision overstates the benefits to recipients of any healthcare provided. 
But it is also true that for some healthcare spending, the value in terms of life and health 
far outweighs what government spends to provide it.

Nevertheless, the average cost of provision does have the advantage of pre ce dence, 
which includes comparability with the many existing studies on health spending inci-
dence. In addition, the average cost of provision is consistent with the way national 
income accounting treats all government spending: in practice, the value of anything 
purchased by government is mea sured by its cost.

Another subtle way in which the average cost of provision approach is consistent 
with both national income accounting and most incidence analyses is that it ignores 
consumer surplus when valuing consumption of healthcare ser vices. The other two 
methods we pre sent explic itly try to capture that surplus. In national income account-
ing, all units of a good and ser vice purchased are valued at the market price, so the 
total “value” is the marginal benefit of the last unit purchased multiplied by the quan-
tity. In most incidence analyses, if government provides a  free or subsidized good, we 
value that benefit at the quantity times the market price, just as in national income ac-
counting. Both WATP and the health outcomes approach, on the other hand, estimate 
something closer to compensating variations, the integral  under the demand curve. 
Given the possibility for extraordinarily large compensating variations for some health-
care ser vices, this may well be appropriate. But using that estimate differs from exist-
ing accounting systems, which one might take as a conceptual advantage for the aver-
age cost of provision method.

 Because the WATP approach relies on revealed preference it is considerably more 
attractive conceptually than the average cost of provision. Using  people’s own decisions 
in real circumstances to infer the value to them of the care they are buying is a natu ral 
approach for economists. But this approach assumes that  people are rational consum-
ers, and in healthcare  there is significant evidence that individual be hav ior departs from 
optimality, especially for preventive care  because  there is not always an obvious (to the 
consumer) cause- and- effect relation between a healthcare choice and a health outcome. 
In addition, preventive care is an intertemporal and probabilistic decision: cost  today 
versus expected  future benefit. Experimental economists have shown that many  people 
do not make utility- maximizing probabilistic or intertemporal choices. So, we might 
expect the WATP approach to significantly undervalue preventive care. Therefore, we 
recommend using this approach for curative care where its benefit is both immediate 
and obvious. Many surveys that form the basis of incidence studies provide such health-
care data on use of outpatient consultations and inpatient hospital stays. WATP is 
applicable in most practical circumstances to value  these types of care despite the con-
ceptual limitation of revealed preference.

Of course, WATP requires the ability to observe demand for publicly funded health 
ser vices. This is not pos si ble for non- rivalrous goods such as public goods and ser vices 
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provided by natu ral monopolies. Impor tant aspects of health- related spending (not nec-
essarily in the health sector bud get) have  these characteristics: provision of informa-
tion about health and vector control are public goods;  water and sanitation systems 
are natu ral monopolies. A revealed preference approach  will not work for such 
ser vices.

The conceptual validity of the health outcomes approach depends on  whether we 
can put a monetary value on reductions in mortality probabilities.42 If we can, then 
this approach responds well to the limitations of the other two approaches. It can cap-
ture the fact that healthcare spending may provide benefits that are much larger than 
their cost of provision, but if government provides ser vices incompetently, this approach 
 will capture that in the consequent lack of mortality reduction. Further, this approach 
does not rely on rational choice in healthcare demand. And  because it does not rely on 
revealed preference for healthcare ser vices, it is applicable to non- rivalrous goods and 
ser vices.

While putting a monetary value on mortality is uncomfortable for some, it is a fact 
that governments must continuously make resource allocation decisions about health 
policies that affect mortality risk. Some of  these choices are based on an explicit and 
public value for reduced mortality. And indeed, governments across the developed 
world use cost- benefit analy sis as one input into the broader policy decision- making 
pro cess. However, deciding not to use an explicit mortality valuation only means that 
health resources are allocated in a potentially ad- hoc way. One policy may implicitly 
value mortality reduction more than another (by, for example, spending more to achieve 
a similar result). Since  these decisions are ultimately po liti cal, avoiding an explicit val-
uation increases the likelihood that spending to reduce mortality among the better off 
and more power ful  will be valued more than spending on  others.

 There are three conceptual limitations to the health outcomes approach. The first 
objects to the use of consumer surplus from reduced mortality in an accounting exer-
cise, as discussed above. The second challenges the possibility of finding a reasonable 
estimate of the monetary value of reduced mortality probability and/or the ethics of 
using such an estimate. And the third is the $1/$1,000 question: if government provides 
a ser vice that costs $1 and reduces mortality probability by an amount worth $1,000, 
should we use $1 or $1,000 in the accounting of government- provided benefits if the 
beneficiary could have purchased that ser vice herself? In any other aspect of incidence 
analy sis, we would use $1. Each of  these criticisms is addressed above in section 3. In 
low- income nations with a large rural population and incomplete coverage of health- 
related public goods the justification for using the health outcomes approach is par-
ticularly strong. This is recommended for two reasons: (1) neither of the other meth-
ods is able to include the benefits from public goods, and (2) the justification for using 
consumer surplus from reduced mortality is strongest when income and informational 
constraints limit citizens’ ability to obtain needed healthcare on their own.

42 The same question applies to morbidity, if that  were to be included.
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4.2  Comprehensiveness

CEQ Assessments aim to include as much of the bud get as pos si ble, so a comprehen-
sive treatment of health expenditures is impor tant. Each of the three options has the 
potential to be comprehensive, though in practice, data availability limits each one. 
Average cost of provision can certainly be comprehensive if the survey questionnaire 
asks about use of all types of publicly funded healthcare ser vices. In practice, survey 
questions are  limited mostly to consultations and hospitalizations, even though  these 
represent the bulk of healthcare expenditures. The “insurance value” approach to 
average cost of provision avoids this prob lem by assigning benefits to all eligible ben-
eficiaries  whether they actually use publicly funded health ser vices or not, so it is 
completely comprehensive.

The WATP approach is  limited to private goods and ser vices, which, again in prac-
tice, tend to be consultations and hospitalizations. The healthcare outcomes approach, 
as we have applied it, is  limited to a few specific healthcare ser vices that we can easily 
link to mortality reductions with epidemiological models. But, in princi ple, this ap-
proach could also compare overall mortality across time and countries with similar 
disease vulnerabilities to estimate the reduced risk of death associated with all pub-
licly funded healthcare.

4.3  Detail

In princi ple, all three approaches can be quite detailed. We could calculate the average 
cost of provision for very precisely defined medical ser vices and assign the benefits to 
users of  those ser vices. But the demand for administrative data on the cost of a very 
large number and many types of ser vices would be daunting, something most minis-
tries of health could not provide. And the demands on survey data would be similarly 
daunting. Sample sizes would need to be extremely large to have reliable samples of 
very specific healthcare ser vices, and in any event  these data are not collected in stan-
dard income and expenditure or health surveys. The same prob lems affect the WATP 
approach. While in princi ple we could estimate the demand for very precisely defined 
healthcare ser vices, in practice, surveys do not collect sufficient information to do so 
reliably. We have seen that the health outcomes approach can be quite detailed. But in 
addition to the same demand for information about who actually uses publicly funded 
healthcare as the other two methods, the health outcomes approach also needs epide-
miological models linking a specific ser vice to mortality reductions.  These models re-
main  limited and focus, understandably, on infectious diseases.

4.4  Data Requirements

As mentioned above, to be both comprehensive and detailed, each method would re-
quire data that are not routinely available. All three methods require information on 
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who uses publicly funded healthcare ser vices.43 All three generally suffer from lack of 
detail in this regard. The average cost of provision approach also requires information 
on the administrative cost of providing publicly funded healthcare ser vices and suffer 
from lack of detail  here, too. The health outcomes approach also needs information 
linking healthcare spending to mortality probabilities, something that is not available 
for all countries or for all healthcare ser vices.

In preparing this chapter, we chose to limit ourselves to methods that can be ap-
plied with a single cross- sectional  house hold survey since most CEQ studies accept that 
limitation. That survey clearly must ask about respondents’ use of healthcare ser vices 
or their affiliation with health insurance schemes (for the “insurance value” approach) 
in as much detail as pos si ble. Beyond that, each method needs additional data. The 
 average cost of provision approach needs administrative information on the cost of 
providing healthcare ser vices at a level of detail consistent with the survey informa-
tion. The WATP approach requires that the survey also include adequate informa-
tion on  factors that influence demand for publicly funded healthcare ser vices and its 
substitutes, including mea sures of quality and the opportunity cost of using  those 
ser vices. This includes price, but also travel and waiting times. The health outcomes 
approach needs data that link specific healthcare ser vices to reductions in mortality 
probabilities, which usually come from epidemiological models.

Which of  these requirements is the least restrictive? Given the large number of ex-
isting studies of healthcare incidence, getting the administrative information for the 
average cost of provision seems to be generally feasible. Surveys certainly can ask about 
healthcare pricing and quality, but many do not, making the WATP approach less gen-
erally applicable. Estimates of the mortality reduction from healthcare ser vices would 
seem to be the most difficult to find, but the Spectrum models are very helpful in this 
regard, and  there is a wealth of medical and epidemiological research that remains to 
be tapped for such information.

4.5  Ease of Use

Assuming that one has the data required, the average cost of provision approach 
is clearly the easiest to apply. Estimating WATP models is more difficult. While such 
models are quite common, our experience is that their specification requires signifi-
cant econometric expertise such that they converge to coefficient estimates consistent 
with their under lying behavioral models. The health outcomes approach also requires 
epidemiological knowledge about the  drivers of disease burden in the nation  under 
study. The Spectrum System of Policy Models was created to allow policy makers to 
proj ect how health system change would impact mortality without extensive training. 
For this reason, the health outcomes approach can be applied without significant 

43 The “insurance value” approach is again an exception. It requires information only on who is 
covered by the insurance of interest.
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specialized statistical knowledge as long as extensive health system background is 
also available.

4.6  Advice

We cannot make a blanket recommendation based on our experience to date. Clearly 
much depends on data availability, but even ignoring  those limits,  there are strong con-
ceptual arguments for and against each method. Given this uncertainty, it prob ably 
makes sense to take the average cost of provision approach as a default if for no other 
reason than pre ce dent. What is the strongest reason to override that default? Where 
government spends money corruptly or incompetently on mostly curative care ser vices, 
 there is a strong case to be made for switching to the WATP model.  Because consum-
ers  will put  little value on low- quality ser vices, this approach  will capture the lack of 
benefit from misspent funds.

The strongest case for the health outcomes approach occurs in nations where non- 
rivalrous health ser vices are not provided universally and therefore generate a sub-
stantial impact on mortality. WATP cannot  handle  these, and the cost of provision may 
grossly underestimate the value of  these ser vices to beneficiaries. Given our stunning 
results in Ghana, we feel that any study that has access to reliable evidence on the im-
pact of any healthcare expenditure on mortality probabilities should explore the health 
outcomes approach. Not  doing so risks missing what may be by far the largest benefit 
government provides to its citizens.44

5  Insurance Value of Financial Risk Reduction

All public spending on health provides insurance to eligible beneficiaries. This is ob-
vious in the case of social insurance schemes but is equally true of generally provided 
health ser vices as well. Health ser vices paid through general revenue require taxes from 
all taxpayers and provide benefits to  those who draw unfortunate outcomes by falling 
ill. Since most  people are risk averse, this insurance has value to them over and above 
the cost of providing health ser vices or the value of their health outcomes  because it 
reduces the variance of their ex- post income. As such, this approach identifies an ad-
ditional value of public health spending that is ignored in benefit- incidence analy sis 
and can be added to any of the previous methods.

We calculate the value of financial risk protection from health insurance in two 
steps. The first step calculates for each person a distribution of income  after healthcare 
expenditures both with and without insurance. One way to do this is through match-
ing methods that compare health expenditures for insured and uninsured  people. In 

44 For prac ti tion ers interested in reproducing  these estimates or applying them in a new context 
using this analy sis as the starting point, we have posted all data and do- files used in the chapter. 
Additional details can be found in appendix 1A.5.
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countries where only part of the population has access to publicly funded healthcare 
(as in a social insurance system  limited to formal sector workers), we can estimate this 
difference by comparing the health spending of  those inside and outside the system, 
usually using the same survey data from the CEQ Assessment. We show an example 
for Ghana in the next section. Another option is to examine changes in access to pub-
licly funded health ser vices over time to mea sure impacts on the distribution of health 
spending. This requires two separate surveys, one before and one  after a significant 
change in health policy, but not necessarily a panel.

In  either case, we first calculate the distribution of health expenditures for insured 
 house holds compared with matched uninsured  house holds using a quantile regression 
of OOP health expenditures on a dummy variable— for insurance, status at each per-
centile of the health expenditure distribution.45 Second, we use a risk- averse utility 
function to evaluate  house hold utility from reduced financial risk attributable to gov-
ernment health insurance. This approach has been used widely to estimate insurance 
value in the United States for Medicare (Finkelstein and McKnight, 2008) and Medi-
care Part D (Engelhardt and Gruber, 2011), Japan (Shigeoka, 2014), Thailand (Limwat-
tananon et al., 2015), Ghana (Powell- Jackson et al., 2014), and Mexico (Barofsky, 2015), 
although the distributional consequences have not been a focus of this research. We 
assume that  house holds satisfy a per period bud get constraint of c = y − m where y rep-
resents income, m  house hold health spending, c non- health expenditure, and utility is 
determined  under a constant relative risk aversion (CRRA) utility function:46

U(c)=
c(1− ε ) −1
(1− ε )

⎛
⎝⎜

⎞
⎠⎟
 if  ε ≠1

ln(c)otherwise

⎧

⎨
⎪⎪

⎩
⎪
⎪

.

Call the distributions of health spending calculated with the quantile regressions 
Pk(m) where k = [1, 0] indexes  those  house holds with and without insurance, respectively. 
The difference between  house hold income minus P0(m) or P1(m) determines the change 
in risk exposure from insurance. House hold expected utility is

EU(y ,γ ,Pk(m))= 0
m
∫ u(max[y −m,γ y])Pk(m)dm,

where γ represents an assumed minimum consumption value  under which  house hold 
expenditure does not fall irrespective of the cost of medical care. Previous studies set 
this limit between 20 and 40  percent of  house hold expenditure in developed countries. 
But for a poor country that threshold seems far too low. It is unlikely that a poor 

45 Standard errors in the quantile regressions are clustered to adjust for correlation of outcomes 
within enumeration areas (Parente and Santos Silva, 2016).
46 We vary the coefficient of relative risk aversion to check the sensitivity of the value of risk pro-
tection to this impor tant pa ram e ter.
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person in Ghana could spend 60  percent of her  house hold’s income on healthcare. So, 
in addition to the standard assumption, we also impose a lower limit on expendi-
tures equal to Ghana’s extreme poverty line.

The risk premium represents the quantity of money a risk- averse  house hold would 
be willing to pay to completely insure against a given financial risk distribution. The 
risk premium for a  house hold is

π k = Ek(y −m)−CEk = (max[y −m,γ ])m= 0
m∑ Pk(m){ }

− u−1 u(max[y −m,γ ])m= 0
m∑ Pk(m)]⎡⎣ ⎤⎦{ },

where Ek(y − m) represents the expected value of a  house hold’s non- health expendi-
ture and CEk is the  house hold’s certainty equivalent for the same distribution of health 
spending. The difference in risk premia between  those with and without coverage, 
π1 − π0, represents the monetary value of financial risk protection provided by govern-
ment health insurance.

5.1  Example Application: Financial Risk Reduction from Ghana’s 
National Health Insurance Scheme

In Ghana, nearly all  those with health insurance are covered through the NHIS. The 
NHIS began as separate district- based and mutual health insurance schemes and was 
rolled out nationally in 2004 (Duku et al., 2016). To increase access to care among the 
most vulnerable, statutorily the NHIS provides coverage without premiums to  children 
 under 18  years old, el derly aged 70 and above, pregnant  women, and recipients of 
Ghana’s conditional cash transfer program. In addition, formal sector workers pay into 
the system through payroll taxes but are exempt from paying any premium. Given 
that over 90   percent of total health insurance coverage in the 2012–13 GLSS is pro-
vided by the NHIS, this estimate is close to comprehensive for mea sur ing financial 
risk protection from insurance coverage in Ghana. Figure 1A-1 shows health insur-
ance coverage by income decile in Ghana in 2005 and 2012–13.

We match  those without NHIS coverage to  those covered using coarsened exact 
matching (Blackwell et al., 2009). This gives us a control group similar in a range of 
observable characteristics to  those with coverage. Specifically, we match on the follow-
ing variables: days sick in the last two weeks, days spent in the hospital in the last two 
weeks, the number of  children  under five and adults over 70 in the  house hold, and the 
 house hold’s Disposable Income.47  Because we expect income to be highly predictive 
of health expenditures, we divide the sample into  house hold income quartiles, match-
ing  house holds covered by the NHIS to uninsured  house holds separately for each one.48 

47 Disposable Income for CEQ is  house hold consumption, the standard welfare variable for GLSS.
48 NHIS coverage is defined as a  house hold in which more than half of residents have insurance.
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In all, then, we have 99 × 4 = 396 regressions, one for each percentile of the health ex-
penditure distribution and each quartile of the income distribution.

Figure 1-2 summarizes the effect of NHIS insurance on OOP health expenditures 
for each income quartile using coarsened exact matching to create comparison groups 
without insurance. The horizontal axis is the quantile of health expenditure within each 
income quartile. Health spending is highly skewed within each quartile, so reductions 
in health spending from insurance coverage are small at lower centiles of health spend-
ing and rise rapidly above the 90th percentile, especially for the richest quartile. Even 
for the richest quartile, health spending in the 48th centile and below is zero, meaning 
that quantile treatment effects are mechanically zero below this level. For the highest 
spending groups, insurance provides increasingly impor tant coverage against cata-
strophic expenditures due to health shocks. We should expect the benefits of NHIS 
financial risk protection to be skewed  toward richer  house holds even if the use of the 
NHIS is not so skewed  because richer  house holds would have been willing and able to 
spend significantly larger amounts on healthcare in the absence of NHIS insurance, 
making the risk reduction benefit of insurance correspondingly greater for  those better- 
off  house holds.

Note: “Insurance effect” refers to the difference in annual out- of- pocket health spending for  house holds with NHIS coverage 
compared with  those without coverage (units are 2013 GHC).

Figure 1-2
Effect of NHIS Insurance on Medical Expenditure by Income Quartile
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Figure 1-3 summarizes the value of financial risk protection from the NHIS by in-
come quartile and by level of risk aversion. The consumption floor, γ, is set to Ghana’s 
extreme (food) poverty line adjusted for  house hold size. The figure shows that finan-
cial risk protection benefits are greatest for the richest quartile, ranging from 0.5  percent 
to 1  percent of quartile annual income across the most plausible estimates of risk aver-
sion. For comparison purposes, the health benefits calculated using the standard CEQ 
average cost approach average 10  percent, 6  percent, 3.5  percent, and 1.8  percent of quar-
tile mean income for the poorest to richest income quartiles, so the insurance values 
captured in the analy sis are relatively small. The value of financial risk protection in-
creases as risk aversion levels increase, as we would expect. But the largest difference 
is between the top income quartile and the rest. The value of risk protection as a  percent 
of quartile income for the top income quartile is more than double the lower three 
levels and also rises faster with increased risk aversion. So even though the NHIS has 
targeting mechanisms meant to include poorer  house holds, the largest benefits in terms 
of financial risk protection go to richer  house holds  because their health spending in 
the absence of insurance is greater. The insurance benefits estimated when using the 
extreme poverty line consumption floor are more concentrated among the top three 

Note: The value of financial risk protection from the NHIS across income quartile is calculated using a consumption floor 
based on Ghana’s extreme (food) poverty line adjusted for  house hold size.

Figure 1-3
Insurance Value by Income Quartile and Risk Aversion
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income quartiles than income itself  because the lowest quartile’s insurance benefits 
are  limited the most by this consumption floor assumption. Overall, however, insur-
ance benefits with the extreme poverty consumption floor are less concentrated than 
income, with a concentration coefficient of 0.30 compared to an income Gini coeffi-
cient of 0.41.

In addition to using the extreme poverty line, we also calculate financial risk pro-
tection benefits using a consumption floor proportional to 20  percent of  house hold in-
come. This assumes that all  house holds, including the poor,  will spend up to 80  percent 
of their income for healthcare, which is implausible in a setting such as Ghana. How-
ever, using this assumption allows us to calculate results that are comparable to esti-
mates of financial risk protection from insurance calculated elsewhere (Finkelstein and 
McKnight, 2008). Figure 1-4 shows the benefits by quartile and risk aversion as a  percent 
of quartile income. The figure shows a similar pattern to  those found with the extreme 
poverty line consumption floor, except benefits are larger for the poorest quartile. Con-
sequently, the benefits are also relatively progressive compared with income with a 
concentration coefficient of 0.19.

Figure 1-4
Insurance Value by Income Quartile and Risk Aversion (Consumption Floor  
Proportional to Income)

Note: The value of financial risk protection from the NHIS across income quartile is calculated using a consumption floor of 
20% of  house hold income.
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5.2  Discussion of Methods to Value Financial Risk Reduction

 Because this approach does not need to be traded off against the  others, the only con-
sideration in using it is  whether the additional effort required to estimate  house holds’ 
counterfactual health spending is worthwhile. In a country such as Ghana, where  there 
is one primary health insurance system and plausible comparison groups can be con-
structed  because insurance eligibility criteria include multiple groups across the income 
distribution, this approach is feasible. It would be more challenging for a country in 
which every one is insured or substantial differences exist between insured and unin-
sured groups (e.g., formal versus informal workers). Another consideration is  whether 
the size of the effect is relevant. In Ghana, it is. While not as large as the estimated 
health benefits from the standard average cost method, the financial risk reduction ben-
efits are of the same order of magnitude and so merit consideration.

6  Conclusion

This chapter compares three methods for estimating the benefits and incidence of health 
spending, while also defining how to mea sure the incidence of financial risk protec-
tion from government- provided health insurance. The average cost approach is the most 
common way to mea sure the benefits and incidence of government health spending. It 
is useful  because of its ease of calculation and clarity. Most developing nations have 
sufficiently detailed nationally representative surveys and national health spending ac-
counts data such that the average cost of healthcare can be calculated widely and com-
pared across nations and over time. In addition,  these methods are accessible to re-
searchers and government officials without extensive training in econometrics. But the 
government’s cost of providing a ser vice may have  little to do with its  actual value to 
beneficiaries. Governments may spend more than a ser vice is worth if its provision is 
corrupt, inefficient, or misguided. At the same time, the ser vice may be worth much 
more than what government spends if it has an appreciable effect on beneficiary health, 
something that has impor tant and large intrinsic value. Each of  these possibilities leads 
us to consider other options for valuing in- kind health ser vices.

The first, the WATP approach, is conceptually attractive for an economist  because 
it relies on revealed preference. Especially in cases where we suspect that government 
is spending far more than a ser vice is worth, low WATP for  those ser vices  will flag the 
prob lem and perhaps give a better estimate of the ser vice’s value.

The method does have limitations. Conceptually, we can apply it only if we can 
estimate a demand function for in- kind ser vices, which rules out any ser vices that are 
public goods. When using income and expenditure surveys, as a CEQ Assessment does, 
that also excludes most types of preventive care. Practically, the demand estimation 
requires considerably more work than the average cost method. In our par tic u lar ex-
ample of Ghana, that extra work does not seem worthwhile as the results for the two 
methods are not too diff er ent. But that is just one example. We recommend the method’s 
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use for situations in which one suspects large differences between government costs and 
patient benefits due to corruption, inefficiency, or incompetence, and especially if the 
analy sis is most interested in valuing curative care only.

The second method we consider, health outcomes, takes a much diff er ent approach. 
It estimates the effect of government- funded health interventions on mortality prob-
abilities and then monetizes  those changes based on studies that look at how much 
money  people  will accept (pay) in exchange for small increases (reductions) in the prob-
ability of death.49 This approach also estimates benefits rather than costs to govern-
ment, but without relying on observed WATP for care.  There are good reasons to be 
suspicious of WATP estimates for healthcare, especially preventive healthcare.  People 
may have difficulty understanding the effect of healthcare ser vices on their mortality 
and so undervalue them considerably. It is also true that the severe liquidity constraints 
common in developing countries cause  people to shun expenditures that offer  future, 
uncertain benefits when their focus is survival for themselves and their  children  today.

Unlike the WATP for healthcare we calculate, our estimates for health benefits are 
sometimes radically diff er ent from cost of provision estimates. Indeed, the benefits to 
malaria control and treatment are so large that they swamp the distributional conse-
quences of any other bud get line or combination of bud get lines, and this despite the 
fact that we are able to analyze only a few publicly funded health interventions (albeit 
the two largest  causes of premature death). If this is the right approach, it is of sub-
stantial importance for distributional analy sis. Unfortunately,  whether this is the right 
approach depends on a normative argument about how to value changes in mortality 
probabilities in developing countries. However, for our estimates of the value of ma-
laria medi cation to be similar to  those for the average cost method, we would need to 
reduce the value we place on reduced mortality by about two  orders of magnitude: an 
implausibly low valuation. For bed nets provision on its own, we would need to reduce 
the value of mortality by about one order of magnitude. Clearly, our normative judg-
ment (and most estimates of the value of mortality risk reduction) would need to be 
far off the mark for the health outcomes approach to be irrelevant.

 There is a conceptual challenge to this approach: it is not consistent with how na-
tional income accounting treats publicly funded ser vices. To accept the health outcomes 
approach, we must argue that health is diff er ent  because of its intrinsic importance and 
so should be treated differently in our accounting.

In practical terms, the health outcomes approach is  limited to instances for which 
we have ready access to estimates of the effect of publicly funded health interventions. 
The Spectrum models are very helpful in this regard, can be run for all developing na-
tions, and include many but not all  causes of death. Even though this approach requires 
more effort than the average cost approach, its results are so dramatic that the effort 
seems well worthwhile.

49   These valuations are, to be clear, revealed preference of WATP for changes in mortality risk 
(instead of healthcare ser vices) among adults in the developed world.
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Lastly, we estimate the insurance value of reduced financial risk that comes from 
government health spending. This is an add-on to the other approaches discussed  here 
 because it is not valuing health ser vices per se, but rather financial risk. The method 
does require an arbitrary assumption about risk aversion, but for a wide range of such 
assumptions, we find that the benefits are similar in value to average costs (and WATP). 
The effect of financial risk protection on the income distribution is somewhat less than 
average cost  because its benefits tend to go more to richer  house holds that spend more 
on healthcare in the absence of public funding.

Practically, our approach to financial risk requires us to match insured with un-
insured  house holds to compare their health expenditures. Ghana is a good case for such 
matching  because the NHIS does not apply to every one, but it is also not obviously cor-
related with income. If the matching is feasible, this method is also worthwhile in an 
incidence analy sis.
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Appendix 1A

1  Using the Spectrum Policy Models Software

Spectrum is a system of policy models used to examine the impact of changes in health 
interventions for use by researchers and policymakers. Each projection starts with re-
sults from an under lying country- specific demographic model that proj ects popula-
tion change using data on fertility, mortality, and migration rates. The demographic 
model comes prepopulated with country- specific data and population estimates from 
the United Nations Population Division. Built on  these demographic projections, 
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disease- specific epidemiological models are used to estimate mortality from multiple 
 causes of death, including malaria, HIV, and a range of child, maternal health, and non-
communicable diseases. In our application, the System of Policy Models is used to 
proj ect how disease- specific mortality rates  will change across the age distribution when 
health intervention coverage rates change from their current level to their counterfac-
tual minimum.

Each disease model combines our understanding of transition probabilities through 
diff er ent disease stages with mea sures of intervention efficacy using the scientific lit-
er a ture. Country- specific data on under lying prevalence and disease type, environmen-
tal conditions that lead to transmission (for example, the entomological infection rate 
for malaria which mea sures exposure to infectious mosquitoes throughout the year) 
are also used. Intervention coverage data come from nationally representative surveys 
such as the Demographic and Health Surveys. Data sources are updated annually or 
as frequently as nationally representative surveys are conducted in a given country, 
while research lit er a ture is reviewed frequently as well to ensure efficacy par ameters 
are up to date.

To implement projections for changes to HIV- , malaria- , and diabetes- related mor-
tality, we estimated mortality rates first using all health intervention rates set at their 
Spectrum- provided current level. Modules used are DemProj, the base model that re-
flects population change, the AIDS Impact Model (AIM), which proj ects the conse-
quences of the HIV epidemic including AIDS deaths by age and sex, and Malaria, a 
module that permits countries with endemic malaria to proj ect over- time malaria case 
load and malaria- attributable mortality, in three distinct age groups. The malaria trans-
mission model under lying Spectrum’s estimates is based on OpenMalaria, which was 
developed by researchers at the Swiss Institute of Tropical Hygiene and Medicine and 
simulates the dynamics of malaria transmission and epidemiology in mosquito and 
 human populations, as well as the effects of malaria control.  These statistical impact 
functions50 are combined with a database of malaria endemicity and epidemiology at 
the subnational level to proj ect  future burden.

 After mortality rates at current coverage are calculated, health intervention 
coverage levels are then changed one by one to reflect the counterfactual minimum 
coverage level, and intervention- related age- specific mortality rates are again calcu-
lated. The difference in projected age- specific mortality rates when intervention cover-
age changes from current to counterfactual minimum levels is used as the change in 
mortality attributable to government spending. Since the Spectrum software allows 
mortality rate projections only in the  future, intervention coverage levels are changed 
in year 2018 and the effect is taken from the first year  after that change occurs—2019.51

50 As described in Korenromp et al. (2016).
51 See Avenir Health (2018) for a detailed introduction on how to use the projection system and 
the contents of each module.
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The counterfactual minimum level of health intervention coverage is estimated 
using DHS survey waves across other West African nations from 2011 to 2015 for ma-
laria and diabetes interventions and UNAIDS for antiretroviral therapy coverage rates. 
The countries included are Benin, Togo, Ivory Coast, Guinea, Liberia, Sierra Leone, and 
Nigeria. For example, minimum reported use of ITNs for  children five years of age and 
below among Ghana’s peer nations is 16.6  percent using the Nigeria 2013 DHS survey 
(National Population Commission and ICF International, 2014). This compares with a 
rate of 55  percent in Ghana. In addition, UNAIDS reports that the minimum ART cov-
erage rate among  these West African nations is Liberia in 2013 with a coverage rate of 
13  percent, compared with a rate of 65  percent in Ghana (UNAIDS, 2019).

To finish the valuations of change in mortality, data on the distribution of the pop-
ulation in Ghana by age group and life expectancy by age are needed. The former is 
obtained from the Ghana Population and Housing Census of 2010 (GSS 2018). To cal-
culate total population in each age group in 2013, it is assumed that the distribution of 
population across age groups is constant from 2010 to 2013, and the GSS’s total popu-
lation projection for 2013 is used to estimate population in 2013 by age group (GSS 2018). 
Data on life expectancy in Ghana by five- year age group is obtained from the WHO’s 
Global Health Observatory (WHO 2018).

2  Financial Risk Protection with Consumption Floor Proportional 
to Income

Figure 1A-1 displays the percentage of the population by income decile that is covered 
by the NHIS in both 2005 and 2013. Although in 2005  there was a clear income gradi-
ent for insurance access, by 2013 access was approximately equal across the income 
distribution.

Figure 1-4 shows the values of insurance protection from health shock risk through 
the NHIS across income quartiles and levels of risk aversion, where the consumption 
floor is assumed proportional to  house hold income. The results show, as expected, that 
the value of insurance increases with risk aversion. In contrast to using the extreme 
poverty line consumption floor, this figure shows that when a consumption floor pro-
portional to income is used, the value of insurance is relatively progressive as benefits 
(as a percentage of quartile mean disposable income) are largest for the lowest income 
group.

3  Concentration Curves by Valuation Method

This section of the appendix pre sents concentration curves for the benefits estimated 
with each health valuation method in the chapter. Comparing concentration curves is 
more general than comparing concentration coefficients (the area between the curve and 
the 45- degree line), though in  these examples, the information is qualitatively similar. 
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Figure 1A-2 shows concentration curves for the average cost method. It shows that  these 
methods produce a more progressive estimate of healthcare’s value than the compensat-
ing variation WATP method  because WATP increases with income, but both methods 
show a progressive distribution of benefits. Figure 1A-3 shows concentration curves for 
each health intervention analyzed in the health outcomes approach. It indicates that inte-
rior spraying for mosquitoes is the most progressive public expenditure of this group, 
showing that, for example, almost 70  percent of the benefits from IRS goes to the bottom 
two income quintiles. The benefits from ITNs also goes disproportionately to the poor, 
although less than IRS,  because this program focuses on families with young  children. 
The distribution of benefits from antimalarial drugs is spread evenly across the popula-
tion, though as noted in the chapter text, the need (as mea sured by malaria incidence) is 
greater among poorer  house holds. The benefits of antiretroviral drugs and, especially, 
diabetes care go more to richer  house holds, though both are still distributed more equally 
than income itself. Figure 1A-4 shows the concentration coefficients for two estimates of 
financial risk protection using a consumption floor proportional to income. Specifically, 
one scenario uses a high level of risk aversion ( ρ  = 4) and low consumption floor of 
γ = 10   percent, which would maximize the estimate of insurance value. The other sce-
nario uses a moderate level of risk aversion ( ρ  = 2.5) and higher consumption floor 
γ = 20  percent. Even with  these changes we see that the distributional effects are similar, 

Figure 1A-1
Insurance Coverage by Decile (Ghana), GLSS 2004–05 and 2012–13
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generating impacts that are more equal than income, but not absolutely progressive. In 
contrast, the concentration curve of insurance value with moderate risk aversion and a 
consumption floor γ equal to the extreme poverty line shows that benefits to the bottom 
20  percent are lower than their proportion of income. However, the value is greater than 
their proportion of income for the  middle 60  percent of the income distribution.

4  Using Willingness and Ability to Pay by Matching Publicly  
Funded Health Ser vices to Private Health Ser vices

A straightforward approach to valuing healthcare ser vices is to look at what  people ac-
tually pay for healthcare ser vices at private providers of comparable quality to the 
public ser vices we want to value. This also relies on revealed preference: the ser vice is 
obviously worth at least as much to users as they are willing to pay for it in a private 
market. Soares (2019) uses this approach for schooling in Brazil.

Figure 1A-2
Concentration Curves for Outpatient Care Value

Source: GLSS-6 and authors’ calculations.

Notes: Observations ranked by Final Income as defined by CEQ but excluding any benefits from public healthcare spending.
AC = average cost approach; CV = compensating variation.
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 There are two challenges for this approach, one conceptual, the other practical. 
Conceptually, we need to control for diff er ent quality of ser vices. We can do so by 
matching public to private ser vices with one or more indicators of the quality of the 
ser vice. Practically, we need data on the quality of ser vices at public and private facili-
ties and the fees charged at the private facilities. Relatively few surveys used for a CEQ 
Assessment include this information, which should be collected at the facilities level 
rather than at the  house hold level. But the Demographic and Health Surveys’ Ser vice 
Provision Assessments, available in 15–20 countries, do provide the necessary facili-
ties data (Mea sure DHS, 2019).  There may be other special- purpose surveys in other 
countries done on an ad- hoc basis.52

52 Unfortunately, the World Bank’s Ser vice Delivery Indicators surveys do not collect informa-
tion on fees.
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Figure 1A-3
Concentration Curves for Health Outcome Benefits by Intervention Type

Source: GLSS-6 and authors’ calculations.

Notes: Observations ranked by “Final Income” as defined by CEQ but excluding any benefits from public healthcare spending.
HB = health benefit; pc = per capita.
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Once facilities are matched, we would simply use the matching private fa cil i ty’s 
price to estimate the value of the matching public fa cil i ty’s ser vice.  These values can 
then be assigned to users of public health facilities, perhaps disaggregated by geographic 
area and type of fa cil i ty.

4.1  Example Application

Although  there has not been an example in the health sector of this method, it has been 
used in education to estimate the value of in- kind subsidies for schooling in Brazil. In 
the education context,  there are clearer substitutes between private and public ser vices 
than in health. However,  there does exist a series of surveys called Ser vice Provision 

Figure 1A-4
Concentration Curves for Financial Risk Protection

Source: GLSS-6 and authors’ calculations

Notes: ρ  = coefficient of relative risk aversion; γ  = is percentage of  house hold income used as a lower limit for nonhealth ex-
penditures, except when γ  = z, which indicates use of the extreme poverty line (792 cedis per adult equivalent per year) as the 
lower limit.
Observations ranked by “Final Income” as defined by CEQ but excluding any benefits from public healthcare spending.
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Assessments collected through the Demographic and Health Surveys that may be used 
for this purpose (Mea sure DHS, 2019). One exists for Ghana from 2002, outside of our 
timeframe of interest  here.

4.2  Discussion of Public/Private Matching

The advantage of the matching approach is that, like the discrete choice demand esti-
mation, it relies on patients’  actual choices. It is also much easier to implement. An 
impor tant disadvantage is that the data on fa cil i ty quality and prices may not be avail-
able in many countries. In addition,  because this approach relies on demand for pri-
vate ser vices, it is not applicable to health spending on public goods or natu ral mo-
nopolies, ser vices that have some of the highest returns for public spending.

5  Data and Do- Files for Replication

The do- files and data required to replicate this analy sis in its entirety have been posted 
in the CEQ Data Center on Fiscal Re distribution (part V, section 6.b of this Handbook, 
online only).  These serve both to validate the results shown  here and to provide a start-
ing point for similar analy sis to be undertaken in another country using the five crite-
ria we describe in section 4 to assess which method should be used and based on that 
nation’s health system structure.

1018-103585_ch01_12P.indd   511018-103585_ch01_12P.indd   51 08/03/23   5:17 PM08/03/23   5:17 PM



Chapter 2

THE MARKET VALUE OF 
PUBLIC EDUCATION

A Comparison of Three Valuation Methods

Sergei Soares

Introduction

Public education has become widespread in most socie ties. Apart from failed states or 
nations in throes of civil war, the state in almost all countries provides schooling to 
 children. This ser vice is usually provided  free of cost to families.1 According to 
UNESCO, 80  percent of the world’s 184 nations for which it has education statistics 
have laws that require the state to provide eight or more years of  free education to their 
 children. It is not, however,  free of cost to the state. Again according to UNESCO, the 
median public education expenditure in  those countries is close to 5  percent of GDP.2 
Worldwide school attendance is about 91  percent for primary education and 83  percent 
for secondary. Thus, that publicly provided education is both an impor tant public ex-
penditure and a relevant in- kind transfer, often to the poorest  house holds. It is impor-
tant to value this public effort adequately.

In this chapter, I compare three methods for valuing education ser vices and their 
distributive impact. For each method, I calculate the total value of public educational ser-
vices by level as well as their impact on income in equality, as mea sured by the Gini and 
concentration coefficients. I apply each method to Brazil, a country for which educational, 
expenditure, and income distribution data are both good quality and easily available.

By far the most common approach in recent times has been to value education ac-
cording to its cost to the public sector. An OECD (2008) report on income distribu-
tion makes this clear:

1 In some African countries,  there are still school fees for public primary education.
2 Data from UNESCO Institute for Statistics website: http:// data . uis . unesco . org / .

52
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Imputation of public educational expenditures to individuals based on  actual 
use requires, first, determining  whether or not an individual is participating in 
diff er ent levels of the educational system; and second, increasing the income of 
the  house hold where they live by the average public spending per student at the 
relevant educational level. (p. 235)

The majority of the recent lit er a ture, such Atkinson (2005) and the Commitment to Eq-
uity Handbook (Lustig, 2022), follows this approach, which is to take how much it costs 
the state to provide the educational ser vices and split it up evenly among the families 
with  children in the public education system. I use this cost of provision method as well.

The second method I use to value educational ser vices involves taking the  labor mar-
ket as the mea sure of their worth. The value of an additional year of education is calculated 
based on how much more individuals  will earn if they study an additional year. This ap-
proach is based upon Sergio Urzua’s proposal in chapter 3 of Volume 2 of this Handbook.

The third method is to use the market for private educational ser vices to mea sure 
the value of public education ser vices. This involves matching private educational ex-
penditures, paid for by students or their parents, with equivalent public education 
ser vices. The two are matched using test scores, which of course means that this ap-
proach presupposes that test score data are a good proxy for schooling quality.

None of the three methods is perfect; in fact, all suffer from serious conceptual 
prob lems, to be detailed below. However, I believe that looking at the results from all 
three may allow a reasonably complete picture of the distributive and welfare impacts 
of education.

1  First Method: Schooling Is Worth What It Costs  
the State to Provide It

The cost of provision approach has several advantages.
First, it is easy. To calculate the value of schooling and monetize it, take the cost 

per student at the lowest level of aggregation pos si ble and divide it up equally among 
the families whose  children are enrolled in public education, weighted by the number 
of  children enrolled by  family, of course. This value can then be added to the per cap-
ita income of  house holds and all the distributive statistics can then be calculated.

Second, the data requirements are modest. All that is needed is per-student expen-
ditures by level, ideally at a low level of aggregation. In many countries with centralized 
systems, this level of aggregation  will be the  whole county. In some it might be the 
municipality (or even the school). In the United States, it is the school district. For 
Brazil, I use states, since all municipalities in each state receive in princi ple the same 
per-student financing.3

3 The Fundo de Manutenção e Desenvolvimento da Educação Básica e de Valorização dos Profis-
sionais da Educação (Fundeb), which provides the base per capita funding to schools, is the same 
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Third, the cost of provision approach does not change the size of the welfare cake. 
The benefits of public education are by definition equal to the taxes used to finance it. 
I am not sure that this is  really an advantage but it does keep  things  simple. Education 
is nothing more than a re distribution from  those who pay to  those who benefit; it nei-
ther creates nor destroys wealth.

On the other hand, the cost approach also suffers from vari ous shortcomings.
First, it assumes that all students are receiving the same public education. This is 

clearly not the case even if the state spends the same on each student, which is also 
usually not the case. Even in a highly centralized system such as that of France, in which 
all students study the same subject  matter on the same day, the differences in teaching 
quality between a school in a poor banlieue and a school in Paris’s fifth district are quite 
evident.  These differences are even higher for countries in which schools or munici-
palities are allowed to raise money for themselves.

Second, it is not consistent with the theory of provision of public goods (Samuel-
son 1955), according to which the welfare value of a public good is the sum of the 
marginal utilities of all its users (as opposed to the  simple marginal utility in the case 
of private goods). While schools are definitely not pure public goods since one can 
only fit so many  children into a classroom without hindering learning, allowing the 
marginal benefit of educational ser vices to differ from their average cost allows for 
public education to be welfare enhancing (or welfare reducing).  Whether the state is 
highly efficient or woefully inefficient in translating educational expenditure into 
learning and  future wages makes no difference in the cost method.

2  Second Method: Schooling Is Worth What the  Labor Market  
Says It Is Worth

The  labor market method is conceptually a  little more complicated than the cost of pro-
vision method, but not much. The idea is to take the difference in pre sent values of 
lifetime earnings of men and  women with and without an additional year of school-
ing as the value of that year of schooling. In symbols,

values= lifetime  ys− lifetime  ys−1 = t=16
70∑ d(t−16)ys , t − t=16

70∑ d(t−16)ys−1, t ,

where ys, t represents the average earnings of someone with schooling level s at age t and 
d is a discount  factor. The age range we consider goes from the  legal working age of 16 to 
maximum retirement age of 70. Note that ys,t is the product of the probability of employ-
ment by the average wage if employed. ys,t must also be calculated at some level of ag-
gregation since individual  future wages cannot be observed for  people in school  today. 
My objective was to use individuals of a given race and sex born in the same state, but 

for  every school in a given state. Complementary expenditures by the federal government, states, 
and municipalities  will vary from school to school, but  these are less impor tant than the Fundef.
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sampling noise forced me to  settle for individuals of a given race and sex born in the 
same region of the country (North, Northeast, Southeast, South, and Center- West).

But what if  there is more than one schooling level? The calculation becomes a 
 little more complicated. A child or young adult completing a given year of schooling 
opens to his or her  future self not only the doors of higher earnings accruing to that 
year of schooling, but also the possibility of  going further in his or her education and 
accessing the higher wages of subsequent schooling levels. This means that in addition 
to the  future salary already contracted with an additional year of education s, the 
child or young adult has also added the option value of  going to level s + 1 to his menu. 
In symbols,

values = (lifetime ys − lifetime ys − 1) + ps + 1 values + 1,

where ps + 1 is the probability of completing schooling level s + 1, given that schooling 
level s has been completed.

The calculation is  simple. Begin with the highest schooling level in the  house hold 
survey and calculate values for that level. Then work backward using the option value 
for values + 1 for calculating each new values.

The incomes and probabilities of working can be found in any  labor market sur-
vey. For Brazil, I used the 2015 Pesquisa Nacional por Amostragem de Domicilios (Na-
tional House hold Sample Survey— PNAD). For each region of Brazil, I calculated the 
mean earnings and employment probabilities for men and  women by region and race. 
I used sex, race, and region  because  these variables change rates of return to educa-
tion. Having the age- earnings profile for each type of person and educational level 
means that the net pre sent value of all types of education can be calculated.

The transition probabilities can be calculated  either using educational statistics or 
 else just a cross- section of individuals who no longer go to school. Educational statis-
tics  will usually provide repetition, drop- out, and promotion rates, and then a flow 
model can be used to calculate the estimated  future educational end states and their 
probabilities. An alternative (and much simpler) procedure is to use a  house hold sur-
vey to observe the educational end states of individuals whose educational trajectories 
have been completed. This is what I did, using individuals age 25, since  there are few 
 people still in school at that age or older.

At this stage in the calculation, only the discount rate d needs to be determined. I 
used three values: 5  percent, 10  percent, and 15  percent. They are somewhat arbitrary 
but 5  percent is close to the long- run real prime rate for Brazil and 15  percent is close 
to the lowest interest rate for a personal loan in Brazil. I consider the 15  percent annual 
discount rate as the most adequate for individual decisions.

Precision of the estimates can be calculated using the variance of earnings for each 
age in the age- earnings profile.  These variances can then be used to calculate the vari-
ance of the estimates of pre sent value of  future earnings for educational level and, there-
fore, of its distributional statistics.
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The  labor market approach, which uses the net pre sent value of income, also has 
advantages and disadvantages.

Perhaps its main advantage is that it ties the value of schooling to its real world 
impacts. This allows for welfare- enhancing public schooling, particularly if  labor mar-
ket returns are elevated, as they still are in Brazil. This is a huge advantage over the cost 
approach.

I can think of four main disadvantages.
The first is that the results depend crucially on an arbitrary pa ram e ter, the discount 

rate d. Given that  there is no uncontroversial way to calculate what should be the dis-
count rate for a given country or person, this is indeed a prob lem.

The second is that the method reduces the impact of education to its  future income 
component. Education has also been shown to enhance health (in de pen dently of 
income),4 to reduce the probability of being murdered (which is also conditional on 
income),5 and to increase the educational level of  future generations.  These are certainly 
impor tant dimensions of welfare that are not included in the  labor market approach. It 
would be pos si ble to include them in an incomplete way by applying mortality and mor-
bidity probabilities to the age- earnings profiles by schooling level, but I do not do so  here.

A variation on this theme is that many educators maintain that education has in-
trinsic value, in de pen dent of its effect on other desirable outcomes. In other words, 
knowing about the world is a source of satisfaction in and of itself (this is certainly true 
for me). This is not captured looking at  future earnings.

A third calculation prob lem is that the  future  labor market  will almost certainly 
differ from  today’s  labor market, which means that the values  will be calculated with 
bias. In a country with an expanding education system, it is likely that this bias  will be 
upward since more education  will drive down educational premiums. Premiums  will 
fall for obvious reasons if the returns to education reflect signaling, but they  will also 
fall due to decreasing marginal returns to the more abundant  factor of production even 
if returns to education reflect true increases in productivity. In Brazil over the last two 
de cades, educational premiums have fallen so that a high school diploma would have 
been more highly valued ex ante in 1990 than if its holder had been followed through-
out his or her life from graduation  until  today.

Fi nally, this method cannot be used to value pre school education with pre sent 
data. Since  house hold surveys contain only the highest educational level completed, we 
do not know how much additional income is gained from having attended preschool.

The net pre sent value of income  labor market approach ignores all  these issues.

4 Da Silva, Araujo Freire, and Pereira (2016) show that individuals age 15 who went on to higher 
education had life expectancy 6.3 years higher than  those with incomplete primary education.
5 According to Waiselfisz (2016), hom i cide rates in Brazil are 262 per 100,000 for youth with less 
than four years of schooling as opposed to 19 for  those with a secondary education and 0.4 for 
 those with higher education.
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3  Third Method: Schooling Is Worth What the Private Education 
Market Says It Is Worth

The third method is to use the private education market to attribute a value to public 
education. One possibility would be simply to attribute the value of private education 
of the same level and in the same area to public schooling. The prob lem is that private 
schools are often considered better than public ones— which is why  people put their 
hard- earned money into paying tuition instead of enjoying  free public education. A 
way to take this into consideration is to attribute to public education at a given level 
and in a given geo graph i cal area the same value as private education of the same qual-
ity. But how does one mea sure the quality of schooling?

Faute de mieux, I consider quality as being mea sured solely by a score on a stan-
dardized test. This is certainly a prob lem as schooling quality may also refer to how 
welcoming a school is and how its students feel  there. School quality may refer to the 
interpersonal and soft skills whose importance in the  labor market is increasingly clear. 
The decision to put one’s  children in a private school may even answer to motives many 
 will find lacking in legitimacy such as racial, religious, or cultural homogeneity. We 
cannot, however, mea sure any of  these in a systematic way. So test scores it is.

How does the cost of equivalent private education method work? Three pieces of 
information are necessary: tuitions, test scores, and of course school enrollment data. 
Tuitions in private schools must be paired with test scores to find the hedonic price for 
school quality, and this price must then be matched with enrollment in public schools. 
The educational market value of public education is then what ever a student in a pub-
lic school would have to pay to get the same education in a private one.

In Brazil, tuition can be found only in the Family Expenditures Survey (the Minis-
try of Education collects data on tuition by school but they are not made public). Test 
scores can be found in all the main tests: Prova Brasil / Sistema de Avaliação da Edu-
cação Básica (SAEB) for elementary and  middle school, Exame Nacional do Ensino 
Médio (ENEM) for high school, and Exame Nacional de Desempenho dos Estudantes 
(ENADE) for higher education. In addition, I use the PNAD for incomes.

With five databases and no identifiers, the biggest challenge in this method is merging 
data. Luckily, all the school tests (Prova Brasil/SAEB, ENEM, ENADE) have good socio-
economic questionnaires with plenty of variables that allow for matching keys to be made.

The steps I followed are as follows:
First, individual tuition from the 2009 Family Expenditures Survey was matched 

to test score data from the same year from SAEB, ENEM, and ENADE. The objective 
was to get a relation between tuition and quality as mea sured by test scores. Only pri-
vate schools  were included, and the matching codes on  table 2-1  were used. This means 
that the average tuition of boys born in 1999 and enrolled in eighth grade in private 
schools in the state of Minas Gerais, whose parents both had completed higher educa-
tion, and who lived in a  house hold with four  people with a computer, a car, and a 
DVD player, was matched to the average test score data of  these same kids.
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Second, for each educational level (barring preschool, for which  there are no test 
scores), a regression linking test scores to tuition was estimated. Unfortunately, the 
Family Expenditures Survey has few observations for private tuition and the numbers 
 were typically in the low hundreds (also shown on  table 2-1).6 The end result is a test 
score– tuition converter.

The “Number matched” column in  table 2-1 is expressed as the sum of two num-
bers. The first number shows the observations that  were directly matched between the 
test scores and the Family Expenditures Survey. The second number represents obser-
vations for which  there are tuition data in the consumption survey but no match with 
test score data. In order to use  these observations, they had to be matched to the near-
est observation in the test score data. The distance mea sure used is the predicted value 
of a regression in which test scores are the dependent variable and the match code vari-
ables above make up the in de pen dent variables.

The regression results in which test scores explain tuition can be found in the ap-
pendix to this chapter.

Having the test score– tuition converter, I turned back to the test scores and matched 
test score data to the PNAD using the same match codes as before. The data  were diff er-
ent since 2015 data  were used for both incomes and test scores. This time, only test results 
for public schools  were used. In this case, the number of observations was much higher— 
typically in the low thousands— and the merges  were almost perfect. With the match 

6 If many more observations  were available, no regression would be needed, and test scores could 
be converted to tuition nonparametrically.

 Table 2-1
Matching Codes and Regression Statistics

Schooling level Match code
Number 
matched R2

Preschool No regression
Lower primary State; sex; year born;  mother’s education; 

 Father’s education;  house hold size; 
microcomputer; car; DVD

195 + 9 0.2792

Upper primary State; sex; year born;  mother’s education; 
 father’s education;  house hold size; 
microcomputer; car; DVD

122 + 26 0.2556

Secondary State; sex; year born; income category; 
 mother’s education;  father’s education; 
microcomputer

151 + 11 0.2784

Higher State; sex; year born; income category; 
 house hold size;  mother’s education; 
 father’s education

1,637 + 270 0.0534

Sources: Family Expenditures Survey, 2009; SAEB, 2011; ENEM, 2009; ENADE, 2009.
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made, the coefficients from step 2  were used to predict the tuition that would have been 
paid by families for the same quality of education they obtained for  free from the state. 
Since I used the 2015 PNAD House hold Survey, the predicted values for tuitions had to be 
multiplied by 1.51067, which represents the inflation rate from 2009 to 2015.

Fi nally, this predicted value was added to  family income, and the same standard 
distributional analy sis undertaken for methods 1 and 2  were repeated.

The cells defined by each match code also define a variance in tuitions.  These vari-
ances then can be used to calculate the variance of the diff er ent distributional statistics.

The private education market method also has advantages and shortcomings.
The biggest advantage is that it is anchored in what  people are actually willing to 

pay for education. Gertler and Glewwe (1989) estimated willingness to pay for educa-
tion in rural Peru in 1985 using the decisions of families to send or not to send their 
 children to schools. Given that 38  percent of  children in rural Peru did not go to school 
in 1985, that school places  were not rationed, and that  there  were considerable costs in 
terms of time, the schooling decision could be used to uncover the value families placed 
on public schooling. However, this identification strategy no longer works in any but 
the poorest countries since in middle- income countries schooling is very close to uni-
versal and often compulsory. The private education market method  will work any-
where that public and private schooling coexist.

The main disadvantage is assuming an equivalence of private and public educa-
tion conditional on test scores. If public schooling exists as a  free alternative to paid 
private schooling of the same quality, why do families part with their hard- earned 
money paying for private education?

The answer is that the common support for education is somewhat rationed. School 
places in the best public schools such as exam schools are  limited and require exams 
or lotteries to get in. It may be argued that a public school of a quality comparable to 
an available private school is only available elsewhere or its places are rationed. The 
reason for private schooling that invalidates this approach is that some parents value 
class, religious, ideological, or racial homogeneity and may send their  children to pri-
vate schools for that reason. In this case  there is no equivalence to what parents who 
pay for private schooling are paying for and what public schooling provides. I  will leave 
it up to the reader to decide which alternative is true.

A second disadvantage is empirical. Test scores, private school tuition data, and 
enough additional data to allow matching are all necessary for computation. Whereas 
Brazil has exceptionally good test data, many countries may not count on an ENEM, 
an ENADE, and Prova Brasil. Most developing countries and even many developed 
ones do not have such good standardized test data. Nevertheless, tests such as  those 
undertaken by the Programme for International Student Assessment (PISA), the South-
ern and Eastern Africa Consortium for Monitoring Educational Quality (SACMEQ), 
and the Laboratorio Latinoamericano de Evaluación de la Calidad de la Educación 
(LLECE) allow this method to be applied in vari ous countries, at least for some grade 
levels.
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4  Comparison of Results

The first question each method must answer is how much public education is worth. 
The answer varies according to the method used. The estimates go from 60.80 reais 
(R$) for  every man,  woman, and child in Brazil for the cost method to R$474.59 using 
the  labor market method with a discount  factor of 5  percent. As I said before, I am 
using a 15  percent discount rate for Brazilian individuals since they are willing to pay 
that amount, or even more, for personal credit. That having been said, one could make 
an argument that the social discount rate should be closer to 5  percent since the state 
can finance itself at close to 5  percent.

If we use the 15  percent discount  factor for the  labor market method, all three methods 
provide reasonably close estimates of the total value of public education to the public.7 They 
vary from R$60.80 to R$74.09 per month, increasing incomes for the population as a  whole 
by about 6  percent or 7  percent. All three methods provide estimates that are quite close to 
each other. Remember, though, that the  labor market method does not value preschool.

The standard deviations are quite high. In the case of the  labor market method, 
this is due to the fact that differences between variables add and do not subtract. In 
the case of the education market method, the reason is that small sample sizes are used 
to estimate the relations between standardized test scores and tuition. With the large 
standard deviations shown in  table 2-2, it is clear that  there are no statistical differ-
ences between the three methods in bold. The  labor market estimates using discount 
rates of 10  percent and 5  percent, respectively, are diff er ent from the education market 
estimate with a probability of 32.0  percent and 99.7  percent.

In addition, the reduction in Gini points is about the same for all three methods. 
The Gini coefficient falls by about 3.5 Gini points with the addition of the value of pub-
lic educational ser vices to  family incomes.

What is the breakdown by education level?
 Table 2-3 shows that the  labor market approach provides much higher estimates 

of educational value than the education market and the cost approaches. This is not 
clear in  table 2-2  because the  labor market approach cannot value preschool education, 
but one could argue that the benefits of preschool are included in  later earnings. The 
 labor market approach provides estimates that, compared with the cost approach, are 
40  percent higher for primary school and 67  percent higher for secondary.

The cost approach and the education market approach, on the other hand, pro-
vide estimates that are quite close for all schooling levels except higher education. An 
argument can be made, however, that included in public higher education cost are items 
that are  really not education, particularly research. While specific research bud gets and 
research grants have not been included in education costs, the salaries of many higher 
education teachers also pay for their time as researchers.

7 If we use the 5  percent discount rate, then the value of public education is much higher accord-
ing to the  labor market method.
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The last  table,  table 2-4, shows distributive impacts of public schooling by level. 
That is, it shows both the ex- ante impacts (concentration coefficients calculated with 
no imputation of public schooling value into incomes— across the ex- ante distribution) 
and ex- post impacts (concentration coefficients calculated with educational values in-
cluded in incomes). Once again,  there are no preschool impacts for the  labor market 
approach  because the method cannot estimate them with the data available.

The distributive results are more varied than the averages. The cost approach yields 
an ex- ante concentration coefficient in the −30s— highly distributive— for preschool and 
primary education. The  labor market and education market approaches yield concen-
tration coefficients in the −20s— still quite distributive but less so than the  labor mar-
ket approach. The same relation holds true for secondary education. For higher educa-
tion, concentration coefficients from all three approaches are in the +30s.

 Table 2-2
Impacts of Public Education Ser vices on Global Income Distribution

Distribution
Income 
(in R$)

Δ Income 
(in R$)

Standard 
deviation 
Δ Income Gini Δ Gini

Income 1,056 0.514
Cost approach 1,117 61 n.a. 0.477 –0.037
 Labor market (5%) 1,531 475 157 0.446 −0.068
 Labor market (10%) 1,220 164 82 0.455 −0.059
 Labor market (15%) 1,130 74 52 0.477 –0.037
Education market 1,118 62 32 0.479 –0.035

Sources: Family Expenditures Survey, 2009; PNAD House hold Survey, 2015; SAEB, 2011, 2015; ENEM, 2009, 2015; ENADE, 2009, 2015.

Note: Education values are per person; calculated using the entire population, not only students.

n.a. = Not applicable

 Table 2-3
Value of Public Education by Level, per Student

Educational level

Number of 
students 

(millions)
Avg. cost 
approach

 Labor 
market 
(15%)

Education 
market

Preschool 5.19 248 none 296
Lower primary 14.09 250 352 233
Upper primary 11.32 272 291
Secondary 8.08 302 504 414
Higher 1.87 917 883 502
All levels 40.55 297 415 305

Sources: Family Expenditures Survey, 2009; PNAD House hold Survey, 2015; SAEB, 2011, 2015; ENEM, 2009, 2015; ENADE, 2009, 2015.

1018-103585_ch01_12P.indd   611018-103585_ch01_12P.indd   61 08/03/23   5:17 PM08/03/23   5:17 PM



S E R G E I  S O A R E S62

This discrepancy is prob ably due to heterogeneity of schools. While the cost ap-
proach assigns to all schools in a given state the same expenditures, the education market 
approach assigns higher value to better public schools, thus negating some of its distribu-
tive impacts.

The ex- post results are always less distributive  because the recipients of education 
spending all move up the income distribution once educational spending is imputed 
to their incomes. Additional spending on higher education is regressive as shown by 
ex- post concentration coefficients, which are higher than the ex- post Gini coefficient. 
Also for comparison purposes, the most distributive government program in Brazil, 
Bolsa Familia, has an ex- post concentration coefficient of about −0.6. This means that 
public education falls quite short of targeted social welfare programs, which should not 
be a surprise since it is a universal ser vice.

The six panels of figure 2-1 show the ex- ante and ex- post concentration curves for 
all educational levels for all three methods.

5  Conclusion

In this chapter I compare diff er ent methods for providing an estimate of how much 
public education is worth to  those who benefit from it. Apart from the tried and true 
cost method, I also applied the  labor market method in ven ted by Sergio Urzua (2017) 
and the education market method I pioneered (Soares, 2017). I find that the results from 
the three methods do not fall far from each other (although the  labor market approach 
requires high discount rates to yield results similar to the other two).

That cost and education market methods yield similar estimates of value should 
not be a surprise. The private system is heavi ly influenced by the public schooling sup-
ply since it uses many of the same inputs— particularly teachers. The  labor market val-
uation of public education, however, depends a lot on the discount rate chosen.

 Table 2-4
Concentration Coefficients of Public Education by Level, Ex Ante and Ex Post

Ex ante Ex post

Level
Cost 

approach
 Labor 

market
Education 

market
Cost 

approach
 Labor 

market
Education 

market

Preschool −0.302 none −0.257 −0.240 none −0.150
Lower primary −0.388 –0.290 −0.279 −0.319 –0.048 −0.162
Upper primary −0.332 −0.257 −0.251 −0.116
Secondary −0.181 −0.139 −0.141 −0.093 0.071 0.018
Higher 0.321 0.378 0.350 0.532 0.592 0.459
All Levels –0.216 –0.173 –0.188 –0.122 0.057 –0.055

Sources: Family Expenditures Survey, 2009; PNAD House hold Survey, 2015; SAEB, 2011, 2015; ENEM, 2009, 2015; ENADE, 
2009, 2015.

1018-103585_ch01_12P.indd   621018-103585_ch01_12P.indd   62 08/03/23   5:17 PM08/03/23   5:17 PM



Figure 2-1
Concentration Curves

Sources: Family Expenditures Survey, 2009; PNAD, 2015; SAEB, 2011, 2015; ENEM. 2009, 2015; ENADE, 2009, 2015.
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All methods provide similar distributive results ex ante  because the  children who 
benefit from them are more or less in the same position in terms of income distribu-
tion. Furthermore, if the value each assigns to public education is not too diff er ent, then 
the ex- post distributive results  will not fall too far from each other  either.

My conclusion is that the value of public education in Brazil is close to 6  percent 
of  house hold income, and it is quite distributive, what ever the valuation method used.
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Appendix 2A

Additional  tables on school tuition regressions and standard errors of estimates 
are presented below.
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 Table 2A-2
Standard Deviations for Monthly Value of Education Estimates

Educational level

Number of 
students 

(millions)

 Labor market (15%) Education market

Value
Standard 

error Value
Standard 

error

Preschool 5.19 none 296
Lower primary 14.09 352 44.38 233 30
Upper primary 11.32 291 31
Secondary 8.08 504 25.26 414 39
Higher 1.87 883 11.47 502 21

Sources: Family Expenditures Survey, 2009; PNAD House hold Survey, 2015; SAEB, 2011, 2015; ENEM, 2009, 2015; ENADE, 
2009, 2015.
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Chapter 3

RE DISTRIBUTION 
THROUGH EDUCATION
Assessing the Long- Term Impact  

of Public Spending

Sergio Urzua

Introduction

Education can be a power ful policy instrument to redistribute resources. On the one 
hand, by equipping individuals with relevant abilities and skills,  human capital poli-
cies affect  future poverty and in equality (Heckman and Krueger, 2005). On the other, 
as an in- kind benefit or monetary transfer (voucher), in the short- run education shapes 
the way in which governments mold income distribution (Lustig and Higgins, 2022) 
(chapter 1 in Volume 1 of this Handbook). This explains the fiscal relevance of the sec-
tor all around the world. OECD countries spend on average more than 6  percent of 
their GDP on education ser vices, and their global contribution to government expen-
diture has risen steadily during the last de cades (4.9  percent in 2014, compared with 
3.9  percent reported in 2000). The potential re distribution effects of  these efforts are 
the result of a  simple and general economic logic: governments collect revenues from 
taxes, which are then allocated to diff er ent spending categories including in kind- 
transfers such as education.

Conventional fiscal incidence analy sis assesses the point- in- time impact of  these 
actions. In par tic u lar, by comparing the pre-  and post- fiscal income distributions, the 
longstanding lit er a ture in public economics has characterized the impacts of the fiscal 
system (Musgrave, 1959). For example, using this approach, Lustig (2015) documents 
the contribution of public spending on education (and health) to the reduction in in-
equality across countries in Africa, Asia, and Latin Amer i ca. Likewise, Younger, Osei- 
Assibey, and Oppong (2017) show for Ghana that two- thirds of the reduction in the 
Gini from Consumable to Final Income, a comparison highlighting the effects of pub-

68
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lic expenditures, can be attributed to education benefits. And Acerenza, and Gandel-
man (2019) report large Gini coefficients for  house hold private educational spending 
for 12 Latin American and Ca rib bean countries (2003–14). However, once public spend-
ing on education is considered, in equality declines significantly.

This chapter pre sents a general fiscal incidence analy sis of public education spend-
ing. In  doing so, it makes two contributions. First, it posits and implements two meth-
odologies for the estimation of the economic impact of public spending on the income 
distribution: the cost of public provision approach and a new alternative allowing for 
behavioral responses to subsidies. Thus, the discussion goes beyond the static account-
ing exercise, which adds/subtracts to prefiscal income the transfers/taxes each indi-
vidual or  house hold receives/pays at a specific time, and investigates the potential long- 
term consequences of fiscal efforts in education. Second, it describes some of the 
critical real- world data limitations that characterize the evidence in this field. To this 
end, it implements both methods and pre sents new empirical evidence for Chile and 
Ghana.

The se lection of Chile and Ghana is not incidental. While the South American 
country is the region’s most successful case of economic and social development, the 
African nation has consolidated its democracy and become one of the most promising 
economies in its continent. Nonetheless, when it comes to continuing and extending 
socioeconomic pro gress, both countries face significant challenges. With a per capita 
GDP of US$22,707 (2016, purchasing power parity- adjusted, or PPP), a poverty head-
count ratio at US$1.90 a day (2011 PPP) of 1.3  percent (as proportion of population), and 
gross enrollment rates in primary and secondary education reaching 100  percent, dur-
ing the last de cade Chile has been actively promoting access to higher education as a 
mechanism to reduce its high and stable income in equality (Gini coefficient in 2013 
was 0.491). Meanwhile, with a per capita GDP of US$3,980 (2016), a poverty headcount 
of 13.60  percent (2012), a Gini coefficient of 0.42 (2012), enrollment rates in secondary 
and tertiary education of 60  percent and 16  percent, respectively, and gross enrollment 
rates in primary schooling in excess of 100  percent, Ghana has continued strengthen-
ing efforts  toward improving schooling attainment starting with secondary schooling. 
Importantly, the cross- country comparison reveals how public education initiatives (in- 
kind subsidies) might shape income in equality given diff er ent levels of economic and 
social development. To preview, we note that the findings document positive but hetero-
geneous economic returns to educational attainment, yet  limited long- term effects of 
public efforts on income in equality.

Despite the advantages of a general framework, this chapter does not circumvent 
the natu ral complexities of educational systems. They adjust and evolve with po liti cal 
and socioeconomic conditions as well as societal needs and thereby altering the im-
pact of government spending. Consequently, understanding and quantifying the al-
location of public resources within the education sector becomes critical. For instance, 
it has been generally argued that investing in early stages (i.e., preschool) pays off more 
in the long- run than, for example, expanding coverage of other levels of education 
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(Garcia et  al., 2016). Indeed, the recent evidence regarding the association between 
education spending and individuals’ long- term outcomes confirms this rationale 
(Chetty et  al., 2011). In this context, the static fiscal incidence analy sis must be ex-
tended to fully characterize the impacts of  these efforts.

To shed light on this  matter, this chapter investigates the potential economic im-
pact of public investments on  human capital formation, and in so  doing, it takes into 
account three interconnected ele ments: the impact of fiscal spending in education on 
income re distribution, the relative efficiency in the use of resources across schooling 
levels, and the effects of diff er ent education policies on individuals’  future income. 
 These ele ments constitute the building blocks of the evidence presented herein, which 
exploits the responses of school enrollment/attainment to public spending and seeks 
to capture the resulting long- term impact on  labor market outcomes (earnings).

On empirical grounds, the text explores the extent to which conventional sources 
of information provide a conducive landscape for carry ing out fiscal incidence analy-
sis of education spending. To this end, we exploit cross- sectional  house hold surveys 
and aggregate- level official data for Chile and Ghana. The evidence generated is then 
examined in light of the data available.

When it comes to the methodologies, the cost of public provision approach mimics 
the conventional accounting framework. It utilizes the monetary value of education ser-
vices (costs) at diff er ent schooling levels as inputs for estimating the redistributive effect 
of public spending. In the spirit of the lit er a ture, this approach abstracts from potential 
behavioral responses and long- term considerations. This limitation gives rise to the sec-
ond approach, which incorporates the effect of public spending on enrollment rates at 
diff er ent schooling levels.  Here, we introduce two empirical strategies designed to char-
acterize how additional financial resources affect student progression through the educa-
tion system. One relies on aggregate- level information, whereas the preferred alternative 
exploits individual- level data. Equipped with  these kits and information on age- earning 
profiles by schooling levels, we capture the long- term effects of public policies aimed at 
increasing school attainment and expanding education coverage on in equality. This 
complements the evidence from the conventional fiscal incidence analy sis.

The chapter is or ga nized as follows. Section 1 introduces the conceptual framework 
and describes the empirical strategy and the sources of information. Section 2 discusses 
the empirical analy sis. Section 3 highlights the differences and similarities between 
Chile and Ghana. Section 4 pre sents the main results, and section 5 concludes.

1  The Conceptual Framework

This section introduces the basic concepts  behind the fiscal incidence analy sis of edu-
cation spending. Let’s begin by assuming individuals can  either study or work, but can-
not do both activities at the same time. As a student, each individual receives non- 
labor income (Y0), pays taxes (T), and receives monetary transfers from the government 
(B). To a large extent, students do not directly bear the private costs of education. 
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School supplies, books, co- payments, and tuition fees are commonly paid for with re-
sources from working relatives. Thus, an individual’s Disposable Income YD is defined 
as Y0 − T + B, while his or her Final Income, YF, includes the monetary value of in- kind 
transfers from the government (EG) or private sources (EF).

For workers, on the other hand, Market Income YM combines net  labor income 
YL(1 − τ), where τ denotes the social security contribution rate, and non– labor income 
Y0.1 In this case, Disposable Income is defined as YM plus monetary transfers B minus 
taxes T. Fi nally, assuming the absence of other in- kind transfers and abstracting from 
consumption subsidies and taxes, Final Income YF equals Disposable Income minus 
private contributions to education.

What are the redistributional benefits of in- kind publicly funded education? Lamb-
ert’s fundamental equation of the redistributive effect comes in handy to address this 
question (Lambert, 1993). His formulation delivers a mathematical expression linking 
the changes in the distributions of income resulting from general fiscal efforts with the 
redistributive effects of taxes and transfers. In par tic u lar, using Lambert’s original no-
tation, we see that the net fiscal incidence progressivity (ΠN) arising from the com-
parison of the distributions of market and final income can be expressed as

(3-1) ΠN = (1− g )ΠT + (1+ b)ρB

(1+ b − g )
,

where ΠT and ρB mea sure the progressivity/regressivity for T and B when applied sep-
arately to initial income, respectively; g is the total tax ratio (total taxes over original 
income); and b is the total benefit ratio (total benefits over original income). Thus, re-
gardless of  whether progressive or regressive taxes are in place to fund education, it is 
intuitive to think of EG as a progressive transfer defining ρB. The monetary value of 
in- kind transfers from the government should benefit more low-  and middle- income 
 house holds, particularly when the alternative of “ free” public education is available.2

This chapter explores this framework while taking into considerations the features 
that make public spending in education distinctive relative to other fiscal efforts. Indi-
viduals invest in  human capital to build a better  future. The full economic and social 
impacts of one dollar spent on education are realized only in the  future. This inter-
temporal connection represents a challenge for the standard fiscal incidence analy sis 
formulation as it is usually carried out at a point- in- time rather than over the lifecycle 
(Lustig and Higgins, 2022). We revisit this issue throughout the chapter.

1 Consistent with the CEQ Assessment, s can include contributions to old- age pensions if con-
tributory pensions are treated as transfers.
2 This expression implies that, given the dominant role of ρB (its associated weight is greater than 
one), even with regressive taxes (ΠT < 0), we should expect that “the net system exhibits more 
progressivity than regressive benefits alone (ΠN > ρB > 0)” (Lambert, 1993, 259). This result high-
lights the inherent association among re distribution, taxes, and benefits.
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2  The Value of Public Education Spending to Its Beneficiaries

In general, two approaches can be pursued to assess the economic value of public sub-
sidies assisting the consumption of in- kind ser vices. The first one uses the market value 
(prices) to directly capture the individual’s own valuation (Aaron and McGuire, 1970). 
The second alternative, known as “benefit incidence analy sis,” combines information 
on provision costs and utilization (Selowsky, 1979) to impute a monetary value to  those 
receiving the ser vice of interest (beneficiaries). Its final objective is to express the sub-
sidy as share of  house hold expenditures, a proxy for its economic impact. Castro- Leal 
et al. (1999) use this approach to provide insights into the historical prob lems faced by 
African governments in delivering essential social ser vices, including education, to vul-
nerable  house holds. Using data from Brazil, Soares (2018) compares the redistributive 
impact of education as captured by the cost of provision and market approaches and 
reports that both yield similar estimates. This approach is more closely connected to 
the analy sis of this chapter.

Despite its practical advantages, the standard benefit incidence analy sis needs fur-
ther adjustments to fully characterize the impact of public education spending. Of 
course, identifying the precise monetary value of the transfer and discounting out- of- 
pocket fees and tuition expenses from the income of families contributing to the edu-
cation of their  children (beyond mandatory taxes for funding public education) are 
critical ele ments for understanding the static incidence of education spending. How-
ever, to capture the long- term impact of  these public efforts on in equality, the analy sis 
should incorporate their consequences on the overall  human capital accumulation and 
the resulting income distribution. In what follows we develop such an analy sis.

2.1  Cost of Provision as a Proxy for Benefits

The cost of public provision approach is the simplest method to approximate the mon-
etary value of education ser vices. Let Δs be the cost to the state of providing publicly 
funded education in school level s with s = {1, . . .  , S}. Information leading to the esti-
mation of Δs is commonly available at diff er ent aggregate levels (e.g., municipality- level 
per student public expenditure).3

In the spirit of the static framework, total final income within the  house hold be-
comes YF = YD + Σs δs × ns, where ns denotes the total number of students in level s. Thus, 
the direct comparison of distributional statistics obtained  under YF and YD (e.g., the 
Gini coefficient) could be informative regarding the fiscal incidence of education.

As Soares (2018) discusses, despite its conceptual simplicity and modest data re-
quirements, the cost of provision approach deflects some of the complexities associ-

3 An alternative strategy for estimating Δs could exploit information on tuition costs from private 
schools. In this case, however, the analy sis must control for potential differences in the produc-
tion function of education ser vices across provider types (Soares, 2018).
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ated with standard welfare analy sis. For instance, the obvious concerns regarding the 
distributional consequences of its sources of funding (taxes) are dismissed. In addi-
tion, it does not allow for the creation or destruction of welfare, behavioral responses, 
or general equilibrium effects. Moreover,  whether Δs reflects marginal or average costs 
might be critical for the analy sis. This comes as no surprise as this strategy does not 
aim at constructing the true counterfactual distribution of Final Income but instead is 
sought to provide a first- order static approximation to the incidence of in- kind trans-
fers (Younger, 2022). However, as we show next, addressing the shortcomings of the 
cost of provision approach is not an easy task.

2.2  Incorporating Behavioral Responses

Governments promote school enrollment by increasing funding allocated to the edu-
cation sector. Families, in turn, respond by sending more  children to schools and keep-
ing them enrolled in school for a longer time period. For individuals, the benefits of 
this efforts become apparent years  later. This section introduces a strategy for a fiscal 
incidence analy sis that allows for behavioral responses to in- kind education transfers. 
Conceptually, its two core ingredients are the elasticity of  human capital investments 
with re spect to the monetary value of the public transfer (the demand for education) 
and the long- term impact of education on  labor market outcomes.

2.2.1  Public Subsidies and the Demand for Education
Let ps be the probability of enrolling in schooling level s given that s − 1 was completed, 
and Es represents the value of publicly funded education directed to level s. Given the 
sequential nature of the  human capital accumulation pro cess, the probability of attend-
ing at least schooling level s + 1 (or the survival function), ξs + 1, and the probability of 
reaching s + 1 (and stopping  there), qs + 1, can be defined as

(3-2) ξS +1 = pj ,
j = 0

s +1
∏

(3-3) qs +1 = (1− ps +1) pj .
j = 0

S
∏

Using this definition, we can approximate the impact of public spending on the de-
mand for education. Specifically, from the empirical assessment of  these two proba-
bilities, we can estimate the behavioral response to education spending.

Since behavioral responses drive the empirical association between enrollment lev-

els and public expenditure over time, 
∂pj

∂Ej

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪ j = 0

s +1

 can be identified from aggregate time 

series data. Fortunately, the microeconomic foundations of discrete decision models 
extend the empirical frontiers. To see this, let’s assume schooling decisions are made 
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by considering the relative benefits and costs of the diff er ent alternatives. Thus, if we let 
Us be the associated indirect utility of schooling level s given that s − 1 is completed, an 
individual should enroll/complete s as long as Us ≥ 0, which implies that ps = Pr[Us ≥ 0] 
for all s.

In general, a large set of observed and unobserved characteristics can determine 
Is, including the value of the transfers Es.4 This would be consistent with an economic 
framework in which public education spending determines individual or collective 
bud get sets (e.g., via direct monetary or in- kind transfers to families). And despite the 
fact that the functions Us and Pr[⋅] are ex- ante unknown, standard parametric specifi-
cations, in combination with individual- level information, can be imposed for practi-
cal purposes and lead to their estimation and construction of the expression

∂qs +1

∂E ′s
=
∂ (1− Pr[Us +1(Es +1)≥ 0]) Pr[Uj(Ej )≥ 0]j = 0

s∏⎡⎣ ⎤⎦
∂E ′s

,

where s + 1 ≥ sl. This expression captures the strategic responses of individuals to edu-
cational spending, which can be linked to individual- level willingness to pay for edu-
cation (as public spending increases). It can be easily extended to allow for heteroge-
neous responses to changes in Es. This might be particularly impor tant if, for example, 
the objective is to identify  those who benefit the most from policy efforts in a specific 
schooling level.

2.2.2  Long- Term Impacts of Education
Higher levels of  human capital produce better  future  labor market outcomes. This em-
pirical regularity should direct parents  toward seeking more and better education ser-
vices  today. However, if the supply of such ser vices is not guaranteed, upward socio-
economic mobility could be  limited and income distribution of  future generations 
transformed. To the extent that public provision of education depends on taxes and 
transfers across generations, a comprehensive analy sis of its incidence should move be-
yond static considerations.

Figure 3-1 illustrates the potential mechanism through which fiscal resources can 
affect the education system. In a nutshell, public funding allocated to schooling level s, 
Es, can be conceptualized as one of the inputs determining investment levels, I(s), 
which in turn affect the  human capital that individuals attain and their  future  labor 
market opportunities. Thus, the association between  human capital accumulation and 

4 The set of dimensions to be controlled for when modeling this probability should include vari-
ables characterizing individual’s preferences for education (tastes) (Keane and Wolpin, 1997a) as 
well as controls capturing  labor market prospects (Willis and Rosen, 1979) and financial con-
straints (Becker, 1962).
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 labor income should lie at the core of the fiscal incidence of education spending. In 
what follows we discuss this long- term perspective.

Let  labor income YL(⋅) be determined by the stock of  human capital (e.g., years of 
education, or s) and  labor market experience (t). The pre sent value of an income stream 
(given s), V(s), which encapsulates the sequence of earnings through retirement age 
(T), is a construct commonly used to approximate the monetary value associated with 
schooling level s. Formally,

(3-4) V(s)= YL(s, t − s)dts
T
∫ ,

where YL(s, t − s) includes the discount  factor. From this expression we can define the 
economic benefits of an increase in education spending, which should operate through 
two interconnected channels: extra  human capital investments and a boost to  labor 
market productivity (see figure 3-1). Hence, from (3-4) we obtain

(3-5) ∂V(s)
∂Es

= ∂YL(s, t − s)
∂s

× ∂s
∂Es

dt −YL (s, 0)
∂s
∂Es

,
s

T

∫

where ∂ YL(s, t − s)/ ∂ s represents the effect of  human capital on earnings (the return to 
education), ∂ s/ ∂ Es captures how schooling decisions depend on public transfers, and 
the last term comes from the potential impact of Es on the age at which individuals 
start their  careers. In addition, the accumulation of  human capital involves monetary 
and nonmonetary (psychological) costs, which must be considered when defining the 
demand for education. Importantly, some of  these can be alleviated by public spend-
ing. Thus, if C(s) denotes the total costs, the net value of schooling level s is defined as

Notes: E(S) denotes the economic resources allocated to the schooling level S; F (S) denotes parental inputs; I(S) denotes 
 investments levels in schooling level S; H(S) denotes  human capital levels at the end of schooling level S; d denotes deprecia-
tion; Y(H(S), t) denotes period t income levels of an individual with  human capital H(S).

Figure 3-1
The Causal Chain of Resources Allocated to Education Systems

H(1) = H(0)(1 – d) + I(1)
I(1) = I(E(1), F(1))

H(S) = H(S – 1) (1 – d) + I(S)
I(S) = I(E(S), F(S))

Y(H(S), t)

Human capital
schooling level S

H(S)

Human capital
schooling level 1

H(1)

Initial human
capital (endowment)

H(0)

Human capital accumulation process Labor market

...............
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(3-6) !V(s)=V(s)−C(s),

where ∂ C(s)/ ∂ Es ≠ 0. The empirical assessment of !V(s)  and its determinants repre-
sents a heavy burden to bear as it involves modeling the under lying schooling decision 
prob lem leading, for example, to expressions (3-2) and (3-3). In spite of the fact that the 
econometric tools for  doing this exist, data limitations usually prevent it. Section 3 
below describes a feasible alternative.

2.3  Long- Term Distributional Effects of Public Spending 
in Education

From the general definition of the economic net benefits attached to s we can assess 
the long- term distributional consequences of public spending in education.

Let G [⋅] be the in equality indicator of interest. Thus, for a given population of N 
individuals with idiosyncratic net values of education, { !Vi(s)}i =1

N , we can construct

G =G[{ !Vi(s)}i =1
N ].

By combining this expression and equation (3-5), we can quantify the intertemporal 
impact of changes in educational spending on income in equality from ∂ G/ ∂ Es. Notice 
this generalizes the static approach based on the study of G[{YD ,i(s)}i =1

N ].
This analy sis, however, does not consider the fact that schooling decisions are made 

 under uncertainty, and that, at any point in time,  future  labor market outcomes are 
unknown to the agent. To incorporate this into the framework, we define E[ !V] and 
E[ !V(s)| s] as the unconditional and conditional (on s) expectations of !V(s), respec-
tively. Thus,

(3-7) E[ !V(s)] = E[ !V( j)| j is selected]× qj
j=0

S
∑ ,

where qj is defined in (3-3). Equipped with proper data, econometric models can 
deliver each of the ele ments of this expression. In that case, we could construct 
G[{E[ !Vi(s)]}i =1

N ] and its derivative with re spect to Es, which would now characterize 
the impact of public education spending on in equality  under uncertainty.

Despite its theoretical simplicity, the empirical implementation of this framework 
involves multiple challenges. First, the setting implicitly assumes the availability of rich 
longitudinal information containing data on earnings (lifetime), schooling progression, 
and monetary and nonmonetary costs of education by schooling level, among other 
variables. Such data are rarely available.

Second, and now on econometric grounds, constructing (3-7) (and any of its spe-
cial cases) would involve the estimation of earnings profiles that take into account 
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the self- selection of individuals across diff er ent schooling levels. Although  there is a 
long- standing lit er a ture dealing with the estimation of the hedonic models in educa-
tion controlling for its endogeneity, the vast majority of  those efforts comes from 
reduced- form strategies, which omit the dynamic nature of the schooling decision 
pro cess.

The empirical approach described next overcomes some of  these difficulties. It is 
designed for settings in which longitudinal information is not available, but the re-
searcher has access to cross- sectional data from a population- based study. This infor-
mation is complemented with information on monetary costs of education and taxes. 
The strategy to generate individual- level streams of  future earnings uses flexible ver-
sions of the Mincer model (Mincer, 1974). The next sections describe this framework, 
which is applied to Chile and Ghana.

Conceptually, the analy sis also omits two impor tant dimensions. By focusing on 
private returns, it overlooks the role of collective/social benefits. This is particularly 
impor tant if one considers the positive externalities emerging from education. The 
analy sis also omits the role of quality in capturing the impact of public expenditure 
on education. In this context, the results presented in this chapter should be interpreted 
as lower bounds.

3  Chile and Ghana: Differences and Similarities

Africa and South Amer i ca are at diff er ent levels of economic and social developments. 
As figure 3-2 shows, the average GDP per capita in Africa in 2014 was just above 
US$5,000 (PPP), which was the average for South Amer i ca in 1990. However, despite 
the differences, both regions have heavi ly bet on  human capital formation as a deter-
minant of sustainable economic pro gress. This explains the upward trends in govern-
ment expenditure on education observed during the last de cades. According to 
UNESCO, from 1999 to 2013, government expenditure on education as a percentage of 
GDP increased from 3.4   percent to 4.5   percent in Sub- Saharan Africa (it reached 
4.47  percent in  Middle and East Africa), while in Latin Amer i ca and the Ca rib bean it 
went from 3.84  percent to 5.21  percent during the same period.  These efforts have sig-
nificant effects on school enrollment. For instance, between 1999 and 2016, gross en-
rollment in primary education in Ghana increased from 81  percent to 108  percent, and 
from 35  percent to 62  percent in secondary education. Likewise, Chile’s gross enroll-
ment in secondary education during this period went from 83  percent to 100  percent, 
whereas enrollment in tertiary education increased from 37  percent to 88  percent. All 
in all, during the last two de cades, public efforts in the education sector resulted in 
higher enrollment rates throughout the  whole schooling system.5

5 Government expenditure on education in Chile increased from 2.6  percent (1994) to 4.6  percent 
in 2013. For Ghana, it went from 4.1  percent (1999) to 6.1  percent in 2013. See UNESCO (n.d.).
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A strong positive correlation between  labor income and years of education has 
played a key role supporting this social agenda. Figure 3-3 pre sents the Mincerian 
return to an extra year of education from African and Latin American countries 
during the period 1990–2012 as reported by Montenegro and Patrinos (2014). As is 
standard in the lit er a ture,  these are obtained from linear regressions of (log) earn-
ings on years of schooling (see section 4 for a description of Mincer model). In both 
cases the estimated returns are high, reaching averages of 10  percent and 13  percent 
per year of education over the period for Latin Amer i ca and Africa, respectively. 
Interestingly, the average returns are relatively stable in both regions throughout 
the period.

But focusing on the average linear association between years of education and in-
come puts out of sight potential nonlinearities describing the economic consequences 
of  human capital formation on  labor outcomes. Heterogeneity in the population (e.g., 
preferences or endowments), direct and indirect costs,  human capital depreciation, the 
economics of skill formation, and signaling mechanisms are all  factors that could ex-
plain why, for example, one extra year of education in primary, secondary, or tertiary 
school yields diff er ent  labor market outcomes (Heckman, Lochner, and Todd, 2006). 
Figure 3-4 explores this idea. It decomposes the returns to education on  labor income 
by schooling level (primary, secondary, and tertiary) for Africa and Latin Amer i ca and 

Figure 3-2
GDP per Capita: Africa vs. Latin Amer i ca and the Ca rib bean, 1990–2014

Source: World Bank Open Data. https:// data . worldbank . org.
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the Ca rib bean (LAC). For both, the largest economic benefits are associated with 
tertiary education, whereas secondary and primary degrees “produce” relatively lower 
contributions. In Africa, the overall return to tertiary education reaches 50   percent 
(21.56  percent) relative to the alternative of no completing primary education (obtain-
ing a high school diploma). In LAC, the figure is approximately 35  percent (17  percent). 
Interestingly, at any level the Mincerian returns in Africa are larger than  those reported 
in LAC.6

6 For an analy sis of the  factors explaining the evolution of the returns to education during the last 
two de cades in Latin Amer i ca and the Ca rib bean, see Ferreyra et al. (2017). For Africa, Montene-
gro and Patrinos (2014) report unstable returns to primary education and increasing returns to 
tertiary education.

Figure 3-3
The Evolution of the Mincerian Returns to an Additional Year of Education: Africa 
vs. Latin Amer i ca and the Ca rib bean, 1997–2012

Source: Author’s calculations based on Montenegro and Patrinos (2014).

Notes: This figure displays the Mincerian returns to education for Africa and Latin Amer i ca (LA), which can be interpreted as 
the average rate of return to years of schooling with re spect to earnings.  These are obtained from linear regressions of (log) 
earnings on years of education, experience, and experience squared. Each “x” represents the estimated return for a specific 
African country and year. The dashed line captures the associated nonlinear trend. Likewise, each “o” represents the esti-
mated return for a specific Latin American country and year, and the solid line captures the nonlinear trend.
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 Table 3-1 displays the Mincerian returns to education by schooling level in Chile 
and Ghana for 1991, 2005, and 2011. In the case of primary education, they decreased 
during the last de cade in both countries. For secondary and tertiary education, the re-
turns increased in Ghana, and, although they remained high in Chile, both decreased. 
Overall,  these results could justify the notion that public efforts should largely con-
centrate on promoting access to tertiary education. This interpretation, however, pro-
vides only a narrow perspective. Perhaps in countries with already high enrollment 
rates in primary education, focusing on secondary and tertiary education might be eco-
nom ically appealing as they might yield large positive private returns. Nonetheless, it 
is not obvious that expanding access to schooling levels that exhibit lower enrollment 
is socially optimal. For example, a number of papers on developing economies have 
shown that the returns to tertiary education may be low, or even negative, if the ex-
pansion does not come along with proper quality standards or take into account the 
costs and dynamic consequences of the pro cess (Urzua, 2012; Espinoza and Urzua, 2016; 
Gonzalez- Velosa et al., 2015). Although the analy sis of this chapter does not deal with 
the issue of school quality, this is a critical point  future research must address.

Figure 3-4
Mincerian Returns to Education in Africa and Latin Amer i ca by Schooling Level

Source: Author’s calculations based on Montenegro and Patrinos (2014).

Notes: This figure displays the Mincerian returns to education for Africa and Latin Amer i ca (LA) at diff er ent schooling levels 
during the period 1997–2012.  These are obtained from linear regressions of (log) earnings on a set of dummy variables charac-
terizing the final schooling level of each individual in the sample.  After fitting this (extended) earnings function (using the 
dummies instead of years of schooling function), the rate of return to another year of schooling across diff er ent levels of 
schooling can be derived taking into account the duration of each successive level.
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The evidence described next sheds light on this reasoning. By comparing the cost 
of providing education with the earning trajectories of students who benefit from a 
higher spending, we assess the impact of public spending at diff er ent education levels. 
This analy sis exploits the differences between Chile and Ghana, but we first describe 
the sources of information for each country.

3.1  Data Sources

The implementation of the conceptual frameworks introduced in section 2 requires 
micro- level information on multiple dimensions, ranging from variables characteriz-
ing individual schooling background to  labor market outcomes. In addition, the in-
formation must be complemented with data on costs of public provision of education 
across diff er ent schooling levels.

Our main sources of information are  house hold surveys in Chile and Ghana. We 
rely as much as pos si ble on  these sources in order to facilitate the replicability of the 
methodology in other countries where similar surveys are available.7 More detailed 
information comes at the cost of replicability. Given the highly heterogeneous quality 
of data sources across countries,  house hold surveys provide a more unified and con-
sistent source to compare the results across diff er ent economies. We also use the 
UNESCO Database of Resources on Education (UNESCO, n.d.), which contains ag-
gregated data on a number of education indicators, such as public spending in educa-
tion, enrollment rates, and learning indicators.

3.1.1  Chile
The primary source of information is Chile’s National Socioeconomic Characteriza-
tion Survey of 2013 (Encuesta de Caracterizacion Socioeconomica Nacional, or CASEN). 

7 For Brazil, see Soares (2018).

 Table 3-1
Returns to Education by Schooling Level in Chile and Ghana, 1990–2012

Country Year Primary (%) Secondary (%) Tertiary (%)

Ghana 1991 1.4 7.9 12.2
2005 4.7 7.8 23.2
2012 2.7 8.8 28.7

Chile 1992 6.2 7.2 10.5
2003 6.8 7.2 19.3
2011 3 5.6 17.6

Source: Montenegro and Patrinos (2014).

Notes: The returns to education are obtained from linear regression models of (log) earnings on a series of dummy variables 
denoting the maximum schooling level achieved. Empirical analy sis is carried out using  house hold surveys.
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CASEN is a nationally representative  house hold survey run by the Chilean Ministry 
of Social Development. It covers 66,725  house holds. CASEN has been extensively used 
to monitor and evaluate the impact of social policies and to mea sure socioeconomic 
outcomes such as poverty rates and in equality as well as issues related to health and 
dwelling conditions. It contains education and  labor modules providing information 
on the highest level of education attained, the type of institution attended (private or 
public), and  labor market experience and earnings, among other variables. The survey 
is taken  every two years. We use its 2013 version, which coincides with the year of the 
 house hold survey for Ghana. We also gather data from the OECD (2013) on the aver-
age cost of attending primary, secondary, and tertiary education in Chile, as well as 
the fraction of the cost that is shared by the state and families.

3.1.2  Ghana
Our main data source is the Ghana Living Standards Survey (GLSS) 2012–13 (round 6). 
The GLSS is part of an international proj ect, the Living Standard Mea sure ment Study 
(LSMS), which was initiated in 1980 by the Policy Research Division of the World Bank. 
We use the sixth version of the GLSS, which was run by the Ghana Statistical Ser vice 
agency and covers 18,000  house holds. This sample is the same utilized by Younger, Osei- 
Assibey, and Oppong (2017) in their investigation of the fiscal incidence in this country. 
The GLSS is nationally representative and provides  house hold information on a number 
of relevant issues, including  house hold consumption, educational attainment, access to 
financial ser vices, economic activity, and migration, among  others. The GLSS education 
module provides information on the educational history and final attainment of re-
spondents, as well as on private expenditures in education, including fees and other ex-
penses. We also use data on aggregate education statistics, such as number of schools 
and total enrollment across diff er ent levels from the Ministry of Education of Ghana.

3.2  Educational Attainment Levels

Optimally, the analy sis should be carried out by year of additional education. This 
would make pos si ble the estimation of the impact of public spending at each grade. 
However, given data limitations, it is impossible to construct comparable series across 
countries at that level of detail. Therefore, we instead implement the analy sis accord-
ing to the following taxonomy:

1. Primary education: In Chile, primary education comprises eight grades, and stu-
dents are expected to first enroll at age six. Pre- primary education (before age six) 
was not mandatory in 2013. In Ghana, primary education lasts 11 years and students 
typically are enrolled from age four to 15. Primary education formally includes two 
years of pre- primary education, six years of primary school, and three years of ju-
nior secondary school. To secure the comparability of the results, we exclude pre- 
primary education when pos si ble.
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2. Secondary education: Secondary education lasts four and three years in Chile and 
Ghana, respectively.

3. Tertiary education: In both countries, we define tertiary education by any degree 
granted by a university. For the sake of comparison, we assume an average dura-
tion of four years. Post- graduate education, such as masters or doctoral programs, 
is excluded from the analy sis.

Throughout most of the analy sis we use “less than primary education” (no formal 
education) as the baseline. Each individual in our sample belongs to one of the above- 
defined levels based on his or her highest degree attained. For instance, a student that 
dropped out from primary school  will belong to the “No Formal Education” group, whereas 
one who dropped out from secondary  will belong to the “Primary Education” group.

It is worth noting that the  human capital accumulation pro cess involves a sequen-
tial decision pro cess (completion of primary level is required to enroll in secondary 
school, and a secondary education is required to enroll in university). This explains 
why the return to schooling level s is defined as the economic benefits associated with 
the decision to complete s relative to a specific alternative, for example, s − 1. This se-
quential ordering cannot be overlooked when estimating the economic value of edu-
cation, and, as shown below, it has direct implication for the practical assessment of 
the long- term impact of public subsidies on the demand for education.

3.3  Costs of Education

We distinguish between the public and private costs of education. For Ghana, we use data 
from the GLSS to estimate the average cost at each schooling level. The education module 
of the GLSS contains information on  actual  house hold spending per person in each level. 
The data include information on tuition fees as well as other expenses, including trans-
portation costs, materials, and lodging. By averaging the total expenditure across the 
population in the sample, we compute the average private costs of education at each level. 
For Chile, we use data from the OECD (2013) on the costs of education. OECD (2013) re-
ports total spending by education level, as well an estimate of the fraction of the cost that 
is borne by families. For both countries, we complement the data on public spending 
using UNESCO Database of Resources on Education which contains information on 
public expenditure and enrollment rates for multiple countries and years.8

3.4  Summary Statistics

We pre sent descriptive statistics in  table 3-2. We find significant differences in govern-
ment expenditure in primary education across both countries, with the Chilean 
government spending upwards of US$2,000 per pupil, and its Ghanian counterpart 

8 See UNESCO (n.d.).
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spending US$160 per student. While the Chilean government spends slightly more in 
secondary education, increasing its outlays to around US$2,400 per student, the gov-
ernment of Ghana almost  triples its spending for its secondary students, reaching 
US$500. At the same time, while Chilean families bear an additional cost equivalent 
to one- third of government expenditures in  these two levels, expenditures by Ghanian 

 Table 3-2
Education Systems in Chile and Ghana, 2013

Chile Ghana

A. Primary education

Gross enrollment rate (%) 100.18 108.47
# of students 1,472,348 4,062,026
Compulsory YES YES
Length (years) 8 9
Gov. expenditure per student in constant US$ 2,270.1 161.4
Annual tuition (avg. US$)  . . .  31.65
Other expenses (avg. US$)  . . .  69.71
Total private cost (avg. US$) 706.414 101.36

B. Secondary education

Enrollment rate (%) 100.45 61.08
# of students 1,571,374 2,356,686
Compulsory YES YES
Length (years) 4 3
Gov. expenditure per student in constant US$ 2,417.2 499.8
Annual tuition (avg. US$)  . . .  163.16
Other expenses (avg. US$)  . . .  133.85
Total private cost (avg. US$) 665.54 297.01

C. Tertiary education

Enrollment rate (%) 83.81 14.3
# of students (ISCED 6) 755,508 201,536
Compulsory NO NO
Length (years) 4–7 4
Gov. expenditure per student in constant US $ 2,755.7 1,390.8
Annual tuition (avg. US$)  . . .  558.52
Other expenses (avg. US$)  . . .  264.83
Total private cost (avg. US$) 5,531.68 823.35

Notes: Information on the costs of education for Chile (all levels)  were obtained from OECD (2013). Costs of education in 
Ghana  were obtained directly from  house hold survey GLSS-6. Enrollment rates are reported by UNESCO Database of 
 Resources on Education.

ISCED = International Standard Classification of Education; “. . .” = not available.
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 house holds account for at 35–40  percent of total spending in primary and secondary 
education. Fi nally,  there is a significant change in the financing of tertiary education 
(panel C): while governmental expenditure on this level in Chile far exceeds that of 
Ghana’s government, Chilean  house holds account for two- thirds of total spending at 
this level, relative to less than 40  percent for their counter parts in Ghana.

We also examine how enrollment rates vary across educational levels in  these two 
countries. Despite the large differences in educational expenditures in primary school-
ing,  there are no observed differences in gross enrollment at this level. In fact, the 
gross enrollment rate in Ghana exceeds that of Chile, possibly reflecting a larger share 
of students who have fallen  behind in their education.9 Nonetheless, significant differ-
ences appear as early as secondary school. For instance, while the gross enrollment 
rate in secondary education in Chile is 100  percent, the corresponding value in Ghana 
is only 61  percent. Similarly,  there are vast differences in tertiary education, such that 
upwards of 80  percent of Chilean students reach this level, compared to just 14  percent 
of students in Ghana. This comparative analy sis suggests that  there is a large scope for 
increasing access to both secondary and tertiary education in Ghana.

9 The gross enrollment rate is defined as the ratio between the net enrollment and the total popu-
lation in the age of being enrolled in a certain level of education. For this reason, the gross enroll-
ment rate can take values greater than one.

 Table 3-3
Schooling Transition Probabilities in Chile and Ghana

A. Ghana

Increase in enrollment

Attainment Primary Secondary Tertiary

Primary 0.611 n.a. n.a.
Secondary 0.344 0.810 n.a.
Tertiary 0.045 0.190 1.000

B. Chile

Increase in enrollment

Attainment Primary Secondary Tertiary

Primary 0.352 n.a. n.a.
Secondary 0.353 0.545 n.a.
Tertiary 0.295 0.455 1.000

Notes: The  table pre sents how changes in enrollment levels affect final schooling attainment. In par tic u lar, each column shows 
the distribution of schooling levels associated with an increase in enrollment in primary, secondary, and tertiary education.

“n.a.” = not applicable.
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The disparities in enrollment rates translate into contrasting patterns in school-
ing transition probabilities (qs in section 2).  Table 3-3 pre sents  these results. The chances 
of completing a tertiary degree for a student attending primary education are almost 
30  percent in Chile but just 4.5  percent in Ghana. Among  those attending secondary 
school, the proportions increase significantly, up to 45.5  percent and 19  percent, respec-
tively, yet large differences remain. As we show in Section 4.5,  these differences are 
critical for understanding the differential effects of public spending on enrollment rates 
in each country.

4  Empirical Analy sis

The objective of this section is two- fold. It first discusses the empirical implementa-
tion of the model of section 2, describing each of its components in detail. It then pre-
sents the main results. We begin by examining the static cost of provision account.

4.1  The Cost of Provision Approach

 Table 3-4 displays the cost associated with the public provision of education ser vices 
in Chile and Ghana across schooling levels. For Chile, it includes both the figures re-
ported by UNESCO and  those obtained from official sources (Ministry of Education), 
which take into account the value of the fiscal transfers to schools depending on their 
type (e.g., conventional or technical high schools) and shift (half-  or full- day schools).

Using the empirical strategy described in section 2,  table 3-5 pre sents the results 
obtained for the cost of provision approach. The outcome of interest in panel A is the 
Gini coefficient obtained using disposable per capita income within the  house hold to 

 Table 3-4
Value of In- Kind Transfer by Schooling Level in Chile and Ghana

Schooling level Ghana (1) Chile (2) Chile (3)

Value of one Pre- primary 105 2,770 1,162–1,414
year of publicly Primary 161 2,270 1,104–1,414
funded Secondary 499 2,417 n.a.
schooling Conventional n.a. n.a. 1,244–1,689
(annual US$) Technical/Vocational n.a. n.a. 1,511–1,917

Tertiary 1,390 2,755 2,755

Notes: Columns 1 and 2: The monetary value of an extra year of publicly funded schooling across schooling levels is obtained 
from UNESCO (undated). Column 3: The values correspond to per- student transfers reported by the Ministry of Education of 
Chile (2014). The smallest transfer values are associated with half- day schools. The largest transfer values are associated with 
full- day schools. Gini coefficients are computed using  house hold level full income. Marginal and cumulative effects are com-
puted  after adding to total income the respective cost of one year of publicly funded education for each school- age child at-
tending school.

“n.a.” = not applicable.
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which, depending on the number of students attending publicly subsidized institutions, 
the respective monetary value of the subsidy is added.

Column 1 contains the results for Ghana, whereas column N reports the number 
of individuals eligible to receive the in- kind transfer. The largest decline in in equality 
is reported for primary education (0.395 versus the original 0.423), where the number 
of beneficiaries reaches more than 4 million. For the other groups the simulated ef-
fects are negligible.

Columns 3 (UNESCO) and 4 (official figures) display the results for Chile. The im-
pact is modest. As for Ghana, the largest decline in in equality comes from education 

 Table 3-5
Impact of Education Spending on In equality in Chile and Ghana

Ghana Chile

Gini Original 0.423 0.530

(1) (N) (3) (4) (N)

A. Only  those enrolled in publicly subsidized institutions

Pre- primary 0.419 (735,632) 0.524 0.527 (637,009)
Marginal  
 effects

Primary 0.395 (4,260,708) 0.518 0.523 (1,312,752)
Secondary 0.423 (392,061) 0.525 0.526 (549,088)
Tertiary 0.427 (131,860) 0.529 0.528 (213,977)

Pre- primary 0.419 0.524 0.527
Cumulative  
 effects

+Primary 0.392 0.512 0.519
+Secondary 0.392 0.507 0.516
+Tertiary 0.396 0.505 0.514

B. All  those enrolled

Pre- primary 0.420 (1,180,199) 0.523 0.526 (836,200)
Marginal  
 effects

Primary 0.391 (5,956,728) 0.516 0.522 (1,967,008)
Secondary 0.424 (500,235) 0.522 0.523 (995,207)
Tertiary 0.431 (171,092) 0.527 0.525 (1,100,704)

Pre- primary 0.523 0.526
Cumulative  
 effects

+Primary 0.386 0.509 0.518
+Secondary 0.387 0.502 0.513
+Tertiary 0.394 0.498 0.508

Notes: The monetary values of an extra year of publicly funded schooling across schooling levels are reported in  table 3-4. For 
Chile, the numbers  under (3) are obtained using the values reported in UNESCO (n.d.). Column (4) uses the official public 
per- student transfers.  These consider  whether the individuals are enrolled in half-  or full- day schools. Gini coefficients are 
computed using  house hold level Disposable Income. Marginal and cumulative effects are computed  after adding to total in-
come the respective value of one year of publicly funded education for each school- age child. For both countries, column (N) 
reports the number of individuals for which the monetary value of the in- kind transfer is imposed.
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ser vices in primary education (0.527 versus 0.523). It is worth mentioning that for both 
countries, the marginal contribution of tertiary education implies a small increase in 
the Gini coefficients, which is the result of a regressive access to publicly funded higher 
education institutions.

Fi nally, panel B repeats the analy sis but now assuming all students, regardless of 
 whether they attend publicly subsidized institutions, internalize the monetary value 
associated with the provision of public education. As expected, the cumulative effects 
go in the same direction as  those reported in panel A but are now larger in magnitude. 
For Ghana and Chile we report a modest decline in in equality.

4.2  Behavioral Responses in Practice

As discussed in section 2, two approaches can be used to estimate the behavioral re-
sponses of individuals to government spending in education. Both assume access to 
 limited data. We first describe each approach separately and then discuss how to inte-
grate age- earnings profiles into the analy sis.

4.2.1  Approach 1: Aggregate Enrollment and Public Spending
In order to estimate the elasticity of enrollment with re spect to educational spending, 
one can exploit comparable aggregate information. Thus, we supplement data from the 
 house hold surveys for Chile and Ghana with enrollment rates and educational expenses 
for Latin American and African countries as reported by UNESCO Database of Re-
sources on Education.

Consider the following empirical model:

(3-8) Tl,t = αl + θlGt + εl,t, l = {1, . . .  , L} and t = {1, . . .  , T},

where Gt defines government spending on education in year t, Tl,t captures enrollment 
rates for educational level l, and θl embeds the correlation between public expenditure 
and the enrollment rate in education level l (for  those eligible to attend). A positive θ l 
implies that increases in Gt is associated with an increment in the probability that a 
student goes ahead and enrolls in level l. Moreover, a higher enrollment rate in level l 
gives the option to the cohort of students who have benefited from the policy to go on 
and enroll in higher levels. For instance, if government spending increases primary 
level enrollment, a fraction of  these new students might also attend secondary schools, 
and some could pursue tertiary education. The estimation of (3-8) can help to account 
for this fact. In par tic u lar, equipped with the sequence of  these par ameters, (θ2, . . .  , θ L), 
the analyst can evaluate the aggregate and long- term effects of changes in Gt on the 
overall distribution of final schooling levels in the population. Lastly, since diff er ent 
schooling levels exhibit diff er ent expected earning profiles, we can estimate the eco-
nomic impact of public expenditure in education by calculating the change in  labor 
market outcomes induced by an increase in public expenditure.
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We estimate the regression model (3-8) separately for the two regions using data 
for the period 1976–2016. We impute the estimated correlation among Latin American 
countries to Chile and the corresponding coefficients for Africa to Ghana.  Tables 3-6 
and 3-7 report the estimated par ameters for Africa and Latin Amer i ca, respectively.

The results for Africa suggest a clear association between schooling spending and 
enrollment in primary and secondary education.  These results fit in with  those presented 
 earlier, as governmental expenditures in Ghana across  these two levels is small compared 
to private expenditures. Hence, a modest increase in public spending could go a long way 
 toward increasing primary and, more critically, secondary schooling. The estimated elas-
ticity for tertiary education, however, is small and statistically insignificant. This result 
may be explained by the low enrollment levels in tertiary education observed in the re-
gion during the period of analy sis. The findings reported in table 3-6 indicate that enroll-
ing an additional student in primary and secondary education requires approximately 
US$2,500 and US$1,100 of government financing per year, respectively.10

 Table 3-7 reports positive and statistically significant enrollment- expenditure co-
efficients for secondary and tertiary education in Latin Amer i ca.  These results suggest 
that enrolling extra students in secondary and tertiary education would cost govern-
ments around US$30,000 and US$10,000 per year, respectively. However, in the case of 
primary education the estimated pa ram e ter is small and not significant. This may be 
explained by large baseline enrollment rates in primary schooling during 1976–2016, 
such that additional governmental funding would not further increase enrollment.

10 We note that  these estimates do not take into account capacity constraints.

 Table 3-6
Elasticities: Cross- Country Regressions in 48 Sub- Saharan African Countries, 
1976–2016

Enrollment in:

Controls Primary Secondary Tertiary

Expenditure primary 4.497***
(1.216)

Expenditure secondary 18.208***
(2.255)

Expenditure tertiary −0.358
(0.831)

Constant 92.965*** 19.595*** 7.797***
(2.750) (3.517) (0.885)

R2 0.05 0.25 0.00
N 263 202 182

Note: The  table pre sents the estimated effects of gross enrollment rates on public expenditure; see equation (3-8).

 “***” = Statistically diff er ent from zero (p < 0.001).
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4.2.2  Approach 2: Individual- Level Analy sis
Schooling decisions can be examined using a microeconomic setting and  house hold 
survey data. Following the notation introduced in section 2, if we assume a linear and 
separable model for the net utility associated with schooling level s  after completing 
schooling level s − 1, Us* (⋅), we can use standard discrete choice models to characterize 
the sequence of schooling decisions. Formally, given a set of observed (Z) and unob-
served (ε) characteristics, we define the transition probability across schooling levels 
as a function of the net utility (Us* (Z, ε) = ϕs(Zs,i) − εs,i) as follows:

ps = Pr(φ(Zs , i )≥ ε s , i |Z)
= Fεs

(φs(Zi )),

where εs,i is the error term, Fεs
(⋅) is its cumulative density function, and ϕs(⋅) is a general 

function of Zs,i.11  Under the assumption of normally distributed error terms at each step 
of the decision pro cess (i.e., εs ~ N(0,1)), and linear in par ameters specifications for ϕs(⋅), 
we can estimate the sequence of probabilities using a sequence of probit models.12

 Tables 3-8 and 3-9 pre sent the results— point estimates as well as estimated mar-
ginal effects— for the discrete choice models characterizing the sequence of schooling 

11 Observed (Zs,i) and unobserved (εs,i) are assumed to be in de pen dent. Furthermore, error terms 
are assumed in de pen dent across individuals and schooling levels.
12 The structure mimics a dynamic decision model (Cameron and Heckman, 1998). The empirical 
caveats of implementing this framework using cross- sectional information are discussed below.

 Table 3-7
Cross- Country Regressions in 41 Latin American and Ca rib bean Countries, 
1976–2016

Enrollment in:

Controls Primary Secondary Tertiary

Expenditure primary −0.958
(0.974)

Expenditure secondary 8.207***
(1.193)

Expenditure tertiary 22.106***
(3.015)

Constant 113.118*** 74.604*** 19.238***
(1.783) (1.976) (2.844)

R2 0.00 0.16 0.24
N 245 244 169

Note: The  table pre sents the estimated effects of gross enrollment rates on public expenditure; see equation (3-8).

“***” = Statistically diff er ent from zero (p < 0.01).
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decisions for Chile and Ghana, respectively. For both cases, the empirical analy sis is 
carried out using  house hold survey data and comparable sets of controls.

For Chile, we observe statistically significant positive effects across schooling 
levels for  family income, gender (in  favor of females), and parental education. This 
suggests a critical role for socioeconomic background as determinant of schooling 
choices, which is a well- known feature of the Latin American country. Only the 
dummy variable “Rural” in  table 3-8 has ambiguous (and sometimes non- significant) 
effects across columns, which is not surprising given both the decline in the number 
of families living in rural areas and the efforts to secure school enrollments in K–12 
throughout the country. Enrollment rates by level, reported  under row p, confirm 
 these efforts as they indicate that more than 95  percent of school- age individuals at-
tend school in Chile, and approximately 70  percent pursue tertiary education.

The results from Ghana offer a somewhat diff er ent perspective, highlighting the 
contrasts between the two countries. As in Chile, the  father’s education emerges as a 
significant determinant of all transition probabilities, whereas  mother’s education does 
so only  until tenth grade. This suggests a more prominent role of the  father figure within 
Ghana’s  house holds, which is consistent with the loss of statistical power of some of 
the positive effects reported for  family income. Gender, on the other hand, does not 
seem to determine schooling transition, whereas a rural residency reduces the proba-
bilities of progressing throughout the system.

Despite the fact that monetary transfers are not directly accounted for in this model, 
we can use  family income to simulate the impact of monetary transfers directed to 
 house holds with school- age  children. The positive coefficients associated with  family 
income estimated for Chile and Ghana across the probit models facilitate this strat-
egy. We develop this logic next, but first we need to integrate age- earnings profiles into 
the analy sis.

4.3   Human Capital and Earnings Profiles

Regardless of the approach aimed at connecting public spending and enrollment, the 
second ingredient of our analy sis has to do with the estimation of earnings profiles. 
To this end, we borrow from the long- standing lit er a ture in  labor economics estimat-
ing earnings equations (Heckman, Lochner, and Todd, 2006; Card, 2001). Let s denote 
the schooling level attained, with s = 1, . . .  , S; Y be the outcome of interest (e.g., log an-
nual earnings); and X be  labor market experience. Thus, the Mincer model delivers 
the following regression equation:

(3-9) Y = π0 + π1S + β1X + β2X2 + ε, 

where ε is an idiosyncratic error term and π1 captures ∂ E[Y|S, X]/ ∂ S, that is, the aver-
age difference in the expected value of Y between individuals with S and S − 1 year of 
education,  after controlling for the effect of  labor market experience. This model can 
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be trivially extended to allow for level- specific returns. Let Ds be a dummy variable such 
that Ds = 1 if the individual reaches schooling level s, 0 other wise. Thus, we can rewrite 
equation (3-9) as follows:

Y =π 0 + π s
s =1

S
Ds + β1X +β2 X 2+ ε∑ .

The coefficient πs is typically interpreted as the economic return to schooling level s, 
where the baseline category is no formal education. However, this expression still im-
poses linear separability between education and  labor market experience. To relax this 
assumption, using the sample of individuals reporting each schooling level s, we can 
estimate that

(3-10) Ys = πs + β1,s X + β2,s X2 + εs.

Notice that with the estimated coefficients in (3-10), we can construct a series of  labor 
earnings  until a given age of retirement for any given schooling level s.13

In what follows, we estimate earnings profiles following the Mincer regression 
specified in equation (3-10) using cross- section data from the  house hold surveys. The 
left- hand side of (3-10) mea sures the natu ral logarithm of net annual earnings. Net earn-
ings are calculated  after subtracting the prevailing income tax rates in Chile and 
Ghana shown in  table 3-10. Years of  labor market experience are constructed subtract-
ing the total number of years of formal education from the current worker’s age. We 
limit the minimum working age to 15, which is the minimum  legal age to work in both 
countries. Moreover, we include only workers who are not currently studying or pur-
suing any degree. As is well- known in this lit er a ture, educational attainment is endog-
enous to individual’s unobserved characteristics, which affect both attainment and 
 labor market outcomes. To address this endogeneity, we complement our Ordinary 
Least Squares (OLS) estimates with an instrumental variables approach, for which we 

13 Conventional estimates based on earnings regressions are subject to impor tant qualifications 
(Heckman, Lochner, and Todd, 2006). The potential endogeneity of education, a result of its correla-
tion with the unobserved component, εi, is a source of econometric concerns widely discussed in the 
lit er a ture (Card, 2001). The exact specification of the equation has been a subject of much debate as 
well (Heckman, Lochner, and Todd, 2006). Another impor tant drawback of this approach is that it 
does not take into account the cost that students and their families face when investing in education. 
Educational attainment implies monetary and nonmonetary costs that affect the decision of invest-
ing in  human capital. First,  there is an opportunity cost of studying.  People could join the  labor 
market instead, and earnings foregone during the study period can be an impor tant  factor driving 
the education decision. Second,  there are monetary expenses in acquiring education. In some cases, 
 there is tuition to be paid to educational institutions. Even if education is tuition- free,  there are often 
other expenses, such as transportation, lodging, or materials costs that  people have to incur. Fi nally, 
 there are nonpecuniary costs, such as psychological costs, of pursuing education. Despite  these em-
pirical difficulties, from expression (3-10) we can obtain a  simple proxy for the value of education.
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use reported  family income and parental education as instruments for educational at-
tainment. The results are presented in  table 3- A1.14

 Table 3-11 displays the estimated coefficients from the Mincer regression for Chile 
(columns 1 and 2) and Ghana (3 and 4). The first OLS column in each country includes 
the full sample of respondents over 15, whereas in the second one, we restrict our atten-
tion to dependents who are 15–35 years old. This comparison informs the robustness of 
the results to diff er ent samples. The findings show significant returns to an additional 
year of education for students who have not gone beyond secondary school in both coun-
tries. For Chile, an extra year of education is associated with an increase in annual earn-
ings in the range of 9–11  percent, which is in line with previous estimates by Montenegro 
(2001). Despite the difference in enrollment and financing patterns in Ghana, we also find 
large and significant returns in this country, in the range of 7–8  percent.  These results 

14 Diff er ent empirical approaches have been proposed to account for the endogeneity of educa-
tional attainment (Card 2001, Carneiro et al. 2003, Heckman, Lochner, and Todd, 2006, among 
 others). We note that data limitations in  house hold surveys in both Chile and Ghana limit our 
ability to follow recent econometric approaches designed to address this issue. This topic re-
mains a promising ave nue for  future research once better data become available.

 Table 3-10
Monthly Personal Income Tax Rate in Chile and Ghana

A. Chile (in pesos)

From To Tax rate

0 $1,111.29 0.0%
$1,111.29 $2,469.53 4.0%

$2,469.53 $4,115.89 8.0%
$4,115.89 $5,762.25 13.5%
$5,762.25 $7,408.60 23.0%
$7,408.60 $9,878.13 30.4%
$9,878.13 $12,347.67 35.5%

$12,347.67 or more 40.0%

B. Ghana (in Ghanaian cedis)

From To Tax rate

0 $216.00 0.0%
$216.00 $324.00 5.0%
$324.00 $475.00 10.0%
$475.00 $3,240.00 17.5%

$3,240.00 or more 25.0%

Sources: Chilean Tax Revenue Authority (2014) and Ghana Revenue Authority (2013).
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are largely in line with previous findings by Duflo, Dupas, and Kremer (2021), who find a 
return of 13   percent for secondary school students in Ghana enrolled in a vocational 
track, and Peet, Fink, and Fawzi (2015), who find an estimated return of 4.7  percent to an 
additional year of education in Ghana using LSMS data between 1982 and 2012.15 At the 
same time, we find significantly larger and significant returns to completing tertiary edu-
cation in both countries, exceeding 140 log points in all specifications.

The Mincerian regression also allows us to examine the returns to experience. The 
results in columns 1 and 3 indicate that the returns to experience tend to be higher in 
Ghana than in Chile, reaching 8  percent in the former compared to just 5  percent in the 
latter. They become larger in columns 2 and 4. In addition, we find that in both countries 

15 For a review of estimated Mincerian returns by level of education in Africa, see Barouni and 
Broecke (2014).

 Table 3-11
Results from Mincer Regressions for Chile and Ghana

Chile Ghana

Variable (1) (2) (3) (4)

Years of education (≤12) 0.114*** 0.091*** 0.080*** 0.072
(0.004) (0.009) (0.008) (0.029)

Tertiary 2.198*** 1.800*** 1.640*** 1.452***
(0.043) (0.104) (0.105) (0.383)

Experience 0.050*** 0.067*** 0.078*** 0.065*
(0.002) (0.007) (0.006) (0.035)

Experience2 −0.001*** −0.001*** −0.001*** −0.001
(0.000) (0.000) (0.000) (0.001)

Education (≤12) × exp. −0.002*** −0.002*** −0.002*** −0.002
(0.000) (0.000) (0.000) (0.002)

Tertiary × experience −0.022*** −0.035*** −0.020*** −0.004
(0.001) (0.006) (0.004) (0.027)

Rural −0.227*** −0.050** −0.003 −0.328***
(0.009) (0.021) (0.024) (0.082)

Female −0.500*** −0.167*** −0.446*** −0.268***
(0.005) (0.015) (0.022) (0.080)

R2 0.30 0.22 0.19 0.22
N 90,339 11,689 16,073 1,354
Sample Full 15–35 y/o Full 15–35 y/o

Sources: Own calculations using data from CASEN 2013 (Chile) and GLSS-6 (Ghana) data.

Notes: We include only workers whose age is above 15 years and who are not currently studying or pursuing any degree. Paren-
tal education is used as source of instruments for both countries. *** p < 0.01, ** p < 0.05, * p < 0.1.
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and across all levels of education, earnings profiles are concave. Figures 3-5 and 3-6 show 
the post- tax age- earning profiles for diff er ent levels of education in Chile and Ghana, re-
spectively.  These profiles are estimated using the estimated coefficients reported in 
 table 3-11 and illustrate the significant differences between the age- earnings profiles associ-
ated with tertiary versus other levels of educations. In Chile, the concave pattern is starker 
for students who have attained a tertiary degree, where a clear peak is observed at around 
27 years of experience, which corresponds to adults in their early fifties. While  there is a 
concave pattern for Chileans with lower levels of attainment, the relationship is less clear. 
Nonetheless, we note that the earnings peak occurs at a higher level of experience, which 
corresponds with the fact that less educated individuals enter the  labor force at  earlier ages.

We find similar patterns in Ghana:  there are concave earnings patterns across all 
educational levels, though the pattern is starker for the highest achieving individuals, 
whose earnings peak at 23–25 years of experience. Fi nally, we note that  table 3-11 shows 
larger returns to experience for less educated students, as the coefficient on the educa-
tion and experience interaction is negative across all specifications (although not signifi-
cant in a few of them). Consistent with the lit er a ture (Heckman, Lochner, and Todd, 
2006), the evidence confirms the importance of allowing for interactions in the context 
of the Mincer model. However,  these results do not account for the costs of education or 
its dynamic benefits. The next section extends the analy sis along  these lines.

4.4  Benefits versus Costs

In order to assess the impact of public spending, it is impor tant to first put in context 
the amount of resources involved in the provision of educational ser vices and the 
benefits obtained from them. To this end, we define two constructs that serve as prox-
ies for the economic value of education and take into account its costs: internal rate of 
returns (IRR) and net pre sent values (NPV). In brief, using the notation introduced in 
section 2.2, we can define the NPV associated with schooling level s as

(3-11) !Vr (s)=
YL(s, t)
(1+ r)tt = s +1

T
∑ − C(s, t)

(1+ r)t
,

t =1

s
∑

where YL(s, t) denotes the annual income of someone reporting s years of education 
and t years of  labor market experience, C(s, t) is the annual private cost associated with 
s, r is the discount rate, and T is the retirement age. Expression (3-11) is the discrete 
version of (3-6). Notice that !Vr (s) at least partially embeds “social gains” from achiev-
ing level of education s, as YL(s, t) is pretax income, and hence, NPV includes taxes 
that  will be collected by the government. On the other hand, the IRR between 
school levels s and s + 1, with associated !Vr (s) and !Vr (s +1), is the rate r̃ such that 
!Vr (s)= !Vr (s +1). The estimation of NPV and IRR in both countries can be used to un-

derstand the magnitudes and potential effects of increased educational spending.
In princi ple, the sources of information commonly exploited by researchers (e.g., 

 house hold surveys) do not suffice to bear the empirical challenges associated with 
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Figure 3-5
Earnings Profiles in Chile, 2013

Source: Author’s calculations using data from the CASEN 2013 and results from earnings regressions.
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Figure 3-6
Earnings Profiles in Ghana, 2013

Source: Author’s calculations using data from the GLSS-6 and results from earnings regressions.
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the estimation of NPVs and IRRs. This lack of longitudinal data constitutes a major 
limitation. Nonetheless, we can exploit cross- sectional data to generate sequences of 
YL(s, t) for diff er ent s. To see how, first notice that equation (3-10) defines the average 
growth rate of earnings at each experience level. Then, for a given schooling level s, 
we can combine the estimands reported in  table 3-11 and average earnings  after, for 
example, five years of working experience to predict average earnings for any s and t. 
Formally, given YL(s, t ) in the data, we can use the estimated values for β1,s and β2,s to 
generate Ŷ(t , s) for any s and t.16 Of course, this exercise is subject to the qualifica-
tions emerging from multiple assumptions (e.g., no cohort effects and functional 
forms), but it enables a  simple strategy for  later examining the incidence of public 
spending by exploiting cross- sectional information that is typically available.

To illustrate its potential, we implement this approach using  house hold survey data 
from Chile and Ghana. The resulting sequences of Ŷ(t , s)  are then used in estimating IRRs 
across schooling levels. In this way, we show how to overcome the data limitations usually 
faced by researchers when estimating the economic returns of achieving further education, 
while taking into account the direct costs and benefits of investing in  human capital, the 
opportunity costs (foregone earnings), and the option value of reaching a higher education 
level (Heckman, Urzua, and Yates, 2007). For example, increasing schooling attainment 
from primary to secondary education not only delivers a direct benefit through higher 
wages, but also provides individuals with the opportunity of reaching a higher schooling 
level. Thus, students who have completed secondary schooling are able to further enroll in 
tertiary education and capture its corresponding benefits. This is not the case for secondary 
school dropouts. We carry out this analy sis using baseline enrollment rates at each educa-
tion level along with the estimated transition probabilities from one level to the next. In 
other words, we estimate the probability of reaching a higher schooling level by computing 
the unconditional probability that can be inferred from enrollment rates.

 Table 3-12 pre sents the IRRs for the diff er ent pairwise comparisons of schooling 
levels constructed using the reported cost of education (section 4.2) and the estimated 
age- earnings profiles. Within this  simple framework, the IRR of completing a second-
ary degree for someone who has already completed the primary level is large in Chile, 
reaching upwards of 7  percent. And despite larger costs, the result is similar when com-
paring tertiary and secondary education.

In Ghana the estimated IRRs are significantly smaller, remaining below 1  percent for 
the two schooling levels considered, with the rate associated with completing a tertiary 
degree below that of a secondary degree. At first glance this might appear surprising, but 
in light of our analy sis three distinctive features of the country can explain  these negligible 
values: (1) a large opportunity cost resulting from the small wage premia; (2) the small 

16 To control for the fact the dependent variable in (3-10) is log earnings, from β 1,s, β 2,s and σ s
2   (the 

variance of ε ), we compute Ŷ(s, t)= Ŷ(s, t −1)eβ1,s + 2β2,s (t −1)+ 0.5σεs
2
, where Ŷ(s, t)  denotes the esti-

mated average annual earnings (in levels) for a worker with education s and t years of  labor market 
experience.

1018-103585_ch01_12P.indd   991018-103585_ch01_12P.indd   99 08/03/23   5:17 PM08/03/23   5:17 PM



S E R G I O  U R z U A100

chance of progressing throughout the schooling system  after completing elementary 
education (see transition matrix in  table 3-3); and (3) the nation’s considerable direct costs 
of education per students (US$499 for secondary and US$1,390 for tertiary).

All in all,  these results lead us to question the idea of positive and large private 
returns to education, particularly  after factoring in its costs. We next carry out simu-
lation exercises to analyze how an increase in public spending in both countries would 
affect the income distribution in  future generations. This analy sis highlights one of the 
key points from our conceptual framework: the difference in the fiscal incidence of edu-
cational spending when viewed through a static versus a dynamic lens.

4.5  Assessing the Long- Term Impact of Public Spending  
on In equality

The conceptual framework presented above indicates that public spending on education 
affects long- term outcomes, including income in equality, through its effect on educa-
tional transitions and final schooling attainment. To estimate the impact of public spend-
ing in education, we consider three diff er ent exercises: a public subsidy equivalent to 
10  percent, 30  percent, and 80  percent of the annual average costs per schooling level. The 
10   percent increase corresponds to a per- student increase in financing of US$1,894  in 
Chile and of US$163 in Ghana— corresponding to 2.2  percent and 1.8  percent of GDP, re-
spectively. We assume that  these resources are transferred directly to each school- age in-
dividual as a permanent annual subsidy and explore the long- term impact on a cross- 
sectional sample of 12 diff er ent generations of students (each attending a diff er ent grade at 
the time the policy is implemented). In this way, the analy sis takes into account the inten-
sity of public spending as first grade students  will experience 12 years of subsidies, whereas 
 those in the last year of high school  will experience only one. Within each cohort, we also 
control for the current quintile of  family income. We report the impact of the subsidies on 
transition probabilities and then the resulting  future income distribution.17

17 In the context of our economic setting, when the government increases public expenditure, say 
in primary education (s1), E(s1), enrollment  will increase at a per- student cost equal to κ 1. Given 
the cumulative effect of education, a new enrollee  will achieve complete primary education with 
probability p(s1, s0), where s0 represents the alternative of no formal education,  will pursue and 

 Table 3-12
Internal Rate of Returns (IRRs) across Schooling 
Levels in Chile and Ghana

Level vs. Baseline Chile Ghana

Secondary vs. Primary 7.67% 0.454%
Tertiary vs. Secondary 7.12% 0.101%

Note: IRRs are mea sured with re spect to the previous level of education.

1018-103585_ch01_12P.indd   1001018-103585_ch01_12P.indd   100 08/03/23   5:17 PM08/03/23   5:17 PM



101R E D I S T R I B U T I O N  T H R O U G H  E D U C A T I O N

 Table 3-13 displays the effects of each scenario on the transition probabilities for 
Chile (panel A) and Ghana (panel B) for the generation of individuals attending sec-
ond, sixth, and twelfth grades. Across both countries, we find  limited impacts of the 
10  percent increase in spending on educational attainment, though the effects are larger 
in Chile than in Ghana. This result holds for the three cohorts, as well as across quan-
tiles of  family income. This policy would increase the probability of attaining tertiary 
education for a low- income child in Chile by 2 percentage points, yet the equivalent 
effect for a child in Ghana would be 0.4 percentage points. An 80  percent increase in 
spending, on the other hand, would deliver sizable effects on tertiary enrollment in both 
countries, with larger effects in Chile than in Ghana. For instance, enrollment rates in 
tertiary education for a middle- income twelfth- grader in Chile would increase from 
74.2 to 83.7  percent  under the simulated policy. Meanwhile, enrollment rates would in-
crease from 49.8 to 52.9  percent for the equivalent child in Ghana. Interestingly, panel B 
shows that the size of the subsidy produces nonlinear effects on enrollment. For in-
stance, panel B.3 shows that while neither the 10  percent nor the 30  percent increase in 
spending would affect tertiary school enrollment, the largest policy would have a siz-
able impact for all levels of  family income.

 Table 3-14 reports the estimated effects of the education subsidies on individuals’ 
NPV. Recall that equations (3-6) and (3-11) indicate that this figure depends on the 
costs of education, a new schooling history, and resulting earnings. Panel A shows the 
results for Chile. We find that each of the three simulated increases in educational 
spending would result in significant increases in the NPV associated with education. 
For instance, a 10  percent increase in spending would yield a US$776 increase in this 
expected value mea sure for a second grade student. A similar reform in Ghana, pre-
sented in panel B, would increase the expected value by only US$10.  These results hold 
across the three cohorts and for all simulated policies: the increase in the NPV would 
be significantly larger in Chile than in Ghana.  These results are in line with our previous 
findings presented in  table 3-13, which shows that increases in educational spending 
would have smaller impacts on tertiary enrollment in Ghana than in Chile.

complete secondary education with probability p(s2, s1), and  will complete tertiary education 
with probability p(s3, s2). Since each of  these paths is associated with a corresponding earnings 
stream (or NPV at a given discount rate r), !Vr (s1), !Vr (s2 ), !Vr (s3), we define the return to educa-
tional spending for an individual selecting schooling level s* as

(3-12) 
∂Δs*, s* −1

∂E(s1)
=
∂[Vs*, s* −1 −V(s*−1, r)]

∂E(s1)
.

The effect of educational spending on educational attainment depends directly on an individual’s 
value associated with education levels s and s − 1. Furthermore, the implicit costs Cs*, s* − 1 now 
include the additional obligations associated with κ s. This mea sure can be complemented with 
the estimation of internal rate of return, which is defined as the discount rate that would equate 
the net pre sent values of the baseline (no extra funding for primary education) and resulting 
(extra funding) schooling levels.
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 Table 3-13
Effects of Public Spending in Education on the Probability of Attaining Tertiary 
Education, by  Family Income, in Chile and Ghana

Quintiles of  family income

Scenario (1) (2) (3) (4) (5)

Chile

A.1 Generation of second- graders

Baseline— No Intervention 0.542 0.596 0.673 0.770 0.925
10% increase 0.562 0.614 0.689 0.783 0.931
30% increase 0.599 0.650 0.722 0.809 0.941
80% increase 0.688 0.732 0.793 0.864 0.961

A2. Generation of sixth- graders

Baseline—no intervention 0.564 0.625 0.685 0.766 0.917
10% increase 0.583 0.643 0.701 0.780 0.923
30% increase 0.619 0.677 0.732 0.805 0.934
80% increase 0.704 0.754 0.801 0.861 0.956

A3. Generation of twelfth- graders

Baseline—no intervention 0.633 0.701 0.742 0.802 0.937
10% Increase 0.648 0.715 0.755 0.814 0.941
30% Increase 0.678 0.742 0.780 0.835 0.950
80% Increase 0.748 0.804 0.837 0.881 0.967

Ghana

B.1 Generation of second- graders

Baseline—no intervention 0.139 0.155 0.200 0.238 0.318
10% increase 0.143 0.160 0.205 0.244 0.324
30% increase 0.152 0.170 0.216 0.255 0.335
80% increase 0.175 0.194 0.243 0.285 0.361

B2. Generation of sixth- graders

Baseline—no intervention 0.146 0.173 0.212 0.247 0.325
10% increase 0.149 0.178 0.217 0.252 0.330
30% increase 0.157 0.187 0.228 0.264 0.341
80% increase 0.178 0.212 0.256 0.294 0.368
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While increasing spending would still promote enrollment, we note that this policy 
may not necessarily be efficient. In the second column of  table 3-14, it is clear that the 
investment associated with the increased public expenditures would far exceed the 
gain in individuals’ expected value of tertiary schooling. As a result, policymakers may 
be interested in analyzing  whether alternative policy designs could deliver the same 
effects on tertiary school enrollment through other channels.

Figure 3-7 displays the predicted distribution of adult earnings for the current gen-
erations of second- , sixth- , and twelfth- graders in Chile and Ghana. But it reports them 
by quintile of ( family) income at the time of the intervention (school- age period). In 
this way, we seek to examine the intergenerational impact of education spending.

To make the results comparable, the distributions are obtained  after simulating sala-
ries 30 years since the last year of formal education. As expected, the patterns suggest 
larger responses associated with larger increases in spending. However, the responses by 
the number of years during which the individuals received the subsidies, say second versus 
twelfth grades, are less clear. The small differences between second-  (panel A.2) and 
twelfth-  (panel C.2) graders in Ghana illustrate this point. This, of course, comes as no 
surprise as transition probabilities  were less sensitive to  family income; hence, the inter-
vention was expected to be less effective in this country. In turn, this explains why among 
 those who already reached twelfth grade the subsidy produces a more pronounced impact 
(panel C.2).

The key result of this exercise, however, comes from the comparisons across quin-
tiles (x- axis). Regardless of the cohort, Chilean students at the bottom of the distribu-
tion of  family income benefit the most from the intervention in the long run. Their 
income distribution shifts right (up in the box plot) as the size of the subsidy increases. 
Something similar is observed among sixth-  (panel B.2 in figure 3-7) and twelfth-  (C.2) 
graders in Ghana. Figure 3-8 further extends  these results by showing the distribution 

 Table 3-13 (continued)

Quintiles of  family income

Scenario (1) (2) (3) (4) (5)

B3. Generation of twelfth- graders

Baseline—no intervention 0.470 0.501 0.498 0.512 0.581
10% increase 0.470 0.502 0.500 0.515 0.586
30% increase 0.472 0.507 0.507 0.523 0.596
80% increase 0.485 0.527 0.529 0.548 0.621

Sources: Information on the costs of education for Chile (all levels) comes from OECD (2013). Costs of education in Ghana 
 were obtained directly from House hold Survey GLSS-6.

Notes: The subsidy is defined as a percentage of the costs of education. Categories of  family income are constructed using 
 house hold income at the time of the survey. The  table reports the probabilities of reporting “tertiary education”  under three 
diff er ent exercises. Each one adds a diff er ent amount (10  percent, 30  percent or 80  percent of costs of education) to  family in-
come and uses the schooling choice model to compute the long- term impact.
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 Table 3-14
Long- Term Effects of Public Spending in Education by Generation in Chile and 
Ghana, Net Pre sent Value (NPV, US$)

Scenario
NPV  

(1)
Investment  

(2)
Δ NPV  

(3)

Chile

A.1 Generation of second- graders

Baseline -  No Intervention 80,317.7 — —
10% increase 81,095.3 1,476.0 777.6
30% increase 82,563.1 4,449.8 2,245.4
80% increase 85,735.2 11,979.3 5,417.5

A.2 Generation of sixth- graders

Baseline—no intervention 107,861.9 — —
10% increase 108,814.0 1,088.3 952.1
30% increase 110,778.1 3,288.7 2,916.2
80% increase 115,015.6 8,901.1 7,153.7

A.3 Generation of twelfth- graders

Baseline—no intervention 137,934.0 — —
10% increase 140,050.5 308.2 2,116.5
30% increase 144,314.7 936.3 6,380.7
80% increase 154,132.0 2,568.6 16,198.0

Ghana

B.1 Generation of second- graders

Baseline—no intervention 8,248.4 — —
10% increase 8,258.8 105.5 10.5
30% increase 8,284.1 317.6 35.8
80% increase 8,340.5 853.8 92.1

B.2 Generation of sixth- graders

Baseline—no intervention 11,533.5 — —
10% increase 11,547.7 69.1 14.2
30% increase 11,575.0 208.2 41.6
80% increase 11,645.9 561.5 112.4
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of  labor income during adulthood (also 30 years  after the reform) for individuals who 
belong to the bottom 20  percent of the distribution of  family income (while in school). 
For Chile we document a marked decline in in equality. Unfortunately, despite the doc-
umented impact on NPV, the distribution remains almost unchanged in Ghana. This 
sheds light on the difficulties of reducing long- term in equality.

5  Conclusions

The quantification of the net benefits of education has fueled economic research for de cades 
(Becker, 1962; Card, 2001; Heckman, Humphries, and Veramendi, 2018). A greater stock of 
 human capital should lead to better  labor market prospects, including more stable occupa-
tions and higher  future earnings (Heckman et  al., 2014). But, of course, accumulating 
 human capital also involves costs (Rodriguez, Urzua, and Reyes, 2015). Uncertainty and the 
intrinsic dynamic learning value of schooling must also be factored in (Levhari and Weiss, 
1974; Keane and Wolpin, 1997; Weisbrod, 1962; Altonji, 1993; Arcidiacono, 2004). In this 
context, rational individuals should weigh the expected long- term costs and benefits when 
deciding  whether or not to invest in education (Willis and Rosen, 1979). This illustrates why 
estimating the impact of public education spending on any outcome is a complex task.

When governments subsidize the provision of education ser vices, prices cannot 
be used to yield mea sures of benefit incidence as they do not necessarily reflect the mar-
ginal willingness to pay across consumers (Castro- Leal et al., 1999).18 This chapter 

18 Experimental evidence exists (Muralidharan and Sundararaman, 2011), but it is rare and hard 
to extrapolate to diff er ent settings, making comparative policy analy sis within and across coun-
tries difficult. Observational studies (quasi- experimental designs) are similarly affected by data 
limitations and natu ral difficulties in establishing proper identification strategies (Rosenbaum, 
2002, 2010). Nevertheless, despite  these issues, carefully implemented observational studies can 
offer insights into the mechanisms through which public spending in education could alter in-
come in equality and promote poverty reduction in the long run.

 Table 3-14 (continued)

Scenario
NPV  

(1)
Investment  

(2)
Δ NPV  

(3)

B.3 Generation of twelfth- graders

Baseline—no intervention 13,930.5 — —
10% increase 13,985.1 25.4 54.6
30% increase 14,045.8 76.4 115.3
80% increase 14,268.1 204.7 337.5

Sources: Information on the costs of education for Chile (all levels) comes from OECD (2013). Costs of education in Ghana 
 were obtained directly from House hold Survey GLSS-6.

Note: The subsidy is defined as a percentage of the costs of education.
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Notes: Implicit rate of return to education is 3.9%. Results obtained  under the assumption of 30  years of  labor market 
experience.

Figure 3-7
Annual Earnings during Adulthood  after Increasing Average Annual Expenditure in 
Education per Student during School- Age Years, by Cohort and Quintile of  Family 
Income at the Time of the Intervention
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Notes: Both panels are simulated using the results from the models of  labor market income as a function of years of education 
and the empirical framework examining the association between transition probabilities and  family income. Public transfers 
are assumed to increase per capita  family income when the individual was deciding  whether or not to continue his or her 
education.

Figure 3-8
Distribution of  Labor Income during Adulthood (30 Years  Later) for  Those Individu-
als with  Family Income at the Bottom 20% While in School: Baseline vs. Transfers 
(10%, 30%, and 80% of Public Expenditure per Student)
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introduces two methodologies for assessing the impact of public spending in the edu-
cation sector when the researcher has access to  limited data. The empirical analy sis is 
carried out using micro- level data from Chile and Ghana.

Our results suggest substantial heterogeneity across countries and schooling lev-
els. For example, the returns to investing in primary education in Ghana are low. This 
is not surprising as gross enrollment rates in this level are already high, so the expan-
sion comes at a large cost. However, when it comes to secondary education, Ghana ex-
hibits large returns. For Chile, the results indicate positive economic values to educa-
tion. Fi nally, we use  these estimates to simulate the returns to government expenditure 
in education. We find positive but heterogeneous effects at all levels of education in both 
countries. More importantly, our findings not only highlight the differences between 
the methods, but empirically document the contrast between conventional estimates 
and the returns to public spending in the education sector.
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Appendix 3A

Dynamic Fiscal Incidence of Public 
Spending in Education

T his appendix extends the conceptual framework of section 2 to a general dy-
namic economic setting with uncertainty.

1  The Recursive Prob lem

By its very nature, and as illustrated by expressions (3-2) and (3-3), the accumulation 
of  human capital throughout the schooling system involves sequential decision pro-
cesses. Enrollment in schooling level s requires the completion of schooling level 
s − 1, with s = {1, . . .  , S}. As before, let ps + 1 be the probability of attending schooling 
s + 1, given that level s is completed. The provision of education ser vices is costly. Let 
C(s + 1) be the cost associated with schooling level s. Thus, the expected private net 
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benefit of attending level s + 1 as perceived by an individual reporting s, Vs + 1, s, can be 
written as

(3A-1) Vs + 1, s = ps + 2 × [Vs + 2, s + 1] + (1 − ps + 2) × V (s + 1) − C(s + 1) for s = {0, . . .  , S − 1},

where V(s + 1) represents the economic value associated with the alternative of reach-
ing schooling level s + 1 and not continuing the accumulation of  human capital  after 
that. This recursive system captures the dynamic effects of investing in education, which 
must be taken into account when defining its returns. In par tic u lar, for an individual 
who has completed schooling level s, the decision to continue (or not) his or her for-
mal education pro cess might depend on  whether Vs  +  1, s is larger (or smaller) than V(s).19

Thus, the relevant economic indicator of the value associated with schooling level 
s + 1 becomes

(3A.2) Δs + 1,s = Vs + 1, s − V(s),

with associated expected overall costs, Cs + 1, s, equal to

(3A-3) Cs + 1, s = ps + 2 × Cs + 2, s + 1 + C(s + 1) for s = {0, . . .  , S − 1}.

This last expression highlights the fact that effective public efforts promoting the 
accumulation of  human capital throughout formal education must alleviate more than 
the contemporaneous costs of the pro cess, as educational attainment depends on the 

19 This approach provides us with a mechanism to evaluate the decision of pursuing higher levels 
of education. For example, we can rationalize the decision of a student with a secondary degree 
deciding  whether or not to pursue a tertiary education degree. We can also estimate the eco-
nomic benefits associated with pursuing secondary education versus remaining with primary 
education. Thus, for any two final schooling levels s −  1 and s, e.g., secondary and tertiary educa-
tion, rs, s − 1 = V(s) − V(s − 1) represents the extra (discounted) net dollars an individual would ob-
tain in the event of completing schooling level s (and not pursuing additional education) versus 
s − 1. In par tic u lar, Willis and Rosen (1979) study to what extent individuals compare V(s) and 
V(s− 1) when deciding  whether to pursue a college degree  after graduating from high school. The 
economic consequences of this decision can be rationalized in at least two diff er ent ways. One is 
by directly comparing V(s) with V(s − 1). For a given discount rate r, the difference between the 
two discounted net pre sent values can be interpreted as the differential benefit of pursuing s. 

Thus, we can define the returns to s relative to s −  1 as ρs =
V(s)−V(s −1)

V(s −1)
.  A main drawback of 

this approach is that we need to specify a discount rate, which may differ across individuals, and 
may not be easy to define. Instead, one could use an alternative approach based on the estimation 
of the IRR of pursuing schooling level s. Specifically, IRRs is defined as the discount rate that 
makes the two streams equal in pre sent value, V(s, IRRs) = V(s − 1, IRRs − 1). Therefore, at any dis-
count rate r, if r < IRRs, pursuing s  will be a better financial investment.
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sum of costs across all decisions. The empirical applications discussed below consider 
this insight. As a result, in order for an increase in spending E(s) to affect final attain-
ment, enough resources are required to modify at least some of the probabilities in the 

set {ps +1}s =1
S . The identification of the pa ram e ter of interest, 

∂Δs +1, s

∂E(s)
,  critically de-

pends on how the sequence of probabilities {ps +1}s =1
S  is affected by the change in pub-

lic spending. In what follows we propose two  simple empirical methods to estimate 
the private returns to education in a dynamic setting with uncertainty, each with a 
distinctive logic and interpretation. One approach follows aggregate level informa-
tion, whereas the other one exploits individual- level data.

2  Intertemporal Fiscal Incidence Analy sis

Conceptually, the provision of public education ser vices must be understood as an in- 
kind transfer, but also as a par tic u lar one. It shares the obvious complexities associ-
ated with the valuation of any benefit of its type, but since its goal is to boost the skills 
and abilities of the “beneficiaries,” one cannot abstract from its middle-  and long- term 
consequences even when carry ing out a static fiscal incidence of public spending in 
the sector. To see this, we must first acknowledge the economic forces linking past pub-
lic efforts in education and pre sent income (Mincer, 1993). In par tic u lar,  there is a 
long- standing lit er a ture documenting the causal association between investment in 
 human capital and  labor market outcomes (Mincer, 1958, 1974). Thus, if we denote by 
′YM (t)  the contemporaneous  labor income of workers and by EF(t − 1) the monetary 

value of education- related transfers in- kind for the previous generation, any past public 
action generating the incentives for yesterday’s  children ( today’s adults) to attend and/
or stay in school, should lead to a structural association from EF(t − 1) to ′YM (t). In 
other words, transfers in one period affect the distribution of next- period original in-
come. Importantly, this association is not deterministic as investments in education 
involve uncertainty about their  future effects.

Understanding the implications of the intertemporal association between transfers 
and Market Income impels the static fiscal incidence analy sis beyond the conventional 
framework. And this is not  because public spending in education might re- rank  house holds 
according to per capita income once the taxes to pay for or benefits associated with it are 
taken into account; rather, it is due to the time dependence now affecting ΠN. In par tic u-
lar, by adding a time dimension t to the terms in expression (3-1) and assuming stable total 
tax and benefit ratios, we can use Lambert’s equations over two time periods to write

ΠN (t)−ΠN (t −1)=
(1− g )[ΠT (t)−ΠT (t −1)]+ (1+ b)[ρB(t)− ρB(t −1)]

(1+ b − g )
,

where ΠT (t) depends on ρB (t − 1) as taxes and benefits are connected throughout the 
effects of education. Two in ter est ing results emerge from this expression. First, the 
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pro gress in re distribution can be faster than the advances in regressive benefits (i.e., 
ΠN (t) − ΠN (t − 1) > ρB (t) − ρB (t − 1) > 0) even  under a deterioration of the progressivity 
of taxes (0 > ΠT (t − 1) > ΠT (t)).20 Second, even if the redistributive effects of benefits 
when applied to the original income are constant over time, i.e., ρB (t) = ρB (t − 1), 
the net fiscal system can increase its progressivity as education can lead to ΠN (t) −   
ΠN (t − 1) > 0 even if ΠN (t) < 0.

The precise identification of  these dynamics goes beyond the scope of this chap-
ter. However, they illustrate how by studying not only the long- term economic returns 
to education but also the individuals’ responses to  human capital investments through-
out the lifetime, one could provide new insights into the challenges of the fiscal inci-
dence analy sis of public spending in education.

Appendix 3B

Instrumental Variable

T he IV results presented in columns 3 and 6 of  table 3B-1 deliver significantly 
lower, and non- significant, point estimates. The discrepancy between our 
Ordinary Least Squares (OLS) and Instrumental Variable (IV) estimates may 

be due to the lack of an appropriate instrument, so we note further work is needed in 
this area. At the same time, we find significantly larger estimates to completing ter-
tiary education in both countries, and  these results are significant in both OLS and IV 
specifications, exceeding 150  percent in the two OLS regressions and 200  percent in 
instrumental variable estimations.

20 The condition is 
(g −1)

g
[ΠT (t)−ΠT (t −1)]<[ρB(t)− ρB(t −1)].
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Chapter 4

THE MARKET VALUE OF 
OWNER- OCCUPIED HOUSING AND 

PUBLIC INFRASTRUCTURE SER VICES

Sergei Soares

Introduction

The value of owner- occupied housing is relevant in the income distribution. It is the 
only form of capital earnings that is impor tant for most  house holds, often including 
 those in the lower half of the income distribution. It is usually included in national ac-
counts, but many analysts of  house hold income and its distribution leave it out. One 
reason for  doing so is that it is not trivial to decide how much owner- occupied hous-
ing ser vices are worth for each  house hold.

Likewise, access to public infrastructure ser vices such as  water or electricity is 
also relevant for the distribution of income. A roof over one’s head is unquestioningly 
impor tant, but anyone who has had to deal with  water or power shortages for ex-
tended periods of time knows that access to public infrastructure ser vices is also quite 
impor tant.

The market value of both owner- occupied housing and public infrastructure can 
be estimated using hedonic price equations. The approach followed  here is to use the 
market value of housing ser vices to estimate what families would have to pay for their 
housing if they did not own it. The basic idea is to use the rental market and then apply 
the values paid by renters to  owners of similar  houses. It is a typical hedonic price ap-
proach, which  will be detailed below.

This chapter begins with a brief overview of the lit er a ture on using a hedonic pro-
cess to value owner- occupied housing rental ser vices. Section 2 details the methodol-
ogy and the data to be used. Section 3 applies the methodology to 2015, while section 4 
applies it to 2005 and 1995 to understand changes over time. Section 5 concludes.

116
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1  Lit er a ture

Estimating housing value via hedonic prices was pioneered by Rosen (1974). While he 
is very clear as to the limits of the hedonic price approach to a market characterized 
by non- divisibility and discontinuities in tied packages (one cannot sell only the bath-
room of a  house), he shows that the “the economic content of the relationship between 
observed prices and observed characteristics becomes evident once price differences 
among goods are recognized as equalizing differences for the alternative packages they 
embody” (p. 54). In other words, while one cannot sell only the bathroom of a  house, 
the price difference between other wise identical  houses that differ only by a single bath-
room is the value of that bathroom. This notion has laid the basis for a large body of 
work on the determinants of rental and property values.

Using hedonic prices to analyze demand and supply of housing or other aspects 
of rental markets in Brazil is nothing new, but the lit er a ture is mostly in the area of 
urban studies, with scant distributive considerations. Dantas and Cordeiro (1988) use 
hedonic prices to estimate housing values in Recife. Gonzalez and Formoso (1994) study 
the dynamics of the rental market in Porto Alegre using hedonic prices. Aguirre and 
Macedo (1996) and Paixão (2015) study the Belo Horizonte housing market. Favero et al. 
(2008) do the same for São Paulo. The most complete study is that of Morais and Cruz 
(2015), who analyze all of urban Brazil using the Pesquisa National por Amostra de 
Domicilios (PNAD).  These studies, however, are not concerned with the distributive 
impacts of owner- occupied housing but are rather analy sis, in lesser or greater depth, 
of the housing market itself.

 There are studies with a distributive slant, but they are fewer. Figueroa (1993) uses 
hedonic prices to evaluate low- income housing policy in Paraguay. Nascimento et al. 
(2000) study how property is distributed according to income in Brazil, but do not im-
pute incomes for owner- occupied housing. They do not even calculate concentration 
coefficients for housing so their distributive analy sis is incomplete. Ferreira, Lanjouw, 
and Neri (2003) use hedonic prices to impute rents and in order to calculate poverty, 
but they, too, limit their analy sis to the bottom of the distribution. Smeeding et al. (1993) 
value owner- occupied housing and impute  these values in their distributive analy sis 
of seven countries. However, instead of using rents, the authors use the  actual prop-
erty values as the basis for imputing owner- occupied rents into the income distribu-
tion. They multiply property values by 2  percent and consider that this is the rental value 
of owner- occupied housing.

 There are few studies that use hedonic prices to impute values for owner- occupied 
housing and calculate standard income distribution statistics. Yates (1994) finds that 
in Australia imputed rent increases the incomes of homeowners by about 10  percent 
and makes the Gini coefficient fall from 0.39 to 0.38 (one Gini point). Frick and Grabka 
(2003) show that imputed rent reduces the Gini coefficient by about 0.2 Gini point in 
the United States, by less than 0.1 Gini point in West Germany, and slightly increases 
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in equality in  Great Britain. They also show that  there is an impor tant age dimension 
in  these three countries since the el derly have both lower incomes and higher home 
owner ship. The effects on in equality are small (and negative in  Great Britain)  because, 
absent the age dimension, renters are relatively poor in all three countries. The results 
in this chapter show much larger impacts in Brazil  because renters are relatively rich.

What I did not find in the lit er a ture is an estimate of which part of this imputed 
income is due to public infrastructure ser vices. It is not obvious that this makes any 
sense. Public infrastructure ser vices such as piped  water or connections to the electric 
grid are paid for  every month (or bimonthly in some cases), and if you do not pay for 
your  water it usually gets cut off. The argument I make  here is that  water, electricity, 
or garbage collection are not pure private goods. A pure private good can be bought or 
sold in any quantity, and the price  will depend on supply and demand. They are, of 
course, not public goods  either; the  water I drink cannot be drunk by anyone  else. The 
argument in  favor of estimating their values using hedonic equations is that while they 
are paid for, their price is determined by the public sector, by laws or a regulating agency, 
and  will often have scant relation to how much they are actually worth. What this chap-
ter provides is a welfare value for access to  these ser vices. This welfare value is impor-
tant and has particularly relevant distributional consequences when access is still un-
equal and subject to early capture by the rich (or richer) population, which is often the 
case in developing countries.

2  Methodology

Valuation of public infrastructure such as  water or sewage connections, trash collec-
tion, or access to electricity is not particularly difficult. All that is needed is a  house hold 
survey that contains questions both on rents paid by  those who do not own their  houses 
and on the existence and quality of  these public infrastructure ser vices. Furthermore, 
most surveys also identify  houses that are in the same census tract, which  will indi-
cate  whether the  house is in a rich neighborhood or a poor one.  Today, the usual hous-
ing price model is multiplicative so that the existence of a sewage connection in a 
wealthy neighborhood  will have a larger impact on rental price than in a poor one.1 In 
this model, rent  will be

(4-1) Rh,n =Cn eβlxh ,n
l
,l∏

where Rh,n represents the rent paid in  house h in neighborhood n, Cn represents the 
rent of the standard  house in neighborhood n, and xh,n

i  represents the l-th character-
istic of  house h in neighborhood n. This means that having an extra bathroom  will 
increase rental values more in Ipanema than in a forgotten rural area of the Northeast. 
Taking logs, we have

1 See Maclennan (1982) or Morais and Cruz (2015), for example.
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(4-2) rh,n = cn βlxh,n
l .

l
∑

Estimation is straightforward: both the cns and the vector βl can be estimated using 
a fixed- effects model, which usually consists of a dummy for each neighborhood n. The 
neighborhood can be proxied by the census tract in which  house h can be found. The 
βl coefficients are the hedonic prices themselves, which are needed only to make sure 
they are not unusual in any sense and conform to the lit er a ture.

Estimation of a fixed- effects model is pos si ble  either by using a dummy for each 
census tract or by estimating a model in which the census tract average is subtracted 
from all variables in that census tract:

(4-3) rh,n
. = (rh,n − rn )and xh,n

. = (xh,n − xn ).

While equation (4-2) is estimated using only  those individuals who pay rent, the 
value of the owner- occupied housing is then imputed to the income of the  those who 
own their  houses. This creates a new income distribution, whose par ameters can then 
be calculated and compared to the non- imputed distribution.  These par ameters can 
be income means, Gini coefficients, and Lorenz curves. The terminology used  here to 
distinguish the two distributions are “ex ante” and “ex post.” “Ex- ante” refers to the 
distribution with no imputed rents for owner- occupied housing, and “ex- post” refers 
to the distribution with imputed rents.

Once imputed rents are available, calculating the value of public infrastructure ser-
vices is also  simple. Suppose the ser vice whose value is to be calculated is piped  water. 
To calculate its value, take the predicted rental value for a given owner- occupied 
 house with access to  water, calculated using the observed vector of public infrastruc-
ture ser vices, Rhn(β1xhn ,

1 β2xhn ,
2 β3xhn. . .

3 βwater (water =1) . . .β1xhn
1 ),  and subtract from it 

the  predicted rental value for the same owner- occupied  house with no  water: 
Rhn(β1xhn ,

1 β2xhn ,
2 β3xhn. . .

3 βwater (water = 0) . . .β1xhn
1 ). This means that the value of  water 

supply for  house h in neighborhood n is

(4-4) Water value = Rhn(β1xhn
1 . . .βwater (water =1) . . .β1xhn

1 )
− Rhn(β1xhn

1 . . .βwater (water = 0) . . .β1xhn
1 ).

Aggregate over all H  houses in all N neighborhoods, and the market value of the 
 water supply  will be given. The same approach can be used for sewage, garbage collec-
tion, electricity, or even piped gas. Once the distribution is known, means, concentra-
tion coefficients, and concentration curves can be calculated.

The Pesquisa National por Amostra de Domicilios (PNAD) has always been a large 
survey, with over 100,000  house holds and close to 400,000 individuals. This large sam-
ple is necessary  because it covers the entirety of the country (bar the rural north  until 
2004), and the results need to be statistically significant for each of the 27 states in the 

1018-103585_ch01_12P.indd   1191018-103585_ch01_12P.indd   119 08/03/23   5:17 PM08/03/23   5:17 PM



S E R G E I  S O A R E S120

federation. It is carried out once per year, except during census years, and goes to the 
field in the third quarter of the year. I use the years 1995, 2005, and 2015, which have 
very similar questionnaires.

The income used in the PNAD is Gross Income (pretax, post transfer), at least theo-
retically. The PNAD takes into account both  labor and transfer incomes, and although 
property incomes are notoriously underestimated, they are also included, in theory. The 
definition of income used by the PNAD is pretax income. Interviewers are instructed to 
look at paychecks if  these are available and copy this information to the questionnaire. 
 There is some evidence reported in Rocha (2002), such a small net minimum wage spike, 
that some  people report post- tax (or post– direct tax) income, but most wage earners 
report Gross Incomes. Self- employed incomes are harder to define, but the PNAD asks 
for incomes net of taxes paid by the business but including taxes paid by individuals (the 
concept is known as retirada), but it is unlikely that reporting is exact.

What prob lems can be anticipated?
The first is that  there may be no  house holds paying rent in a given census tract. This 

is not particularly troubling if census tracts can be aggregated at the level of municipal-
ity; cn can be substituted for the average rent of the municipality as a  whole. Countries in 
which rental markets are so thin that even at the provincial level  there are few rented 
 houses (this may well occur in rural areas) create a limitation to this method. If  there are 
significant populations in areas in which  there are no rental markets, hedonic housing 
prices simply cannot be estimated, and this method cannot be used.

A less serious prob lem is when almost every one has access to a certain infrastruc-
ture ser vice. For example, access to electricity in 2015 Brazil was close to 99  percent. 
 There is certainly not be enough variation to find hedonic prices. I can see no easy so-
lution to this prob lem, and a market value for access to electricity in 2015 cannot be 
calculated using hedonic prices. The solution is to exclude the variable.

An in- between prob lem is when few of the  house holds that have access to an in-
frastructure ser vice pay rent. Piped  water in 2015 Brazil, for example, was provided to 
approximately 80  percent of Brazilian  house holds, which left about 20  percent without 
it. However, among rented  houses, only 5  percent did not have piped  water. Once again, 
I can find no easy solution to the prob lem, other than hope that  there is a common 
support.

3  Imputing Rents and Public Infrastructure Ser vices for 2015

Following the approach highlighted above, the first step is to estimate a fixed- effects 
model for rents. This is relatively easy, using the grouping variable v0102, which iden-
tifies census tracts.  There are 9,146 census tracts in the 2015 PNAD but only 2,170 of 
 these have any renters. This means no information from the remaining 6,976 tracts are 
used in the estimation. This lack of information is  because most of the PNAD’s census 
tracts are in rural areas with few  people and even fewer renters. The 2,170 census tracts 
that do have renters account for 80  percent of all residences in the PNAD.

1018-103585_ch01_12P.indd   1201018-103585_ch01_12P.indd   120 08/03/23   5:17 PM08/03/23   5:17 PM



121O W N E R - O C C U P I E D  H O U S I N G  A N D  I N F R A S T R U C T U R E  S E R V I C E S

The dependent variable is the natu ral logarithm of the rent, and the explanatory 
variables can be grouped into two categories. The first are characteristics of the dwell-
ing itself, such as the materials of the walls, the number of rooms and bathrooms, and 
so on. The second are the public infrastructure ser vices: piped  water, sewage, garbage 
collection, fixed phone lines, and piped gas. Noticeably absent in 2015 is electricity. 
 There  were almost no residences without electricity in 2015, which makes it impossi-
ble to estimate a hedonic price for this ser vice. The logarithm of per capita income is 
used as a control variable. The results of the estimation can be found in  table 4-1.

 Table 4.1
Fixed Effects Estimation of Log(Rents)

R2 Observations per group

Within 0.388 Minimum 1
Between 0.505 Mean 2.9
Overall 0.454 Maximum 15

Other statistics Observations

corr(u_i, Xb) 0.3005 No observations 19,936
F(15,13708) 550.49 No groups 6901

In(rent) Coefficient p- value

Dwelling characteristics

House −0.071 0.00
Brick walls 0.338 0.00
Wooden walls 0.113 0.07
Tiled roof 0.013 0.73
Cement roof 0.078 0.04
Zinc roof 0.024 0.63
No. of rooms 0.094 0.00
No. of bedrooms 0.086 0.00
No. of bathrooms 0.084 0.00

Infrastructure

Piped  water 0.027 0.07
Sewage 0.031 0.00
Garbage collection 0.069 0.00
Fixed phone line 0.060 0.00
Piped gas 0.109 0.00
Log per capita income 0.096 0.00

Source: PNAD, 2015.
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The results more or less conform to what is expected and to what is found in works 
such as Morais and Cruz (2015). Apartments are more valued than  houses, brick walls 
more than wooden ones, and each additional room, bedroom, and bathroom increases 
the rent by about 8–9  percent. Regarding infrastructure, sewage, piped gas, and a fixed 
phone line increase the rent by about 6  percent and piped  water and garbage collec-
tion by about 3  percent. While  there are no comparisons for  these values in the lit er a-
ture, they are not unexpected.

 These coefficients refer to  people living in rented  houses. With  these coefficients 
and average rents by census tract, it is pos si ble to predict what the 83  percent of Brazil-
ians who owned their  houses in 2015 would pay if they had to rent. This unpaid rent 
can be construed as an income that can be added to per capita incomes, thereby chang-
ing the income distribution.  Table 4-2 shows by how much.

 There are two types of concentration coefficients in  table 4-2. The one labeled “Ex- 
ante concentration refers to the concentration of what ever is being mea sured (income, 
imputed rent, or public infrastructure) relative to the income distribution with no im-
puted rents. The one labeled “Ex- post concentration” refers to the concentration of 
what ever is being mea sured relative to the income distribution with imputed rents in-
cluded as income.

The two columns labeled “Gini” and “Theil T” are Gini and Theil T coefficients for 
vari ous income distributions. For the line called “Per capita income” they are merely the 
observed in equality indices for the non- adjusted income distribution. For the line called 
“PC income with imputed rent,” they are the Gini and Theil indices for the income dis-
tribution with imputed rents (and imputed infrastructure income that comes with the 
imputed rents). The entries on the lines for  water, sewage, garbage, fixed phone, and gas 
refer to Ginis and Theils for the income distribution with only the imputed income from 
that one type of infrastructure. For example, the value of 0.5112 for the column Gini in 
the  water line means that the Gini of per capita income would fall from 0.5142 to 0.5112 
if the imputed income that comes from having a  water connection  were to be included.

Fi nally, the “All infrastructure” line refers to the sum of all infrastructure ( water, 
sewage, garbage, fixed phone, and gas) but not including the imputed income from the 
 house itself. Infrastructure accounts for about 16  percent of the value of owner- occupied 
housing.

The most impressive result is that owner- occupied housing in Brazil is quite pro-
gressive. While no Bolsa Familia (whose concentration coefficient is close to −0.5), the 
figures for imputed rent on  these dwelling are 0.280 (ex ante) and 0.298 (ex post). When 
the market value of owner- occupied housing is included in  family incomes, the Gini 
coefficient falls from 0.5142 to 0.4820, and  house hold incomes increase by about 
14  percent. The reduction in in equality is much larger than that estimated by Frick and 
Grabka (2003). The largest reduction in equality that they find is 0.24 Gini point for 
the United States in 1994, which is about one- tenth the reduction of 3.2 Gini points 
found  here. This is entirely due to the large proportion of homeowners among the poor 
in Brazil.
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Just to make sure this progressivity is no quirk of the estimation method, I calcu-
lated the concentration coefficient of average rents by census tract.2 The concentration 
coefficient was close at 0.280. This means that rents go up less than proportionately with 
income. While the percentage of renter  family income eaten by rent for top decile fam-
ilies was 13  percent, it was 24  percent for the fifth decile, and a huge 65  percent for the 
bottom decile (luckily few  people at the bottom are renters). This also holds true for 
imputed rents. The relation between imputed rents and incomes in the lowest decile is 
26  percent, but in the top decile it is only 7  percent.

So owner- occupied housing is an impor tant reducer of in equality. What about pub-
lic infrastructure ser vices?

The concentration coefficients for infrastructure range from 0.280 to 0.795 (ex ante). 
All but gas are less than the Gini coefficient, which would suggest that gas connec-
tions increase in equality when monetized. However, in an example of Lambert’s co-
nundrum, the Gini coefficient of the income distribution actually falls 0.2 Gini points 
when the value of having a gas connection is imputed to per capita income.  Water, 
sewage, and fixed phone connections also reduce in equality, as do garbage collection 
ser vices.

Figure 4-1 shows more or less the same results as the fourth column in  table 4-2 
(ex- ante concentration coefficient). Apart from piped gas and fixed phone, all other in-
frastructure ser vices are progressively distributed relative to the income distribution. 
As mentioned above, rents are the most progressively distributed income source in fig-
ure 4-1. Garbage collection and piped  water are also highly progressive (and very close 
to each other), followed by sewage.

When the changes brought to the income distribution with the inclusion of im-
puted rents are taken into consideration, the result is the ex- post concentration curves, 
shown in figure 4-2. While real (as can be seen comparing the last two columns of 
 table 4-2), the changes between ex- ante and ex- post are modest. Imputed rent remains 
inequality- reducing, as are garbage collection and piped  water. The concentration curve 
of fixed phone ser vices crosses the Lorenz curve, and piped gas remains regressive, al-
though only in a very small way.

The main conclusion that can be drawn from this discussion regards the progres-
sivity of owner- occupied housing ser vices and public infrastructures ser vices. Has this 
long been so? A look at 2005 and 1995  will attempt to provide an answer.

4  Comparisons with 2005 and 1995

The same procedure, with some very minor changes, was applied to 2005 and 1995. One 
of the changes is that electricity was used in 2005 and 1995 but piped gas was not. This 

2 This means taking the average per capita rent in fact paid by renters and assigning it to every one 
in the census tract. Census tracts without averages get the municipal average.
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is  because access to an electric current was at 96  percent in 2005, which is high but low 
enough to use in a hedonic regression with a significant p- value. Piped gas, on the other 
hand, falls to less than 2  percent of  house holds.

 Tables containing the regression coefficients for 2005 and 1995 are omitted from 
this chapter. They are more or less in line with  those for 2015, and the objective  here is 

Figure 4-1
Concentration Curves for Income, Rents, and Infrastructure Ser vices (Ex Ante)

Source: PNAD, 2015.
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Figure 4-2
Concentration Curves for Income, Rents, and Infrastructure Ser vices (Ex Post)

Source: PNAD, 2015.
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to understand their impact upon the income distribution, which means that concen-
tration curves and their coefficients are the most impor tant consideration.

The imputation proceeded in the same way as for 2015. Most of the census tract 
had no rents, but three- quarters of the population lived in census tracts that did have 
rents.  There are two impor tant differences between 2015 and the  earlier years.

The first is that in equality has been falling over the  whole period. The Gini coef-
ficient as mea sured by the PNAD  house hold questionnaire fell from 59.2 in 1995 to 
56.3 in 2005 and to 51.4 in 2015.3

The second is that access to public infrastructure ser vices has expanded over the 
period, as  table 4-3 shows. With the exception of fixed phones, which declined from 
2005 to 2015 due to the onslaught of cell phones, all other types of public infrastruc-
ture in the PNAD have increased, sometimes considerably.

Noteworthy is the almost complete universalization of electricity and large im-
provements in garbage collection, sewage, and piped  water. If public infrastructure 
expansion begins with the wealthier  house holds through early capture and then 
proceeds down the income distribution, the result should be a decrease of its con-
centration coefficients.  Table 4-4 shows that this was indeed the case between 2005 
and 2015.

Imputed rents made the Gini coefficient fall by 2.6 points in 2005 as opposed to 
3.0 for 2015. Average incomes increased by 12.1   percent in 2005, as opposed to 
11.9   percent in 2015. Public infrastructure was slightly more concentrated in 2005 
than in 2015. The ex- ante concentration coefficient for  water fell from 0.36 to 0.28 
during the ten years from 2005 to 2015. Trash collection mirrored piped  water quite 
closely. For sewage, the improvement was from 0.45 to 0.35. Even fixed phone avail-
ability became more equally distributed, and its concentration coefficient fell from 
0.53 to 0.50.

3 Other surveys and other definitions of income show diff er ent values for the Gini coefficient but 
all show the same fall.

 Table 4.3
Percentage Increases in Public Infrastructure, 1995–2015

Public infrastructure 
ser vice 1995 2005 2015

 Water 69.50 77.72 83.58
Sewage 45.00 53.14 63.14
Electricity 90.90 96.58 99.73
Garbage 69.50 83.59 82.49
Fixed phone 20.30 46.40 34.58
Gas 1.40 1.63 3.32

Sources: PNAD, 1995, 2005, and 2015.
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Figure 4-3 shows the differences in detail across the distribution.
The ex- ante and ex- post differences (i.e., the right and left panels in figure 4-3) be-

tween 2005 and 2015 are similar. The highest progressive change in the value of a 
public infrastructure ser vice was in sewage, indicated by the dotted red lines. This was 
followed by piped  water and garbage collection. The be hav ior of fixed phones was more 
erratic as both higher-  and lower- income  house holds de cided to forgo land lines and 
rely entirely on cell phones.

Of more consequence is that imputed rent as a  whole has also become more pro-
gressive; hence the fact that the reduction in the Gini coefficient due to its inclusion in 
income increases from 2.6 to 3.2 Gini points.

 Table 4-5 shows the same statistics for 1995.
The same trends that can be seen from 2005 to 2015 are vis i ble from 1995 to 2005. 

The concentration coefficient for imputed rent fell another five points, from about 0.35 
to about 0.33. The concentration coefficients for public infrastructure also fell from 1995 
to 2005. Imputed rents increased incomes by about 14  percent in 1995.

5  Conclusions

The main conclusion is that owner- occupied housing is highly progressive in Brazil, 
with a concentration coefficient of close to 0.24. Its inclusion in per capita income re-
duces the Gini coefficient by 0.32 Gini points. This suggests that programs to expand 

Figure 4-3
Difference in Concentration Curves

Sources: PNAD, 2005 and 2015.
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owner ship of housing could have a significant impact on in equality in countries in 
which housing is less progressive.

Another conclusion is that public infrastructure ser vices have become more pro-
gressive over time. This is a consequence of the fact that their provision begins with 
the wealthier  house holds and gradually finds its way to the bottom of the income dis-
tribution. As Lanjouw and Ravallion (1999) eloquently state, for “public programs 
with relatively large start-up costs, early capture by the nonpoor may be the only po-
liti cally feasible option” (p. 260). So early capture by the rich should surprise no one. 
Newer ser vices, such as broadband internet, are almost certainly still regressive.

 Future work points in two directions. The first is checking  whether  these findings 
also hold for other countries. Perhaps in very poor countries such as Honduras or Haiti, 
even ser vices such as  water or sanitation may still be regressive.

The second is looking for alternative ways to value housing and public infrastruc-
ture ser vices so as to ascertain  whether the results are not methodology- dependent. One 
possibility is to ask individuals what their willingness to pay for  these ser vices is. An-
other is to see in expenditures surveys how much they effectively pay. Yet another is to 
calculate the value of housing ser vices from housing values à la Smeeding et al. (1993).
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Chapter 5

TAXES, TRANSFERS, AND 
INCOME DISTRIBUTION IN CHILE

Incorporating Undistributed Profits

Bernardo Candia and Eduardo Engel

Introduction

Distributive issues have been at the center of public debate since the 2000s, due to in-
creasing in equality in vari ous developed countries, among other reasons. Chile was 
no exception to this trend. During the presidential campaign in 2013, an ambitious tax 
reform, which was the central ele ment of the program of the winning candidate 
Michelle Bachelet, was approved by Congress in 2014. This reform changed the tax re-
gime for companies in order to establish a more progressive tax and increase tax rev-
enue from 19   percent to 22   percent of GDP. Additional resources  were allocated, 
mostly to finance educational reform.

Mea sur ing the distributive impact of a tax structure and of transfers financed by 
tax revenues proves to be a methodological challenge, especially  because it is desirable 
to have a standard methodology that allows for comparison across countries. Devel-
oping such a methodology, which includes a range of sources of income, taxes, and 
transfers and is applicable in a growing number of countries has been an impor tant 
initiative of the Commitment to Equity (CEQ) Institute.

This chapter contributes to the CEQ proj ect by proposing a methodology for in-
corporation of capital income into the calculations of distributive impact of fiscal in-
terventions.1 With that aim, we have applied the methodology used by Engel, Gale-
tovic, and Raddatz (1999) to combine the information from the National Survey of 
Socioeconomic Characterization (CASEN for its name in Spanish: Encuesta de Carac-
terizacion Socioeconomica Nacional) with the administrative data of the Internal 

1 The taxes and transfers, both monetary and non- monetary, are specific cases of fiscal interventions.
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Revenue Ser vice (SII for its name in Spanish: Servicio de Impuestos Internos) to pair 
individuals from both sources of information.

Unlike Engel, Galetovic, and Raddatz (1999), we have had access to information 
about the accrued income of high- income Chilean taxpayers through their firms and 
companies. The income accrued, but not received, by high- income individuals is par-
ticularly impor tant in the case of Chile, at least before the 2014 reform of the tax re-
gime  because the integrated character of the tax regime facilitated indefinite deferment 
of income tax payments through the creation of investment companies. Therefore, tak-
ing into account the income of firms and companies as the income of their  owners, 
even though they are not withdrawn or paid out in dividends, leads to a more accurate 
mea sure ment of in equality.2

The difference between the distribution of accrued and received income turns out 
to be significant. Taking data for the year 2013, the Gini coefficient is calculated for 
five income distributions, from that of the market, passing through the one immedi-
ately  after tax collection, and also considering the one  after the transfers (monetary 
and nonmonetary) financed by the state with its income (we call it Final Income). In 
all the cases, the Gini coefficient is higher when working with accrued income, with a 
rather stable difference, by about 6 Gini percentage points.

We have also concluded that  going from the Market Income distribution to the 
Final Income distribution ( after taxes and transfers), the distribution of the income im-
proves by almost 7 Gini percentage points. This finding leads to another topic of this 
chapter: how to assign this improvement in the distribution between diff er ent fiscal 
interventions.

This chapter considers 16 diff er ent pos si ble fiscal interventions— among them, di-
rect taxes, indirect taxes, and diff er ent types of spending on education and health— 
and evaluates the distributive impact of each of them. One logical step is to compare 
the Gini coefficient for the income distribution before and  after the application of a 
par tic u lar intervention that we are evaluating. The prob lem is that  there are a  great 
number of pos si ble referenced income distributions— the distribution before the 
intervention—to consider when calculating the redistributive impact of the inter-
vention. In effect, the referenced income distribution could be  after any subset of the 
other 15 that are not being considered. This is to say that  there are 215 = 32,768 pos si ble 
income distributions to which we can apply the intervention of interest so we can  later 
calculate and observe how the Gini coefficient varies. Which of  these distributions do 
we work with?

A secondary contribution of this work, following Sastre and Trannoy (2002), is to 
apply the Shapley value to assign the change in the income distribution to the fiscal 
interventions that originated it. This focus gives a  simple and reasonable criterion to 
average the large number of changes in the Gini coefficient just described. We first ap-
plied this methodology to the 2013 income distribution and concluded that half of the 

2 Fairfield and Jorrat (2014) emphasize this point.
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improvement was due to transfers in education. Direct taxes explained only a 20  percent 
decline in the Gini coefficient.  Here, we consider an impact simulation of the 2014 tax 
reform conducted by the World Bank (2016). According to this estimation, the reform 
would result in an additional reduction of 2 points of the Gini if switched from Mar-
ket Income to Final Income. Upon using the Shapley value to distribute this additional 
improvement among the 16 fiscal interventions considered, we conclude that two- thirds 
are explained by an increase in education spending that is financed by the reform.

This chapter is or ga nized as follows: section 1 gives a brief description of the Chil-
ean tax regime. Section 2 describes our proposal to incorporate capital income into 
the CEQ methodology. This proposal is applied using Chilean data from 2013 in sec-
tion 3, where we compare the distribution of Market Income with Final Income (and 
several stages in between), taking capital income into consideration in two pos si ble sce-
narios: accrued and received. Section 4 explains how to use the Shapley value to mea-
sure the distributive impact of a par tic u lar fiscal intervention. The methodology has 
an additive property: the sum of the values assigned to individual interventions is equal 
to the impact of all the interventions combined. Section 5 applies the findings from 
previous sections to estimate expected distributive impact of the 2014 tax reform. Sec-
tion 7 concludes.

1  Tax Regime and Social Spending in Chile

1.1 Tax Regime

In the Chilean tax system, two types of taxes are observed: direct taxes and indirect 
taxes. Direct taxes are applied to income and equity, while indirect taxes affect wealth, 
encumbering acts, and/or contracts.

1.1.1  Direct Taxes
The most impor tant direct tax in Chile is income tax, which, in 2013, consisted of three 
diff er ent taxes: a flat rate of 20  percent on com pany profits (First Category Tax), a tax 
on dependent work incomes (Second Category Tax), and a general tax encumbering 
all income generated by a natu ral person (Complementary Global Tax). The work tax 
and general tax shared the same structure of progressive rates, with eight diff er ent 
brackets, starting with the exempt bracket and ending with the highest bracket, which 
was subject to a marginal rate of 40  percent. The only difference between  these taxes 
was that the Second Category Tax was retained and deposited into state coffers by the 
employer on a monthly basis, while the Global Tax was paid once a year.

The main characteristic of income tax in 2013 was that it represented an integrated 
regime in which the subject of taxation had to be a natu ral person. In order to assure 
the integration of the regime, the tax paid for concept of First Category Tax acts as an 
income tax credit, which is recognized at the moment of withdrawing profit or receiv-
ing com pany dividends. The essential difference between the maximum marginal rate 
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of the complementary tax and the rate of First Category Tax is 20 percentage points, 
which generates incentives to defer the payment of tax on capital income.

 Table 5-1 shows the proportion of tax revenues and the percentage of GDP that each 
direct tax represents for 2013. It shows that direct taxes amounted to 39.6  percent of 
total tax collection (6.6  percent of GDP). This  table considers personal taxes as well as 
corporate taxes.

1.1.2  Indirect Taxes
The most impor tant indirect tax in Chile is value added tax (VAT), which generates 
the largest quantity of tax income (47.5  percent of total tax collection). In 2013 the ma-
jority of transactions  were encumbered with a fixed rate of 19  percent, which was ap-
plied to the sales price in the case of internal sales and to the cost, insurance, and freight 
(CIF) value, plus tariff, in the case of imports. VAT has relatively few exemptions, the 
most impor tant being  those that benefit exportations and ser vices related to health, ed-
ucation, and transportation. As shown in  table 5-1, indirect taxes represent 58.7  percent 
of total tax collection (9.8  percent of GDP). Indirect taxes considered in this chapter are 
VAT, taxes on luxury products, taxes on alcoholic and nonalcoholic beverages and simi-
lar products, tobacco tax, fuel taxes, and import tariffs.

 Table 5-1
Chilean Tax System, 2013

% of total revenue % of GDP

Direct taxes

Business taxes 22.1 3.7
Personal taxes 7.9 1.3
Additional tax 6.8 1.1
 Others 2.8 0.5
Total 39.6 6.6

Indirect taxes

VAT 47.5 7.9
Alcoholic/nonalcoholic beverages 1.1 0.2
Additional  others 0.1 0.0
Excise taxes 8.7 1.4
Import tariffs 1.4 0.2
Total 58.7 9.8
 Others 1.9 0.3
Total 100 16.7

Source: Author’s calculations based on 2009–4 annual tax revenue, SII.
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1.2  Social Spending

As shown in  table 5-2, the social spending for Chile in 2013 was 14.2  percent of GDP, 
and it was mainly disaggregated as an expense for social protection, education, and 
health. In this section, the most impor tant components of this spending are briefly 
described.

1.2.1  Social Protection System
The social protection system in Chile is based on two subsystems: Ethical  Family In-
come and the  Family Benefit System.

Ethical  Family Income, which aims to eradicate extreme poverty, is the sum of ben-
efits given by the state to the most vulnerable persons and families. In 2013, 170,000 
families received  these benefits, which include access to personalized social support 
programs and delivery of bonuses. Among the main beneficiaries are el derly  people 
who are living in dire conditions, homeless  people, and minors whose  legal guardians 
are incarcerated. The program seeks to provide individuals with tools for facilitating 
entry into the  labor market and improving the self- sufficiency of  house holds. The bo-
nuses are given  after certain achievements and upon fulfilment of duties in the area of 
health, education, and employment.

The  Family Benefit System is a set of subsidies that aims to complement  family in-
come for the most vulnerable part of the population. This study considers all bonuses 
and subsidies related to  these programs.3

1.2.2  Pension System
In the Chilean pension system all persons save in one individual capitalization account 
that  will  later finance their pensions and whose amount depends on the number, 
amount, and temporary ordering of the contributions, of their salary profile, retirement 

3 They include  house hold allowance, single  family subsidy,  mental disability subsidy,  family pro-
tection bonus,  family base bonus, bonus for medical control for  children, school attendance 
bonus, school achievement bonus, and working  woman bonus.

 Table 5-2
Social Spending in Chile, 2013

% of social spending % of GDP

Social security 43.0 6.1
Education 30.0 4.3
Health 27.0 3.8
Total 100 14.2

Source: Authors’ calculations based on the 2013 executed bud get, DIPRES.
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age, and the profitability of the funds. The pension system is based on three basic pil-
lars: a contributive pillar of a mandatory nature, a poverty prevention pillar (solidar-
ity pillar), and a voluntary savings pillar.

The solidarity pillar is oriented to provide a minimum pension to  those  people who 
are not part of the pension system, such as informal workers, and to  those whose level 
of savings is very low,  either  because their working life was interrupted or  because they 
joined the pension system late in life. The resources to finance  these types of pensions 
are obtained from Fiscal Income— thus the name “Solidarity.”

1.2.3  Education System
In brief,  there are three key features of the Chilean education system: the market model 
(competition and  free election), state subsidiaries, and territorial decentralization. This 
system is made up of four levels of teaching: preschool, primary, secondary, and supe-
rior. The administrative de pen dency may be municipal, subsidized (on behalf of  people 
or institutions called “holders”), or private. The subsidy per student that the state pro-
vides to educational establishments,  whether municipal or subsidized, is the same, and 
93   percent of students attend  these kinds of educational institutions,4 which makes 
education a large public spending item. As shown in  table 5-2, 30  percent of social 
spending in 2013 went to education, which represented 4.3  percent of GDP.

1.2.4  Health System
The Chilean health system is made up of two subsystems: one public and one private. 
The public system includes all organ izations that form the National System of Health 
Ser vices (SNSS for its name in Spanish: Sistema Nacional de Servicios de Salud)— 
namely, the Ministry of Health and its dependent bodies (Undersecretariat of Public 
Health and Undersecretariat of Welfare Networks), the Institute of Public Health, 
and the Central Supply and Superintendence of Health. The National Health Fund 
(FONASA for its name in Spanish: El Fondo Nacional de Salud) is a public organ ization 
in charge of providing health coverage to its beneficiaries, which in 2013 reached ap-
proximately 76.3  percent of the country’s population. FONASA is financed mostly with 
the fiscal contributions established by the Law on Bud gets (58.4  percent) and with health 
contributions from affiliates (36.4  percent).5 As  table 5-2 shows, the spending on health 
corresponds to 27  percent of social spending, which represents 3.8  percent of GDP.

The private system is in the hands of so- called Private Health Institutions 
(ISAPRE for the name in Spanish: Instituciones de Salud Previsional), which are 
in charge of financing healthcare and benefits in accordance with plans agreed upon 

4 This figure was calculated based on information concerning enrollments provided by the Min-
istry of Education for preschool, primary, secondary, adult, and special education.
5 The pension and healthcare system of armed forces (CAPRADENA) and police force (DIPRECA) 
also are part of the public system and are financed mostly by fiscal income.
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with its affiliates. The beneficiary population of  these types of institutions reached 
17.8  percent of the population in 2013.

2  Data, Methodology, and Assumptions

We apply the CEQ Assessment (Lustig and Higgins, 2022) to estimate the incidence of 
social spending, subsidies, and taxes in Chile. The objective is to mea sure the degree 
of re distribution resulting from social spending, subsidies, and taxes, quantify the pro-
gressivity of the tax regime and government spending, and determine what changes 
in social spending and taxes can achieve a better distribution of wealth and a greater 
reduction in poverty within the context of fiscal responsibility.

The CEQ methodology defines main concepts of income in order to mea sure the 
redistributive effect and the impact on poverty of fiscal interventions. Prefiscal in-
come is defined in terms of Market Income. Post- fiscal incomes reflect income ob-
tained  after a set of fiscal interventions is applied and consist of Net Market Income, 
Disposable Income, Consumable Income, and Final Income. The analy sis unit is the 
 house hold.

The analy sis developed in this chapter involves two innovations intended to im-
prove CEQ methodology: first, we use tax administrative information in order to de-
velop a methodology that  will allow incorporation of capital income, and second, we 
include corporative taxes into the analy sis.

Figure 5-1 explains the construction of the main concepts of income analyzed in 
this study. Two initial scenarios defining Market Income are established. The first sce-
nario corresponds to received Market Income, which considers dependent and in de-
pen dent work income, pensions, rent, interest, private money transfer, consumption 
of own production, imputed rent, capital gains, dividends, and withdrawals.6 The sec-
ond scenario corresponds to accrued Market Income that, as a part of personal in-
come, includes income not distributed by companies.7 This definition of income is very 
close to the Haig- Simmons definition, which defines income as consumption expen-
diture plus the change in equity.8 The second scenario is better for  doing distributional 
analy sis  because retained profits correspond to a fundamental component of high- 
income  house holds given the particularities of the Chilean tax system described in 

6 This corresponds to the definition of Market Income plus Pensions as defined in chapter 6 by 
Ali Enami, Sean Higgins, and Nora Lustig in Volume 1 of this Handbook (Enami, Higgins, and 
Lustig, 2022).
7 The received income scenario considers dividends and withdrawals, while the accrued income 
scenario considers financial profit according to the participation in a given property.
8 The main difference in the definition of accrued income in this study and Heig- Simmons income 
is that the latter does not include pensions as part of income but considers them a dissaving.
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Figure 5-1
Definitions of the Main Concepts of Income

Source: Higgins and Lustig (2022).

Market Income
- Income from work (monetary and in-kind)
- Pensions
- Real state leases and interests
- Private trasfers
- Self-provision of goods
- Imputed rent
- Capital gains

Received Market Income

(+) Dividends and withdrawals

Received Net Market Income

(-) Direct taxes and contributions:
(-) Personal taxes
(-) Health contribution

Received Disposable Income

(+) Direct transfers:
(+) Solidarity pensions
(+) Family benefit system
(+) Reparation pensions
(+) Bonuses

Received Consumable Income

(+) Indirect subsidies: Potable water
(-) Indirect taxes:
(-) VAT
(-) Import tariffs
(-) Alcoholic and non-alcoholic beverages
(-) Tobacco and fuel
(-) Luxury

Received Final Income

(+) In-kind transfers:
(+) Valued health and education benefits

Accrued Final Income

(+) In-kind transfers:
(+) Valued health and education benefits

Accrued Consumable Income

(+) Indirect subsidies: Potable water
(-) Indirect taxes:
(-) VAT
(-) Import tariffs
(-) Alcoholic and non-alcoholic beverages
(-) Tobacco and fuel
(-) Luxury

Accrued Disposable Income

(+) Direct transfers:
(+) Solidarity pensions
(+) Family benefit system
(+) Reparation pensions
(+) Bonuses

Accrued Net Market Income

(-) Direct taxes and contributions:
(-) Personal taxes
(-) Attributed corporate tax
(-) Health contribution

Accrued Market Income

(+) Attributed financial profit
(+) Attributed capital gains of the
 companies
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section 1.9 However, it is pos si ble to incorporate corporate taxes into the analy sis as part 
of the direct taxes.10

2.1  Data

The main source of information related to income is the 2013 National Survey of So-
cioeconomic Characterization (CASEN). The Ministry of Social Development conducts 
this survey  every two years in order to collect data related to social and economic char-
acteristics of a representative sample of the population. The survey includes 218,401 
individuals from 66,725  house holds. We use data from the 2013 survey and a traditional 
methodology that adjusts for non- declaration and under- declaration of income in such 
a way that the income in diff er ent categories is the same as the one observed in the 
national account.11

The database of the SII was used as a complementary source of income informa-
tion and to determine the direct tax payment of  house holds. This database contains 
information on income and tax payments of 9,064,803 taxpayers for the year 2013 and 
corresponds to the database used in World Bank (2016).

The consumption pattern of  house holds was estimated based on the 2011–12  Family 
Bud get Survey (EPF for its name in Spanish: Encuesta de Presupuesto Familiar). This 
survey was conducted by the National Statistics Institute and provides information on 
the spending structure and consumption patterns in  every regional capital of the coun-
try. It is conducted  every five years, and its main objective is to identify goods and 
ser vices on the basis of which the institute can calculate the inflation rate.

The 2012 Input- Output Matrix (IOM) constructed by the Central Bank of Chile 
makes it pos si ble to determine the fraction of  house hold spending that corresponds to 
imported and tradable goods, both in final goods and supplies used in national pro-
duction, and thus allows the estimation of the tariff payments for  house holds.

9 Agostini, Martínez, and Flores (2012) and Fairfield and Jorrat (2014) are examples of recent 
studies of income distribution in which accrued profits have been incorporated.
10 Even though the definition of accrued income is better for  doing distribution analy sis, we 
chose to pre sent the results  under both definitions of income with the aim of providing a better 
comparison.
11 The Economic Commission for Latin Amer i ca and the Ca rib bean (CEPAL) carried out this 
procedure. The proportional difference between CASEN and the data from national accounts is 
imputed uniformly for each category of income (wages and salaries, in de pen dent work income, 
social security provisions, and imputed rent). The adjustment coefficients are estimated for 
national accounts on the basis of the year 2008. For property incomes, the difference between 
CASEN and national accounts is attributed to 20  percent of the highest income individual re-
ceivers in a manner proportional to in de pen dent income. This corresponds to the database used 
by the SII to mea sure evasion. In the year 2013, CASEN published the results with and without 
adjustment for national accounts.
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It also enables us to determine how fuel taxes affect the price of supplies.12 We com-
bine EPF 2011–12 and IOM 2012 to estimate the effect of the payment of indirect taxes 
on the consumption of  house holds.

Fi nally, valuable data was provided by the Ministry of Finance, Ministry of Edu-
cation, Ministry of Social Development, National Institute of Statistics, FONASA, and 
the Bud get Office.

2.2  Construction of the Main Concepts of Income

The following explains how the main concepts of income  were constructed.13

2.2.1  Market Income
The main idea is to assign to CASEN individuals variables not reported in the CASEN 
survey such as financial profit, capital gains, and taxes through a cross- reference with 
the database provided by the SII. The strategy consists in matching both sources of in-
formation through a variable that is contained in both databases.14

The SII database provided contains a variable of income received from the indi-
vidual that is defined as the sum of income from dependent and in de pen dent work, 
capital gains, interest income, income from real estate leases, withdrawals, dividends, 
and pensions.15 The same variable of received income is constructed for CASEN 
individuals.16

Then CASEN individuals are identified with a received income higher than the 
minimum amount of taxable liquid income from which individuals must pay taxes; 
 these amount to a total of 3,282,402 individuals.17 The same procedure is carried out 
in the SII database, where a total of 2,286,190 individuals exceed the income tax pay-
ment threshold.18 Thus,  there is a difference of 996,212 individuals between both 
sources of information.

 These individuals are considered as non- declarants,  either  because they receive in-
come in the informal sector of the economy,  because they evade taxes, or  because they 
receive exempt income that should not be declared, such as the income received from 

12 Only the payment of the specific tax is considered as an input of transportation ser vices since 
the fuel used in the production pro cess is exempt from the tax payment.
13 The technical detail of the construction of the concepts of income is contained in a method-
ological appendix, available upon request from the authors.
14 The CASEN survey is anonymous so it is not pos si ble to make a direct cross.
15 This corresponds to the variable y1 in World Bank (2016).
16 The non- declaration and under- declaration of dividend income and interest income in CASEN 
 were corrected using the methodology of Engel, Galetovic, and Raddatz (1999).
17 In 2013, the tax payment threshold corresponded to $6,605,304 per year.
18 For this procedure, the capital gains of the individuals in the SII database  were not considered, 
since CASEN does not report capital gains.
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the rental of housing associated with the Law Decree 2 of 1968 (DFL2).19 The rest of 
CASEN individuals are considered potential contributors. CASEN individuals classi-
fied as non- declarants have an annual income exceeding the tax payment threshold 
and less than $21,000,000.20 It is assumed that it is not pos si ble for an individual with 
an annual income exceeding $21,000,000 to not pay any kind of tax and that the prob-
ability of not paying taxes decreases linearly with income. The probability distribution 
used to select the non- declarants was pa ram e terized in such a way that the probability 
of an individual not declaring an annual income higher than $21,000,000 is zero, and 
the expected value of the number of non- declarants is equal to the  actual number of 
non- declarants.

Once the number of potential taxpayers in CASEN is equal to the number of in-
dividuals who exceed the tax payment threshold according to information on received 
income from the SII database, the individuals in both databases are ordered by cen-
tiles of received income. It is assumed that the individuals that make up the nth cen-
tile in CASEN are the same as  those who make up the nth centile in the SII database. 
Then the variables that are contained only in the SII database are imputed to the CASEN 
individuals.  These variables correspond to the attributed financial profit,21 capital gains, 
attributed capital gains of the companies,22 tax base, and total direct taxes paid by the 
individual.23 The imputation is made proportionally to the received income of the 
CASEN individual.

Once the procedure described above is carried out, it is pos si ble to construct re-
ceived Market Income and accrued Market Income (see figure 5-1). It should be remem-
bered that received Market Income considers only the income obtained by taxpayers 
who are natu ral persons, while accrued Market Income also considers the income gen-
erated at the com pany level and attributed to individuals according to their owner ship 

19 The DFL2 is a regulation that governs properties for residential use, which have a built area of 
less than 140 square meters and are intended for natu ral persons. Among the main advantages of 
this decree is the reduction in taxes for  owners.
20 A person with an annual income exceeding $21,000,000 is among the richest 7.2  percent of in-
dividuals over 20 years old with positive income.
21 For a detailed description of the pro cess of attribution of financial profits in the income of indi-
viduals, see methodological annex 2 of World Bank (2016). Only the positive financial profits 
generated by the companies (corporations and partnerships)  were attributed.
22 It considers only the capital gains (of individuals and companies) taxed.  These correspond to 
the operations described in Article 17, Number 8, of the Law No. 824, Diciembre 31, 1974, Diario 
Oficial [D.O] (Chile). The amount recorded generally corresponds to the difference between the 
acquisition value and the sale value of the share.
23 The tax base corresponds to the income base on which the payment of Second Category Tax 
and Complementary Global Tax is calculated. The total payment of direct taxes corresponds to 
the amount of First Category Tax attributed, First Category Single Tax of persons and com pany 
attributed (this tax applies to certain capital gains), Second Category Tax, and Complementary 
Global Tax, less reductions for First and Second Category credits.
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participation. As CASEN reports the liquid income of the individuals— that is, net of 
taxes and contributions— market income is constructed by adding health contributions 
and tax payments. For received income, the payment of taxes is obtained by apply-
ing the tax regulations on the tax base variable, which allows personal taxes to be 
calculated.

2.2.2  Net Market Income
Net Market Income is obtained by subtracting the payment of direct taxes and health 
contributions from Market Income.24 The payment of direct taxes considered  under 
the definition of received income and accrued income is diff er ent. For the received in-
come scenario, only personal taxes are considered— that is, the payment of Second 
Category Tax and the Global Complementary Tax. For the accrued income scenario, 
personal taxes and business taxes attributed to individuals are considered.

2.2.3  Disposable Income
Disposable Income is constructed by adding money transfers from the government to 
the Net Market Income. CASEN contains information about beneficiaries of social pro-
grams and the amount of money received, so it is pos si ble to make the allocation di-
rectly. The analy sis includes the benefits related to the  Family Benefit System (Single 
 Family Subsidy,  Family Allowance, and Subsidy for  Mental Disability), Solidarity Pen-
sions, bonuses related to the Ethical  Family Income program (school attendance 
bonus, healthy child control bonus,  family base bonus, school achievement bonus, 
 women’s work bonus, and  family protection and discharge bonus), Pensions of Special 
Reparation Laws, and other government bonuses (Golden Anniversary bonus, Winter 
bonus, March bonus). The coverage and the average amount of the benefits  were ad-
justed in such a way that they coincide with the coverage and average amount contained 
in the administrative rec ords of the diff er ent social programs according to informa-
tion from the Ministry of Social Development (MDS for its name in Spanish: Ministe-
rio de Desarrollo Social).25

2.2.4  Consumable Income
Consumable Income is obtained by adding the subsidies to Disposable Income and sub-
tracting the payment of indirect taxes. The only subsidy considered in the analy sis is 

24 Pension contributions are not considered, since pensions are part of Market Income; that is, a 
pension is understood as deferred income in de pen dent of the pension system from which it 
comes.
25 To correct for under- reporting of beneficiaries of the  Family Allowance, Single  Family Subsidy, 
 Family Base Bonus, March Bonus, Winter Bonus, and School Achievement Bonus programs, 
the Souza, Osorio, and Soares (2011) method was applied. The method of correction for under- 
reporting for the rest of the social programs (if pos si ble) is explained in detail in the method-
ological appendix.
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the potable  water subsidy, which is reported in CASEN.26 To calculate the payment of 
indirect taxes it is necessary to know what fraction of Disposable Income received from 
a  house hold corresponds to the payment of indirect taxes. For this, the methodology 
of Engel, Galetovic, and Raddatz (1999) was employed to mea sure the burden of  these 
types of taxes, for which it was necessary to combine information provided by the EPF 
2011–12 and IOM 2012 constructed by the Central Bank.27

Indirect taxes produce an increase in the price of goods (price effect) and an in-
crease in the cost of inputs (input effect). The EPF gives us the consumption patterns 
of  house holds and allows us to determine the price effect, while the IOM describes the 
production relationships between diff er ent sectors or economic activities and allows 
us to determine the input effect. Among the indirect taxes considered are VAT and tar-
iffs, as well as taxes on alcoholic and nonalcoholic beverages and similar products, 
luxury products, tobacco, and fuels (diesel oil and gasoline).

We order the  house holds contained in the EPF by deciles of Disposable Income, 
and we calculate the fraction of Disposable Income that corresponds to the payment 
of indirect taxes. Then, we order the  house holds contained in the CASEN by deciles of 
Disposable Income, and we assume that all CASEN  house holds belonging to the same 
decile have the same consumption pattern as the  house hold representative of each de-
cile in the EPF survey. For the analy sis of incidence, we assume that the burden of in-
direct taxes falls entirely on consumers and that the fraction of  house hold income 
allocated to the consumption of each good and ser vice is in de pen dent of the tax 
structure.

2.2.5  Final Income
Final Income is constructed by adding the value of health and education benefits to 
Consumable Income. In the case of the value of benefits in education, information was 
requested from the Ministry of Education about the cost of education and the number 
of enrollments, differentiated by educational level and administrative unit of the edu-
cational institution, with which it was pos si ble to calculate the average expenditure per 
type of student. The method of allocating the average expenditure on education is im-
putation, since CASEN contains information to identify who in the  house hold attends 
an educational institution, the administrative unit (public, subsidized, or private) and 
the educational level (preschool, primary, secondary, tertiary, adult, and special).28

To determine the average expenditure on health, we use Benavides, Castro, and 
Jones (2013) as the main source of information. It estimates the per capita public expen-
diture depending on the sex, age, and income level of the beneficiary for the year 2011. 
Health expenditure is determined by type of care modality and by the characteristics 

26 Corrected for under- reporting using the Souza, Osorio, and Soares (2011) method.
27 The methodology is explained in detail in the methodological appendix.
28 We thank Sandra Martinez- Aguilar who provided relevant information to allocate the average 
expenditure in tertiary education.  These data  were used in Martinez- Aguilar et al. (2017).
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of the beneficiary. FONASA’s health expenditure is divided into two broad categories: 
medical benefits and other ser vices. Within the medical benefits is the Institutional 
Care Modality (MAI for its name in Spanish: Modalidad de Atención Institucional), 
to which all insured persons are entitled, and the  Free Choice Modality (MLE for its 
name in Spanish: Modalidad de Libre Elección), to which only  people who contribute 
7  percent to healthcare are entitled (groups “B,” “C” and “D”). Other ser vices include 
medical loans, subsidies for work disability, and other types of expenses. Since CASEN 
contains information about the age, sex, and FONASA group to which the individual 
belongs, it was pos si ble to impute the average expenditure.29

3  Results

Figure 5-2 shows the Gini coefficient for the main concepts of income. The Gini coef-
ficient of accrued Market Income (0.593) is considerably higher than the Gini coeffi-
cient of received Market Income (0.537),  because the definition of accrued income cap-

29 The average expenditure per capita was adjusted in proportion to the real growth in the 
FONASA bud get between 2011 and 2013. For the individuals belonging to CAPREDENA and 
DIPRECA, the average expenditure charged was calculated from the official bud get execution 
data published by the Bud gets Office. For more details see the methodological appendix.

Figure 5-2
Effect of Fiscal Interventions on Income In equality

Sources: Authors’ calculations based on CASEN, SII, and official government data.
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tures the income of high- income individuals better. It is observed that the set of fiscal 
interventions (all taxes and transfers) has an equalizing effect on the distribution of 
income mea sured by the Gini coefficient. When  going from Market Income to Net Mar-
ket Income, the Gini coefficient is slightly reduced  under both definitions of income, 
so the joint effect of direct taxes and health contributions is equalizing.30 On the other 
hand, when  going from Disposable Income to Consumable Income, in equality increases 
in both scenarios, reflecting the unequalizing effect of indirect taxes in Chile.

 Table 5-3 shows the income shares of the top 10  percent, 5  percent, and 1  percent for 
the main concepts of income. The share in accrued Market Income from the top 1  percent 
is 18.7  percent, while the share in received Market Income from the top 1  percent is 
13.2  percent. For the accrued income scenario, the share of the top 1  percent is reduced 
by 2.2 percentage points (from 18.7  percent to 16.5  percent) when  going from Market 
Income to Final Income, while the share of the top 10  percent is reduced by 4.5 percent-
age points (from 50.8  percent to 46.3  percent). A similar reduction is observed for the 
scenario of received income.

The Kakwani index of the tax system in the received income scenario and in the 
accrued income scenario is −0.006 and −0.022, respectively.31 That is to say,  under both 

30 It should be remembered that in the received income scenario, only personal taxes are consid-
ered, while in the accrued income scenario, personal taxes and corporate taxes attributed to in-
dividuals are considered.
31 The Kakwani index (Kakwani, 1977) is a mea sure of the progressivity of fiscal interventions. 
Values can vary between −1 to 1; with positive values indicating an equalizing effect and negative 
values an unequalizing effect. The higher the index, the greater the progressivity of the fiscal 

 Table 5-3
Income Shares

Income Top 1 % Top 5 % Top 10%

Received
Market 13.2 31.5 44.1
Net Market 12.4 30.6 43.3
Disposable 12.2 30.1 42.6
Consumable 12.4 30.7 43.5
Final 11.0 27.5 39.2
Accrued
Market 18.7 38.7 50.8
Net Market 17.7 37.6 49.9
Disposable 17.4 37.0 49.2
Consumable 18.2 38.3 50.6
Final 16.5 34.8 46.3

Source: Authors’ calculations based on CASEN, SII, and official government data.
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definitions of income (and direct taxes) the tax system is slightly regressive, which is 
consistent with previous studies of tax incidence in Chile.32 When analyzing the re-
ceived income scenario, separating by type of tax, we find that the Kakwani index is 
0.40 for direct taxes and −0.12 for indirect taxes. On the other hand, for the accrued 
income scenario, the Kakwani index is 0.34 for direct taxes and −0.18 for indirect taxes; 
that is, direct taxes are less progressive and indirect taxes are more regressive compared 
to the scenario of received income. The Kakwani index for direct transfers in both 
definitions of income is higher than 0.85, which reflects the good targeting of social 
spending in Chile.

In a system with multiple taxes and transfers, Kakwani’s progressivity index of a 
given fiscal intervention does not provide direct information as to  whether the inter-
vention has an equalizing or unequalizing effect.33 To determine the effect on the in-
come distribution of a given fiscal intervention, it is more appropriate to observe its 
marginal contribution, which is defined as the difference between the Gini coefficient 
of some end concept of income without the intervention and the Gini coefficient of the 
end concept of income with the intervention. In this way, if the marginal contribution 
is positive, the intervention helps to reduce in equality.

Figure 5-3 shows the marginal contribution of a series of fiscal interventions for 
both definitions of income. Panel A considers disposable income as the end concept of 
income, while panel B considers consumable income as the end concept of income. 
 There are no qualitative differences in the marginal contribution of the diff er ent fiscal 
interventions  under both definitions of income. It is observed that direct transfers and 
direct taxes contribute to improving the distribution of income, while health, VAT, and 
other indirect taxes contribute to increasing in equality.34 In par tic u lar, when moving 
from Disposable Income to Consumable Income, the Gini coefficient increases from 
0.518 to 0.530  under the received income scenario and from 0.574 to 0.590  under the 
accrued income scenario.35 Moreover, as shown in the next section, the marginal con-
tribution of indirect taxes is negative, in de pen dent of the end concept of income used.

intervention. The Kakwani index for a tax is defined as the difference between the coefficient of 
concentration of the tax and the Gini coefficient of the prefiscal income (Market Income), while 
for a transfer it is defined as the difference between the Gini coefficient of the prefiscal income 
and the concentration coefficient of the transfer.
32 See Engel et al. (1999) and Cantallopts, Jorrat, and Sherman (2007).
33 Enami, Lustig, and Aranda (2022) (chapter 2 in Volume 1 of this Handbook) carry out a de-
tailed study of the conditions that taxes and transfers must meet to determine  whether they are 
equalizing, neutral, or unequalizing.
34 Other indirect taxes correspond to the sum of import tariffs, taxes on jewelry, alcoholic and 
nonalcoholic beverages and similar items, tobacco, gasoline, diesel oil, and luxury goods.
35 Martinez- Aguilar et al. (2017) find that the Gini coefficient decreases when  going from Dispos-
able Income to Consumable Income, where the main intervention between both incomes is VAT.
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In- kind transfers of education and health ser vices have a significant equalizing 
effect. When passing from Consumable Income to Final Income, the Gini coefficient 
goes from 0.530 to 0.458 in the received income scenario and from 0.590 to 0.523 in 
the accrued income scenario. Figure 5-4 shows the marginal contribution of transfers 
in kind to income in equality when the end concept of income is final income. The mar-
ginal contribution of benefits valued in education and health is 0.040 and 0.029 Gini 
points, respectively, for the received income scenario. When disaggregating transfers 

Figure 5-3
Marginal Contribution of Fiscal Interventions to Income In equality (Gini Points)

Sources: Authors’ calculations based on CASEN, SII, and official government data.
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in education by educational level, we find that primary education reduces in equality 
in the most significant way, while the marginal contribution of tertiary education is 
close to zero. This finding suggests that the proportion of individuals who attend ter-
tiary education in the lower socio- economic strata is lower.

Transfers in health and education generate a high redistributive effect  because pri-
vate education and health are oriented to high- income  house holds. Indeed, in 2013, 
93  percent of students attended a public or subsidized educational establishment,36 and 
about 85  percent of the population utilized the public health system.

It is impor tant to note that the above results should be viewed with caution, espe-
cially the results related to education. When imputing average expenses, ser vices de-
livered are not corrected for quality, but more importantly, the administration of edu-
cational establishments is carried out by the municipalities, which often divert the 
resources allocated for education to other activities, so that the effective spending on 
education should be less than what is observed in bud get line items.37 The same can 
happen with the holders of subsidized educational establishments.

36 This percentage does not consider tertiary education.
37 The Chilean Educational Reform aims to end municipalization with the goal of eliminating 
this distortion.

Figure 5-4
Marginal Contribution of Transfers in Kind to Income In equality (Gini Points)

Sources: Authors’ calculations based on CASEN, SII, and official government data.
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Fiscal interventions also have an impact on poverty.38 Figure 5-5 shows the per-
centage of the population vulnerable by way of income  under the received income sce-
nario.39 We use the vulnerability threshold for middle- income countries—as in the 
case of Chile— defined in Lopez- Calva and Ortiz- Juarez (2014).40 When  going from 
Market Income to Net Market Income, the percentage of the vulnerable population in-
creases from 15.8 to 17.1  percent. This increase is explained by the health contributions 
that dependent workers have to pay more than for the direct taxes they pay, since 
the payment of this type of taxes is only made by 20  percent of the higher income 
individuals.

When  going from the net market income to the disposable income, the fraction of 
the vulnerable population falls from 17.1 to 14.3  percent. This fall is explained by direct 
transfers, whose main objective is to provide social protection. Fi nally, when  going from 

38 For a discussion of the effect of fiscal interventions on poverty, see Higgins and Lustig (2016).
Higgins and Lustig (2016) shows that a significant fraction of the population becomes impover-
ished despite the fact that the tax- transfer system is progressive. The implication is that some 
individuals receive fewer transfers than they have to pay in taxes.
39 Results are not shown  under accrued income  because they are almost identical to the results of 
received income.
40 The threshold corresponds to US$10/day, at constant international prices from 2005.

Figure 5-5
Effect of Fiscal Interventions on Poverty (Percentage of Vulnerable Population, by 
Concept of Income)

Sources: Authors’ calculations based on CASEN, SII, and official government data.
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disposable income to consumable income, the percentage of the vulnerable population 
increases by one- third, from 14.3 to 20.4  percent. This increase reflects the negative im-
pact of indirect taxes on poverty. The poorest quintile consumes practically all their 
income, so that a significant fraction of their income corresponds to the payment of 
indirect taxes.41

4  Marginal Contribution and Shapley Value

In the previous section we mea sured the distributive impact of a series of fiscal inter-
ventions (vari ous taxes and transfers) setting the mea sure of income to be considered 
in each case (see figures 5-3 and 5-4). For example, we saw that,  whether we work with 
received or accrued income, the impact of spending on education on the distribution 
of Final Income is approximately 4 percentage points of the Gini.

 There is a certain degree of arbitrariness regarding which income concept should 
be used for the previous comparisons. For example, for a tax, should pre- intervention 
income consider Market Income before or  after the remaining taxes? And for a par tic-
u lar transfer, should the pre- intervention income be before or  after the remaining trans-
fers? Nor is it obvious that the evaluations of transfers must take as pre- intervention 
income the one that includes the collection of all taxes.  After all, the bud getary logic 
of governments works si mul ta neously with expected incomes and expenditure items.

That arbitrariness means that the distributive impact of par tic u lar fiscal interven-
tions  will depend on which of the remaining interventions is included in the income 
that is used to make the comparison. This leads us to consider the impact of mea sures 
that average over all pos si ble income options. In this section we apply the Shapley value 
(Shapley, 1953) to calculate this average.42

The Shapley value is a concept in game theory that corresponds to the criterion of 
distribution of income among n players in a competitive game that complies with cer-
tain properties (axioms). In our application of the Shapley value, the income to be 
distributed is the reduction in the Gini coefficient when  going from Market Income to 
Final Income, and the players are all the interventions  under consideration, which in-
clude vari ous taxes and transfers.

We assume that the total number of interventions is n and that they are applied 
sequentially, so that  there are n! pos si ble sequences for the order in which resources 
are collected and spent. Then, to mea sure the contribution of a par tic u lar intervention, 
we calculate its contribution to the Gini for each of the previous sequences, taking as 
a mea sure of income that which results from applying the interventions that appear 
before the one of interest, and then we calculate the average of  these differences. As we 

41 For a more detailed analy sis of the incidence of diff er ent fiscal interventions on poverty for 
Chile, see Martinez- Aguilar et al. (2022) (chapter 13 in Volume 1 of this Handbook).
42 Sastre and Trannoy (2002) are the first to apply the Shapley value to assess the distributive im-
pact of interventions on income distribution.
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 shall see below, the difference between the Gini coefficient of Final Income and the Gini 
coefficient of Market Income  will be equal to the sum of the individual Shapley values 
of the interventions considered.

4.1  Formalization

Consider a society composed of m individuals indexed by the set M = {1, . . .  , m}. Within 
this society, each individual i ∈ M has a Market Income Mi and also receives n inter-
ventions, indexed by the set N: = {1, . . .  , n} and summarized in the field Ii = (I1i, . . .  , Ini), 
where the taxes have a negative sign, and transfers a positive sign. Thus, the income of 
any individual i ∈ M  after applying a set of interventions S ⊆ N  will be given by

(5-1) Yi(S)= Mi + Iki .k∈S∑

Given S ⊆ N, we assume without loss of generality that Y1(S) ≤ . . .  ≤ Ym (S) ∀S ⊆ N. 
Then, the Gini coefficient  after the set of interventions S  will be

(5-2) G(S)= 2
m

iYi(S)i∈M∑
Yj(S)j ∈M∑

−1− 1
m
.

For example, G({1, 2, 3, . . .  , n}) is the Gini coefficient once all fiscal interventions 
have been applied to Market Income; that is, it is the Gini coefficient of Final Income, and 
G({1}) is the Gini coefficient when only fiscal intervention 1 has been applied to Market 
Income.  There are many ways to mea sure the impact of incorporating a fiscal interven-
tion k into the income distribution. For example G({2}) − G({1, 2}) and G({2, 3, 4}) − G({1, 2, 
3, 4}) are two diff er ent ways of mea sur ing the impact of the fiscal intervention 1.43

With Market Income as the starting point,  there are n! ways to incorporate each 
fiscal intervention  until reaching the Final Income. The Shapley value of fiscal inter-
vention k corresponds to the weighted average of all pos si ble ways to mea sure the im-
pact on the Gini coefficient.

Suppose you want to calculate how many of the pos si ble trajectories the impact of 
the reduction in the Gini due to the application of fiscal intervention 1 correspond to 
G({2, 3, 4}) − (G{1, 2, 3, 4}). In other words, we want to calculate the number of trajec-
tories where fiscal intervention 1 is incorporated, when fiscal interventions 2, 3, and 4 
have already been incorporated, and fiscal interventions 5 to n have not.  There are 3! 
ways to order interventions 2, 3, and 4, then fiscal intervention 1 is added, and  there 
are [n − (3 + 1)]! ways to order the remaining interventions. Therefore the weighting of 
G({2, 3, 4}) − (G{1, 2, 3, 4}) corresponds to 3! × [n − (3 + 1)]!/n!, since the number of N permu-
tations that 2, 3, and 4 have before 1 and the remaining interventions  after 1 is 3!(n − 4)!.

43 We subtract the Gini with the interest intervention to the Gini without the intervention so that 
improvements in the Gini are associated with positive values.
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Given the above, the Shapley value of the fiscal intervention k ∈ N is defined as

(5-3) Φk =
#S!(n − #S −1)!

n!S⊆ N \ {k}
∑ {G(S)−G(S∪ {k})},

where #S denotes the number of ele ments of S. We also note that the empty set φ is a 
subset of N \ {k}, where G(φ) corresponds to the Gini coefficient of the market income.

An impor tant result for the Shapley values is that

(5-4) Φk =G(N )−G(φ)
k =1

n
∑ .

That is, the sum of the Shapley value of all the interventions is equal to the difference 
between the Gini coefficient of Final Income and the Gini coefficient of Market Income, 
of which this difference mea sures the total redistributive effect. The percentage con-
tribution of the intervention i ∈ N  will then be

(5-5) Φi

G(N )−G(φ)
= Φi

Φkk =1
n∑

.

The application of the Shapley value to mea sure the redistributive impact assigned 
to each tax and transfer assumes that  there is no par tic u lar order in which the diff er-
ent fiscal interventions must be applied and that  there is no hierarchy of aggregation 
of the fiscal interventions.44 This assumption is reasonable  because in practice the dif-
fer ent tax interventions are applied si mul ta neously.

4.2  Application

 Table 5-4 shows the percentage of the Gini reduction attributed to each fiscal interven-
tion calculated from the Shapley value for both income scenarios. On average, health 
contributions, VAT, and other indirect taxes increase in equality while direct taxes, subsi-
dies, and direct transfers and benefits valued in health and education reduce in equality.

The percentage of total redistributive effect attributed to direct taxes is 20.1  percent 
when considering accrued income and 16.2  percent when considering received income. 
Consequently,  under the accrued income scenario, direct taxes contribute more to the 
Gini reduction.

The interventions that contribute the most to reducing the Gini coefficient are 
transfers (in- kind) in education.  These interventions explain, as a  whole, approximately 

44 In the case of an existing aggregation scheme, the Shapley value must be applied hierarchically, 
since the “ simple” Shapley value does not comply with the princi ple of in de pen dence at the level 
of aggregation. See Sastre and Trannoy (2002) and Shorrocks (2013).
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half of the Gini reduction (48.9  percent with received income, 50.9  percent with ac-
crued income). Primary education accounts for almost half of this contribution, fol-
lowed by preschool and secondary education, each of which accounts for around 
10  percent. Expenditure on tertiary education, on the other hand, contributes very  little 
to improving the Gini, as explained in section 1.

It is in ter est ing to visualize the distribution of all the marginal contributions for 
each one of the interventions— that is, the distributions whose averages we report in 
 table 5-4. This is what is done in figure 5-6 for received income and in figure 5-7 for 
accrued income. For each intervention, the smallest and largest marginal contribution 
is indicated as a percentage of the total redistributive effect and the histogram is plot-
ted with the relative frequencies.45 The red line corresponds to the Shapley value. The 
marginal contribution ranges are particularly large for VAT (12.3   percent), health 
(11.9   percent), and primary education (8.1   percent). By contrast, direct taxes always 
have a positive marginal contribution— that is, they always contribute to reducing 
in equality— and their variance is much smaller.

45 The distance between the highest marginal contribution and the lowest marginal contribution 
was divided into 20 equal tranches, and the fraction was calculated for all pos si ble  orders where 
the marginal contribution was within each tranche.

 Table 5-4
Percentage of Decrease in Gini Coefficient Attributed  
to Each Fiscal Intervention

Fiscal intervention Received Accrued

Bonuses 2.3 2.4
Direct taxes 16.2 20.1
Adult education 0.3 0.3
Preschool education 10.5 10.9
Primary education 22.8 23.5
Secondary education 11.2 11.7
Special education 0.9 0.9
Tertiary education 3.2 3.6
 Family benefit system 3.5 3.5
Health 35.6 37.7
Health contribution −6.9 −8.2
Other indirect −1.4 −2.7
Potable  water 0.5 0.6
Reparation pensions 0.6 0.6
Solidarity pensions 10.0 10.4
VAT – 9.3 −15.1

Source: Authors’ calculations based on CASEN, SII, and official government data.
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Next, we  will see what the magnitude and sign of the marginal contribution 
of a par tic u lar intervention depends on. From equation (7) in Lambert (1985) the 
change in the Gini coefficient of applying a tax to a “pre” distribution corresponds to

(5-6) GPre − GPost = [t /(1 − t)](CTax − GPre), 

Figure 5-6
Received Income
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where GPre is the Gini coefficient before applying the intervention, GPost is the Gini co-
efficient  after applying the intervention, CTax is the concentration coefficient of the tax, 
and t is the fraction of the total income (prior to the intervention) paid in the tax. On 
the other hand, the change in the Gini coefficient of applying a transfer to a “Pre” dis-
tribution corresponds to

Sources: Authors’ calculations based on CASEN, SII, and official government data.

Figure 5-6 (continued)
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(5-7) GPre − GPost = [e/(1 + e)](GPre − CTrans), 

where CTrans is the concentration coefficient of the transfer and e is the fraction of the total 
income (prior to the intervention) received in the transfer.46 The expressions above show 

46 Note that CTax − GPre corresponds to the Kakwani progressivity index of the tax with re spect to 
the income distribution before applying the tax and GPre − CTrans corresponds to the Kakwani 

Figure 5-7
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that the magnitude of the marginal contribution depends on the fraction of the total in-
come represented by the intervention and its progressivity index. On the other hand, 

progressivity index of the transfer with re spect to the distribution of the tax income before ap-
plying the transfer. When using concentration curves, we ignore the possibility of changes in the 
ranking of individuals when applying a tax or a transfer.

Figure 5-7 (continued)

Sources: Authors’ calculations based on CASEN, SII, and official government data.
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 whether the marginal contribution is unequalizing, equalizing, or neutral with re spect to 
the “Pre” distribution depends on  whether the intervention is regressive, progressive, or 
neutral with re spect to the reference distribution, not the intervention burden.47

The greater the progressivity of the intervention with re spect to the “pre-” distri-
bution, the greater its marginal contribution  will tend to be.48 If the intervention is 
progressive, a greater burden of the intervention  will tend to increase its marginal con-
tribution, while if the intervention is regressive, a greater burden of the intervention 
 will tend to decrease its marginal contribution.49

If an intervention is progressive with re spect to all the reference distributions, the 
marginal contribution  will tend to be greater the more progressive the intervention is, 
and the greater the burden of the intervention on the reference distribution. In con-
trast, if an intervention is regressive with re spect to all reference distributions, the mar-
ginal contribution  will tend to be greater, while the intervention is less regressive and 
the intervention’s burden on the reference distribution is smaller.

It could be that an intervention is progressive for some reference distributions and 
not for  others. The marginal contribution  will tend to be higher the greater the burden 
is and the more progressive the intervention with re spect to the reference distribution, 
while the marginal contribution  will tend to be lower the greater the burden is and the 
more regressive the intervention with re spect to the reference distribution.50

To visualize the above, let’s take health spending as an example of transfer and VAT 
as an example of tax in the accrued income scenario. Health spending is always pro-

47 CTax and CTrans depend only on the distribution of the intervention, so they are in de pen dent of the 
order of application of the intervention. The mean of the correlation between the intervention bur-
den (t or e) and the Gini coefficient of the reference distribution (GPre) for the 16 fiscal interventions 
is 0.539 (standard deviation of 0.071). The moderate positive correlation between the intervention 
burden and the Gini coefficient of the reference distribution is explained  because, in the case of 
Chile, the transfers are progressive, so that when applied, the Gini coefficient decreases, and as total 
income increases, the burden of the intervention decreases. On the other hand, taxes are regressive, 
so when applied, the Gini coefficient increases, and, as total income decreases, the burden of the 
intervention also increases. The only exception is direct taxes, which are progressive. This also ex-
plains why the correlation between the intervention burden and the Gini coefficient of the refer-
ence distribution for direct taxes is the highest among the 16 fiscal interventions (0.793).
48 The lower is GPre, more progressive is the tax with re spect to the reference distribution. The 
greater is GPre, more progressive is the transfer with re spect to the reference distribution.
49 The largest marginal contribution of an intervention is obtained when the improvement in the 
distribution of income is the greatest— that is, when GPre − GPost is at the maximum. Note that for 
the case of an intervention that is regressive with re spect to all reference distributions, the largest 
marginal contribution is obtained when the distribution of income worsens the least.
50 The 16 interventions analyzed in this study comply with being progressive or regressive with re-
spect to all reference distributions. This can be seen in the histograms of figures 5-6 and 5-7, where 
 there is no intervention where the histogram passes through 0. For example, direct taxes are pro-
gressive for all reference distributions, whereas VAT is regressive for all distributions of reference.
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gressive, whereas VAT is always regressive. As  table 5-5 shows, the largest marginal con-
tribution of health expenditure is 44.1  percent and the lowest marginal contribution is 
32.7  percent of the reduction in the Gini coefficient. The largest marginal contribution 
of health expenditure is obtained when all taxes on Market Income have been applied. 
In this case, the fraction that represents health expenditure over total income is the 
maximum pos si ble. In addition, the application of VAT, health contributions, and other 
indirect taxes contributes to increasing in equality, increasing the progressivity of health 
spending (higher GPre). On the other hand, the lowest marginal contribution of health 
expenditure is obtained once the rest of the transfers have been applied to Market In-
come. The fraction that represents health expenditure over total income is the mini-
mum pos si ble once all transfers have been applied to Market Income. In addition, trans-
fers help to reduce in equality, thereby reducing the progressivity of health spending 
(lower GPre).

As  table 5-5 shows, the largest marginal contribution of VAT is −9.6  percent, and 
the lowest marginal contribution of VAT is −21.5  percent of the reduction in the Gini 
coefficient. The largest marginal contribution of VAT is obtained when all transfers and 
direct taxes on Market Income have been applied. When applying transfers and direct 
taxes to Market Income, the VAT regressivity is the minimum pos si ble. In contrast, 
the VAT burden is lower once the transfers have been added to the Market Income since 
the total income increases. However, the lowest marginal contribution of VAT is ob-
tained once health contributions and other indirect taxes have been applied to Market 

 Table 5-5
Maximum and Minimum Marginal Contribution

Marginal 
contribution Burden Progressivity GPre − GPost

GPre − GPost

G(N) − G(φ)  

Health e/(1 + e) GPre–CTrans

Maximum 0.0461(1) 0.7003(609) 0.0323(1) 44.1
Minimum 0.0374(32768) 0.6411(31453) 0.0239(32768) 32.7
First intervention 0.0397(25536) 0.6893(2956) 0.0273(17813) 37.3
Last intervention 0.0431(7233) 0.6437(30890) 0.0277(15282) 37.8
VAT t/(1 − t) CTax – GPre

Maximum 0.0733(30369) −0.0964(1) −0.0070(1) −9.6
Minimum 0.0817(2400) −0.1928(32768) −0.0157(32768) −21.5
First intervention 0.0786(10688) −0.1834(32485) −0.0144(32107) −19.7
Last intervention 0.0760(22081) −0.1023(218) −0.0077(312) −10.6

Source: Authors’ calculations based on CASEN, SII, and official government data.

Notes: The figures in parentheses correspond to the ranking occupied by the burden, the progressivity, and the marginal con-
tribution when ordered from highest to lowest, in 215 = 32,768 pos si ble income distributions to which the intervention can be 
applied. The first intervention refers to the marginal contribution of the intervention when applied to Market Income, while 
the last intervention refers to the marginal contribution of the intervention once the rest of the fiscal interventions have been 
applied to Market Income.
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Income. The implication is that both health contributions and other indirect taxes are 
regressive, so GPre increases and consequently increases the regressivity of VAT when 
applied to Market Income. On the other hand, since health contributions and other 
indirect taxes generate a decrease in total income once they are applied to Market In-
come, the VAT burden is higher on this distribution.

A prob lem with the previous analy sis is that it does not take into account the fact that 
taxes are what finance social spending, so a good idea would be to calculate the net redis-
tributive effect by type of tax.  Table 5-6 breaks down the improvement in income distri-
bution, mea sured through the Gini coefficient, in the contribution of direct taxes, health 
contributions, and VAT and other indirect taxes.51 For the received income scenario, 
46.4   percent of the improvement in the distribution of income is due to VAT, while 
35.6  percent to direct taxes. Although VAT is a regressive tax, it is assigned a high value in 
the reduction of the Gini coefficient, since it generates a high tax collection (54.9  percent).

For the accrued income scenario, 48.1  percent of the reduction in the Gini coeffi-
cient is due to direct taxes, while 37.9  percent to VAT. The surprising  thing about this 
result is that, although the participation in the tax collection of direct taxes (26.4  percent) 
is approximately half of the participation in the tax collection of VAT (50  percent), the 
net redistributive effect of direct taxes is greater, which reflects the high progressivity 
of this type of tax.

5  Distributive Effects of the 2014 Tax Reform

In 2014, the government of President Michelle Bachelet approved a tax reform that made 
a series of impor tant changes to income taxation of companies. The reform had four 

51 To obtain the decomposition in the reduction of the Gini coefficient among the four taxes, the 
Shapley value was applied, where it was assumed that the share of each tax in social expenditure 
is proportional to its participation in the collection.

 Table 5-6
Decomposition of Decrease in Gini Coefficient

Received Accrued

Tax
% of 

collection
% of change 

in Gini
% of 

collection
% of change 

in Gini

Direct taxes 19.2 35.6 26.4 48.1
Health contribution 13.6 6.9 12.4 4.9
Other indirect 12.4 11.2 11.3 9.2
VAT 54.9 46.4 50.0 37.9
Total 100 100 100 100

Source: Authors’ calculations based on CASEN, SII and official government data.
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main objectives: (1) to increase tax collection by 3 GDP points to finance educational 
reform, increase health spending, and reduce the structural balance deficit; (2) to ad-
vance tax equity by improving the distribution of income; (3) to introduce new and 
more efficient savings incentives for investment; and (4) to incorporate new mea sures 
to combat tax evasion and avoidance.

Within the main modifications implemented by the reform, the most relevant are 
the profound changes in the income tax: taxation on the profits of companies on an 
attributed basis, the increase in the First Category Tax rate from 20  percent to 25  percent 
in the integrated system and 27  percent in the semi- integrated system, the partial in-
tegration (and not total) of taxes on individuals and businesses, and the reduction of 
the higher marginal rate of the Second Category Tax. In addition, changes in the tax 
structure of companies reduce the incentive for the unlimited deferral of the income 
tax applicable at the time of the distribution of profits. In this way,  these changes  were 
intended to improve the neutrality of the system insofar as the previous mechanism 
disproportionately benefited the income from capital.52 The implementation of the tax 
reform has been gradual and was completed in 2018.

The objective of this section is to mea sure the impact of the tax reform on distri-
bution of income using the main income concepts of the CEQ methodology. The World 
Bank micro- simulation model (World Bank, 2016) simulated the total direct tax pay-
ment in 2013 of the taxpayers  under the taxation rules on the income established by 
the tax reform.53 To correctly mea sure the impact of the tax reform on the distribution 
of income, it is necessary to make a comparison based on accrued income, since an 
impor tant part of the reform was aimed at reducing the gap between accrued and re-
ceived income from capital. In par tic u lar, it is not pos si ble to mea sure the direct effect 
of the changes introduced in the First Category Tax  under the definition of received 
income.

Although the changes introduced in the payment of indirect taxes are of a smaller 
size, they are still included in the analy sis. Changes in tax rates for tobacco and alco-
holic and nonalcoholic beverages and similar products are considered. Given that one 
of the main objectives of the tax reform is to increase public spending on education 
and health, it was assumed that the average state expenditure on  these ser vices would 
increase in proportion to the expected increase in the bud get allocated to education 
and health.54 Figure 5-8 shows the effect of fiscal interventions on income in equality 
in the pre- reform and post- reform scenarios.

52 The methodological appendix contains a detailed comparison of the pre- reform and post- 
reform tax system.
53 This variable was attributed to CASEN individuals using the same method of construction of 
market income. The detail of the methodology used by SII can be found in World Bank (2016).
54 Based on information provided by the Ministry of Finance in 2014, 1.5 GDP points would be 
allocated to education and 0.5 GDP points to health. It is assumed that spending on education of 
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The Gini coefficient of net Market Income passes from 0.587 to 0.580, which rep-
resents a reduction of 0.007 Gini points.55 The reduction in the Gini coefficient is mod-
est,  because the tax reform affects mainly high- income individuals, so  there is no con-
siderable change in the area between the line of perfect equality and the Lorenz curve. 
The Kakwani index of the tax system in the pre- reform scenario is −0.022, while the 
Kakwani index of the post- reform scenario is 0.033— that is, the tax system stops being 
slightly regressive to become slightly progressive. By looking in de pen dently by type of 
tax, we see that direct taxes increase their progressivity and indirect taxes remain the 
same. The main redistributive effect of the tax reform can be observed in Final Income. 
The Gini coefficient goes from 0.523 to 0.499, which represents a reduction of 4.6  percent.

Figure 5-9 shows the marginal contribution of fiscal interventions in income in-
equality in the Pre- reform and Post- reform scenarios when Disposable Income is the 
end concept of income. Direct taxes become more equalizing, increasing their mar-
ginal contribution from 0.015 to 0.022 Gini points, which represent a percentage in-
crease of 46.6  percent. When considering the joint effect of all taxes and contributions, 

the diff er ent educational levels rises in the same proportion. The adjustment  factor for transfers 
in education is 1.43, and the adjustment  factor for transfers in health is 1.11.
55 While this is exactly the same redistributive effect found in the World Bank (2016) study, it is 
not entirely comparable, since in this study the unit of analy sis is the per capita income of the 
 house hold while in the study of the World Bank it is the individual. Moreover, the method of 
data crossing between CASEN and SII is diff er ent.

Figure 5-8
Effect of Fiscal Interventions on Income In equality

Sources: Authors’ calculations based on CASEN, SII, and official government data.
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the marginal contribution remains negative, but is less unequal than in the pre- reform 
scenario. The marginal contribution of indirect taxes does not change significantly.

Figure 5-10 shows the marginal contribution of benefits valued in education and 
health when the end concept of income is Final Income. The tax reform increases the 
marginal contribution of transfers in education from 0.037 to 0.051 Gini points, which 
represents an increase of 37.8  percent and explains approximately two- thirds of the Gini 
improvement  going from the distribution of Market Incomes to the distribution of Final 
Incomes. When disaggregated by diff er ent educational levels, the marginal contribu-
tion of primary education increases by 35.2  percent, secondary education by 37.5  percent, 
and preschool education by 25  percent. The marginal contribution of tertiary educa-
tion remains slightly equalizing. Health transfers increase their contribution by only 
3.5  percent.

 Table 5-7, which considers accrued income, applies Shapley values to give a more 
robust support to the previous conclusions. Column 2 shows the increase of the Gini 
from Market Income to Final Income, which corresponds to each intervention, as a 
result of the 2014 tax reform.56 This column can be compared to column 1, which in-
cludes the contributions of each intervention with the tax structure of 2013. Column 3 
reports the difference between columns 2 and 1 as a fraction of the improvement of 
the Gini due to the tax reform. We see that direct taxes account for almost 30  percent 
of the Gini reduction, showing that the reform had some success in making the tax 

56 It must be remembered that we work with data that simulates the impact of the reform, based 
on World Bank (2016).

Figure 5-9
Marginal Contribution of Fiscal Interventions to Income In equality (Gini Points)

Sources: Authors’ calculations based on CASEN, SII, and official governmental data.
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Figure 5-10
Marginal Contribution of Transfers in Kind to Income In equality (Gini Points)

Sources: Authors’ calculations based on CASEN, SII, and official government data.
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 Table 5-7
Shapley Value (Accrued Income)

Fiscal intervention Pre- reform (1) Post- reform (2) Tax reform (%) (3)

Bonuses 0.00165 0.00160 −0.2
Direct taxes 0.01410 0.02093 28.5
Adult education 0.00022 0.00030 0.4
Preschool education 0.00761 0.01061 12.5
Primary education 0.01648 0.02298 27.1
Secondary education 0.00817 0.01137 13.4
Special education 0.00062 0.00087 1.0
Tertiary education 0.0025 0.00343 3.9
 Family benefit system 0.00247 0.00240 −0.3
Health 0.02637 0.02838 8.4
Health contribution −0.00577 −0.00547 1.3
Other indirect −0.00191 −0.00181 0.4
Potable  water 0.00039 0.00037 0.0
Reparation pensions 0.00042 0.00040 −0.1
Solidarity pensions 0.00727 0.00707 −0.9
VAT −0.01057 −0.00945 4.7

Source: Authors’ calculations based on CASEN, SII, and official government data.
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structure more progressive. On the other hand, the vari ous interventions in education, 
which is where spending increased significantly with the reform, explain 58.3  percent 
of the fall of the Gini. Fi nally, figure 5-11 shows the marginal contribution of fiscal in-
terventions in the post- reform scenario for all pos si ble  orders that are considered 
when calculating the Shapley decomposition.

6  Conclusions

Our main findings are as follows:

1. The difference between the distribution of accrued income and received income 
turns out to be impor tant in Chile. For each of the main concepts of income of the 
CEQ methodology, the Gini coefficient is higher when working with accrued in-
come, with a fairly stable difference, of around 6 Gini percentage points.

2. Moving from the distribution of Market Income to the distribution of Final Income 
( after taxes and transfers), the income distribution improves by almost 7 Gini per-
centage points, which reflects the good targeting of social spending in Chile.  Under 
the accrued income scenario, the Gini coefficient falls from 0.593 to 0.523, while 
for the received income scenario, the Gini coefficient falls from 0.537 to 0.458.

3. The Shapley value was applied to assign the improvement in the distribution of 
income among a set of 16 fiscal interventions. For both definitions of income, 
approximately half of the improvement is due to transfers in education, fol-
lowed by transfers in health (around 35   percent). Direct taxes, on the other 
hand, explain only 20  percent of the decrease in the Gini coefficient. The ability 
to improve the distribution of income through a progressive tax, as is the case of 
direct taxes in Chile, is  limited and  will be lower the more unequal the market 
distribution.

4. The Chilean tax system is slightly regressive. Direct taxes are highly progressive and 
represent a smaller fraction of collection, while indirect taxes are regressive and rep-
resent a larger fraction of collection. When considering the net redistributive im-
pact by type of tax, we find that 46.4  percent of the improvement in the distribu-
tion of income is due to VAT and 35.6   percent to direct taxes in the scenario of 
received income. However,  under the accrued income scenario, which considers 
the tax paid by the companies, 48.1  percent of the reduction in the Gini coefficient 
is due to direct taxes, while 37.9  percent is due to VAT.

5. Based on the simulation of the impact of the 2014 tax reform (World Bank, 2016), 
we estimated that the reform would have led to an additional reduction of 2.4 Gini 
percentage points when  going from Market Income to Final Income. When using 
the Shapley value to distribute this additional improvement among the 16 fiscal 
interventions considered, we found that two- thirds are explained by the higher 
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spending on education that is financed by the reform. Direct taxes account for al-
most 30  percent of the Gini reduction, which suggests that the reform was intended 
to make the tax structure more progressive.
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Sources: Authors’ calculations based on CASEN, SII, and official government data.
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Chapter 6

THE WITHIN- SYSTEM RE DISTRIBUTION 
OF CONTRIBUTORY PENSION SYSTEMS

A Conceptual Framework and Empirical 
Method of Estimation

Carlos Grushka

Introduction

This chapter pre sents a conceptual framework to estimate within- system re distribution, 
analyzes in detail the case of Argentina, and proposes a  viable empirical approach to 
estimate the extent of re distribution in diff er ent countries and periods. Although the 
distinction is framed in terms of the distinction between deferred wage and tax- transfers 
social security (SS) systems, we recognize that the boundary is not  simple given that 
pension systems have multiple objectives: at a minimum, consumption smoothing, in-
surance, and poverty relief.1 We do not ignore the complex distinction between risk- 
sharing (i.e., insurance) and re distribution.

In princi ple, if SS pensions are considered deferred wages, the redistributive effects 
should be analyzed as an income re distribution within the lifecycle (from a younger to 
an older self) and not among individuals (such as from the richer to the poorer). Thus, 
pension benefits are strictly actuarial and are usually considered neutral, depending on 

1 As discussed in chapter 1 by Nora Lustig and Sean Higgins in Volume 1 of this Handbook, treat-
ing pensions as deferred income or as government transfers has very impor tant consequences for 
the distributional impact of pensions (Lustig and Higgins, 2022). This Handbook recommends 
conducting the fiscal incidence analy sis  under both scenarios, which we call Pensions as De-
ferred Income (PDI) and Pensions as Government Transfer (PGT). Also see how the prefiscal 
income is calculated for each scenario in Volume 1’s chapter 6 by Ali Enami, Sean Higgins, and 
Nora Lustig (Enami, Higgins, and Lustig, 2022). In par tic u lar, see  Table 6-5.
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(a) the size of the worker’s pension accumulation, (b) the remaining life expectancy 
at pension age of his or her birth cohort, and (c) the return to pension saving over 
retirement. However, in the simplest case, this rule is  violated in significant ways. 
With uniform annuity pricing  there is re distribution from men to  women, from 
less to more healthy (for smokers to nonsmokers), and from poorer  people (with 
shorter life expectancies on average) to richer  people. Separately priced annuities 
for each of  these groups might be considered, but  these are difficult to implement 
(treating men and  women separately is ruled out in the Eu ro pean Union and the 
United States, among other countries, by law as well as custom). A lower bound on 
re distribution is group insurance with individuals’ remaining life varying from 
the average.

The way that benefits are determined plays a significant role in determining within- 
system re distribution. SS coverage is crucial for incorporating the effects of the  labor 
market per for mance on the el derly and providing some sort of compensation to  those 
who lacked opportunities during active ages. The financing of the benefits  under pay-
ment is crucial to evaluate the overall effective re distribution: SS “selectivity” and dis-
tribution are not in de pen dent from its funding.

It is also impor tant to distinguish between a pension system and the diff er ent 
ele ments of the system, which Barr and Diamond (2009) refer to as “pension plans.” 
Since pensions have multiple objectives, a well- designed system generally comprises 
multiple plans. In the Netherlands, for example, the mandatory system includes a 
tax- financed noncontributory pension and fully funded industry plans. In Chile, the 
system comprises competing fully funded individual accounts run by private pen-
sion man ag ers (AFPs) and the solidarity pension. In both countries, a holistic view of 
the system would also include income- tested social assistance. The analy sis on re-
distribution should cover the system, not only a plan. In the case of Argentina, the 
mature and almost universal “pay- as- you-go” (PAYG) SS system encompasses diff er-
ent plans and special treatments for specific groups of workers and pensioners, and 
the overall redistributive effect of this defined benefit system is very controversial 
(Moncarz, 2015).

In section 1, we discuss the way SS pensions are commonly considered, as tax- 
transfers or as deferred wages. In the second section, we analyze how SS pensions and 
levels of re distribution are basically a question of definition, which then leads us to 
review concepts such as neutrality and actuarial fairness. In section 3, we pre sent how 
SS works in Argentina, detailing its fragmentation and heterogeneity. In section 4, we 
analyze diff er ent means of re distribution within SS pensions in Argentina, and fi-
nally, in section 5, we provide an alternative methodological framework, introducing 
a  simple re distribution index based on cross- sectional data.
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1  Are Pension Systems Tax- Transfers or Deferred  
Wages Schemes?

This section discusses the under lying rationale for considering pension systems as tax- 
transfer schemes (where government collects taxes and spends as in any other area or 
public policy) or as deferred wage schemes (where the role of the public sector is neu-
tral, and pensions should be considered part of the wages earned by workers but paid 
 later at an actuarially fair value). The difference between  these two approaches is criti-
cal when discussing the distributional impacts of pension systems. If the first approach 
is to be  adopted, then all taxes and benefits should be considered in the same way as 
other taxes and payments are. In the second approach, supposing pensions are deferred 
wages, the distribution impact would depend on  whether benefits are an actuarially 
fair payment of previously withheld wages, and, if not, the difference between  actual 
payments and fair estimations should be considered a transfer and accounted for dis-
tributional analy sis purposes.

Pension systems are relatively modern public policies that aim to provide income 
support to the el derly once they retire from the  labor force and become unable to fi-
nance their consumption with wages or other income sources.  These policies originated 
in industrial economies in the late 1800s, as salaried work expanded to many areas of 
activity, in a context where traditional  family arrangements to support the el derly  were 
declining. The basic design princi ples of  these programs are built from two alternative 
models, usually referred to by the name of its creators, Bismarck and Beveridge.

As the first modern program was created in Germany in the 1880s, Chancellor Otto 
von Bismarck has been credited as being the founder of modern SS. He introduced the 
concept of contributory pensions, which aim at replacing preretirement income by re-
quiring contributions that are proportional to earnings while active and then provide 
a proportional benefit  after retirement. In the early years of the twentieth  century, most 
continental Eu ro pean countries, as well as several in Latin Amer i ca,  adopted similar 
models, which focus on the “formal”  labor force (that is, workers who  were formally 
registered and made their contributions accordingly). SS systems  were designed as 
PAYG schemes, such that revenues are used to pay benefits immediately, or as “funded” 
schemes, where contributions  were accumulated and invested and then assets  were used 
to pay benefits in the form of annuities.

The rationale of PAYG schemes provided two clear advantages that  were impor-
tant to gain support among policymakers: First, the programs can be self- sufficient in 
financial terms, as contributions can finance benefits, eliminating the need to find other 
fiscal resources to protect the el der ly’s income. Also, by linking rights to previous con-
tributions, the program has an implicit self- targeting mechanism. Given the goal of 
replacing  labor income  after retirement, if the program requires workers to contribute 
a part of their salaries,  these contributions not only finance current benefits, but also 
identify the contributors as salaried workers who  will need benefits in the  future. By 
the same logic,  those who do not contribute are excluded from the system,  because their 
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lack of contributions indicate that they do not have salaries, and thus  there is no need 
to replace them  after retirement.

Such contributory schemes have some risks and disadvantages. First, restricting 
coverage to  those who contributed excludes several groups that, in many cases, may 
represent a large proportion of the population. This includes, for example, the self- 
employed, informal workers, or  house keepers. Moreover, if the programs become 
financially un balanced and require funding from other fiscal sources, inequities and 
undesired distributional impacts may arise, as  those excluded from the systems may 
end up financing part of the benefits of participants.

At the end of World War II, the United Kingdom implemented a diff er ent model, 
inspired in a report prepared by Lord William Beveridge, which aimed at providing a 
basic income protection to all workers. In a clear difference from what was already com-
mon in other countries, the Beveridge approach focused on re distribution. The system 
still required contributions from active workers, but the size of the pension was not 
linked to  those contributions. This approach solves the issue of poverty relief, but it 
creates a new challenge, as benefits cannot truly replace previous income (or a fixed 
proportion of it), so individuals need to rely on other income sources ( either savings 
or additional pension plans) in order to maintain an income flow consistent with their 
preretirement earnings.

The differences in objectives and design between  these two models have resulted 
in two very diff er ent approaches to the analy sis of the fiscal (i.e., on the overall tax bur-
den, fiscal deficit, and public debt) and distributional impacts on pension systems. On 
the one hand, if pension schemes are assumed to be contributory schemes where each 
and  every participant pays for his or her own  future benefits, then the programs can 
be thought of as a deferred wage or a compulsory savings scheme. If this is the case, it 
would be reasonable to argue that  there are no fiscal impacts (as the public institutions 
involved in managing the programs are only collecting the deferred salaries and then 
paying them) and of course no distributional effects (as each individual finances his 
or her own pension, so the lifetime income is not affected). As Barr (2012) noted,  whether 
workers perceive benefits to be actuarial poses an issue:  future benefits “are payable 
only in certain contingencies, can be changed by legislation, and  will depend on mari-
tal status; and it is not pos si ble to borrow against  future benefits, which must therefore 
be weighted by the probability that each benefit  will be received at some given  future 
date. The weighted benefits must then be discounted to pre sent value using the market 
rate of interest or, for  people who cannot borrow as much as they wish, at a personal 
rate of time preference” (p. 42).

On the other hand, a pure Beveridge- style program can be considered in the same 
way as any other public policy, such as education, defense, or utility subsidies, where 
the state collects some revenues (in this case, taxes on wages) and uses them (or other 
resources) to finance the provision of transfers or ser vices to a certain part of the pop-
ulation. According to this approach, all contributions should be considered part of 
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fiscal revenues, all benefits are part of public expenditures, and both taxes and trans-
fers  will have some impact on income distribution.2

As policies evolved and real- world restrictions and demands  were confronted, pen-
sion systems in most countries have mixed components from the two original models. 
In most modern economies,  there are pension systems that pay benefits linked to pre-
vious contributions, but with some internal distributive provisions, such as the use of 
minimum and maximum pensions, as well as progressive benefit formulas and diff er-
ent pooling mechanisms. In addition, noncontributory pensions, also known as social 
pensions or universal basic pensions, are offered in most countries to  those who, for 
vari ous reasons, do not qualify for the contributory schemes. Both contributory and 
noncontributory schemes are usually financed by a mix of earmarked wage and non- 
wage taxes, as well as general revenue by the governments.

In this context, mea sur ing distributional impacts of a pension system is a serious 
conceptual and methodological challenge. If we take a “pure” tax transfer approach, the 
situation appears to be rather  simple: all contributions should be considered in a similar 
way as other taxes (hence, their distributional impact  will depend on the distribution of 
 those contributing), and benefits are transfers from the public sector to families. How-
ever, a significant challenge remains, and that is the treatment of privately managed 
pension funds (usually, complementary to public schemes) with compulsory participa-
tion. In princi ple, if the objective is to understand the distributive impact of the pension 
system, then the  whole system should be considered, regardless of  whether management 
is public or private, given that participation is required as part of a public policy.

In practical terms, the question is to determine the boundary between a public in-
tervention (which should be considered) and private initiative. Is this limit defined by 
the institutional character of the agency in charge of managing the system (i.e., public 
or private)? Or should this limit depend on  whether authorities register contributions 
and payments as part of the fiscal accounts?  These bound aries are blurred, and almost 
identical programs can fall on one side of the classification or the other in diff er ent 
countries for reasons that should not be relevant in this analy sis. An alternative test 
should be  whether participation is voluntary or compulsory.

If the analy sis starts from a deferred wages viewpoint, the analy sis becomes more 
complex. In a first look, the approach should consider what is the actuarially fair ben-
efit level and then consider a transfer (or a tax) all payments in excess (or defect) of 
this level. However, several questions immediately arise. For example, when an excess 

2 While the alternative designs maybe associated to the alternative analytical approaches, this is 
not a prerequisite. In fact,  there is no reason for somebody studying distributional impacts of 
pension systems to adopt a full tax- transfer approach even if the system  under analy sis is a con-
tributory one, and vice- versa. The analytical criteria should not be defined by the stated princi-
ples that  were used to originally design the pension systems, but by the conceptual approach of 
the analyst, including his or her main concerns when discussing income distribution.
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payment should be considered a transfer or how heterogeneity should be treated are 
two critical questions:

A. Timing: Distributional analy sis is usually based on period data.  Unless the assess-
ment considers the lifetime of all individuals, the excess or deficit income must be 
assigned to a certain period. In this regard,  there are four pos si ble approaches:
1. Estimate a “fair” annual benefit based on the accumulated contributions, and 

categorize any excess (or defect) from this level as a transfer for each year. This 
requires knowledge (or assumptions) about a number of variables, such as con-
tribution history, mortality rates, implicit interest rates, marital status (if sur-
vivors’ benefits are available), as well as benefit history and expected trends in 
benefit levels.

2. Estimate a “fair” annual contribution, based on the expected benefits, and cat-
egorize any excess (or deficit) from this level as a transfer for each year. This 
option is similar to the previous one, except that it assigns the transfer to the 
active years instead of the retirement period.

3. Apply a similar approach as in case 1, but instead of assigning the excess (or 
deficit) proportionally to each year of benefits, estimate the number of years the 
beneficiary would receive a benefit at the current level if actuarially fair rules  were 
applied and then consider a transfer all additional years of benefits.

4. Follow a procedure similar to 3, but applied on the contribution side of the 
pro cess.

B. Intra- cohort transfers: Defining an actuarially fair benefit requires considering 
 actual flows of contributions and expected benefits for each individual. A reason-
able approach to this would be to consider all individuals to be average, assuming 
similar contributory histories, mortality risks, and marital status, as well as some 
level of stability in the system’s rules. However, if a simplified assumption of no 
heterogeneity in the population is  adopted, then by definition  there  will be no dis-
tributional impacts, as every one  will contribute and receive the same. In fact, the 
in ter est ing aspect of this analy sis is that we know that populations are not homo-
geneous, and we expect that  those differences  will have an impact. Hence, it is 
critical to define what dimensions should be considered in this analy sis. Among 
them are
1. Income: This is clearly a critical variable, as it reflects the objective of the analy-

sis (income distribution) and is a critical ele ment that defines differences in treat-
ment in most pension systems. As discussed before, most pension systems have 
income- related rules, such as minimum and maximum pensions and nonlinear 
formulas that are designed to have a distributional impact. Income is also a strong 
determinant of other relevant variables, such as employment,  whether employed 
in the formal or informal sector, and mortality, producing an indirect impact 
that should be mea sured.
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2. Sex: Data around the world show that income and mortality are consistently dif-
fer ent by sex.  Women tend to have lower income (for a number of reasons linked 
to  labor market per for mance, individual choices, and, of course, discrimination), 
but they also tend to have a lower mortality.

3. Economic sector: Pension systems usually have differential regimes with condi-
tions more generous for specific groups of workers, who  either are exposed to 
higher risks for which society tries to compensate them or have found a way to 
receive an advantageous treatment thanks to effective lobbying of policymak-
ers. As a result,  these groups receive a higher benefit (and, consequently, a higher 
transfer) than  others.

Thus,  there are several approaches to mea sure the distributional impacts of pen-
sion systems that might be reasonable, but not necessarily consistent across countries. 
Hence, we suggest adopting a two- stage approach to improve comparability across 
countries. First, all pension system distributive impact analy sis should be conducted 
 under two alternative assumption sets. On the one hand, the analy sis should be pre-
pared assuming that pensions are a tax- transfer scheme, which includes a privately 
managed component with publicly mandated participation. This would imply that all 
contributions should be considered part of Gross Income (and, consequently, taxes), 
while benefits should be considered government transfers that contribute to after- 
Market Income. On the other hand, a specific analy sis considering the systems as de-
ferred  labor income schemes should be prepared. In this case, for the sake of simplic-
ity, pension contributions should be considered part of  labor income (which is 
compulsory “saved”); meanwhile, actuarially fair pension benefits should be consid-
ered a reduction in savings, and any excess (or deficit) benefits beyond  those actuari-
ally fair would be transfers (or taxes).

2  Re distribution, Neutrality, and Actuarial Fairness

Social security (SS) pensions and the levels of re distribution are basically a question of 
definition. According to William Beveridge (1942), SS is first and foremost a method to 
redistribute income, in order to put the most urgent needs first. However,  there are 
many ways to look at re distribution. What should we call “neutrality”?  There are diff er-
ent categories of  people in SS pensions, or ga nized by sex, race, education, occupation, 
and income. The analy sis might be based on period or cohorts; cohorts’ be hav ior might 
be considered ex ante or ex post. Neutrality depends on individuals over time (“actuar-
ial fairness”), or is neutrality a  couple’s (house hold) decision at diff er ent periods?

Further,  there are diff er ent channels of re distribution. A more direct (and more 
well- known) one is from “rich” to “poor” through the establishment of minimum pen-
sions, fixed sums and/or differentiated scales (formula to determine benefits). How-
ever, on a more subtle level,  there are other mechanisms based on social cuts that might 
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be regressive: on the one hand, differential mortality (life expectancy at retirement age) 
and, on the other,  labor market characteristics that determine participation (entry and 
stability) and/or access to coverage (requirements).

 There are many variables affected by pension systems design that have an impact 
of the prevailing levels of re distribution: retirement age (IAA, 2016), contribution rates, 
required years of contribution, determination of the benefit, benefit adjustment, re-
placement rates, and duration of benefits (life expectancy at retirement). This chapter 
 will attempt to analyze most of the variables involved, and propose a simplified model 
based on available data in Argentina and the experience during the 2010s.

SS pensions in Argentina are characterized as relatively low contribution in active 
ages (Bertranou et al., 2011, 2012, 2015; CEPAL, 2018; Rofman and Oliveri, 2011), and 
thus, despite high requirements, the el derly (ages 65 and over) average few years of con-
tribution, and so the analy sis includes differentials by sex and education.

Moreover, el derly SS coverage may be estimated from diff er ent data sources, for 
all types of benefits (old- age, survivorship, “moratoria,” provinces, noncontributive), 
varying from 91 to 98  percent, circa 2015 (Grushka, Gaiada, and Calabria, 2016). Dif-
ferential regimes for “unhealthy” activities allow specific groups to retire with less ef-
fective years of ser vice and age than required. Additionally,  there are a few “Special 
Regimes” with diff er ent  legal frameworks, requirements and benefits that deserve sep-
arate analyses. While the demography of contributors and benefits in the National 
Pension System (Sistema Integrado Previsional Argentino, SIPA) and Special Regimes 
affects financial (dis)equilibrium, the way that income increases by age, how pension 
benefits are established (and distributed by quintile), and differential adjustments 
should also be considered (Grushka, Gaiada, and Calabria, 2016).

Regarding differential mortality by pension income, Bramajo and Grushka (2019) 
analyzed the odds of  dying and their differentials according to age, sex, and pension in-
come in Argentina in 2015–16. They also estimated life expectancy at age 65 (e65), by sex 
and pension income. “Doubling the income” results in average gains of close to one year 
for males and females. This also means that  those who earn larger pension amounts tend 
to enjoy their benefit longer, which, in turn, implies a regressive re distribution.

A challenge ahead for Argentina is to attempt to integrate empirically observed 
differences in an “actuarial” model that determines contributions and wages by age, 
based on educational levels, and separate estimates for self- employed, “waged- general,” 
and “special regimes” to be applied proportionally.

For individuals, a pension system is usually considered “fair” or “actuarially fair” 
as long as benefits are established proportionally to the contributions as in the classi-
cal formula

(6-1) B(R, t)= K(R, t)
a(R; t)

= x =15
R −1∑ c(t) w(x , t)(1+ i)(R − x )

x = R
w∑ p(R; x − R) 1

(1+ i)
⎛
⎝⎜

⎞
⎠⎟

(x − R) ,
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where: B = benefit, R = age of retirement; t = time/period; K = accumulated capital; 
c = contribution rate; w = wage or salary; i = interest rate; p(R; x − R) = survivorship prob-
ability from age R to age x > R.

Thus, the pension system as a  whole is considered “neutral” and sometimes is 
wrongly considered “sustainable” just  because of the ways that benefits are determined. 
However,  there are many caveats, and the roles of the diff er ent variables involved are 
not that clear.

Obviously, the accumulated capital is a function of (1) contribution rate (varying 
across time, although usually supposed to be constant); (2) wage (varying across age and 
time); (3) interest rate (usually supposed to be constant although it varies across time); 
(4) survivorship by age (varying across time). Each one of  these variables has a diff er ent 
impact on the individual level of benefit and also affects the averages for each cohort.3

In PAYG regimes, the way benefits are established implies diff er ent “winners” and 
“losers”: benefits might be a function of last (or best) salary, average of (few) last years, 
or lifetime average. With the exception of the last alternative,  those with earnings in-
creasing at higher rates tend to benefit more than  those with almost constant (mini-
mum) salaries. In addition, the way that nominal salaries are indexed becomes espe-
cially relevant for countries with high inflation rates.

Another relevant point is that wages have to be earned (and contributions 
paid). Unemployment and informality are two key variables that play significant 
roles determining individual and average contribution “densities” (proportion of 
years with effective contributions in terms of the total years in active ages). In 
PAYG regimes,  there is usually a required minimum years of contributions, and 
thus, the probability of not receiving a benefit is highly associated with being part 
of the less favored groups ( women and less- educated and less- skilled workers, who 
become unemployed or are employed in the informal sector), as shown for Argen-
tina by Moncarz (2015).

Barnay (2007) posits that differential mortality responds to social heterogeneities 
and inequalities based in socioeconomic position. In the context of the French PAYG 
Defined Benefit SS system, and taking into account the concept of actuarial fairness, 
the author suggests that in order to avoid an anti- redistributive impact, diff er ent re-
tirement ages should be considered for diff er ent social categories (similar to diff er ent 
annuity prices as discussed above). He concludes that the most favored groups (execu-
tives and intermediate professions) benefit the most from  because of their higher life 
expectancy in comparison to less favored groups (manual workers). That means that 
 there is a lack of equality in flows between contributions and pensions due to differen-
tial mortality. Thus, a pos si ble way to achieve actuarial equilibrium is to allow un-
skilled workers to leave the  labor force market  earlier. In the  future, if life expectancy 
differences among diff er ent groups tend to narrow, prob ably a single retirement age 
 will be adequate.

3 See simulations in ISSA (2007).
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Caselli et al. (2003) express a similar concern regarding the Italian system. The 
unpre ce dented growth in el derly populations stimulated an effort to rethink and re-
design the traditional pension systems. Considering that Italy had one of the highest 
life expectancies in the globe and by extent, one of the lowest old- age de pen dency rates, 
a change from a PAYG system with a defined benefit to a notional defined contribu-
tion scheme was gradually  adopted (Barr and Diamond, 2015).

While Barnay (2007) was more concerned with differences among social groups 
based on occupation, the Italian researchers,  after analyzing life expectancy at age 60 
by gender and region, establish how gender- based and regional conversion  factors 
differed from the legislated values at the time. The author found that  those conversion 
 factors  were very sensitive to even slight variations in mortality, which was particu-
larly impor tant due to the rapidly increasing survival rates of old- age adults. Ultimately, 
Caselli et al. (2003) reach a similar conclusion as Barnay (2007): actuarial fairness (with 
uniform annuity pricing) is not enough as a mechanism to guarantee neutrality; due 
to differential mortality,  there is a substantial degree of re distribution from high mor-
tality groups to low mortality groups.

3  Social Security Pensions in Argentina

As previously established, SS pension systems allow to reassign funds from active to 
inactive ages. Comelatto (2014) showed how consumption and  labor income per capita 
differed by age in Argentina during 2010 (figure 6-1). Although  there are three ways to 
reassign surplus to deficit, in this case SS (public transfers) clearly play a more signifi-
cant role than  family support and other income (own savings).

SS in Argentina has a relatively low participation during active ages, a topic that is 
not developed in this study but is highly relevant for a global perspective, especially 
due to its differential impact.4 During the 1990s the proportion of active age popula-
tion contributing to SS fell from 38  percent to 26  percent, and several years  were needed 
to recover up to the initial levels (see figure 6-2).

In the same way, the proportion of waged workers contributing to SS (“formal em-
ployment”) fell from more than 60   percent to less than 50   percent between 2001 and 
2004 and recovered only in 2008. A significant point is the diff er ent impact that  these 
proportions have had on the diff er ent quintiles (based on income from the main occu-
pation): while the first quintiles fell from 30  percent to less than 10  percent and recov-
ered up to 20  percent, the fifth quintile maintained over 80  percent during the  whole 
period (figure 6-3).

Unfortunately,  there are very few surveys or data sources that allow for a longitu-
dinal approach. Retrospective reports on years of work and contribution based on 2015 
Protection and Social Security Survey (Encuesta de Proteccion y Seguridad Social, 

4 See Bertranou et al. (2011, 2012, 2015); CEPAL (2018); Rofman and Oliveri (2011).
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Figure 6-2
Proportion of Active Age Population Contributing to Social Security (%), 1991–2015

Source: Author’s calculations based on Bertranou et al. (2011).
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Figure 6-1
Life cycle Deficit: Consumption and  Labor Income per Capita in Argentina, 2010

Source: Comelatto (2014).
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ENAPROSS) tend to compensate the lack of individual histories (as  there are in Chile 
and Uruguay). 

For the el derly population (aged 65 and over) the average number of contribution 
years is 20 (26 for males and 15 for females). The gender differential is due partly to 
fewer years of work for  women (23, compared with 32 for men) and partly to the 
greater extent of informal  labor (lack of contributions) among  women. Density of 
contribution (defined as the proportion of active years since age 20) averages around 
50  percent for men and 30  percent for  women (figure 6-4).

The relation of low density to re distribution arises when  people with low density 
get no benefit at all (distribution becoming regressive), and where low actuarial bene-
fits cause concerns about adequacy, which in turn lead to other, progressive redis-
tributive parts of the system being larger than they would be with higher contribution 
densities.

Average density is clearly diff er ent according to sex and levels of education: de-
pending on completion of high (secondary) school, it varies from less than 50  percent 
to more than 60  percent for males and from about 25  percent to 45  percent for females. 

Figure 6-3
Employees Who Contribute to SS (%), by Income Quintile of Main Job, 1995–2015

Source: Author’s calculations based on 1995–2015  house hold surveys EPH- INDEC (Encuesta Permanente de Hogares).
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Similarly, the average number of contribution years varies from less than 20 to more 
than 26, especially for  women (from 14 to 24) (see Figure 6-5, next page).

SS coverage for the el derly (ages 65 and above) has become almost universal dur-
ing the last de cade, through diff er ent type of benefits: old age, survivorship, “morato-
ria,” provincial regimes, and noncontributive pensions (see  table 6-1).5

A significant characteristic of SS in Argentina is the level of fragmentation due to 
many diff er ent rules applying to special groups. The General Regime (Law 24241) re-
quires 30 years of ser vice and 65 years of age for males (60 for females) and establishes 
the defined benefit as a flat sum (around 15  percent of the average salary) plus 1.5  percent 
per  every year of contribution applied to the average wage earned during the last ten 
years of ser vice.

One of  those groups, called “Differential Regimes,” which involve mostly hard and 
undesirable work, requires fewer effective years of ser vice and age. During 2015,  there 
 were 48,000 new cases (30  percent of old age pensions), averaging 59 years of age and 
27.5 of ser vice.  There are also special norms for workers in given public enterprises and 
additional payments for beneficiaries living in the Austral Zone (Law 19485 and Decree 
1472/08).

5 See Bertranou et al. (2011) for a detailed explanation.

Figure 6-4
Density of Contribution Years by Age and Sex, Based on Retrospective Reports

Source: Author’s calculations based on 2015 Protection and Social Security Survey (ENAPROSS).
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Figure 6-5
Average Contribution Years by Sex and Level of Education (ages 65+), Based on 
Retrospective Reports

Source: Author’s calculations based on 2015 Protection and Social Security Survey (ENAPROSS).
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 Table 6-1
El derly Social Security Coverage: Diff er ent Data Sources, 
All Types of Benefits, Ages 65+, circa 2015

National census Oct-2010 93.0%
House hold survey EPH 2Q2015 90.8%
Urban annual survey EAHU 2014 90.6%
Social protection survey ENAPROSS 2015 93.5%
ANSES Registries 2015 97.5%

Source: Grushka, Gaiada, and Calabria (2016).

The most favored groups, called “Special Regimes,” have specific  legal frame-
works, diff er ent requirements, and better benefits than the General Regime.  There are 
five Special Regimes that correspond to teachers (Law 24016, Decree 137/05), univer-
sity professors (Law 26508), scientific researchers (Law 22929, Decree 160/05), judi-
ciary power (Law 24018), and foreign ser vice (Law 22731). Many times, they are consid-
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ered together with electricians (luz y fuerza), who have only a better benefit. They 
amount to half a million contributors, or 5  percent of the total.6

Employees of the Special Regimes take advantage not only of a higher income but 
also of a higher growth rate with age during their  career (3.8  percent per year, com-
pared to 1.8  percent for other employees, 1.6  percent for contributing self- employed, 
and 0.1  percent for domestic ser vice). In addition, their pension is established around 
82  percent of the final salary. Special Regimes have .2 million beneficiaries (3  percent 
of the total),7 although they take 9  percent of the total expenditure.

In figure 6-6, we summarize the level of fragmentation already mentioned, show-
ing differences in inter-  and intra-  groups of beneficiaries. Note that Special Regimes

6 See  table 6A-1 in the Appendix.
7 See  table 6A-2 in the Appendix.

Figure 6-6
Distribution of Pension Benefits: Average Benefit by Quintile, and Regime, July 2017

Source: Author’s calculations based on ANSES (2018).

Note: For each regime, the number of beneficiaries and the ratio between extreme quintiles are included.
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also have also diff er ent rules to adjust their benefits, but during the last de cade, they 
tended to converge with SIPA, averaging 30  percent a year, about 2  percent over an-
nual inflation.

4  How Re distribution Works for Social Security Pensions  
in Argentina

Equilibrium in a pure PAYG Model, based on Iyer (1999), is determined by the 
equation

(6-2) At × W t × ct = Bt × Pt;

that is, in a given period of time (t), the product of active contributors (A), salaries (W), 
and the contribution rate (c) equal the product of beneficiaries (B) and pension 
amounts (P).

Then, the “equilibrium” contribution rate depends on a demographic ratio 
Bt

At
⎛
⎝⎜

⎞
⎠⎟  and the effective replacement rate 

Pt

Wt
⎛
⎝⎜

⎞
⎠⎟ :

(6-3) ct = Bt

At
× Pt

Wt
.

Also, taking into account the demographic impact through differentials by age (x) and 
sex (s),

(6-4) ct = x ;s∑ Bx ;s
t × Px ;s

t

x ;s∑ Ax ;s
t ×Wx ;s

t
.

In  table 6-2, we show the differential values for  these ratios for SIPA employees  under 
the General Law and Special Regimes and compare the “fair” to the effective contri-
bution rates.

In  table 6-3, we show that  under PAYG rules “general employees” are close to equi-
librium, but Special Regimes are responsible for the deficit of SIPA wage- earners 
(self- employed and domestic ser vice are not taken into account  because they receive a 
significant subsidy).

4.1  Differential Mortality by Pension Income, 2015–16

While differential mortality by sex is well known and documented for most of the 
countries in the world, and especially for Argentina (Grushka, 2014; United Nations, 
2017),  there are few studies showing differentials by income. Bramajo and Grushka 
(2019) analyzed the odds of  dying and their differentials according to age, sex, and 
pension income in 2015–16. They also estimated life expectancy at age 65 - e(65)-  by sex 
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and pension income, taking advantage of near 4.7 million SS rec ords from pensioners 
(SIPA, Non- Contributive Pensions, and Non- Transferred Provinces) for July  2015. 
They use a maximum likelihood logit model in order to establish the incidence of sex, 
age, and pension income in the probabilities of death in the pensioner population (see 
 table 6-4).

Estimates of e(65) for selected values of pension income, derived from the es-
tablished coefficients, are shown in  table  6-5. e(65) for  those pensioners with an 

 Table 6-2
Argentine Pension System (SIPA) and Special Regimes Ratios, July 2017

Pension Regime
Demography 

(A/B)
Replacement 
rate (W/S)(%)

“Fair” 
contribution 

rate (%)

Effective 
contribution 

rate (%)

Teachers 2.5 125 50 22
University professors 13.8 157 11 22
Scientific researchers 4.5 90 20 25
Electricity 0.3 60 178 22
Judiciary power 2.5 91 37 27
Foreign ser vice 1.8 86 49 27
Total Special Regimes 2.4 111 46 23
General Law— employees 2.3 50 22 22
Total SIPA employees 2.3 54 24 22

Source: Author’s calculations based on ANSES (2018).

Note: University professors have significant participation of part- time employees, combining their contributions and benefits 
with other income.

 Table 6-3
Argentine Pension System (SIPA) and Special Regimes Financial (Dis)Equilibrium, 
in Millions of Pesos (AR$), July 2017

Pension Regime Revenue Expenditure Result
Result / 
Revenue

Teachers 1,466 3,272 −1,805 −123%
University professors 349 182 167 48%
Scientific researchers 398 325 72 18%
Electricity 138 1,108 −,970 −702%
Judiciary power 418 576 −158 −38%
Foreign ser vice 53 97 −44 −82%
Total Special Regimes 2,822 5,561 −2,738 −97%
General Law— employees 34,048 34,634 −587 −2%
Total SIPA employees 36,870 40,195 −3,325 −9%

Source: Author’s calculations based on ANSES (2018).
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income of eight minimum pension benefits (MPB) is 2.5 years higher than  those 
who earn only the MPB, so each income duplication implies a gain of 0.8 years. 
When income doubles, the differences by sex  will be the same, due to the model 
specification.

As expected, inequalities based in diff er ent socioeconomic positions persist even 
in old age:  people with higher pension incomes tend to have a higher e(65) compared 
with  those who earn a minimum pension benefit.

Despite impor tant improvements in regard to pension coverage, SS pensions in Ar-
gentina still have a regressive feature since  those with higher benefits have lower risks 
of  dying and thereby enjoy them for longer durations.

 Table 6-4
Logit Model of Mortality by Age, Sex, and 
Pension Income

Variable

Coefficients

β Exp (β)

Age .091 1.095
Sex –2.185 .122
Age * sex .022 1.022
Income (ln) –.157 .855
Intercept –8.336 n.c.

Source: Bramajo and Grushka (2019).

Age * sex = age is multiplied by sex to take into account the impact of 
the interaction between the two variables; ln = natu ral log. β = estimated 
coefficients of the logit regression; n.c. = not calculated.

 Table 6-5
Life Expectancy at Age 65 by Sex and Selected Amounts of Pension Income (in 
Terms of Minimum Pension Benefits [MPBs]), Argentina, 2015–16

e(65) by sex

Pension Income
Diff. 8–1 

MPBMPB 2 MPB 4 MPB 8 MPB

Male 15.1 15.9 16.7 17.6 2.5
Female 18.9 19.7 20.5 21.3 2.4
Difference 3.8 3.8 3.8 3.7 —

Source: Bramajo and Grushka (2019).
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4.2  Preliminary Estimates of Re distribution

Following Barnay (2007), it is pos si ble to estimate the impact of the diff er ent variables 
analyzed through representative agents, modifying values one at a time.

In a simplified model where workers contribute 20  percent of their salary, with a 
70  percent density between ages 20 and 65, salaries growing annually 1  percent, and a 
real interest rate of 1  percent, the accumulated capital is equivalent to pay during 15 years 
of about 63  percent of the last salary (or 60  percent of the average during the last ten 
years). Just by chance, this is quite close to the simulated PAYG defined benefit (around 
58  percent).

However, while high- earning employees ( under “general” rules) meet declining re-
placement rates (from 90  percent at the minimum to 50  percent at the top) due to the 
flat sum, participants in Special Regimes have many advantages:

• The lack of solidarity expressed in their proportionally high 82  percent represents 
larger earnings (a difference from 90  percent to 415  percent).

• The higher growth rate of their salaries (3   percent a year instead of 1   percent) 
while basing the benefit on the last salary enable them to earn up to 14  percent 
more.

• The fact that  those with higher educational levels and higher earnings live longer 
represents about a 10  percent differential.

• Adding the three previous ele ments, benefits more than double “actuarially fair” 
values.

The po liti cal path de pen dency of Special Regimes is understandable, but  these 
regimes imply a highly inefficient pension design, as the empirical analy sis shows. 
The general theoretical balance in terms of re distribution still needs to find the 
proper weights to apply proportionally for self- employed, employees, and Special Re-
gimes. The continuing changes in rules and practices and the need to estimate the 
effective contribution rate (which is not publicly available) pose very difficult chal-
lenges ahead.

5  An Alternative Methodological Framework

Given the lack of detailed data, an alternative approach to assess redistributive 
 effects in diff er ent countries and periods consists in trying to determine their levels 
from only cross- sectional data. Thus, we compare two or three groups of the popu-
lation based on their level of education. The idea is that level of education works as a 
proxy of lifetime income, and its use allows comparisons of diff er ent cohorts, as-
suming  there are no significant changes in schooling during the last three de cades.
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Taking into account that many of the rules pre sent in any SS pension system may 
have diff er ent impacts on the general level of re distributions, we  will compare only a 
“gross” substitution rate (GSR) estimated as the ratio between average pension in-
come (PI, ages 65+) and average work income from main job (WI, ages 20–64):

GSRt = PIt / WIt.

Using this approach, we estimate the general balance, in terms of re distribution, 
as the difference in the GSR by (extreme) education levels. This mea sure is denomi-
nated re distribution index (RI).

When the SS pension system is neutral we might expect no difference between GSR 
at diff er ent levels of education (RI = 0). When the SS system is extended (universal) and 
progressive, we might expect a declining GSR at increasing levels of education (RI > 0). 
When the SS system is segmented (not universal) and/or regressive, we might expect 
an increasing GSR as education increases (RI < 0).8

Let us illustrate the case of SS pensions in Argentina to approach levels of re-
distributions ( table 6-6). In 2003, RI was negative (−.08) mainly due to the lack of cover-
age at low levels of education. By 2006,  after some exceptional increases for minimum 
pensions  were applied, the system was less regressive (RI = −.01). By 2009, the program to 
expand coverage began to play a significant role in equalizing the GSR at higher levels 
(RI = −.01). From 2009 to 2017 pensions  were indexed not only to wages but also to gen-
eral revenue (benefited from economic growth) and grew more than general wages 

8 It is impor tant to note that the average pension income is estimated including  those without 
pensions (PI = 0).

 Table 6-6
Gross Substitution Rates (GSRs) by Level of Education and Selected Quarters, 
Argentine Urban Agglomerates, 2003–2018

Level of education
IV 

2003
IV 

2006
IV 

2009
IV 

2012
II 

2015
IV  

2018

< High school 53.8% 53.5% 56.6% 63.9% 72.6% 74.7%
High school 62.5% 58.9% 57.4% 64.4% 68.6% 74.9%
College + 61.4% 54.7% 57.7% 60.6% 60.5% 64.7%
Total 47.0% 47.6% 48.7% 56.5% 62.1% 63.5%
RI = GSR(< HS)—  
 GSR (College)

−0.08 −0.01 −0.01 0.03 0.12 0.10

Source: Author’s calculations based on 2003– 2018  house hold surveys EPH- INDEC (Encuesta Permanente de Hogares).
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(although not that much for the well- educated).9 Re distribution improved as RI reached 
values larger than .10.

Note that the GSR for the total population increases significantly during the pe-
riod (due to increasing coverage and specific policies), but with lower levels than the 
three groups considered. This is pos si ble only due to the diff er ent (and changing) 
distribution by level of education at active and advanced ages: College+ represents 
around 22  percent among workers and only 11  percent among the el derly.

The RI is useful to offer an idea on how the SS pension system works, but also pro-
vides information for the debate on tax- transfers (when RI > 0) or deferred wages 
(when RI <= 0).10 Note however, that additional knowledge for three related variables 
is always necessary: the rules for determining benefits, the level of SS coverage, and 
the level of funding from general revenue.11

6  Conclusion

As stated at the beginning of this chapter, the way that benefits are determined (usually 
with decreasing replacement rates by income level) plays a significant role in determin-
ing the within- system re distribution of contributory pensions systems. However, to 
evaluate the overall effective re distribution it is crucial to incorporate the effects of SS 
coverage, or “selectivity,” and the funding or financing of the benefits  under payment.

The within- system re distribution is highly affected by the changes in rules over 
time, the specific ways that they apply in each country, the diff er ent approaches avail-
able for data on SS revenue and expenditure, and the lack of up- to- date estimates for 
SS coverage. The proposed re distribution index can be estimated from cross- sectional 
income surveys and works as an excellent complement to or as a reasonable proxy for 
SS re distribution in a given period.

A final remark, without any intention to be original: more research is needed; the 
challenge is ahead.
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Appendix 6A

 Table 6A-1
Distribution of Contributors to Argentine Pension System (SIPA) and 
Special Regimes, July 2017

Type of contributors Cases

TOTAL Employees 7,174,186 76.7%
Employees— General Regime 6,715,993 71.8%
Special Regimes TOTAL 458,193 4.9%
Teachers 332,833 3.6%
University professors 69,908 0.7%
Scientific researchers 29,364 0.3%
Electricity 13,300 0.1%
Judiciary power 11,688 0.1%
Foreign ser vice 1,100 0.0%
Self- employed 2,177,096 23.3%
Registered professionals 357,460 3.8%
Simplified program “Monotributo” 1,392,670 14.9%
Domestic ser vice 426,966 4.6%
Total 9,351,282 100.0%

Source: Author’s calculations based on ANSES (2018).

 Table 6A-2
Distribution of Argentine Pension System (SIPA) and 
Special Regimes Benefits, July 2017

SS Regime Cases

Teachers 131,996 1.9%
University professors 5,060 0.1%
Scientific researchers 6,579 0.1%
Electricity 39,154 0.6%
Judiciary power 4,709 0.1%
Foreign ser vice 624 0.0%
Total Special Regimes 188,122 2.8%
Moratorium 3,589,003 52.9%
General Law 2,974,778 43.9%
Malvinas veterans 22,112 0.3%
Po liti cal prisoners 4,198 0.1%
Total SIPA 6,778,213 100.0%

Source: Author’s calculations based on ANSES (2018).
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Chapter 7

INTERTEMPORAL SUSTAINABILITY 
OF FISCAL RE DISTRIBUTION

A Methodological Framework

Jose Maria Fanelli

Introduction

Fiscal re distributions can have impor tant consequences for both the allocation of 
wealth— including natu ral capital— across generations and fiscal sustainability.1 In 
turn, when fiscal sustainability is  under scrutiny, the ability of the state to improve in-
come distribution and protect the poor might be affected for long periods. The follow-
ing points  will help to show the relevance of the issue.

First, taxes and transfers that seek to bring about changes in income distribution 
typically modify the intertemporal allocation of fiscal revenues, expenses, and the pri-
mary balance, implying that fiscal sustainability might be at stake and, hence, could 
limit the public sector’s ability to access credit markets. This suggests that sustainabil-
ity tests should be part and parcel of the design of re distribution policies in order to 
check for intertemporal stability and reduce the probability of disorderly fiscal 
adjustments.

Second, the existing structure of fiscal re distributions or changes in it must be fi-
nanced, and some financial strategies may have undesirable consequences for  future 
generations. If the re distribution is financed with debt to avoid increasing prevailing 
taxes, the financial burden  will be shifted  toward  future generations, and the way in 
which the shift impacts on each of the  future generations  will not be in de pen dent of 

1 In this chapter we call “fiscal re distributions” the difference between  house holds’ Final Income 
and  house holds’ Market Income that results from the incidence of taxes, expenditures, and 
transfers that are primarily intended to produce changes in income distribution. We utilize the 
definitions corresponding to the CEQ (Commitment to Equity Institute) methodology; see sec-
tion 1 and Lustig and Higgins (2022) (chapter 1 in Volume 1 of this Handbook).
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the stage of the demographic transition that the economy is experiencing. In this re-
gard, policymakers should take into account that  children and unborn generations can-
not participate in the markets and may have a weak or no voice in the po liti cal arena.

Third, fiscal re distributions may affect natu ral capital. In par tic u lar, if re distribution 
initiatives are financed with rents from natu ral resources, they may ultimately deplete 
natu ral capital, leaving no accumulation of reproducible capital to compensate for such 
depletion as required, for example, by the criterion of weak sustainability (Hartwick, 
1977; Hamilton, 2008). In addition, when positive but transitory shocks occur, such as 
improvements in the terms of trade in natu ral resource– rich economies, the short- run 
po liti cal economy equilibrium may result in fiscal re distributions that are progressive 
and  favor the poor but cannot be maintained  under normal circumstances once the 
positive shock has passed. To avoid reducing progressive expenditures when rents are 
falling, state- owned firms frequently increase the level of oil and other natu ral resource 
extraction beyond the optimum. A closely related prob lem has to do with nontargeted 
subsidies embodied in the prices of energy in oil- rich countries, which may lead not 
only to regressive results but also to negative effects on the stock of natu ral capital when 
lower prices provide stronger incentives for the excessive consumption of energy.2 In 
all  these cases fiscal re distributions would be financed by depleting  future generations’ 
natu ral resources, and,  under such circumstances, fiscal sustainability might appear 
to be ensured when, in fact, it would not be.  These  factors are highly relevant in low-  
and middle- income countries where natu ral capital represents a much higher propor-
tion of total wealth (World Bank, 2011), and, consequently, it is highly probable that 
the state finances public policies based on natu ral resources rents.

The main purpose of this chapter is to pre sent a set of methodological tools to ad-
dress  these types of prob lems. We focus on the linkages between fiscal re distributions, 
fiscal sustainability, and the government’s wealth constraint. To this end, we  will use 
concepts developed in four sources: fiscal incidence (Lustig and Higgins, 2022) (chap-
ter 1 in Volume 1 of this Handbook), fiscal sustainability (Escolano, 2010), sustainable 
development (Dasgupta, 2009; Neumeyer, 2010; United Nations, 2015), and the demo-
graphic transition (Mason and Lee, 2011). Two additional objectives are to identify new 
research questions and new data requirements.

The structure of the chapter is as follows. The next section elaborates on three 
central concepts of our analy sis— fiscal re distributions, public wealth, and fiscal 
sustainability— and the linkages between them. We use the set of income concepts de-
veloped by the Commitment to Equity Institute (CEQ) to define the components of 
fiscal re distributions,3 pre sent the concept of public wealth, and show what the fiscal 
sustainability conditions are for a given set of fiscal re distributions. The section ad-
dresses two additional issues: the connections between fiscal sustainability and public 

2 See for example De la Torre, Fajnzylber, and Nash (2009) and Fanelli, Jiménez, and López 
Azcúnaga (2015).
3 See Lustig and Higgins (2022).
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wealth; and the relation between this latter wealth, natu ral resources, and (weak) de-
velopment sustainability, when the government owns the natu ral resources. We also 
examine the consequences on the distribution of wealth between the public and the 
private sectors when capital gains are considered, in line with Vincent, Panayotou, and 
Hartwick (1997). Section 2 addresses the demographic dimension. We first pre sent a 
set of concepts developed by the National Transfer Accounts proj ect (NTA) to concep-
tualize and mea sure the economic consequences of the demographic transition.4 
Based on such concepts, we study the cross- cohort distribution of income and wealth, 
on the one hand, and the relationship between sustainability and fiscal re distributions, 
on the other. Section 3 introduces disaggregation by income strata and investigates the 
relations with cohorts and aggregate wealth. This is necessary to study the consequences 
of changes in taxes or transfers whose primary purpose is to ensure fiscal sustainabil-
ity. Section 4 comments on a set of policy implications that follow from our method-
ological framework. The chapter has two appendixes. Appendix 7A modifies the frame-
work to analyze the consequences of assuming that the contributions to social security 
are forced savings rather than a tax and, hence, the associated transfers constitute 
the perception of deferred income. Appendix 7B pre sents a list of the framework’s 
variables.

1  Income Concepts, Fiscal Re distributions, and Sustainability

In this section we first pre sent the income concepts utilized by CEQ Institute 
researchers— that is, Market Income, Disposable Income, Consumable Income, and 
Final Income. Second, we define the government’s intertemporal bud get constraint in 
terms of such concepts and include natu ral resources in the government’s balance sheet. 
Third we discuss the relation of our approach to the notion of fiscal sustainability com-
monly used in policymaking analyses— for example, in the case of the IMF’s sustain-
ability exercises (Escolano, 2010)— and identify assumptions that are frequently made 
concerning government wealth constraints. Fi nally, we analyze the linkages between 
rents from natu ral resources, wealth distribution, and fiscal re distributions.

1.1  CEQ Income Concepts

We begin by defining Market Income (Yt
M ) as the sum of market  labor income (Yt

L ) 
and the Market Income stemming from accumulated assets (Yt

A ) before taxes. In-
come from assets includes private transfers such as private pensions and remittances. 
Hence, Market Income can be written as

(7-1) Yt
M =Yt

L +Yt
A .

4 On the NTA methodology, see Mason and Lee (2011).
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In addition to Market Income, Disposable Income (Yt
D )  takes into account direct 

cash and near cash transfers— the sum of pension transfers (Gt
A )  and other transfers 

(Gt
O )— net of employee contributions to social security (Tt

A )  and personal taxes (Tt
Y ). 

Examples of other transfers are conditional and unconditional cash transfers, school 
feeding programs, and  free food transfers. Hence,

(7-2) Yt
D =Yt

L +Yt
A +Gt

O +Gt
A −Tt

A −Tt
Y .

Consumable Income (Yt
C ) is obtained by adding indirect subsidies (Gt

I ) to energy, 
food, and other general targeted subsidies and subtracting indirect taxes (Tt

I ) from 
Disposable Income. So, Consumable Income (Yt

C )  is

(7-3) Yt
C =Yt

L +Yt
A +Gt

O +Gt
A +Gt

I −Tt
A −Tt

Y −Tt
I .

Final Income (Yt
F )  is calculated by adding expenditures in kind related to educa-

tion (Gt
E ) and health (Gt

H ) and subtracting fees (Tt
F ) from the previous income 

concepts:

(7-4) Yt
F =Yt

L +Yt
A +Gt

O +Gt
A +Gt

I +Gt
E +Gt

H −Tt
A −Tt

Y −Tt
I −Tt

F .

Based on  these income concepts, we define (net) fiscal re distributions (Nt
D )  as the 

difference between Market Income and Final Income— that is,

(7-5) Nt
D =Yt

F −Yt
M .

The variable Nt
D  can be interpreted as the net overall costs that the public sector 

must incur to implement a specific set of fiscal re distributions aimed at achieving a 
given target concerning income re distribution. This variable connects two central as-
pects of fiscal policies: re distributions and sustainability. To examine specific issues 
concerning the effects of public policies on income distribution, fiscal re distributions 
can be defined more narrowly. More specifically, Nt

D  can be defined in two alterna-
tive ways: as a difference between Market Income and Disposable Income or as the 
difference between Market Income and Consumable Income. However, in the case of 
our analy sis, it is the variable Nt

D that  will play the central role in showing the link-
ages between redistributive initiatives, fiscal sustainability, and demography. This is 
so  because it is the ampler definition of fiscal re distributions and is thus more suitable 
for examining the consequences at the macroeconomic level. But, in any case, the meth-
odological framework that we develop can be easily adapted to any of the above defi-
nitions of fiscal re distributions.

Our next step is to define the fiscal deficit in terms of Nt
D. The primary fiscal deficit 

(Dt
PG ) is the government net borrowing, excluding interest payments on consolidated 

government liabilities, which equals the difference between primary expenditures 
and taxes and other revenues. In addition to the items that we have already presented, 
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primary expenditures include government investment (It
G ) and a variety of other items 

associated with the provision of public goods, which we call Gt
R.. Taxes, in turn, usually 

comprise a number of miscellaneous revenues (including corporate taxes) besides the 
set of taxes that we have introduced above; we call them  Tt

R. If the capital accumu-
lated on the basis of public investment generates an income (for example, highway 
tolls or hospital fees), it is included in Tt

R. In other parts of this chapter, when it is 
necessary to discuss specific prob lems, we change the assumptions concerning the 
returns of public investment. We also introduce a variable that stands for the net 
incidence of the miscellaneous components of the bud get that are not part of what we 
have called fiscal re distributions:

(7-6) Nt
R =Gt

R −Tt
R.

The primary fiscal deficit can then be expressed as

(7-7) Dt
PG = Nt

D + Nt
R + It

G − Et
G,

where Et
G  are rents from natu ral resources, which can take the form of dividends from 

government- owned natu ral resource firms or royalties and may account for a signifi-
cant share of fiscal revenues in natu ral resource– rich countries. Et

G   is equal to the 
variation in the quantity of natu ral resources (ΔQt

G < 0) times the value of the rents of 
natu ral resources pt (the price net of marginal costs).5 Hence, Et

G = − ptΔQt
G.

1.2  Public Wealth Constraint

The assets that make up public wealth are reproducible capital (Kt
G ) and nonrenew-

able natu ral resources (Qt
G ). If Bt

G is the stock of government debt net of financial as-
sets held by the government, the government’s net worth, Wt

G, can be defined as

(7-8) Wt
G = Kt

G + ptQt
G − Bt

G.

When the stock of natu ral resources is included in the government’s balance sheet, 
a number of particularities have to be considered. The two most relevant to our analy-
sis are the definition of net, “adjusted” savings to take into account the depletion of 
natu ral resources and the capital gains originating in changes in the value of rents.

To calculate net, adjusted savings (St
G ), we have to deduct both the depreciation of 

capital (ς  Kt
G ) and resource depletion (Et

G ) from gross savings. Hence, if r is the interest 
rate— which we simplify by assuming constant—we can write

(7-9) St
G = Et

G + rKt −1
G − rBt −1

G − Nt
D − Nt

R − ς  Kt −1
G − Et

G.

5 Of course, ΔQt
G can be positive as a consequence of discoveries, but we simplify by not including 

discoveries.
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Gross savings, in turn, provide the funds to finance the accumulation of capital 
and to repay public debt:

(7-10) St
G + Et

G + ς  Kt −1
G = It

G − ΔBt
G.

 These definitions of gross and net savings are consistent with the sustainable ap-
proach to development.6 However, this definition of adjusted savings is less restrictive 
than that of the World Bank (2011), which excludes additional items from gross sav-
ings. We ignore  those items, as well as the capital depreciation term (ςKt

G ),  because 
they play no par tic u lar role in our analy sis— and can easily be included if necessary. 
We focus on the way in which rent revenues and the depletion of nonrenewable re-
sources can influence fiscal re distribution policies. Note, nonetheless, that diff er ent 
approaches exist concerning the adjustment of savings to account for depletion.7 To 
reflect this fact, we define Et

G = −mt ptΔQt
G, where: 0 ≤ mt ≤ 1; ∀t. In the case of the 

Hartwick (1977) rule, mt = 1 and St
G ≥ 0, which implies that fiscal re distributions are 

subject to the restriction Nt
D ≤ r(Kt −1

G − Bt −1
G )− Nt

R. If, instead, we followed the El 
 Serafy (1989) approach, then 0 < mt < 1. In the usual NTA calculations mt = 0. In the two 
latter cases it is easier to comply with St

G ≥ 0, and, consequently,  there is more room to 
expand fiscal re distributions: Nt

D ≤ (1−mt )Et
G + r(Kt −1

G − Bt −1
G )− Nt

R. In what follows, 
we assume mt = 1 in line with the World Bank’s mea sure ment of adjusted savings.

The increase in the value of the portion of wealth held in natu ral resources can be 
decomposed as follows:

(7-11) ptQt
G − pt −1Qt −1

G = ΔptQt −1
G + ptΔQt

G = p̂t pt −1Qt −1
G + ptΔQt

G.

Capital gains stem from changes in the value of rents. In each period, capital gains 
amount to ΔptQt −1

G = p̂t pt −1Qt −1
G . If  these gains are diff er ent from zero, the increase in 

wealth (ΔWt
G ) differs from savings. Since natu ral capital is not usually, or only par-

tially, recorded in public sector balance sheets, capital gains associated with the stock 
of natu ral resources are mostly ignored when stating fiscal sustainability conditions. 
When capital gains are considered, government wealth (Wt

G ) evolves according to

(7-12) Wt
G =Wt −1

G + St
G + p̂t pt −1Qt −1

G = Kt −1
G − Bt −1

G + It
G − ΔBt

G + ptQt
G,

where It
G = ΔKt

G stands for government investment. If, additionally, we assume—in line 
with the Hotelling (1931) rule— that r = p̂t, capital gains can be expressed as rpt −1Qt −1

G . 
Whenever r ≠ p̂t as a consequence of a shock, the activity of speculators  will induce a 
rapid “jump” in stock prices so as to restore the parity, giving rise to a once- and- for- 
all variation in the value of under- the- ground resources and, consequently, of public 

6 See Hamilton (2008).
7 See Neumayer (2010).
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wealth. So, if natu ral resources  were owned by the government, it would be the trea-
sury and not the private sector that would be favored by capital gains. In fact, in a 
closed economy where the public sector owns a natu ral resource that is used as an 
input for production or for consumption— such as oil— when r = p̂t > 0, the private 
sector  will become relatively less rich than the public sector  because of capital gains. 
On the other hand, if the country  were a net oil exporter, part of the capital gains would 
be at the cost of the rest of the world.  These gains represent the capitalized value of the 
increase in national income induced by the increase in pt.8

In addition, in countries where natu ral resources account for a relevant share of 
exports, when sizable unexpected positive terms- of- trade shocks occur (pt jumps), the 
fiscal space typically widens substantially  because of the increase in the value of the 
flow of rents Et

G. Fiscal sustainability might also improve for two reasons. First, since 
the value of domestic assets that can be used as collateral is higher, the public debt 
ratio that market participants perceive as sustainable might increase. Second, the im-
provement in the agents’ perception of the trea sury’s ability to pay might reduce the 
interest rate and thus, as we  will see, have a direct positive impact on fiscal sustain-
ability.  Under  these circumstances, as we mentioned above, the po liti cal pressures on 
the government to implement bolder fiscal re distributions  will be typically stronger, 
and the consequences of mistaking a transitory shock for a permanent one can be 
very damaging to the stability of fiscal re distributions and, hence, fiscal sustainability. 
The consequences of  these simultaneous distributional and financial changes on the 
macroeconomic and po liti cal economy dimensions can give rise to symptoms of the 
natu ral resource course.

 Under many circumstances— especially when studying the demographic dimension— 
we conduct the analy sis in per capita terms. Therefore, to simplify the notation, we 
use lowercase letters to express the value of the variables in per capita terms. Hence, 

for example, per capita income is yt =
Yt

Xt
, where Xt stands for the total population. In 

addition, we use Greek letters when we express a per capita variable as a ratio of 

per capita income. Therefore, fiscal re distributions, for instance, are ηt
D = nt

D

yt
. Note, 

however, that in the case of financial variables, we use a tilde instead of a Greek letter to 

express the per capita variable as a ratio of per capita income. In this way, !bt
G = bt

G

yt
 is 

the stock of net government debt per capita as a ratio of per capita income. Using  these 
conventions, we can express (7-12) as a ratio of GDP in the following way:

(7-13)
 

ω t
G =  

ω t −1
G

1+ g
+σ t

G + p̂t pt −1
ξt −1

G

1+ g
,

8 See Vincent, Panayotou, and Hartwick (1997).
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where ω t
G = Wt

G

Yt
;σ t

G = St
G

Yt
;ξt

G = Qt
G

Yt
; p̂t =

Δpt

pt −1
, and g is the GDP growth rate. Since 

we have assumed that Et
G = Et

G,  the expression for the public wealth can also be 
written as

 ω t
G = (1+ λ)(κ t −1

G − !bt −1
G )− (ηt

D +ηt
R )+ (1+ λt

* )pt −1ξt −1
G ,

where we defined  κ t
G = Kt

G

Yt
;ηt

R = Nt
R

Yt
;1+ λ = 1+ r

1+ g
 and 1+ λ1* =

1+ p̂t

1+ g
.  Under the 

Hotelling (1931) rule, 1+ λt
* =1+ λ , and, therefore, in period N, the government’s net 

worth as a ratio of GDP  will be

(7-14)
 

ωN
G =κ N

G − !bN
G + pNξN

G = (1+ λ)N (κ 0
G + p0ξ0G − !b0G )

− (1+ λ)N−t (ηt
D +ηt

R ).t =1
N∑

Expressing (7-14) at pre sent value we obtain

(7-15) ωN
G (1+ λ)−N = (κ 0

G + p0ξ0G − !b0G )− (1+ λ)−t (ηt
D +ηt

R ).t =1
N∑

Assuming that the no- Ponzi game condition holds, that r > g, and taking into ac-
count that nonrenewable resources, by definition, have a finite duration, if we let N → ∞, 
it follows that the intertemporal bud get constraint that fiscal re distributions have to 
abide by is

(7-16)   (1+ λ)−t  ηt
D = (κ 0

G − !b0G p0 + ξ0G )t =1
∞∑ − (1+ λ)−tηt

R.t =1
∞∑

Our definition of adjusted public savings, with εt
G = εt

G, ensures that the full 
amount of rents received  will be saved and used  either to accumulate capital or to re-
duce public debt. If, instead, the authorities followed the El Serafy (1989) approach and 
only part of εt

G  were allocated to finance depletion,  there would be more fiscal space 
available to finance ηt

D. In the remainder of the chapter we use the wealth constraint 
(7-13) as our frame of reference and make diff er ent simplifying assumptions  either to 
focus on specific issues or to adapt to the approach that is customarily applied in eco-
nomic policymaking. We  will now show the relationship between (7-13) and the usual 
approach to fiscal sustainability.

1.3  Fiscal Sustainability

Policymakers assessing fiscal sustainability emphasize debt sustainability. Neither re-
producible capital nor the stocks of natu ral resources and their depletion are fully taken 
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into consideration.9 The bud get constraint, however, does consider the rents that the 
government receives from natu ral resources in the form of dividends from public 
firms or royalty payments. In turn, public investment is an expenditure with no coun-
terpart in the accumulation of capital in the government balance sheet. The invest-
ment in financial assets is, nonetheless, taken into account to the extent that the stock 
of debt is net of the financial assets that the government holds. Therefore, we can ex-
press the recursive equation governing the dynamics of the public debt to income 
ratio as10

(7-17) 
!bt

G = (1+ λ) !bt −1
G +ηt

D +ηt
R + ιtG − εt

g.

Liquidity considerations are prob ably an impor tant reason to exclude capital gains 
associated with  future dividends or royalty payments from equation (7-17), while 

including rents received, εt
G = Et

G

Yt
. Capital markets are far from perfect, and, consequently,

capitalized gains might be very difficult to realize over a short period. Liquidity may 

also be one of the reasons why εt
G = Et

G

Yt
 is not included in the bud get, missing the 

opportunity to make policy decisions based on adjusted rather than gross government 
savings. When access to credit markets becomes difficult, rents are a source of liquid-
ity and  will be available to the extent that they are not invested in reproducible capital 

to compensate for depletion. In addition, investment in reproducible capital ιt =
It

G

Xt

⎛
⎝⎜

⎞
⎠⎟

may not be po liti cally palatable to the extent that it represents an increment in public 
expenditures. In short, liquidity squeezes and capital market imperfections undoubt-
edly hinder the policymaker’s ability to strike an appropriate balance between effi-
ciency, intra-  and intergenerational equity, and fiscal sustainability

The solution of the difference equation (7-17) is

(7-18) 
!bN = (1+ λ)N   !b0 + (1+ λ)N − t (ηt

D +ηt
R + ιtG − εt

G ).t =1
N∑

This implies that policies that contribute to determining the allocation of 
 resources between ηt

D, ηt
R, and ιtG   over time, as well as the rents from state- owned 

assets εt
G ,  will have a bearing on the trajectory of the debt/per capita income ratio. 

9 See Escolano (2010).

10 This follows from: Bt

Yt
=
(1+ r) Bt −1

Yt −1

Yt −1

Yt
+ Nt

D

Yt
+ Nt

R

Yt
+ It

G

Yt
− Et

G

Yt

⇒ !bt =
1+ r
1+ g

!bt −1 +ηt
D +ηt

R + ιtG − εt
G .
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It also shows, as is well known, that the evolution of the interest rate- growth dif-
ferential (λ, which we call the “effective” interest rate) has an effect on the path of 
public sector liabilities.11 We can write the previous equation in present- value 
terms as

(7-19)
 

(1+ λ)−N !bN =   !b0 + (1+ λ)−t (ηt
D +ηt

R + ιtG − εt
G ).t =1

N∑

This is the intertemporal version of the government bud get constraint in the 
“debt sustainability” approach. Consequently, for the level of public indebtedness 
to be sustainable, it is necessary to impose the no- Ponzi- game condition, which 
means that the government cannot ser vice the interest and principal on its debt on 
a regular basis. This implies that the fiscal authorities must re spect the following 
constraint:

(7-20) limN →∞ (1+ λ)−N !bN = 0.

The government bud get constraint then becomes

(7-21)
 

!b0 = (1+ λ)−t (εt
G −ηt

D −ηt
R − ιtG )t =1

∞∑ = − (1+ λ)−t !dt
PG,t =1

∞∑

where !dt
PG = Dt

PG

Yt
. This means that the surpluses that the government plans to run in 

the  future must be equal to the value of the current stock of debt, and, consequently, 
the intertemporal restriction that the sequence of fiscal re distributions must re spect 
over time  will be

(7-22) 
  (1+ λ)−tηt

D
t =1
∞∑ = (1+ λ)−t (εt

G −ηt
R − ιtG )− !b0.t =1

∞∑

Since this expression ignores some government- owned assets, it differs from (7-16), 
which does include κ 0

G + ξ0G. The restriction on the fiscal re distributions would be 
softer if the stocks of natu ral resources and natu ral capital  were taken into account in 
(7-22). For the sake of simplicity, we are omitting the role of  human capital, although 
this kind of capital would play a role similar to that of physical capital: as in the case 
of physical capital, equation (7-22) includes expenditures on education and health in 
calculating the primary deficit but excludes the accumulation of  human capital as a 
source of social benefits. In addition, (7-22) implicitly assumes εt

G = 0, and, conse-
quently, restriction (7-22) does not exclude the possibility of fiscal sustainability 

11 If λ is not constant and equal to λt at time t, the solution is

!bN = !b0 (1+ λt )t =1
N∏ + (1+ λi )(ηt

D +ηt
R + ιtG − εt

G ),i = t +1
N∏t =1

N∑
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being achieved at the cost of sacrificing the (weak) sustainability of the development 
pro cess.

If, in order to meet constraint (7-22), the government  were to implement a fiscal 
rule to maintain the ratio between the primary deficit and overall income constant, 

such a primary deficit would have to be   !dPG∗ = −λ !b0  ,  because (1+ λ)−t = 1
λt =1

∞∑ . 

This implies that the government should run a surplus if it  were a net debtor.  Under 
 these conditions, at each point in time, fiscal re distributions would face the restriction

(7-23) ηt
D = εt

G −ηt
R − ιtG − λ   !b0.

At each point in time, then, fiscal re distributions (ηt
D)  would compete with 

other items in the bud get (ηt
R and ιtG ). If the economy grew faster, the trade- off 

would be softer  because the effective interest rate λ would be lower; the opposite 
would happen if  there  were an increase in the interest rate. This is why the “lost 
de cades” situations are so disruptive to fiscal re distribution policies: they combine 
high interest rates— because of the increment in risk aversion— and low growth 
for long periods, making sustainability harder to achieve and constraining the 
government’s ability to implement fiscal re distributions that aim to improve eq-
uity. Obviously, an improvement in the terms of trade that elevated εt

G  via state- 
owned firms’ profits would increase the fiscal space, making the implementation 
of fiscal re distributions easier. However, if the shock is transitory and the fiscal 
re distribution permanent, an inconsistency could arise once the shock dis appears 
 because the sustainability restriction must be respected throughout all periods. If 
the level of fiscal re distribution is maintained, the natu ral resources could be 
exhausted.

For po liti cal economy reasons and market failures, the planning horizon is, in prac-
tice, short of infinite and fiscal rules that set a maximum public debt/per capita in-
come value are, instead, frequent. If the fiscal authority sets !bt = !b* as a sustainability 
rule, it follows that

 λ !b* = εt
G −ηt

D −ηt
R − ιtG = !dPG*.

And the constraint on the costs of fiscal re distributions that holds at each time 
becomes

(7-24) ηt
D*= εt

G −ηt
R − ιtG − λ !b*.

If ηt
D ≠ηt

D*,  we can call (ηt
D −ηt

D*) the “fiscal sustainability gap.” It represents the 
fiscal effort that would be necessary to meet the sustainability constraint expressed in 
terms of existing fiscal re distributions.
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Two clarifications are in order. First, if the cause of the gap is that !b* < !bt , the 
trea sury  will have to make an additional effort to follow the rule  because the surplus 
 will prob ably have to be higher than λ !b* for a number of periods  until the stock of 
public debt achieves the target !b*. Once this target is achieved, the public debt/ 
income ratio can be maintained on the basis of a primary surplus equal to λ !b*.  
 Second, the rationale for a fiscal rule that sets a constant primary surplus equal to λ !b* 
has mainly to do with po liti cal economy and financial  factors,  because, strictly 
speaking, the rule  will maintain !b* = !b0 in the long run only if !bt is already equal to 
!b*.  The debt- stabilizing rule should, in fact, be set in terms of the overall deficit, !dG. 

The rule that makes !bt  asymptotically converge to !b* is !dG*= − g n

1+ g n
!b*, where gn 

is the nominal growth rate of income.12 With this caveat in mind, we  will discuss 
the linkages between fiscal sustainability and re distributions in terms of the pri-
mary deficit  because such deficit shows the stock and flow constraints in a clearer 
way and  because the reference to the primary deficit is the norm rather the excep-
tion in policymaking analy sis. This makes sense  because, concerning the market 
sentiment and po liti cal economy constraints, what usually  matters the most in the 
short to medium run is the stabilization of the public debt ratio at a “reasonable” 
level.

1.4  Natu ral Resource Rents, Wealth, and Fiscal Re distributions

Fiscal sustainability restrictions give rise to complex issues in resource- rich countries, 
and, consequently, fiscal re distributions should be carefully designed. But the issue is 
also relevant to resource- poor economies  because of the effects of changes on interna-
tional prices of imported resources, which reduce national income and could impinge 
on fiscal re distributions. To clarify this point, we now further explore the relationship 
between natu ral resources, fiscal re distributions, and public wealth. We focus on two 
 factors: the pattern of depletion over time and the effects of capital gains associated 
with changes in the value of scarcity rents. We assume that the public sector owns all 
natu ral resources.

We use the expressions for the stocks of capital net of public debt (7-25) and natu-
ral resources (7-26) corresponding to period N to or ga nize the analy sis.  These expres-
sions are

(7-25)

 

κ N
G − !bN

G = (1+ λ)N (κ 0
G − !b0G )+ (1+ λ)N − tεt

G
t =1
N∑

− (1+ λ)N − t (ηt
D +ηt

R );t =1
N∑

12 See Escolano (2010).
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(7-26)
 

pNξN
G = (1+ λ)N p0ξ0G − (1+ λ)N − tεt

G.t =1
N∑

To highlight the prob lems facing fiscal authorities in a resource- rich developing 
country, we assume that r and pt are exogenously determined by international mar-
kets and that the economy is a net exporter of renewable resources. We also make the 
simplifying assumption that the Hotelling (1931) rule holds and continue to assume 
εt

G = εt
G.

Let us begin with the depletion pattern. Up to period N, the total amount of rents 
received  will be  ∑t = 0

N (1+ λ)−t εt
G. If natu ral resources are depleted in N periods 

(pNξN
G = 0)., it follows from (7-26) that the total amount of rents received  will be equal 

to the stock of resources at the beginning of the period p0ξ0G =∑t =1
N (1+ λ)−t εt

G. 
Since we have imposed the condition that εt

G = εt
G, the term ∑t = 0

N (1+ λ)−t εt
G. appears 

in equations (7-25) and (7-26), but with opposite signs. The term appears twice  because 
capital accumulation fully offsets the depletion of natu ral resources over time. If we 
add (7-25) and (7-26), we obtain (7-14), that is, total wealth at the end of the period. 
Consequently, the distribution of rents and depletion over time is irrelevant to the 
value of κ N

G − !bN
G + pNξN

G , the stock of wealth at period N.
In the real world, where market imperfections and po liti cal economy  matter, the 

ΔQt
G sequence  will not be optimally determined on the basis of a dynamic optimiza-

tion model or, less ambitiously, trying to maintain the value of wealth for  future 
generations.13 To begin with, as we have mentioned, the fiscal authority does not often 
take into consideration the depletion of natu ral resources, and adjusted savings 
may become negative (World Bank, 2011). Hence, in the real world, depletion policy 
 matters, particularly for intergenerational equity. If the government sets a low N and, 
consequently, sets high absolute values for the ΔQt

G < 0 sequence, fewer generations 
 will benefit from rents. For example, the government might easily finance both ηt

D and 
it

D  when t ≤ N, but, afterward, the trea sury might face a strong trade- off between fis-
cal re distributions and capital accumulation.

In order to avoid the need for marked fiscal adjustments  after period N— and seek 
intergenerational equity— ensuring that εt

G − εt
G = 0 and σ t

G ≥ 0 appears to be a sensi-
ble strategy. However, this may not be the case. If public savings are positive but the 
accumulation of reproducible capital takes the form of, say, investment in infrastructure—
or education— with no or partial user charge, the trea sury might not recover the funds 
invested. And, if fiscal sustainability  were in jeopardy, the fiscal authority would have 
to implement undesired changes in fiscal re distributions. The government might, of 
course, utilize rents to repay debt instead of investing them, and, eventually, !bt

G 
might even become negative. This would be the case of a country that accumulated 

13 See the discussion in Neumayer (2010), pp. 137–41.
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a sovereign wealth fund.14 Such a policy would reinforce sustainability, but it could be 
at the cost of weakening capital accumulation, which could have a higher rate of social 
return.15 Furthermore, when resources remain  under the ground, it is as if the fiscal au-
thority  were systematically reinvesting the capital gains, and, consequently, natu ral 
resource reserves grow at the rate r. But if the resources are extracted and converted 
into productive capital, the rents,  εt

G, may or may not be reinvested in productive 
capital, and the same is true of the  future proceeds (rεt

G ). Therefore,  because of po liti cal 
economy constraints, the government may decide not to extract the resource to pre-
vent it from being squandered.

The expected and unexpected changes in the value of scarcity rents give rise to 
capital gains that may be partially or totally overlooked when planning fiscal re-
distributions. To illustrate the point, let us assume the limiting case of no deple-
tion (εt

G = 0,∀t). The value of the stock of resources (ξt
G )  will increase at the effective 

rate λ. In period N, the value of natu ral resource wealth  will be pNξN
G = (1+ λ)N p0ξ0G. 

However, if the resources are not appropriately recorded in the government’s balance 
sheet, the increase in government wealth  will not always be correctly considered.

Capital gains are not neutral for wealth and income distribution  because  those who 
buy the resources— domestic consumers or the rest of the world— face systematically 
increasing prices. At the domestic level, if natu ral resources are owned by the govern-
ment, public wealth increases compared to private wealth, while national wealth aug-
ments in relation to the rest of the world. For example, assume that the government 
seeks to maintain the pre sent value of its wealth, reinvesting all the rents and the re-
turns from the capital invested. Taking into account capital gains, the total value of 
wealth at period N would be κ N

G − !bN
G + pNξN

G = (1+ λ)N (κ 0
G − !b0G + p0ξ0G ), and fiscal re-

distributions would be subject to the restriction ∑t =1
N (1+ λ)N−tηt

D =∑t =1
N (1+ λ)N − tηt

R. 
 Under the conditions of this policy, the state would become increasingly rich while 
si mul ta neously facing a tight constraint on fiscal re distributions. Furthermore, note 
that if r > g, the government income share  will also grow systematically, creating a sit-
uation akin to that highlighted by Piketty (2014) with regard to cap i tal ists. Obviously, 
the public sector can use the returns from capital and capital gains stemming from 
natu ral resources to finance fiscal re distributions. This fact creates a natu ral link be-
tween capital gains and fiscal re distributions  because capital gains create fiscal space 
and the government has to decide  whether to become richer than the private sector or 
to transfer the capital gains to that sector via fiscal re distributions. It would be wise, 

14 To be sure,  human capital expenditures could compensate for the depletion, but for the sake of 
simplicity we do not discuss this possibility  here. See Hamilton (2008); World Bank (2011).
15 If the natu ral capital  under analy sis does not have a market price—as in the case of many eco-
systems that provide valuable productive services—or if market prices do not reflect social val-
ues  because of the presence of externalities, the sustainability restriction becomes much more 
difficult to identify.
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therefore, not to separate the design of fiscal accumulation and fiscal re distribution 
policies.

For example, the government could use not only the returns from capital but also 
the capital gains stemming from natu ral resources to finance ηt

D +ηt
R, which would 

imply the following restriction:

(7-27) (1+ λ)N − t (ηt
D +ηt

R )t =1
N∑ = (1+ λ)N (κ 0

G − !b0G + p0ξ0G )− (κ 0
G − !b0G + p0ξ0G ).

This policy would maintain the value of wealth at the beginning of period. That 
is, κ N

G − !bN
G + pNξN

G − (κ 0
G − !b0G + p0ξ0G )= 0.

Note that in debt sustainability studies, the variables are typically expressed as 
GDP ratios, while the sustainable development lit er a ture emphasizes welfare, per cap-
ita consumption, and the role of total wealth. In terms of  these latter indicators, sat-
isfying the public capital accumulation requirements of a young society  going through 
the first stages of the demographic transition could be particularly hard. In a young 
society, the demand for public goods such as  those that are complementary to private 
accumulation and urbanization  will be high. Consequently, in young resource- rich 
countries, it is particularly relevant to consider how to spend the proceeds from natu-
ral resources. Public investment is an impor tant determinant of the evolution of 
 labor productivity— and, therefore, of the real wages of  future workers who  will have 
to provide for their  children and retirees in the  future. At the same time, a fall in 
public investment could easily result in a de facto accelerated reduction of public 
capital.

If the government’s goal  were to ensure the condition Δwt
G ≥ 0, so as to maintain 

at least per capita wealth wt
G = Wt

G

Xt

⎛
⎝⎜

⎞
⎠⎟

 rather than the wealth/GDP ratio, ω t
G, the 

resulting restriction for each period would be st
G + p̂t pt −1

qt −1
G

1+ x
≥ x wt −1

G , where x is the 

rate of growth of the population. The increase in wealth is explained by both genuine 
savings and capital gains. The term on the right- hand side reminds us that wealth ac-
cumulation must satisfy population growth.

For the government wealth to be constant, part of the total wealth should be “con-
sumed” to finance ηt

D +ηt
R. If we call such a part z, the per capita government wealth 

 will remain constant at the level wG∗ if

(7-28)
 

 z = r − x
1+ x

wG*.

This indicates that, if r > x, the government could allocate each year the sum z to 
fiscal re distribution and still re spect the wealth constraint. In princi ple, this is in de-
pen dent of the path of extraction, provided that εt

G = εt
G and Hotelling (1931) rules 

hold. The returns from capital in the period t + 1  will increase by ret
G, while capital 
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gains on the existing stock of natu ral wealth  will decrease by the same amount. Note 
that this differs from the usual recommendation to follow a policy such that st

G ≥ 0; 
 under such a policy government wealth would grow systematically.

As we have already noted, the canonical approach to fiscal sustainability, which 
ignores government assets and natu ral resource depletion and pivots on equation (7-17), 
may be too restrictive to analyze some impor tant linkages between fiscal sustainabil-
ity and re distributions in developing countries that are  going through the first stages of 
the demographic transition and/or are natu ral resource– rich. For example, when the 
deficit of the social security system increases  because of the aging pro cess,  there  will 
be less space for other distributional policies  unless other items of the bud get adjust 
accordingly. Furthermore, the consequences of aging can be regressive if  those covered 
by the social security system are richer than  those that suffer the expenditure cuts or 
bear the increase in the tax burden. A natu ral resource– rich country could finance 
the increase in ηt

D induced by aging with rents. But, if this led to the depletion of natu-
ral resources, the policy would be unsustainable. One additional complication is that 
deviations from the sustainability restrictions are difficult to detect when the bud get 
is balanced in the short run. To avoid  these difficulties, the fiscal authorities should 
take into account the consequences of the demographic transition. We next discuss the 
role of demography in more detail.

2  Fiscal Re distributions, Demography, and Wealth Constraints

This section introduces the demographic dimension and identifies the channels through 
which the demographic transition interacts with fiscal re distributions, sustainability, 
and wealth.

We use the sub- index a to identify the diff er ent cohorts. The age of the oldest cohort 
 will be ā. The net effect of fiscal re distributions in the case of cohort a  will then be

(7-29) Na, t
D =Ga, t

O +Ga, t
A +Ga, t

I +Ga, t
E +Ga, t

H −Ta, t
A −Ta, t

Y −Ta, t
I −Ta, t

F .

Taking this equation and the notion of lifecycle deficit as points of departure, we 
show the linkages between the concepts utilized in the CEQ and NTA databases. To 
this end, we first introduce the notion of aggregate lifecycle deficit, and, based on the 
lifecycle deficit and the government deficit— which are flow variables—we subse-
quently study the linkages between  these variables and the evolution of stocks to ob-
tain a better grasp of the intertemporal restrictions. The notion of lifecycle wealth is 
central in this regard.

2.1  The Lifecycle Deficit

We define the lifecycle deficit using the concepts of effective consumers and effective 
workers, which play a pivotal role in the NTA database. We also use  these two con-
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cepts to define the support ratio. This indicator is utilized in the NTA lit er a ture instead 
of the well- known de pen dency ratio  because it better reflects the economic conse-
quences of the demographic transition.

To define effective consumers, the NTA approach uses the concept of a cohort’s 
consumption (Ca,t ), which includes the public provision of health, education, and other 
public goods. We define the ratio between cohort a’s per capita consumption and per 

capita income as ϕa, t =
ca, t

yt
, and the participation of cohort a in the total population at 

time t as  ua, t =
Xa, t

Xt
, where Xa,t is total population of cohort a. We are now prepared 

to define the number of effective consumers in cohort a (Ca, t
E ) as follows:

(7-30) Ca, t
E =ϕa, t  Xa, t .

This means that the effective consumers belonging to cohort a  will increase when 
the cohort’s propensity to consume is higher. For example,  because of healthcare ex-
penditures, the el der ly’s consumption tends to be higher than average consumption. 
Based on this, the aggregate propensity to consume at time t (φt) can be disaggregated 
to reflect the be hav ior of the diff er ent cohorts. If ā stands for the oldest cohort, we can 
write

(7-31)
 

ϕt = a = 0
a∑ ϕa, t ua, t .

The pattern of ua,t  will depend on the stage of the demographic transition that so-
ciety is experiencing. For example, ua,t for a ≤ 15 is higher in “young” socie ties while 
the portion of the population that meets the condition 15 < a < 65 reaches a maximum 
during the “demographic bonus” stage.

Ya, t
L  stands for the  labor income of cohort a at time t, and the share of cohort a in 

total per capita  labor income (γa,t) is γa, t =
ya, t

L

yt
. Based on the  labor share of each 

cohort, the number of effective workers (La,t ) is defined as

(7-32) La,t = γa,t Xa,t.

The overall participation of workers in aggregate income  will consequently be

(7-33) 
γ t = γ a, t  ua, t .a = 0

a∑

As in the case of the propensity to consume, the overall  labor share in income  will 
be a function of the demographic structure via ua,t.

In applied work, the time index of the φ and γ coefficients is usually dropped 
 because of data limitations, and the two par ameters are mea sured only for the base year.
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The nonlabor income part of Market Income is also influenced by demographic 
 factors. Since Yt

A =∑a = 0
a Ya, t

A , the private sector nonlabor income share can be written as

(7-34)
 

εt
p = yt

A

yt
= εa, t

p ua, t ,a = 0
a∑

with εa, t
p =

ya, t
A

yt
. We can state Market Income as

(7-35)
 

Yt
M = εt

p  Yt + γ tYt =Yt εa, t
p + γ a, ta = 0

a∑( )ua, t .

This expression shows that via ua,t the demographic transition is a determinant of the 
 labor and nonlabor shares in total income.

The support ratio corresponding to cohort a is defined as the ratio between effec-
tive workers and effective consumers:

(7-36)
 

SRa, t =
La, t

Ca, t
E
.

The support ratio is lower when the effective consumers that make up the a co-
hort depend more heavi ly on the  labor income of  others to finance their own consump-
tion. If we aggregate over cohorts, society’s aggregate support ratio is

(7-37)
 

SRt =
Lt

Ct
E
= γ t

ϕt
= Yt

L

Ct
.

This implies that the economy’s support ratio increases with the participation of 
 labor income in aggregate income and decreases with the overall propensity to con-
sume. The expression indicates that the evolution of  these two variables over time de-
pends on behavioral and demographic  factors. In young socie ties the support ratio is 
lower  because of the high proportion of young individuals in the  family, and in old 
socie ties the support ratio is lower  because of the larger share of retirees in the popula-
tion. The maximum of the SRt indicator occurs during the so- called demographic bonus 
stage of the demographic transition, when the conditions for growing faster improve 
 because the proportion of the working age population in the total population reaches 
a maximum (Mason, Abrigo, and Lee, 2017).

Fi nally, the lifecycle deficit of the a cohort is the difference between the cohort’s 
consumption and its  labor income; expressed in per capita terms it is

(7-38) lcda,t = (φa,t − γa,t ) yt.
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We can then define δa, t =
lcda, t

yt
. In accordance with the lifecycle theory we expect 

this indicator to be high when a corresponds to young effective consumers or to work-
ers who are retired, typically 60 years and older. Using the support ratio, the per cap-
ita value of the lifecycle of the cohort can be written as δa,t = φa,t (1 − SRa,t ).

The lower the cohort’s support ratio is, the higher the cohort’s lifecycle deficit  will 
be. The aggregate life- cycle can be written as  LCDt = ytCt

E(1− SRt ), and, consequently,

(7-39) 
δ t =   a = 0

a∑ ϕa, t (1− SRa, t )ua, t .

As can be seen, the lifecycle deficit depends on demographic  factors and the be-
hav ior of each cohort concerning consumption and the capacity to generate  labor 

income. If 
γa, t
ϕa, t

 tends to be low and ua,t high for young cohorts, as is the case, for 

example, in young socie ties, the aggregate lifecycle deficit  will be high and  will weaken 
the economy’s ability to sustain growth. In addition,  there is likely to be a strong de-
mand for the government to finance the lifecycle deficit, and this  will, in turn, in-
crease the fiscal deficit and public debt, thereby opening the way to sustainability 
prob lems. We next analyze the fiscal dimension of the demographic transition to 
show the connection between fiscal re distributions and demography.

2.2  Fiscal Re distributions and Cohorts

In order to introduce the fiscal dimension into the analy sis so as to be consistent 
with the NTA methodology, it is necessary to define profiles for the “tax burden” 
(βa,t ) and for the “benefits received” (αa,t) by the groups. The pa ram e ter βa,t stands 
for per capita taxes corresponding to a given cohort normalized by per capita in-
come and αa,t are the transfers received by the group normalized in the same way. 
Hence,

(7-40)
 

βa, t =
Ta, t

A +Ta, t
Y +Ta, t

I +Ta, t
F +Ta, t

R

Xa, t yt
;

(7-41)
 

αa, t =
Ga, t

O +Ga, t
A +Ga, t

I +Ga, t
E +Ga, t

H +Ga, t
R

Xa, t yt
.

As in the case of the consumption and  labor income profiles, we frequently as-
sume that  these par ameters do not change  because of data limitations, and, hence, we 
drop the t subscript and use the information corresponding to the base year. Based on 
the previous definitions, the aggregate tax burden and benefits as ratios of aggregate 
income are
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(7-42) βt = βa, tua, t ;a = 0
a∑

(7-43)
 

α t = αa, t ua,d , t.a = 0
a∑

We are now prepared to study the linkages between demography and fiscal 
re distributions. The first step is to decompose the overall tax burden and bene-
fits  to identify fiscal re distributions. Using the superscripts D and R as we did 
previously,

(7-44)
 

βt
D = Tt

A +Tt
Y +Tt

I +Tt
F

Yt
;

(7-45)
 

βt
R = Tt

R

Yt
;

(7-46)
 

α t
D = Gt

O +Gt
A +Gt

I +Gt
E +Gt

H

Yt
;

(7-47)
 

α t
R = Gt

R

Yt
.

We can then write βt
D + βt

R = βt andα t
D +α t

R =α t , and, consequently,

(7-48) ηt
D =α t

D − βt
D;

(7-49) ηt
R =α t

R − βt
R.

Thus, the relationship between Final Income and aggregate income ψ t
F = yt

F

yt

⎛
⎝⎜

⎞
⎠⎟

 
 will be

(7-50)
 

ψ t
F =ψ t

M +ηt
D =ψ t

M + αa, t
D ua, ta = 0

a∑ − βa, t
D ua, t.a = 0

a∑

This means that the effects of fiscal re distributions on Final Income  will 
 depend on the demographic profile of the economy  because of the inf luence 
of ua,t.

The ratio of the primary fiscal deficit to income ( !dt
PG )  will also be closely related 

to the demographic structure  because, from (7-7) !dt
PG = (α t

D − βt
D )+ (α t

R − βt
R )+ ιtG − εt

G, 
and consequently

(7-51)
 
!dt

PG = αa, t
D ua, ta = 0

a∑ − βa, t
D ua, ta = 0

a∑( )+ αa, t
R ua, ta = 0

a∑ − βa, t
R ua, ta = 0

a∑( )+ ιtG − εt
G.

1018-103585_ch01_12P.indd   2221018-103585_ch01_12P.indd   222 08/03/23   5:17 PM08/03/23   5:17 PM



223I N T E R T E M P O R A L  S U S T A I N A B I L I T Y  O F  F I S C A L  R E D I S T R I B U T I O N

From (7-21), the debt sustainability constraint can be expressed as

(7-52)
 

  !b0 = (1+ λ)−t (εt
G −α t

D − βt
D −α t

R − βt
R − ιtG ),t =1

∞∑

or

(7-53)

 

!b0 = − (1+ λ)−t
t =1
∞∑ αa, t

D ua, ta = 0
a∑ − βa, t

D ua, ta = 0
a∑( )⎡

⎣
+ αa, t

R ua, ta = 0
a∑ − βa, t

R ua, ta = 0
a∑( )+ ιtG − εt

G ⎤
⎦.

If we interpret sustainability as a fiscal rule that sets !b* = !bt , at each point in time 
the trea sury  will have to re spect the following restriction:

(7-54)

 

λ !b* = !b* r − g
1+ g

= εt
G − αa, t

D ua, ta = 0
a∑ − βa, t

D ua, ta = 0
a∑( )

− αa, t
R ua, ta = 0

a∑ − βa, t
R ua, ta = 0

a∑( )− ιtG.
And, if alternatively, the rule sets dtPG* = λb0, the constraint  will be

(7-55)

 

λb0 = b0
r − g
1+ g

= εt
G − αa, t

D ua, ta = 0
a∑ − βa, t

D ua, ta = 0
a∑( )

− αa, t
R ua, ta = 0

a∑ − βa, t
R ua, ta = 0

a∑( )− ιtG.
Given that  these sustainability equations are, by definition, restrictions that must 

be respected over a long period, the demographic transition  will exert its influence 
through the ua,t channel.

2.3  Wealth Constraints and Lifecycle Wealth

Let us now analyze the way in which the demographic transition influences the evolu-
tion of the intertemporal bud get constraint of the cohorts, becoming a determinant of 
the path of the private and public sectors’ stocks of wealth. We begin by defining the 
savings and wealth of the cohorts. We then aggregate  those variables to obtain aggre-
gate private savings and aggregate private wealth, and, fi nally, we show the linkages 
with the public sector’s wealth constraint. In appendix 7A we illustrate the linkage 
between demography and wealth distribution in the case in which pensions are as-
sumed to be deferred income.
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2.3.1  Cohorts’ Savings and Wealth
The a cohort’s savings (Sa,t) is the difference between its Final Income and its 
consumption:

(7-56)

 

Sa, t =Ya, t
L +Ya, t

A +Ga, t
O +Ga, t

A +Ga, t
E +Ga, t

H +Ga, t
I +Ga, t

R + Na, t

−Ta, t
A −Ta, t

Y −Ta, t
I −Ta, t

R −Ta, t
F −Ca, t .

This can also be written as

(7-57) Sa, t =Ya, t
F + Na, t

R + Na, t
P −Ca, t .

We added the variable Na, t
P , which stands for the net transfers received by cohort 

a from other cohorts at time t.  These transfers can obviously be negative and include 
bequests, which cannot be negative. At each point in time, private transfers have to 
meet the constraint ∑a = 0

a = a
Na, t

P = 0.
The cohort savings does not change with the inclusion of consumption in kind in 

overall consumption  because the amount Ga, t
E +Ga, t

H +Ga, t
R  is si mul ta neously added to 

both private income and private consumption.  These public expenditures items, none-
theless, reduce public savings. Taking into account fiscal re distributions and the life-
cycle deficit (LCD),

(7-58) Sa, t =Ya, t
A + Na, t

D + Na, t
R + Na, t

P − LCDa, t .

Nonlabor income equals the sum of returns from capital and net financial assets 
in the cohorts’ portfolio. That is,

(7-59) Ya, t
A = r Ka, t −1 + r Ba, t −1 = rWa, t −1

p ,

where Wa, t
p  stands for the stock of the a cohort’s wealth and Ka,t and Ba,t are the cohort 

holdings of capital and bonds issued by the government, respectively. To simplify, we 
assume a constant and equal rate of return for both assets. The “savings ratio” of the a 

cohort can then be defined as σ a, t =
Sa, t

Xa, t yt
=

sa, t

yt
,  or

(7-60)
 

σ a, t = r  ωa, t −1
p   (1+ xt )

(1+ g )(1+ xa, t )
+ηa, t

D +ηa, t
R +ηa, t

P −δa, t ,

where ωa, t
p =

Wa, t
p

Xa, t yt
=

wa, t
p

yt
 is the a cohort’s “wealth ratio”; the ratio between the a 

cohort’s per capita wealth and aggregate per capita income and xt and xa,t are the rates 
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of growth of the total population and the population of age a, respectively. Note that 
(1+ xt )
(1+ xa, t )

=
ua, t −1

ua, t
. Consequently, if cohort a*’s population is growing faster than the 

total population, ceteris paribus, it  will be necessary to increase the cohort savings 
ratio to maintain the cohort’s wealth ratio, and this might have consequences in terms 
of demands for fiscal re distributions— that is, in terms of demands for changing ηa, t

D  
in  favor of cohort a*.

In order to calculate the evolution of the stock of wealth of each cohort over 
time, it is useful to identify the cohorts. We do so according to its age at t = 0. 
Therefore, a0,t  will be the cohort of age a at t = 0. The age of cohort a0 at time t is 
equal to a0 + t. The wealth at time t of the cohort that was a0 years old at time t = 0 
 will then be denoted as Wa0,t

p . It increases on the basis of savings:  Wa0,t
p =Wa0,t −1

p + Sa0, t . 
Given that the maximum age is ā, Wa0,t

p = 0 for a0 + t ≥ ā. This is also true for all the 
bud get variables corresponding to  those cohorts that meet this condition.16 If we 
scale per capita wealth by per capita income, the cohort’s wealth evolves according to

(7-61)

 

ωa0,t
p =ωa0,t −1

p (1+ xt )
(1+ g )(1+ xa,t )

+σ a0, t

=ωa0, t −1
p (1+ λt

a )+ηa0,t
D +ηa0, t

R +ηa0,t
P −δa0,t ,  

where

(7-62)
 

(1+ λt
a )= (1+ r)(1+ xt )

(1+ g )(1+ xa, t )
.

Note that the higher xa,t is, the lower the growth rate of the a cohort’s per capita 
wealth  will be. This introduces a bias against social strata with higher birth rates, 
which are usually the poor. It follows that to maintain the wealth ratio of  these strata, 
fiscal re distributions should be biased in their  favor. That said, to focus on the link-
ages between wealth dynamics and fiscal re distributions, for the moment we make 
the simplifying assumption that xa,t = xt. Consequently, at point t = N, the a0 cohort’s 
wealth  will be

(7-63)
 

ωa0,N
p = (1+ λ)Nωa0,0

p + t =1
N∑ (1+ λ)N − t (ηa0, t

D +ηa0,t
R +ηa0,t

P −δa0,t )( ).

16 We establish the convention that a0 < 0 for the cohorts that are unborn at t = 0. So, for example, 
for  those who are born two years  after t = 0, the “age” at t = 0  will be a0 =−2. In this way, ω 40, 9

P  is 
the aggregate wealth of  those who are 49 years old at period 9, while ω−2, 9

P  is the wealth of  those 
who are 7 years old at t = 9.
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Expressed in pre sent value terms,

(7-64)
 

ωa0,N
p (1+ λ)−N =ωa0,0

p + t =1
N∑ (1+ λ)−t (ηa0,t

D +ηa0,t
R +ηa0, t

P −δa0,t).

Assuming that it is not pos si ble to leave unpaid debts and that the members of each 
cohort consume or transfer to the members of other cohorts all their wealth before  dying, 
we can write ωa0,N

p = 0 for N ≥ ā − a0. It follows that ωa0,a − a0
p = 0 and, consequently,17

(7-65)
 

(1+ λ)a − a0 ωa0,0
p = −∑t =1

a − a0 (1+ λ)a − a0 − t (ηa0,t
D +ηa0,t

R +ηa0,t
P −δa0,t).

This expression in pre sent value is ωa0,0
p = −∑t =1

a − a0 (1+ λ)−t (ηa0,t
D +ηa0,t

R +ηa0,t
P −δa0,t ).

This implies that at time t = 0, given the planned bequest, the higher the value of 
the expected stream of fiscal re distributions is, the higher the planned value of the life-
cycle deficit can be. For this reason, the generosity of the social security system could 
negatively affect the incentives for saving. However, given the planned value for δa0, t , 
the value of the fiscal re distributions and of other fiscal transfers directly contribute 
to determining the value of the bequests that each generation  will leave, which are 
included in ∑t =1

a − a0 (1+ λ)a − a0 − t ηa0, t
P .

In sum, if any kind of transfer  favors generation a0*, this generation  will be able to 
run a higher lifecycle deficit and/or leave larger bequests. But we must take into ac-
count that private wealth may be unequally distributed within the a0* cohort. In the 
case of the members of the a0 cohort who are wealthy, it is expected that both ωa0, 0  
and bequests (in the form of ηa0,t

P )  will be large. If, as Piketty (2014) argues for the case 
of vari ous developed countries, r > g (and therefore λ > 0), we would expect the wealth 
ratio (ωa0,0

p ) of the wealthy to grow faster even if they run an elevated lifecycle deficit. 
We discuss this point further in the next section.

Following NTA terminology, we define the pre sent value of cohort a’s “lifecycle 
demand for wealth” (π ) at time t = 1 as

(7-66)
 

π a0,0 = t =1
a − a0∑ (1+ λ)−tδa0, t ,

and consequently, using (7-65) in pre sent value terms,

(7-67)
 

π a0,0 =ωa0,0
p + t =1

a − a0∑ (1+ λ)−t (ηa0, t
D +ηa0,t

R +ηa0,t
P ).

This means that the a0 cohort’s demand for lifecycle wealth  will be satisfied with 
the cohort’s own wealth, fiscal re distributions, and other public or private transfers, 
which of course could be  either positive or negative. For example, in the case of the 

17 We assume that the unborn do not own assets, so wealth is also zero for N + a0 < 0.
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wealthy we expect bequests to be large and to take the form not only of physical and 
financial assets but also of transfers to finance the accumulation of  human capital.

2.3.2  Aggregation and the Macroeconomy
The evolution of the stock of wealth and of the demand for lifecycle wealth of each a0 
cohort is central to the analy sis of the effects of fiscal re distributions on the allocation 
of wealth across generations. However, to study the consequences of the interactions 
between fiscal re distributions and the cohorts’ be hav ior for macroeconomic equilib-
rium and the fiscal accounts, it is necessary to know the total amount of savings gen-
erated by all cohorts at each point in time and the stock of private wealth as well. We 
examine this macroeconomic dimension next.

The first step  will be to obtain an expression for the overall propensity to save 
(σ t

P ). To that end, we have to aggregate the savings of all cohorts. Considering that 
the sum of private transfers adds up to zero, we can write

(7-68)
 

 σ t
P = St

P

Yt
= rωa, t −1

p (1+ xt )
(1+ g )(1+ xa, t )

+ηa, t
D +ηa, t

R −δa, t

⎛

⎝
⎜

⎞

⎠
⎟a = 0

a∑ ua, t ;

(7-69)
 

σ t
P =

rω t −1
P

1+ g
+ηt

D +ηt
R −δ t .

According to (7-68), the overall propensity to save is a function of fiscal re-
distributions and the demographic transition. Demography operates through three 
channels. The first is the private sector’s behavioral profiles associated with nonlabor 
income (rωa, t

p ) and the life- cycle deficit (δa,t ).  These variables are a function of the co-
hort’s age, the be hav ior concerning bequests, and the features of the social security sys-
tem.  These two latter  factors influence the incentives to accumulate wealth. The second 
has to do with fiscal re distributions, which also change according to age and the features 
of social protection policies, taxes, and the social security system. The third is the weight 
of each cohort’s population in the total population, which is expected to change as the 
economy goes through the diff er ent stages of the demographic transition.

The overall private sector wealth constraint at time t results from the aggregation 
of the individual wealth of all cohorts:

(7-70)
 

 ω t
P =Wt

P

Yt
=∑a = 0

a ωa, t −1
p

(1+ g )
ua, t −1 +σ a, tua, t

⎛

⎝
⎜

⎞

⎠
⎟ =

 ω t −1
P

1+ g
+σ t

P.

Using this expression and taking into account that we assume that the private sec-
tor does not own natu ral resources, we can state the aggregate savings ratio as

(7-71)
 

 σ t
P =

rκ t −1
P + r !bt −1

P

(1+ g )
+ηt

D +ηt
R −δ t ,
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where kappa, the private “capital/output ratio,” is defined as κ t
P = ktP

yt
, and !bt

P = bt
P

yt
 are 

the public bonds held by all cohorts in relation to GDP. We can see the way in which 
fiscal re distributions enter the picture if we write the aggregate wealth ratio in terms 
of savings components:

(7-72)
 

ω t
P =   a = 0

a∑ [(1+ λ)ωa, t −1
p ua, t −1 + (ηa, t

D +ηa, t
R −δa, t )ua, t ].

As was mentioned above, ua,t is expected to change substantially over the demo-
graphic transition, changing the group’s wealth ratios. The aggregate private sector’s 
wealth ratio can be written more synthetically as

(7-73)
 

ω t
P = (1+ r)

1+ g
ω t −1

P +ηt
D +ηt

R −δ t ,

and

 κ t
P + !bt

P = (1+ λ)(κ t −1
P + !bt −1

P )+ηt
D +ηt

R −δ t

Solving this difference equation, we have

(7-74) 
κ N

P + !bN
P = (κ 0

P + !b0P )(1+ λ)N + (1+ λ)N − t (ηt
D +ηt

R −δ t ).t =1
N∑

In pre sent value terms

(7-75)
 

 (κ N
P + !bN

P )(1+ λ)−N =κ 0
P + !b0P + (1+ λ)−t (ηt

D +ηt
R −δ t ).t =1

N∑

Assuming rationality and the no- Ponzi game condition, and taking  limN→∞ , we have

(7-76)
 

κ 0
P + !b0P = (1+ λ)−t (δ t −ηt

D −ηt
R )t =1

∞∑

The aggregate wealth of the private sector must equal the pre sent value of the life-
cycle deficit net of public interventions.

And in terms of the aggregate private sector’s lifecycle wealth (π ),

(7-77)
 

π 0 =κ 0
P + !b0P + (1+ λ)−t (ηt

D +ηt
R ).t =1

∞∑

Given ω0
P =κ 0

P + b0P, the greater π0 is, the higher the cohort’s demand for public 
transfers and the provision of public goods  will be. In par tic u lar, in an aging society 
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we expect π0 to be higher than in a young one. Consequently, if accumulated private 
wealth is low and the society is aging,  there  will be an increasing pressure on ηt

D via 
the social security system, and a substantial trade- off between ηt

D andηt
R  might arise. 

In any case,  there is likely to be pressure on public primary expenditures and the pri-
mary deficit. However, beyond the financial difficulties associated with a higher defi-
cit, it  will not be pos si ble to satisfy the private sector’s demands if accumulated wealth 
is insufficient. In order to analyze this point we have to introduce the government’s 
wealth constraint.

If the markets for bonds ensure that

(7-78) 
bt = btP,

we can state the national aggregate wealth ratio for the case of the closed economy 
(ω) as

(7-79)
 

ω0 =κ 0
P +κ 0

G + p0ξ0G = (1+ λ)−tδ t =π 0.t =1
∞∑

That is, beyond public re distributions, existing national wealth should suffice 
to  cover the pre sent value of the stream of  future lifecycle deficits. Note that 
κ 0

G + p0ξ0G =π 0 −κ 0
P,  which means that public wealth is used to finance the portion of 

the demand for lifecycle wealth that cannot be covered by private wealth. Hence, when 
publicly owned enterprises exploit natu ral resources, such resources can easily be con-
sumed in a nonoptimal and/or inequitable way if the social security system is ill- 
designed. Note that if p̂t > 0 ( p̂t < 0), the public sector  will have a net gain (loss) of 
wealth, which  will be symmetrical to the loss (gain) of the private sector. Since  there is 
no wealth creation, the overall restriction (7-79) still holds. If we included the rest of the 
world, however,  there would be a net gain (loss) for the national economy.

3  Fiscal Re distributions and Income Strata

So far, we have analyzed the bud getary consequences of fiscal re distributions without 
distinguishing between income strata. The main purpose of this section is to include 
the income strata in the methodological framework. We identify the strata with the 
subscript d, which can be interpreted, for example, as deciles or quintiles, or low in-
come and high income. The effect of fiscal re distributions for the case of income group 
d at time t (Nd , t

D )   will be

(7-80) Nd , t
D =Gd , t

O +Gdt
A +Gd , t

I +Gd , t
E +Gd , t

H −Td , t
A −Td , t

Y −Td , t
I −Td , t

F .

 Whether the sign of Nd , t
D  is positive or negative for a specific stratum is central to assess-

ing the overall impact of re distributions. If Nd*, t
D < 0,, the stratum d*  will be contributing 
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to finance aggregate fiscal re distributions. This means that the Final Income  will be 
higher for  those income groups that benefit from fiscal re distributions and lower for 
the groups that contribute to financing such policies  because Yd. t

F =Yd , t
M + Nd , t

D . In 
order to assess the impact of specific fiscal re distributions, a common strategy is to 
compare the value of the Gini coefficient before the intervention (i.e., calculated on 
the basis of Yd , t

M ) with the value of that coefficient  after the intervention (i.e., calcu-
lated on the basis of  Yd , t

F ). If the former is higher, we can say that the public re-
distribution is progressive.

If the total number of strata is d , it is pos si ble to implement a policy for which 
Nd , t

D ≥ 0;∀d  and, therefore, ∑d =1
d Nd , t

D > 0. One would expect that this type of re-
distribution would face less re sis tance, but it could have negative effects on fiscal sus-
tainability or distortionary effects on the allocation of the fiscal space, as we have al-
ready discussed. Additionally, it is impor tant to evaluate the incidence of all the 
components included in Nd , t

D , especially when the policy seeks to protect the poor or 
can impinge differently on distinct cohorts. For example, protection policies that are 
targeted to curb poverty could be judged to be satisfactory  because in the case of  those 
below the poverty line, Gd , t

O +Gdt
A +Gd , t

I +Gd , t
E +Gd , t

H > 0. But when the incidence of in-
direct taxes is high on the poor (particularly consumption taxes), Nd , t

D  might become 
negative for  those individuals with an income that falls below the poverty line, which 
means that the poor  will contribute to financing fiscal re distributions in net terms.18 
And this may occur even if the fiscal intervention is progressive in the sense that 
Nd , t

D < 0 for the highest income levels.
We maintain the convention of using lowercase letters for variables expressed in 

per capita terms (Xd,t  will stand for the number of  people in the group  under consid-
eration) and Greek letters for ratios with re spect to aggregate income. Therefore, for 
example,ψ d , t  

M  is the pretax share of group d’s per capita income in aggregate per capita 
income, which is equal to the sum of the participation of the group’s per capita  labor 
income (γd,t ) and nonlabor income (εd , t

p ) in aggregate per capita income— that is, 

ψ d , t  
M =

yd , t
M

yt
=

yd , t
L + yd , t

A

yt
= γ d , t + εd , t

p .

A straightforward way to compare the effects of the set of existing fiscal re-
distributions on the Market Incomes of two specific groups is to calculate the ratio of 
the income shares of the two groups before and  after fiscal re distributions. More spe-
cifically, consider two groups: high income (d = h) and low income (d = l). We can say 

that the existing fiscal re distributions  favor group l over group h if 
ψ h, t  

M

ψ l , t  
M >

γ h, t + εh, t
p +ηh, t

D

γ l , t + ε l , t
p +ηl , t

D .

This means that both the  labor share and the asset  owners’ share corresponding to the 
groups involved are likely to be affected by fiscal re distributions. Of course, the conse-
quences in terms of incentives to invest and work  will be diff er ent depending on the 

18 On this issue see Lustig et al. (2014).
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effects of fiscal re distributions on the workers’ or the capital  owners’ shares. Note that 
income distribution could worsen even though fiscal re distributions are very effec-
tive. This could happen if the income share of group h is increasing in relation to 
group l. Indeed, Stiglitz (2015) identifies a set of new stylized facts that requires expla-
nation, and one of them is that the  labor share is worsening. This is also compatible 
with the facts raised by Piketty (2014).

If ud,t is the share of the total population accounted for by group d, 
Xd , t

Xt

⎛
⎝⎜

⎞
⎠⎟
, and 

ηd , t =
nd , t

D

yt
 is the ratio between per capita fiscal re distributions and per capita income 

corresponding to group d, we can write

(7-81)
 

ηt
D = Nt

D

Yt
= ηd , t

D ud , t .d =1
d∑

Once we calculate the aggregate value ηt
D, using (7-7) we can obtain the value of 

the fiscal deficit ( !dt
G ) and show the linkages with income distribution:

(7-82)
 

!dt
G = r !bt −1 + ηd , t

R ud , td =1
d∑ + ηd , t

D ud , t + ιtG − εt
G.d =1

d∑

And it is pos si ble to assess the macroeconomic consequences in terms of fiscal sus-
tainability using (7-21):

(7-83)
 
!b0 = (1+ λ)−t

t =1
∞∑ ηd , t

R ud , td =1
d∑ + ηd , t

D ud , t + ιtG − εt
G

d =1
d∑( )= − (1+ λ)−t !dt

PG.t =1
∞∑

 These expressions show that the overall incidence of the fiscal re distributions as 
a share of per capita income (ηt

D ) depends on both the incidence on the per capita 
income and the size of each group. For example, the case may be that ηt

D > 0 is 
sizable— which means that overall fiscal re distributions use a significant part of the 
fiscal space— while for the lowest income strata ηl , t

D > 0 but the size of the per capita 
transfer is meager  because ul,t is large, which is the case in young socie ties. This could 
be a difficult situation if the tax base is reduced  because evasion or elusion is perva-
sive, or  because tax revenues are falling due to aging.  Under such circumstances, the 
tax pressure on  those who pay taxes  will be too high while the benefits per capita re-
ceived  will be too low. Fiscal sustainability, in turn, could be at risk if initiatives to 
increase ηl , t

D   were implemented in circumstances in which access to credit is becom-
ing difficult.

However, similar situations can occur  because of perverse interactions between 
demographic  factors and the features of the social security system—or when vola-
tile rents of natu ral resources have an impor tant role in generating fiscal resources 
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to finance Δηt
D > 0. For example, suppose that during the boom Δηt

D = ΔεtG. If the 
positive shock is permanent, fiscal sustainability  will not be affected. But if it is 
transitory, to meet the sustainability condition λb0 = − dtGP, fiscal re distributions 
should return to their previous values and the burden of the adjustment could be 
distributed in a more regressive way among the groups  because of the urgencies of 
fiscal adjustment.

If the change in the structure of fiscal re distributions is not large, we can state

(7-84)
 

Δηt
D = Δ(ηd , t

D ud , t )d =1
d∑ ≅ (Δηd , t

D ud , t + Δud , tηd , t
D ).d =1

d∑

Note that demographic dynamics enter naturally into the analy sis through the 
variable Δud,t. Even if the fiscal authorities established Δηd , t

D = 0 in order to maintain 
the distributional status quo, Δηt

D would not be zero if the participation of each 
group in total population  were changing. For example, this is the case for a state 
that experiences a mounting fiscal deficit and  faces sustainability risks as a conse-
quence of aging, as we have mentioned above. On the other hand, if the condition 
to be met  were Δηt

D = 0  in order to avoid bud getary imbalances, the changes  
in ηd , t

D  would have to compensate each other to offset the effects of bud getary  
changes: ∑d =1

d Δηd , t
D ud , t ≅ ∑d =1

d Δud , tηd , t
D . In this case, if the adjusting variable is, say, 

the VAT rate, the impact on the poor could be disproportionate.
The disaggregation of fiscal re distributions according to strata may help detect 

“perverse” distributional effects associated with the existing structure of fiscal re-
distributions. Consider an economy with a significant presence of informal  labor 
markets. The pension system may also be a source of regressive fiscal re distributions. 
For example, this might easily happen if the main “redistributive mechanisms” are pen-
sion transfers that cover  those retired workers who worked in the formal sector in a 
society that is undergoing the  earlier stages of the demographic transition in which 
poverty is particularly high among the youn gest.

3.1  Integrating Distribution and Demography

We now consider si mul ta neously the linkages between fiscal re distributions, on the 
one hand, and cohorts and income strata, on the other. We provide some examples 
that are relevant to the pro cesses of structural change that usually accompany de-
velopment and demographic transitions. The purpose is to highlight the relevance 
of having a greater availability of data that consider demography and income strata 
si mul ta neously.

We can identify the groups  under analy sis on the basis of the subscripts that we 
 were using for cohorts and income strata— that is, a and d. Indeed, the main limita-
tion in this regard is not methodological but rather data availability. Nevertheless, it is 
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pos si ble to use the methodology to perform simulation exercises based on partial in-
formation and educated guesses.

The net effect of the fiscal re distribution on the Market Income of the group of in-
come level d and age a  will be

(7-85) Na,d , t
D =Ga,d , t

O +Ga,d , t
A +Ga,d , t

I +Ga,d , t
E +Ga,d , t

H −Ta,d , t
A −Ta,d , t

Y −Ta,d , t
I −Ta,d , t

F ,

and, consequently, ηa,d , t
D =

na,d , t
D

yt
  will stand for the ratio of per capita fiscal re distributions 

to per capita income corresponding to group of age a and stratum d.
The behavioral par ameters that we need for the basic demographic notions must 

be redefined accordingly. Therefore, φt, for example,  will have to be disaggregated to 

reflect the behavioral profiles of the diff er ent a,d groups: ϕa,d , t =
ca,d , t
p

yt
; therefore,19

(7-86)
 

ϕt =
Ct

P

Yt
= ϕa,d , t ua,d , t .d =1

d∑a = 0
a∑

The pa ram e ter φa,d,t is the share of the economy’s overall propensity to consume 
corresponding to the group a, d at time t.  Under  these conditions, the overall pro-
pensity to consume at time t  will be a function of both the demographic structure 
and the distribution of consumption among income strata  because it depends on 
ua,d,t and φa,d,t.

Following the same logic, the  labor income of the a, d group (Ya,d , t
L ) can be 

aggregated to obtain the aggregate  labor income: Yt
L =∑a = 0

a ∑d =1
d Ya,d , t

L . The share of 

group a, d  labor income in total per capita  labor income is γ a,d , t =
ya,d , tL

ytM
, and, therefore, 

the overall participation of  labor in aggregate income  will be

(7-87)
 

γ t =
Yt

L

Yt
= γa,d , t ua,d , t .d =1

d∑a = 0
a∑

The nonlabor income part of Market Income, in turn,  will be Yt
A =∑a = 0

a ∑d =1
d Ya,d , t

A , 
and then it follows that

19 The overall propensity to consume can also be expressed as ϕt = ϕa, t µata = 0
a∑ = ϕd , t udtd =1

d∑   

where: ϕa, t = ϕa,d , t
xa,d , t

xa, t
d =1
d∑   and ϕd , t = ϕa,d , t

xa,d , t
xd , ta = 0

a∑ .
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(7-88)
 

εt
p = Yt

A

Yt
= εa,d , t

p ua,d , t ,d =1
d∑a = 0

a∑

with εa,d , t
p =

ya,d , tA

yt
. One impor tant implication of (7-93) and (7-94) is that  labor and 

nonlabor shares are not in de pen dent of the demographic transition  because of the 
influence of ua,d,t.

Once we have ϕa,d , t , εt
p and γa,d,t, it is pos si ble to calculate the main demographic 

indicators— effective consumers, effective workers, and the lifecycle deficit— and to 
show the connections between them, on the one hand, and ηa,d , t

D , the fiscal deficit, 
sustainability and wealth, on the other. In order to do so we must proceed as we have 
done in the previous sections. It is also pos si ble to evaluate the evolution of wealth.

The methodology may also help to call attention to the role of the  labor market 
when interpreting the evolution of demographic variables in a pro cess of development 
and structural change. The following two indicators are useful in this regard. The first 

is “employment intensity”: fa,d , t =
Xa,d , t

e

Xa,d , t
, where Xa,d , t

e  stands for the members of the 

a, d group who are employed. The second is a “wage correction  factor”: va,d , t =
va,d , t
vt

, 

which shows the relation between the a, d group average wage (va,d,t) and the average 
wage of the economy (vt). Using  these variables, the per capita  labor income of the a,d 
group can be expressed as ya,d , tL = va,d , t vt fa,d , t . The correction  factor !va,d , t reflects 
wage differences between groups determined by disparities in  human capital accu-
mulation,  labor market failures, and age- related  factors, such as experience or the 
ability to work.

The variable fa,d,t can help examine many  factors. The first is the economy’s ability 
to create jobs for the diff er ent a, d groups. Second, owing to the influence of demo-
graphic  factors, we expect fa,d,t to vary significantly across cohorts. But for a given co-
hort a, we also expect the employment intensity to be correlated with the income level, 
which in turn tends to be associated with access to the  labor market. Third, the social 
security institutions that determine the retirement date  will have a bearing on fa,d,t in 
the case of older cohorts. Monitoring the evolution of fa,d,t is critical if we take into ac-
count that being employed helps to reduce the probability of being poor and that un-
employment is typically high in the case of some cohorts that are in a vulnerable posi-
tion, as in the case of the young.

On the other hand, a favorable evolution of ft =∑a = 0
a ∑d =1

d fa,d , t ua,d , t can be inter-
preted as an indicator of “positive” overall structural change  because it tells us 
 whether employment is increasing faster than the working- age population. If the econ-
omy is able to maintain Δft > 0 for a sustained period, the growth pro cess  will prob-
ably be accompanied by the reduction of unemployment and informality, increasing 
 women’s participation and reductions in the share of population below the poverty line. 
During the so- called demographic bonus— when the growth rate of the working- age 
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population is expected to reach a maximum—it is impor tant that Δft ≥ 0. However, a 
situation in which Δft ≤ 0 may easily occur if the investment rate in physical and  human 
capital is low, and it could have deleterious consequences for both in equality and pov-
erty. The income share of the a,d group  will increase if the group is  doing well vis- à- 
vis job creation Δfa,d,t > Δft or its  human capital endowment is improving fast (and, 
hence,  Δ !va,d , t   is high).  These  factors can make a particularly impor tant contribution 
to equity if the de pen dency rate corresponding to the group is high. Fi nally, a dynamic 
evolution of Δft can be a blessing for fiscal sustainability  because new workers produce 
income, consume increasing tax revenues, and contribute to financing the social secu-
rity system, depending on the degree of informality in the  labor market. Indeed, it is 
 because of the fact that Δft > 0 over a long period that the so- called demographic win-
dow of opportunity, as well as the reduction in economic duality, can contribute to 
accelerating growth.

4  Concluding Remarks

In this chapter we developed a methodological framework to study the linkages be-
tween fiscal re distributions, fiscal sustainability, and the government’s wealth con-
straint. We included demographic  factors and income strata and underscored the im-
portance of increasing the availability of data that considers demographic and 
distributional features si mul ta neously. We made an effort to show the connections be-
tween the NTA and CEQ concepts and suggested pos si ble synergies and directions for 
further data collection efforts. We also tried to illustrate the implications of the frame-
work in terms of the research agenda on development. In par tic u lar, we underscored 
the importance of the analy sis of fiscal sustainability including all public assets in the 
government’s balance sheet, especially natu ral resources. This is functional to connect-
ing the two usual conceptions of sustainability: the one that is focused on fiscal sound-
ness (Escolano, 2010) and the one that is focused on development (United Nations, 2015). 
We believe, in this regard, that more research is needed about the role of public wealth 
including all assets in the government’s balance sheet and about the distributional 
consequences—on income as well as wealth—of policies regarding fiscal sustainabil-
ity, intergenerational transfers that finance the demand for lifecycle wealth, and the 
management of publicly- owned natu ral resources.

We have paid special attention to the case of natu ral resource– rich developing 
countries that are  going through the first stages of the demographic transition or are 
enjoying the demographic win dow of opportunity. One issue that requires more re-
search is volatility. When international prices of natu ral resources in such countries 
rise substantially, po liti cal forces are likely to press for an increase in Nt

D  because of 
the increment in rents revenues, Et

G. But prices are volatile and shocks are, more often 
than not, transitory. Therefore, in the phase in which prices drop, the primary balance 
 will likely worsen, and the previous increases in re distribution policies, Nt

D,  will ulti-
mately result in a higher public debt/GDP ratio. Demography and wealth constraints, 
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in turn, enter the picture  because greater indebtedness means that the funds to fi-
nance fiscal re distributions  will be provided by diff er ent cohorts, which are not typi-
cally favored in the same way by the increase in re distribution policies. The longer the 
duration of public debt is, the more probable it is that significant intergenerational 
distributions  will be involved.20 Besides, we have shown that the significance of the 
additional burden for each cohort  will depend not only on the increase in the debt ratio 
but also on the size of each of the cohorts, the growth rate of the economy, and the 
proportion of taxpayers and beneficiaries of public spending in each cohort, which, in 
turn,  will be a function of the stage of the demographic transition. Meanwhile, the spe-
cific combination of generations’ debt burden and debt duration features  will influ-
ence the market perception of the maximum level of the debt ratio that is considered 
sustainable and, hence, the government’s ability to access credit markets. In order to 
reduce Dt

PG in a period of reduced revenues from rents and weakening fiscal sustain-
ability, the government might try to increase Et

G by increasing extraction (ΔQt
G ). 

This, in turn, would result in a faster depletion of nonrenewable resources, making 
growth less sustainable.

On the basis of  these issues, the following policy implications of the methodologi-
cal framework deserve mention:

1. Fiscal sustainability tests should be part of any significant initiative involving fis-
cal re distributions. Policies that do not pass the sustainability tests could undermine 
the ability of the state to improve income distribution, protect the poor, and create 
a growth- friendly environment over time, thereby giving rise to socially disruptive 
phenomena, such as “lost de cades.”

2. In the case of natu ral resource– rich countries it is particularly relevant to consider 
that fiscal re distributions may ultimately deplete the stock of natu ral resources with-
out ensuring a compensatory accumulation of reproducible capital if they do not 
take adjusted government savings and capital gains into account.

3. In the context of the ongoing demographic transition, even if the par ameters of fis-
cal re distributions are maintained, the changes in the weight of the diff er ent co-
horts in the total population  will modify the size of fiscal re distributions. This is 
one impor tant reason why demography must be taken into consideration when 
designing fiscal re distributions and assessing sustainability. It also  matters to 
income and wealth distribution to the extent that income distribution differs 
among cohorts.

4. Transfers associated with the social security system are a substantial part of public 
re distributions and a key determinant of both the lifecycle deficit and the govern-
ment deficit. The ways in which lifecycle deficits and the demand for the lifecycle 
wealth of each cohort are financed impinge significantly on the distribution of 
wealth between the public and the private sectors and across generations as well.

20 See Fanelli (2015).
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5.  Whether we consider pensions as deferred income or not  matters for the distribu-
tion of wealth between the public and private sectors and, prob ably, for public 
opinion’s perception of the significance of public re distributions. Public opinion’s 
misperception can easily result in a demand for lifecycle wealth that cannot be 
satisfied, given the economy’s capacity to accumulate wealth and the restrictions 
imposed by sustainable development on the trajectory of natu ral capital.
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Appendix 7A

Pensions as Deferred Income

T he relation between the social security system and fiscal re distributions raises 
the issue of  whether contributory pensions should be considered a form of fis-
cal re distribution or deferred incomes.  Here, we investigate the consequences 

of conceiving pensions as deferred income. We begin by adding the contributory so-
cial insurance old- age pensions net of subsidies (Gt

′A ) to Market Income. In this way 
we obtain a “corrected” version of Market Income (Yt

′M ). Two clarifications are in 
order. First, Gt

′A  is not considered a transfer from the public to the private sector but is 
the perception of deferred income by the private sector. For this reason, we do not 
include the subsidized part of pension transfers (Zt

A ) included in Gt
A, if any. This 

means, of course, that Gt
A =Gt

′A + Zt
A. Second, when adopting this perspective, social 

security contributions (Tt
A ) must be assumed to be mandatory savings. Corrected 

Market Income is then

(7A-1) Yt
′M =Yt

L +Yt
A +Gt

′A ..

To calculate corrected Disposable Income (Yt
′D ), contributions to social security 

are not deducted from  labor earnings  because, as was already mentioned, they are as-
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sumed to be mandatory savings. But we have to add the subsidized part of pensions to 
contributory pensions. Consequently,

(7A-2) Yt
′D =Yt

L +Yt
A +Gt

O +Gt
′A + Zt

A −Tt
Y.

Corrected Consumable Income (Yt
′C )  is, then

(7A-3) Yt
′C =Yt

L +Yt
A +Gt

O +Gt
′A + Zt

A +Gt
I −Tt

Y −Tt
I,

while corrected Final Income can be stated as

(7A-4) Yt
′F =Yt

L +Yt
A +Gt

O +Gt
′A + Zt

A +Gt
I +Gt

E +Gt
H −Tt

Y −Tt
I −Tt

F.

This means that the corrected version of Disposable, Consumable, and Final In-
come  will be higher than their noncorrected counter parts by an amount equal to 
TtA +Gt

′A +  Zt
A –Gt

A =TtA.
We should correct the expression for the distributive effects of fiscal re distributions 

in accordance with the new assumptions. In par tic u lar,  there is now no re distribution 
via fiscal intervention concerning pensions, with the exception of their subsidized share. 
Therefore, we define

(7A-5) Nt
′D =Gt

O +Gt
I +Gt

E +Gt
H + Zt

A −Tt
Y −Tt

I −Tt
F.

The relation between the two concepts, then, is

(7A-6)  Nt
D = Nt

′D +Gt
A − Zt

A −Tt
A = Nt

′D +Gt
′A −Tt

A.

This means that the fiscal and redistributive effects that  will be attributed to fiscal 
re distributions  under the assumption of deferred income may greatly differ from the 
effects  under standard assumptions. The difference depends on the value of Gt

′A −Tt
A 

and the distribution of Gt
′A  and Tt

A among income strata. The greater the subsidized 
part of contributory pensions is, the lower the difference between Nt

D and Nt
′D   will be. 

Likewise, the difference  will be low when the deficit of the social security system 
(Gt

A −Tt
A ) is low.

When we look at this issue from an intertemporal point of view, a conceptual dis-
cussion is in order. We are assuming that contributory pensions originate in deferred 
income when in real ity social security follows a pay- as- you-go rule. If we cease to rec-
ord current contributions as part of public revenues but the government still has to pay 
committed pensions, the current and  future primary fiscal deficits  will obviously in-
crease. Since Gt

′A  is assumed to be the return to assets that  were previously accumu-
lated by the private sector on the basis of Tt −mA , with m > 0, the pre sent value of the 
 future fiscal deficits associated with  those payments must be added to the existing 
public debt. Three issues deserve mention. First, any  future pension payment in excess 
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of the normal returns on an annuity that the pensioner could buy in the markets with 
the funds accumulated at the date of his or her retirement should be considered a 
subsidy and imputed to Zt

A. In other words, the payments that  will be received in the 
annuitization phase should reflect only the amount of income that was deferred in the 
accumulation phase; any payment beyond this is a subsidy. Second, the costs of the in-
creasing longevity risk that a defined payment pension system  faces as a consequence 
of aging should also be considered a subsidy. Third, if we cease recording Tt +m

A  in the 
government bud get, the private sector  will have to cover an increasing part of  future 
pensions due to the fact that, from t = 0 onward, they  will begin to accumulate stocks 
in their portfolios based on their forced savings, which equals Tt +m

A  at each period 
m ≥ 0. The assets acquired with forced savings should be used, in turn, to buy the an-
nuities at the date of retirement. In this sense, to consider contributory pensions as 
deferred income is analogous to simulating what the bud getary consequences would 
be if the government reformed social security and replaced the pay- as- you-go system 
with one based on the private capitalization of individual contributions. The reform 
experiences show that at the moment of the implementation of the reform (t = 0)  there is a 
substantial increase in the primary deficit, which subsequently and gradually dis appears. 
That is, Gt

′A  shows a downward trend, whereas the assets accumulated in private portfo-
lios on the basis of forced savings show an upward trend. Consequently, from t = 0 on-
ward, only the falling magnitude G0+m

′A ;m ≥ 0 should be recorded in the bud get.
To perform sustainability exercises, we need to create a public liability that reflects 

the pre sent value of the stream of  future Gt
′A + Zt

A payments from t = 0 onward. Taking 
into account that Zt

A is already included in Nt
′D  and that this variable excludes TtA, the 

intertemporal restriction  will be

(7A-7)

 

!b0 = (1+ λ)−t
t =1
∞∑ εt

G −ηt
′D − gt

′A

yt
−ηt

R − ιtG
⎛
⎝⎜

⎞
⎠⎟

= − (1+ λ)−t !dt
PG + t A

yt

⎛
⎝⎜

⎞
⎠⎟
,t =1

∞∑

where ∑t =1
∞ (1+ λ)−t gt

′A

yt
+ zt

A

yt

⎛
⎝⎜

⎞
⎠⎟

 is the pre sent value of the government liability 

generated by pension transfers. The liabilities  will increase the overall debt burden 

 because the government ceases to receive social security contributions t A

yt

⎛
⎝⎜

⎞
⎠⎟
. If the 

fiscal rule is dPG* = −λ b0, the restriction on ηt
′D   will be

(7A-8) ηt
′D = εt

G − !g ′A −ηt
R − ιtG − λ !b0.

And,  under the more usual sustainability condition bt = b*,, at each point in time the 
government  will have to re spect the restriction ηt

′D = εtG − g ′A −ηt
R − ιtG − λ b*.
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To be sure, the public sector may have accumulated nonfinancial assets using pre-
vious contributions to social security. But it is very difficult to identify  those assets 
 because, for one  thing, public assets are only partially registered and their market value 
is difficult to assess and, for another, more often than not public accounting does not 
register what assets—if any— are acquired with the proceeds from social security.

1  Income Strata and Deferred Income

The deferred income assumption may help uncover hidden subsidies. The following ex-
ample may clarify the issue. Since the difference between Nd, t

D  and Nd , t
′D  originates in 

the treatment of contributory pensions, the relevance of such difference is a direct 
function of the proportion of the population older than 65 years in the income group. 
Note the Nd , t

D − Nd , t
′D  gap. If we consider that pensions are deferred income and group 

l is favored over group h by fiscal re distributions, it means that Nh, t
′D < Nl , t

′D . But this 
is compatible with a situation in which Nl , t

′D − Nh, t
′D < (Gh, t

′A −Th, tA )− (Gl , t
′A −Tl , tA ).  Under 

 these circumstances, the net benefits that group h receives from social security more 
than compensates for the group’s disadvantageous position concerning other trans-
fers and taxes and the group becomes a net winner. If Gh, t

′A  does in fact have a large 
component of hidden subsidy not registered in Zh, t

A , the situation  will not be equitable. 
For example, let us assume that the l group is composed basically of young  people and 
the average age of the h group is much higher. The positive effect of the conditional 
transfers favoring the young may be more than offset by the effect of pension trans-
fers. If the older are richer than the younger, the overall result is regressive. This type 
of outcome can be seen in Latin Amer i ca.

2  Private Wealth and Forced Savings

If we consider TA as “forced savings,” the pre sent value of forced savings is part of the 
private sector wealth. Therefore, we can write

(7A-9)
 

κ 0
P + !b0P + (1+ λ)−t Tt

A

Xt yt
t =1
∞∑   = (1+ λ)−t δ t −ηt

′D − Gt
′A

Xt yt
−ηt

R⎛
⎝⎜

⎞
⎠⎟
.t =1

∞∑

Consequently, forced savings contribute to financing the demand for lifecycle 
wealth:

(7A-10)
 

π 0 =κ 0
P + !b0P + (1+ λ)−t

t =1
∞∑ ηt

′D + Gt
′A

Xt yt
+ηt

R + Tt
A

Xt yt

⎛
⎝⎜

⎞
⎠⎟
.

In turn, we have to subtract the pre sent value of the contributions to the social se-
curity system from the fiscal bud get. Given that the committed pension payments Zt 
are already registered in ηt

′D ,  we can write
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(7A-11)
 

κ 0
G − !b0 − (1+ λ)−t Tt

A

Xt yt
t =1
∞∑ = (1+ λ)−t

t =1
∞∑ ηt

′D + Gt
′A

Xt yt
+ηt

R⎛
⎝⎜

⎞
⎠⎟
.

3  Demography and Wealth

In terms of pensions as deferred income, Yt
′F =Yt

M +Gt
′A + Nt

′D  and, consequently, 
corrected private savings is

(7A-12)

 

′Sa, t =Ya, t
M +Ga, t

′A + Na, t
′D + Na, t

R + Na, t
′P −Ca, t

=Ya, t
′F +  Na, t

R +  Na, t
′P −Ca, t = Sa, t +Ta, t

A .

Current corrected private savings is higher than private savings  because contribu-
tions to social security are considered mandatory savings. Na, t

′P  are private transfers 
when pensions are assumed to be deferred income. However,  after the current period, 
the relationship between forced savings and contributory pension payments must be 
adjusted for the reasons that we have already explained, associated with the fact that, 
from an intertemporal perspective, the government has a de facto liability that declines 
over time and the private sector should finance an increasing part of private pensions. 
Consequently, cohort’s a savings ratio with pensions as deferred income  will be

(7A-13)

 

′σ a, t = r  ωa, t −1
p   (1+ xt )

(1+ g )(1+ xa, t )
+ηa, t

′D +  
Ga, t

′A

Xa, t yt

+ηa, t
R +  ηa, t

′P −δa, t =σ a, t +
Ta, t

A

Xa, t yt
.

Wealth evolves according to

(7A-14)

 

ωa0,N
′p = (1+ λ)Nωa0,0

′p + (1+ λ)N − t
t =1
N∑ ×

× ηa0,t
′D +

Ga,t
′A

Xa, t yt
⎛
⎝⎜

+ηa0,t
R +ηa0,t

′P −δa0,t +
Ta0,t

A

Xa0,t  yt

⎞
⎠⎟
.

And the lifecycle demand for wealth should be expressed as

(7A-15)

 

 π a0,0 =ωa0,0
p + (1+ λ)−tt =1

a − a0∑
Ta0t

A

Xa0,t yt

+ (1+ λ)−tt =1
a − a0∑ ηa0,t

′D +
Ga0t

A'

Xa0,t yt
+  ηa0,t

R +ηa0,t
′P

⎛

⎝⎜
⎞

⎠⎟
,

where ηa0, t
′D  and  ηa0,t

′P  stands for government re distributions and private transfers ad-
justed to reflect the changes in the assumptions concerning the social security sys-
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tem. If the period of duration a0 covers the entire period during which the a0 cohort ac-
cumulated “forced savings” and received pension payments and payments  were “fair,” 
the pension payments that the a0 cohort should receive should be in the amount of

(7A-16)
 

(1+ λ)−t
t = −a0
t = 0∑

Ta0 , t
A −Ga0,t

′A

Xa0 , t yt
= (1+ λ)−t

t =1
a − a0∑

Ga0 , t
′A

Xa0,t yt
.

Three points deserve highlighting. First, the total amount of the subsidy in pre-
sent value at time t = 1 can be calculated as

(7A-17)
 

Za0,1
′A

Xa0,1 y1
= (1+ λ)−tt =1

a − a0∑
Ga0t

′A

Xa0,t yt
− (1+ λ)−tt = a0 ,

t = 0∑
Ta0,t

A −Ga0,t
′A

Xa0,t yt
.

Obviously, if 
Za0,1

′A

Xa0,1 yt
< 0, it  will be a tax rather than a subsidy. Second, if r > g, and 

the public sector pays the market rate of return on forced savings, it follows that pen-
sion payments  will absorb a growing amount of per capita income  because, ceteris 
paribus, the demand for lifecycle wealth increases with λ. This  will tend to crowd out 
other fiscal re distributions or create the need to increase the tax burden. Third, we are 
assuming that ā is constant. However, if ā increases  because of an increase in longev-
ity of the kind that is being observed in advanced economies, the probability that the 
social security system subsidizes  future pensioners  will be higher.

To illustrate the linkage between demography and wealth distribution, consider 
an extreme case in which cohort a0 is comprised of two groups (d = h, l)— the wealthy 
who own all private wealth (a0,h) and are formal workers, on the one hand, and the poor 
(a0,p) who own no wealth at all and participate in the informal  labor market  because of 
a lack of  human capital, on the other. If we consider that Ta0,t

A  are forced savings, from 
(7-67) it follows that the demand for lifecycle wealth of the wealthy  will be

(7A-18)

 

π a0,0,h =ωa0,0,h
P + (1+ λ)−tt =1

a − a0∑
Ta0 , t ,h

A

Xa0,t,h  yt

+ (1+ λ)−tt =1
a − a0∑ ηa0, t, h

D' +
Ga0,t,h

′A

Xa0, t, h  yt
  +ηa0, t, h

R +ηa0, t, h
′P

⎛

⎝
⎜

⎞

⎠
⎟ ,

and for the poor it  will be

(7A-19)
 

π a0, 0, l = (1+)−t
t =1
a − a0∑ (ηa0, t, l

D +ηa0, t, l
R +ηa0, t, l

P ).

 Under  these circumstances, the poor would depend entirely on public and private 
transfers to finance their demand for lifecycle wealth. But the bequests received by the 
poor in the form of assets and financing for the accumulation of  human capital  will 
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prob ably be very low. Consequently, the members of a0,l could easily get caught in a pov-
erty trap. They do not participate in the formal  labor market  because of the lack of  human 
capital, and they cannot accumulate  human capital and forced savings  because they do 
not participate in the formal  labor market and, as a consequence, their income is insuffi-
cient. If the coverage of the social security system  were reduced or biased in  favor of the 
richer— whose participation in the formal  labor market is higher— the prospects for 
 those el derly who are also poor would be discouraging. Forced contributions would ac-
cumulate in the pension accounts of the wealthy, increasing formal workers’ wealth 
(ωa0, t,h

P ) over time. Furthermore, if r > g, the benefits of forced savings  will increase at a 
higher path than income. The higher the difference between r and g, the lower  will be the 
pre sent value of the lifecycle wealth of the poor (π a0, 0, l ), while the opposite case  will hold 
for the wealthy  because, obviously, the value of  ωa0, 0,h,  will not be affected.

But even if the lowest strata have some wealth, if the poor’s birth rate is higher, 
given the return on capital, the rate of growth of their per capita wealth  will be lower 
( because the effective rate λ ′ would be lower. Remember that we are assuming λ = λa 
to simplify). This  factor  will also  favor the generation of poverty traps. Indeed, if 
(ηa0,t,h

′D +ηa0,t,h
R )< 0, a lower pre sent value  will  favor the wealthy.

Appendix 7B Nomenclature
a subscript that identifies the cohort
′  superscript that states that pensions are considered deferred incomes
ā oldest cohort
Bt

G  stock of public debt (net)
bt  government bonds per capita

btG = BtG

Yt
Bt

P  public bonds held by the private sector

btP = BtP

Yt
Ca,t consumption of cohort a
ca,t cohort a’s per capita consumption
Ct

E  number of effective consumers in cohort a
d subscript that identifies the strata
d  highest strata
Dt

G  fiscal deficit
Dt

PG  primary fiscal deficit
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dtG = Dt
G

Yt
dtG = Dt

G

Yt

dtPG = Dt
PG

Yt

dtPG = Dt
PG

Yt

Et
G  total rents from natu ral resources

Et
G  deduction for depletion of natu ral resources

fa,d,t employment intensity
g growth rate of GDP
gn nominal growth rate of GDP
Gt

A  pension transfers
Gt

E  expenditures in kind related to education
Gt

H  expenditures in kind related to health
Gt

I  indirect subsidies
Gt

R  other public goods
Gt

O  other transfers
h high income
It

G  government investment
Kt

G  government’s stock of capital
Kt

P  private stock of capital
l low income
Lt number of effective workers
La,t number of effective workers of the a cohort
lcda,t per capita life- cycle deficit of the a cohort
LCDt life- cycle deficit
mt proportion of natu ral resource depletion subtracted
Nt

D  fiscal re distributions
nt

D  fiscal re distributions per capita
Na, t

P  net transfers received by cohort a from other cohorts
Nt

R  net incidence of other bud get items
pt natu ral resource rents
p̂t  rate of growth of rents
Qt

G  government- owned reserves of natu ral resources
qt

G  per capita government- owned reserves of natu ral resources
r interest rate
Sa,t savings of the a cohort
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St
G  net government savings

st
G  per capita net government savings

St
P  private savings

Sa,t cohort a savings
SRt support ratio
SRa,t cohort a support ratio
Tt

A  employee contributions to social security
Tt

F  fees
Tt

I  indirect taxes
Tt

R  other revenues (including corporate taxes)
Tt

Y  personal taxes

ua, t =
Xa, t

Xt
ua, t =

Xa, t

Xt

va,t average wage
!va,d , t  wage correction  factor corresponding to group a, d
Wt

G  government wealth
wt

G  per capita government wealth
Wt

P  private wealth
Wa0, t

p   wealth at time t of the cohort that was a0 years old at time t = 0
wa, t

p  per capita wealth
Xt total population
Xa,t total population of cohort a
xt growth rate of the total population
xa,t rate of growth of the population of age a
Xa,d , t

e  members of the group who are employed
Yt GDP
yt per capita GDP
Yt

A  income from accumulated assets
Ya, t

A  cohort a income from accumulated assets
ya, t

A  cohort a per capita income from accumulated assets
Yt

C  Consumable Income
Yt

D    Disposable Income
Yt

F    Final Income
yt

F  per capita Final Income
Yt

L   labor income
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ya, t
L  cohort a per capita  labor income

Yt
M  Market Income

zt “extra consumption” financed by capital gains
Zt

A  subsidized part of contributory pensions
αt benefits received from the government

αa, t =
Ga, t

O +Ga, t
A +Ga, t

I +Ga, t
E +Ga, t

H +Ga, t
R

Xa, t yt

α t
D = Gt

O +Gt
A +Gt

I +Gt
E +Gt

H

Yt

α t
R = Gt

R

Yt

αa, t =
Ga, t

O +Ga, t
A +Ga, t

I +Ga, t
E +Ga, t

H +Ga, t
R

Xa, t yt

α t
D = Gt

O +Gt
A +Gt

I +Gt
E +Gt

H

Yt

α t
R = Gt

R

Yt

βt tax burden

βa, t =
Ta, t

A +Ta, t
Y +Ta, t

I +Ta, t
F +Ta, t

R

Xa, t yt

βt
D = Tt

A +Tt
Y +Tt

I +Tt
F

Yt

βt
R = Tt

R

Yt

γt aggregate  labor share

γ a, t =
ya, tL

yt
γ a, t =

ya, tL

yt

δ t = LCDt

Yt
δ t = LCDt

Yt

δa, t =
lcda, t
yt

δa, t =
lcda, t
yt

εtG = Et
G

Yt

εtG = Et
G

Yt
εt

p  non– Labor Income share
εa, t

p  cohort a non– Labor Income share
ς depreciation rate of the capital stock

ηt
D = Nt

D

Yt

αa, t =
Ga, t

O +Ga, t
A +Ga, t

I +Ga, t
E +Ga, t

H +Ga, t
R

Xa, t yt

α t
D = Gt

O +Gt
A +Gt

I +Gt
E +Gt

H

Yt

α t
R = Gt

R

Yt

αa, t =
Ga, t

O +Ga, t
A +Ga, t

I +Ga, t
E +Ga, t

H +Ga, t
R

Xa, t yt

α t
D = Gt

O +Gt
A +Gt

I +Gt
E +Gt

H

Yt

α t
R = Gt

R

Yt

βa, t =
Ta, t

A +Ta, t
Y +Ta, t

I +Ta, t
F +Ta, t

R

Xa, t yt

βt
D = Tt

A +Tt
Y +Tt

I +Tt
F

Yt

βt
R = Tt

R

Yt

βa, t =
Ta, t

A +Ta, t
Y +Ta, t

I +Ta, t
F +Ta, t

R

Xa, t yt

βt
D = Tt

A +Tt
Y +Tt

I +Tt
F

Yt

βt
R = Tt

R

Yt

βa, t =
Ta, t

A +Ta, t
Y +Ta, t

I +Ta, t
F +Ta, t

R

Xa, t yt

βt
D = Tt

A +Tt
Y +Tt

I +Tt
F

Yt

βt
R = Tt

R

Yt
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Chapter 8

FISCAL RE DISTRIBUTION, 
SUSTAINABILITY, AND 

DEMOGRAPHY IN LATIN AMER I CA

Ramiro Albrieu and Jose Maria Fanelli

Introduction

When discussing fiscal re distributions— that is, changes in income distribution caused 
by taxes and expenditures— policymakers tend to focus on two main  factors: re-
distribution effects considering a cross- section of the current population’s income lev-
els and the short- run impact on the public bud get. More often than not, the intertem-
poral implications are not systematically evaluated. Two dimensions are particularly 
relevant with regard to fiscal re distributions: the sustainability of public debt and the 
consequences for the distribution of wealth among pre sent and  future generations.

The lit er a ture that considers the intertemporal dimension argues that policy mak-
ers need sufficient bud get “flexibility” to implement their policies and, in recent years, 
the concept of “fiscal space” has become increasingly popu lar to assess the degree of 
flexibility a government enjoys. Heller (2005) defined fiscal space as “room in a gov-
ernment’s bud get that allows it to provide resources for a desired purpose without 
jeopardizing the sustainability of its financial position or the stability of the economy” 
(p. 32). The UN’s approach to the notion of fiscal space, in turn, explic itly considers 
the link between flexibility and fiscal re distribution (Roy, Heuty, and Letouze, 2007). 
Accordingly, fiscal space is needed in the first place to evaluate the extent to which a 
government can mobilize resources to combat poverty and achieve sustainable devel-
opment goals. Ostry et al. (2010) focus on the financial side and define the fiscal space 
as the difference between an estimated upper limit of public debt (beyond which ac-
tion would have to be taken to avoid default) and  actual public debt, expressed as a 
percentage of GDP. The upper limit is estimated econometrically. The fiscal space so 
defined is routinely mea sured by Moody’s Analytics (2011) for a set of developed 
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economies, which are classified into three categories according to the availability of 
fiscal space.

The notion of fiscal space is useful to evaluate the financial dimension of flexibil-
ity, but it leaves aside two  factors that are essential to mea sure the degree of flexibility 
that a government has to sustain a given fiscal re distribution structure in the face of a 
shock or to introduce changes in such structure.

The first  factor is the combination of taxes and expenditures— that is, the fiscal re-
distribution structure— associated with the primary surplus required to ensure debt 
sustainability. This is crucial when evaluating the degree of flexibility to achieve the 
required primary surplus without jeopardizing the results sought concerning poverty 
or distribution.  Under certain conditions, intertemporal financial stability restrictions 
and fiscal re distributions can interact perversely. On the one hand, when a negative 
shock occurs, say, a fall in the terms of trade, and debt sustainability is  under scrutiny, 
the authorities may have to implement “adjustments” in taxes and expenditures to in-
crease the primary fiscal balance and thus strengthen its creditworthiness. The ad-
justments often have a negative distributional impact that weakens the progressivity 
of the existing fiscal re distribution structure. This is why, in evaluating diff er ent op-
tions to ensure sustainability, it is crucial to include an assessment of the distributional 
effects of changes in the level and composition of the taxes and expenditures that make 
up the structure of fiscal re distributions. On the other hand, when launching an ini-
tiative to improve income distribution and/or combat poverty that changes the struc-
ture of fiscal re distribution permanently, the fiscal authorities should routinely check 
for debt sustainability. In the special case of natu ral resource– rich countries, it is impor-
tant to consider the extent to which fiscal revenues depend on such resources. Marked 
bud getary imbalances may appear as a consequence of shocks in commodity prices that 
provide funds to finance the existing structure of fiscal re distributions. This is particu-
larly so when symptoms of the so- called natu ral resource curse (the phenomenon of 
countries with an abundance of natu ral resources having worse development out-
comes than countries with fewer natu ral resources) are pre sent. Furthermore, it goes 
without saying that flexibility concerning the choice of the tax/expenditure mix has a 
bearing on the po liti cal economy equilibrium and, consequently, it  matters to deter-
mine the maximum primary fiscal balance that is po liti cally feasible.

The demographic transition is the second  factor that  matters to the link be-
tween intertemporal constraints and the fiscal re distribution structure. Unex-
pected, undesired re distributions of wealth across generations may occur when fis-
cal re distributions— especially  those implemented through a social security system—do 
not properly consider the constraints posed by the demographic transition. One main 
reason for this is that as the demographic transition evolves and the weight of each co-
hort in the population changes, the overall tax/expenditure mix also changes  because 
such mixes differ from one cohort to another. This induces endogenous changes over 
time, first, in the fiscal re distribution structure and, second, in the size of the primary 
fiscal balance, modifying the available fiscal space.
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When the fiscal re distribution structure does not take demographic changes into 
account and, as a consequence, has a bias in  favor of the current cohorts, market par-
ticipants may foresee potential debt sustainability prob lems  because of the difficulty 
of garnering po liti cal support for reforms that  favor  future generations to the detri-
ment of the current ones. Consequently, the observed primary fiscal balance may tend 
to fall systematically lower than the one that is consistent with a sustainable public debt. 
This means that the fiscal space becomes partially determined by the stages of the de-
mographic transition. Although that issue goes beyond the scope of this chapter, it is 
impor tant to consider that demography can also change the upper debt limit and change 
the availability of fiscal space  because of endogenous changes in the size and composi-
tion of private portfolios. For example, as aging approaches, the demand for financial 
instruments to allocate savings tends to increase.

In sum, we can say that a government has sufficient flexibility—or fiscal space—if 
it is able to run a primary surplus that is higher than the one required to ensure debt 
sustainability while maintaining a structure of fiscal re distributions that is consistent 
with its distributional goals. In assessing the degree of flexibility, it is crucial to take 
into account the endogenous changes in fiscal re distributions induced by the demo-
graphic transition.

The main purpose of this chapter is to investigate the links between fiscal space, 
fiscal re distributions, and distributional outcomes for the case of Latin Amer i ca. We 
highlight two  factors. The first is the intertemporal dimension. It plays an essential role 
 because the definition of fiscal space introduces debt sustainability into the analy sis, 
but we also take into consideration the demographic transition’s influence on the fis-
cal re distribution structure. The second  factor is the structure of fiscal re distributions, 
which is essential to evaluate the distributional effects of the intertemporal dimension 
of fiscal policies.

In the empirical work, we define fiscal flexibility following the fiscal space approach. 
To this end we state an exogenous debt to GDP limit and define the fiscal space as the 
difference between the primary fiscal balance/GDP ratio that is intertemporally con-
sistent with such a limit and the observed primary fiscal balance/GDP ratio. By “ob-
served” we mean  either the  actual balance or the one that results from a simulation 
exercise. We explore how the changes in the primary fiscal balance, the structure of 
fiscal re distributions, and the demographic transition influence government flexibil-
ity and impinge on income distribution as mea sured by the Gini coefficient.

To establish the links between the primary fiscal balance, the mix of taxes and 
expenditures that make up the fiscal distribution structure, and the effects of the de-
mographic transition, we use the methodology presented in Fanelli (2022), which is 
 designed to take advantage of the information provided by two relatively new sources of 
data developed by the Commitment to Equity (CEQ) Institute on fiscal re distributions 
and the National Transfer Accounts (NTA) proj ect on the economic effects of the de-
mographic transition. For fiscal data we use the International Monetary Fund (IMF) 
and Economic Commission for Latin Amer i ca and the Ca rib bean (ECLAC) databases 
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(IMF, n.d; ELAC, n.d.). We work with a sample of 16 Latin American countries, which 
 were chosen for the availability of the data.

The rest of the chapter is or ga nized as follows. Section 1 defines the structure of 
fiscal re distributions and explores their relationship to income distribution in a set 
of Latin American countries. The main objective is to study the data provided by 
the CEQ database from a macroeconomic perspective that seeks to assess the em-
pirical relevance of the issues that we raised previously and identify a set of styl-
ized facts. Section 2 analyzes fiscal flexibility, discusses its linkages with the fiscal 
re distribution structure, and performs simulations to evaluate the impact of shocks 
and adjustment patterns on the fiscal space and the Gini coefficient. Section 3 exam-
ines long- term fiscal pressures via the changes in the population structure and its ef-
fects on the fiscal primary balance, fiscal sustainability, and income distribution. Sec-
tion 4 concludes.

1  Fiscal Policy and Re distribution Outcomes

In this section, we first pre sent a framework showing the relationship between the taxes 
and expenditures that make up the fiscal re distribution structure and the primary fis-
cal balance and then apply the framework to the case of 16 Latin American countries. 
We study the composition of the fiscal re distribution structures and the relevance in 
terms of the GDP and of the Gini coefficient.

1.1  Fiscal Re distribution, Primary Balance, and Fiscal Space

In what follows all variables are defined as ratios to GDP. We represent such ratios with 
Greek letters. The indicator of aggregate fiscal re distributions (ηt

d) that is presented 
in Fanelli (2018) is based on the CEQ approach (Lustig, 2022; Lustig, Lopez- Calva, 
and Ortiz- Juarez, 2015), and, consequently, it is defined as the difference between ag-
gregate Market Income (γ t

M) and aggregate Final Income (γ t
F ) in period t:

(8-1) ηt
D = γ t

F − γ t
M.

Market Income is the sum of market  labor income (γ t
L) and the Market Income 

stemming from previously accumulated assets (γ t
A) before taxes. Income from assets 

includes private transfers such as private pensions and remittances. Hence, Market 
Income can be written as

(8-2) γ t
M = γ t

L + γ t
A.

Final Income is calculated by adding the set of fiscal re distribution items as de-
fined by Lustig (2018) to γ t

M.  Concerning the expenditure items, we add contributory 
pension transfers (ψ t

A), other monetary transfers (ψ t
O), indirect subsidies to energy, 
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food, and other general targeted subsidies (ψ t
I), and expenditures in-kind related to 

education (ψ t
E) and health (ψ t

H). For pre sen ta tion purposes and owing to data limita-
tions, in some cases we define ψ t

OT =ψ t
O +ψ t

I .  On the tax side, we subtract employee 
contributions to social security (τ t

A), personal taxes (τ t
Y), fees (τ t

F), and indirect taxes 
(τ t

I). We thus obtain

(8-3) γ t
F = γ t

L + γ t
A +ψ t

A +ψ t
O +ψ t

I +ψ t
E +ψ t

H − τ tA − τ tY − τ tF − τ tI .

The fiscal re distribution structure can therefore be expressed as

(8-4) ηt
D =ψ t

O +ψ t
A +ψ t

I +ψ t
E +ψ t

H − τ tA − τ tY − τ tI − τ tF.

If η D< 0, it means that fiscal interventions contribute to easing the bud getary con-
straint; in contrast, a positive figure indicates that the financing of the re distribution 
structure requires funds that  will be obtained by  running a surplus in the remaining 
bud get items and/or increasing indebtedness. The rest of the ele ments that make up 
the primary fiscal balance are government investment (ιtG), the revenues from 
government- owned nonfinancial assets (εt

G ), and a variety of miscellaneous items re-
lated to government revenues (τ t

R) and the provision of public goods (ψ t
R ). For the 

sake of con ve nience, we define ηt
R =ψ t

R − τ t
R. The primary fiscal deficit (θt

GP ) can, then, 
be defined as

(8-5) θt
GP =ηt

D +ηt
R + ιtG − εtG.

Note that the decisions concerning ηt
D  directly influence the primary deficit. This 

deficit is a central determinant of debt sustainability to the extent that it equals the 
government’s net borrowing, excluding interest payments on consolidated govern-
ment liabilities. But, of course, to determine the impact on distribution, it is necessary 
to identify the value of ηt

D  corresponding to each relevant stratum. If d stands for the 
stratum  under consideration and the total number of strata is d , we can write

(8-6) ηt
D = d =1

d∑ ηd , t
D =θt

GP−ηt
R − ιtG + εt

G.

For fiscal re distributions to have a significant impact on distribution, the tax bur-
den and the portion of government expenditures that make up the ηd , t

D  corresponding 
to each stratum must differ substantially. With regard to ηd , t

D ,  the CEQ pre sents 
country- specific data for a base year. If we use a tilde for the ratio between govern-
ment expenditures received by the stratum and total expenditures in the base year, 
t = b, and do the same with taxes, we can write

(8-7) ηd , t
D = !ψ d

Oψ t
O + !ψ d

Aψ t
A + !ψ d

I ψ t
I + !ψ d

Eψ t
E + !ψ d

Hψ t
H

− !τ d
A τ t

A − !τ d
Y τ t

Y − !τ d
I τ t

I − !τ d
F τ t

F.

1018-103585_ch01_12P.indd   2531018-103585_ch01_12P.indd   253 08/03/23   5:17 PM08/03/23   5:17 PM



R A M I R O  A L B R I E U  A N D  J O S E  M A R I A  F A N E L L I254

We use this equation to evaluate the distributional impact of the fiscal re distribution 
structure. To distribute among the strata the amounts corresponding to each of the 
tax and expenditure items observed in the period  under consideration, we  will use the 
base- year coefficients corresponding to the d strata. Based on this, we can estimate ap-
proximately the simultaneous effects of shocks— for example, terms of trade shocks—
on the fiscal space and income distribution.

As in Lustig (2022), we also use an alternative definition of fiscal re distributions 
according to which contributions to social security are forced savings rather than a tax, 
and, consequently, pension payments are considered to be the perception of deferred 
income rather than government transfers. In this case equation (8-4) becomes

(8-8) nt
D′ =ψ t

O +ψ t
I +ψ t

E +ψ t
H − τ t

Y − τ t
I − τ t

F =ηt
D + τ t

A −ψ t
A.

The size of fiscal re distributions  under the assumption of deferred income may 
greatly differ from the effects  under standard assumptions. The difference depends on 
the value of τ t

A −ψ t
A,  but the redistributive impact, nonetheless, also depends on the 

distribution of ψ t
A  and τ t

A  among income strata.1

1.2  The Structure of Fiscal Re distribution in 16 Latin 
American Countries

We now use the framework to analyze the data on the structure of fiscal re distributions 
provided by the CEQ database.2 Figure 8-1 pre sents the level and composition of fiscal 
re distributions as a percentage of GDP (that is, the right- hand side items of equations 
[8-4] and [8-7]) for the countries  under analy sis.

From figure 8-1 it follows that nD is negative, as a rule. Only Argentina and Co-
lombia show a positive value. This means that the structure of fiscal re distributions 
tends to make a positive contribution to the primary balance according to the CEQ 
sample.3 The distributional impact, nonetheless, is largely in de pen dent of the value of 

1 See Fanelli (2022).
2 Note that the CEQ data concerning the structure of fiscal interventions do not coincide with the 
aggregate data provided by the IMF and ECLAC databases on taxes and expenditures. The differ-
ence occurs  because CEQ data are based on  house hold surveys. In light of this, we have checked 
the stylized facts that we discuss in this section using the IMF and ECLAC data and find no 
substantial differences. We comment on any relevant difference. Given that the main goal of this 
part of this chapter is to examine the characteristics of the CEQ data, when we perform macro-
economic simulations using CEQ base- year coefficients to distribute taxes and expenditures 
among strata— deciles—we utilize IMF and ECLAC aggregate fiscal data.
3 If we used FMI and ECLAC data in 10 out of 16 economies, the structure of fiscal re distribution 
would make a positive contribution to the primary balance, although the contribution is small in 
some cases.
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ηt
D  because a given value of this variable is compatible with diff er ent structures of 

taxes and expenditures. Poorer countries tend to show a negative nD, as we can see in 
figure 8-2, although the correlation is low. This prob ably reflects the fact that expand-
ing the fiscal space is more difficult for poorer countries not only  because of the ob-
stacles to increasing the tax burden but also  because of the difficulties in accessing 
credit markets, which limit their ability to run a primary deficit and sustain a larger 
negative nD. This suggests that poorer countries  will have less ability to implement 
redistributive policies and to soften the effects of negative shocks while si mul ta-
neously sustaining the existing structure of fiscal re distribution. In the case of natu ral 
resource– rich countries, which are the richer ones in the sample, the revenues origi-
nating in such resources make it easier to finance fiscal re distributions.

In the economies of the sample, indirect taxes account for the largest part of fiscal 
revenues, and, therefore, they finance a good portion of government expenditures. In 
some countries, increases in indirect taxes have small effects, but the negative conse-
quences for the poor may still be damaging.4 Direct taxes, on the other hand, are gener-
ally less significant and in all cases much more progressive. On average, indirect tax 
revenues more than double the revenues from direct taxes.

What about the fiscal re distribution structure from the perspective of the demo-
graphic transition in Latin Amer i ca? A first point to highlight in the CEQ sample is 
the absence of sizable differences between fiscal re distributions mea sured in terms of 
nD and nD (see figure 8-1). Nevertheless, in  those socie ties that are undergoing the 
“bonus” stage of the demographic transition and must prepare for the aging stage— 
the case of all richer and larger Latin American economies—it is impor tant to moni-
tor closely the  future evolution of the social security system deficit (ψ A − τ A). Accord-

4 See Lustig (2022).

Figure 8-1
Fiscal Redistributions in Latin America, ca. 2010 (% GDP)

Note: Specific dates for countries are ARG: 2012, BOL: 2009, BRA: 2009, CHI: 2013, COL: 2010, CRI: 2012, DOM: 2013, ECU: 
2011, SLV: 2011, GTM: 2011, HND: 2011, MEX: 2010, NIC. 2009, PER: 2009, URY: 2009, VEN: 2013.
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ing to the data, nine out of 16 countries show a deficit in the social security system 
(t A − g A < 0). In addition, some countries, for example, Argentina and Uruguay, spend 
a significant amount on noncontributory pensions.5 The consequences can be highly 
undesirable if the deficit of the social security system is financed by indirect taxes that 
may have a marked incidence on the poor’s bud get. In addition, as we  will see in the 
next section, the redistributive effects of the social security system—in terms of the 
Gini coefficient— can differ substantially from one country to another, depending on 
the joint incidence of ψ t

A and τ t
A on each stratum.

A point that is highly relevant to our analy sis of the role of demography in sec-
tion 3 is that contributory pensions are an impor tant part of government transfers 
in vari ous countries, particularly in the cases of Argentina, Brazil, and Uruguay.6 
Figures 8-3 and 8-4 show the relationship between the de pen dency ratio, fiscal re-
distribution, and expenditures on contributory pensions.

5 See Lustig and Pessino (2013).
6 This is not surprising  because  these countries’ per capita GDP is high in terms of our sample. 
We found a high correlation between development and pension expenditures (0.74) in the case of 
the IMF- ECLAC data.

Figure 8-2
Fiscal Redistributions and Per Capita GDP (PPP), ca. 2010 (% GDP)

Source: Authors’ calculations based on CEQ and World Bank data.
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As can be seen, the relationship between fiscal re distribution and the de pen dency ratio 
shows no defined pattern, but the relationship between aging and pension expenditures is 
much clearer: the higher the old de pen dency ratio is, the higher pension expenditures 
are. One point should be highlighted: the countries that show a high level of expendi-
tures on pensions are still undergoing the “bonus” stage of the demographic transition, 
which precedes the aging period. Therefore, the CEQ sample suggests that a prob lem of 
“premature” spending on social security may be pre sent in Latin Amer i ca. Pension 
transfers can displace other social expenditures that are of critical importance at the 
“bonus” stage, when the economy has to invest in  human capital. Furthermore, we  will 
see that the social security system can have deleterious effects on income distribution 
if pension transfers tend to  favor the richer strata and the social security system runs 
a deficit, as seems to be the case in Brazil.7 In fact, a bad combination  will occur if fis-
cal re distributions and expenditures are low—as is the case in poorer countries— and 
the de pen dency ratio is high  because the country is demographically young. Low gov-
ernment expenditures usually mean low investment in the younger generations’ 
 human capital, as well as low investment in infrastructure, which weakens productiv-
ity growth.

The CEQ database provides only the base year observation of ηt
D.  Consequently, 

in what follows we use data from the IMF’s Government Finance Statistics database 
and the ECLAC database to examine the evolution of ηt

D  over time. Since the abil-
ity to sustain a given fiscal re distribution structure is not in de pen dent of the macro-
economic situation, and since the mix of taxes and expenditures that make up such 

7 As explained in Higgins and Pereira (2013).

Figure 8-3
Fiscal Redistributions and Dependency Ratios in Latin America, ca. 2010

Source: Authors’ calculations based on CEQ and World Bank data.
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Figure 8-4
Evolution of Fiscal Redistribution (% of GDP), 2000–15

Source: Authors’ calculations based on IMF and ECLAC data
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structure is influenced by po liti cal economy  factors, it is natu ral to expect the macro-
economic relevance of ηt

D  to vary across time. Figure 8-4 shows the year- by- year evo-
lution of ηt

D from 2000 to 2015.8

From figure 8-4 it follows that, in fact, the value of nt
D is rather volatile in many of the 

countries  under analy sis and that the range of variation can be of vari ous percentage 
points of GDP. A better understanding of why nt

D is volatile or why it is more stable in 
some countries than in  others could greatly help to improve the sustainability of distribu-
tion policies. One aspect that complicates the  matter is that nt

D  may change for diff er ent 
reasons. For example, as we  will discuss  later, nt

D  can change endogenously  because 
of the demographic transition. Likewise, a change in the nt

D  ratio might be the result of 
initiatives that are not motivated by re distribution goals, such as expenditure cuts or 
tax increases aimed at reducing the deficit  after the occurrence of a negative shock. But, 
beyond this, nt

D  can also change as a consequence of the implementation of new re-
distribution initiatives. And, indeed, in the case of Latin Amer i ca, a positive shock often 
induces the implementation of redistributive policies, as was the case in the resource- rich 
countries during the 2000s commodities boom. If the change in the fiscal re distribution 
structure is permanent and the shock is transitory, the authorities  will prob ably have to 
launch a fiscal adjustment. Our approach, which assesses debt sustainability and fiscal 
re distributions si mul ta neously, may help to avoid or to manage this kind of dynamic. 
In any case, in- depth understanding of the sources of shocks and the determinants of 
fiscal re distribution initiatives calls for detailed case studies that go beyond the goals of 
this study.

1.3  Fiscal Re distribution and Distributive Impact

We can evaluate the distributional impact of the structure of fiscal re distribution in 
greater detail using the CEQ data. In all the countries  under analy sis, the existing 
structure of re distribution improves the Gini coefficient, which is good news given the 
in equality that is observed in terms of Market Income. However, the magnitude of the 
reduction differs substantially among the economies in the sample. The maximum im-
pact of the structure of re distribution is observed in Argentina and the minimum in 
Honduras. The effect observed in the first case is ten times higher. More generally, 
 there is an association between the per capita GDP and the size of the re distribution 
(see figure 8-5). The correlation coefficient in our sample is 0.7.

The relationship between η D and the improvement in the Gini coefficient is much 
weaker than the relationship between this last variable and expenditures. In the sam-
ple  under consideration, the correlation coefficient is 0.25 in the first case and 0.88 in 
the second. Something similar can be found in the special case of contributory pensions 

8 Note that the CEQ estimates for aggregate fiscal re distribution as a share of GDP may differ 
from  those estimated by the IMF and the NTA.
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as deferred income (0.20 and 0.82, respectively). In line with  these facts, figure 8-6B in-
dicates that  those countries that spend more as a percentage of GDP obtain better in-
come distribution results as mea sured by the Gini coefficient corresponding to the 
Final Income. The association is weaker in the case of fiscal re distributions, as fig-
ure 8-6A shows.

The evidence, then, reveals two facts. First,  those countries that have a higher per 
capita income and can spend more are in a better position to improve equity and 
combat poverty. Second, many of the countries that managed to increase the expen-
diture component of fiscal re distributions have also managed to increase tax collec-
tion. This follows from the fact that  there is no high correlation between η D and the 
redistributive impact. Of course, if the ability to match expenditures and tax collec-
tion  were largely a consequence of the beneficial effects of the commodity super- 
cycle, we would observe a reduction in the fiscal space as the boom faded and/or a 
weakening in the positive distribution outcomes that have been observed in the re-
gion. In any case, we have shown that ηt

D has a degree of volatility that is macroeco-
nom ically significant.

 Table 8-1 shows the results of simulating the relationship between the fiscal bal-
ance and nt

D   under diff er ent periods. For the simulations we draw on the observed 
changes in fiscal re distributions and the fiscal primary balance over two periods—2005–10 
and 2010–15— using the results shown in figure 8-4 and the corresponding data on 

Figure 8-5
Fiscal Redistribution and GDP Per Capita (PPP), ca. 2010 (Contributory Pensions as 
Current Transfers)

Source: Authors’ calculations based on CEQ and World Bank data.
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taxes and expenditures. We employ the CEQ base- year coefficients (the set of   !ψ  and 
!τ  in equation [8-7]) to allocate taxes and expenditures to the diff er ent strata. Based on 
this we calculated the Final Income of each strata (deciles) and the distributive impact 
as mea sured by the Gini coefficient. To isolate the effects of fiscal re distributions we 
kept Market Income in equality constant in the simulations. It goes without saying that 
the main purpose of  these exercises is not to make a precise assessment of the  actual 
evolution of income distribution but to illustrate the empirical relevance of one of the 
points that we have raised: fiscal flexibility, debt sustainability, and distributional im-
pacts should be analyzed jointly.

Beyond the particularities of the relationship between the tax and expenditure 
components of fiscal re distributions in each of the economies  under study,  table 8-1 
reveals a key stylized fact: changes in fiscal re distributions are quantitatively impor-
tant. The changes in the components of the structure of fiscal re distribution and in the 
level of nD may be of vari ous percentage points of GDP and, therefore, can potentially 
affect the fiscal space. Nonetheless, empirically, the relationship is not  simple. During 
the first period  under consideration, five countries achieved a reduction of more than 
one point in the Gini coefficient and all of them experienced a significant worsening in 
the primary balance and an increment in nD (with one exception in this latter case). 
In the second period, three countries experienced more than one- point improvement in 
the Gini coefficient and while two showed a worsening in the fiscal balance and an in-
crease in nD, one experienced a substantial improvement. For the sample as a  whole, 
 there is a low correlation between changes in the Gini Coefficient and the fiscal balance 

Figure 8-6
Income Inequality and Fiscal Redistributions

Source: Authors’ calculations based on CEQ and World Bank data.
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while the correlation with nD is higher (0.58). In this regard, we should add that  those 
countries in which the Gini coefficient worsened registered ΔnD < 0, suggesting that pro-
gressive distributional policies tended to be crowded out by other fiscal needs, especially 
in the cases in which expenditures fell.

The evidence in  table 8-1 confirms the importance of public expenditures in ac-
counting for changes in the Gini coefficient. With the exception of one country, expen-
ditures fell in all of the countries showing regressive re distributions, according to our 
simulations. On the other hand, in the two periods without exception, expenditures in-
creased, and substantially in some cases, in all  those countries where the Gini coefficient 
fell. The case of Argentina is striking. Together with a sizable improvement in the Gini 
coefficient over the period 2005–15,  there was an increase in expenditures of almost 
15 percentage points of GDP, which in this case certainly affected the primary balance, 
although the degree of flexibility was favored by the fact that the debt/GDP ratio was 
low.  There is a high correlation between changes in government expenditures and 
changes in income distribution. In this sample it is more than 0.9 in both periods.

The upward movements in the tax component of nD are also impor tant.  These 
movements are especially marked in the period 2010–15. In both periods, all the econ-
omies showing more than a one- point improvement in the Gini coefficient experienced 
an increment in taxes (with the exception of Chile in 2005–10, when they remained 
constant). This suggests that the re distribution initiatives are bolder when the author-
ities perceive that it is pos si ble to expand the fiscal space by increasing the tax burden. 
In  those cases in which the change in the Gini coefficient was more modest, the pic-
ture is more diffuse.

2  Fiscal Re distributions and Debt Sustainability

In this section we introduce an upper limit for the public debt/income ratio to define 
an indicator of fiscal flexibility and evaluate its links to the fiscal re distribution struc-
ture and distributional outcomes.

If g and r, respectively, stand for the constant rates of growth of GDP and the in-

terest rate on public debt, and we define 1+ r
1+ g

=1+ λ ,  we can express the recursive 

equation governing the dynamics of the public debt to Market Income ratio as

(8-9) bt = (1+ λ)bt −1 +ηt
D +ηt

R + ιtG − εt
g.

The solution to this equation in pre sent value terms is

(8-10) (1+ λ)− N bN = b0 + (1+ λ)−t (ηt
D +ηt

R + ιtG − εt
G ).t =1

N∑

This is the intertemporal version of the government’s bud get constraint. This ex-
pression shows that  future policies that impinge on the allocation of resources between 
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ntD,ntR, and ιtG   over time, together with the returns from state- owned assets, εt
G,  will 

have a bearing on the trajectory of the debt/Market Income ratio. It also shows that the 
interest rate growth differential λ, which we call the “effective” interest rate, helps 
determine the path of the public debt. In the simulations we assume that  these two 
variables are  either constant at 2  percent and 4  percent, respectively, for all the coun-
tries in the sample, or that they equal the average country- specific values, depending 
on the purpose of the exercise.9

For the level of public indebtedness to be sustainable, it is necessary to impose the 
no- Ponzi- game condition (limN →∞(1+ λ)− N bN = 0);  under this condition, the pre sent 
value of the surpluses that the government plans to run in the  future must be equal to 
the value of the current stock of debt:

(8-11) b0 = (1+ λ)−t (εtG −ηt
R − ιtG −ηt

D ).t =1
∞∑

In order to meet this constraint, if the government  were to implement a fiscal rule 
to maintain the ratio between the primary deficit and Market Income constant, the 
primary deficit would have to be

(8-12) θ PG∗= − λb0 ,

 because (1+ λ)− t = 1
λ
.t =1

∞∑   Under  these conditions, at each point in time, the structure 

of fiscal re distributions that is consistent with the intertemporal bud get constraint is

(8-13) ηt
D∗= εt

G −ηt
R − ιtG − λb0 .

At each point in time θ PG* can differ from θ PG. Therefore, we can define the avail-
able fiscal space (χ t ) as

(8-14) χt =θ PG*−θt
PG.

This means that the maximum flexibility to modify the fiscal re distribution struc-
ture is

χt =ηt
D*− ηt

D.

Of course, the authorities could set bt = b* instead of bt = b* as the po liti cally fea-
sible ceiling for the debt/GDP ratio. In the simulations we assume a 60  percent debt/
GDP ratio, which is common in the lit er a ture (Fatas, 2010) and matches the Maastricht 

9 On effective interest rates, see Escolano (2010).
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Criteria for the Eu ro pean Monetary Union. For an emerging economy, nonetheless, 
the World Bank (2017) suggests a limit at 45  percent of GDP.

If χt < 0, it means that  either the cost of the existing structure of fiscal re distributions 
or some of the other items in the bud get must be reduced  because other wise the gov-
ernment would violate the restriction of keeping the debt/GDP ratio at the desired level. 
Following IMF (2011), which uses an adjustment threshold of 5  percent of GDP, we dis-
tinguish three cases:

• Fiscal space available: χt ≥ 0, (high flexibility to implement ηt
D );

• No available fiscal space: −5% ≤ χt < 0 (required adjustment below 5   percent of 
GDP);

• Unsustainable debt burden: −5% < χt (required adjustment above 5   percent of 
GDP).

Figure 8-7 pre sents estimates of the available fiscal space for the countries in the 
sample for three points in time: 2005, 2010, and 2015. We begin by assuming an effec-
tive interest rate of 2  percent— similar to that observed in France, Germany, Italy, and 
other countries in recent decades— and two debt ceilings: b* = b0 (figure 8-7a) and 
b* = 60% of GDP (figure 8-7b).

By 2015, the only indicator in the unsustainable region corresponded to Venezu-
ela. The rest of the countries  were in a better position, although, on average, we can see 
a worsening in the degree of fiscal flexibility. The available fiscal space in 2005 was, on 
average, substantially higher than in 2015. Indeed, in 2015, only El Salvador showed 
some degree of flexibility. The result is basically the same in de pen dently of  whether 
the fiscal balance required is calculated on the basis of a debt ceiling that equals the 
existing debt/GDP ratio or a 60  percent maximum.

How would  these results change if we used country- specific effective interest rates 
in the simulations? In figure 8-8 we address this question. We set g at the country- 
specific average for 2010–15. For the interest rate, in turn, we calculate the 2010–15 av-
erage of the ratio between the interest paid and the stock of public debt of the previous 
period. Figure 8-8 shows the evolution of the fiscal space between 2010 and 2015. We 
used b* = 60% of GDP.

If we consider the average degree of fiscal flexibility in the region in 2010, the 
situation concerning flexibility is much better  under such metric, as can be seen in 
figure  8-8a. The fiscal space is much larger in 2010. However, the economies that 
show better debt- sustainability indicators are mostly  those that are natu ral resource 
rich— with the striking exception of Venezuela. This may explain why impor tant 
fiscal re distribution initiatives  were launched in the 2000s in many resource- rich 
countries in the region. By 2015, nonetheless, the fiscal space shrank in a context of 
lower commodity prices. Fiscal flexibility has, however, improved in some Central 
American economies.
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Figure 8-7
Available Fiscal Space (% GDP)

Source: Authors’ calculations based on data from IMF and ECLAC.
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An impor tant conclusion that follows from  these simulations is that we should not 
take fiscal flexibility for granted. When macroeconomic or financial conditions vary 
as a consequence of a shock, the size of the fiscal space may also vary substantially, 
making it necessary to adjust taxes and/or expenditures that are prob ably associated 
with fiscal re distributions. Since the adjustment could be of several percentage points 
of GDP, it is reasonable to conjecture that the distributional impact of fiscal adjustments 
can be significant.

For an idea of the empirical relevance of the distributional impact of shocks, we 
proceed as follows. First, we allocate prevailing taxes and expenditures correspond-
ing to 2015 to each of the strata using the CEQ base- year coefficients (the set of !ψ  and 
!τ  coefficients in equation [8-7]) and then calculate the Gini coefficient. Second, we 
simulate three shocks to evaluate the changes in the available fiscal space: a decelera-
tion in the growth rate of 2   percent (figure 8-9); an increase in the interest rate of 
1  percent (figure 8-10); and a fall in natu ral resource rents to its minimum in the pe-
riod 2000–15 (figure 8-11). Third, we calculate the adjustment required in the primary 
balance to meet χt = 0 and compare this to the maximum adjustment limit of 5  percent 
of GDP.

Low economic growth implies, ceteris paribus, a higher λ, and therefore, it is nec-
essary to increase the primary fiscal balance. In the absence of an adjustment, several 
countries in the region have no available fiscal space and at least two face unsustain-
able debt dynamics. The results in figure 8-9 indicate that growth is a power ful tool to 
diminish fiscal risks.

Figure 8-8
Available Fiscal Space with Country-Specific r – g (% GDP) (Public Debt Ceiling  
of 60% of GDP)

Source: Authors’ calculations based on data from IMF and ECLAC.
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Figure 8-9
Impact of Lower Growth Rates on the Available Fiscal Space (% GDP), 2015

Source: Authors’ calculations based on data from IMF and ECLAC.

Note: Scenario: Growth deceleration of 2% and public debt ceiling of 60% of GDP.
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Figure 8-10
Impact of Higher Interest Rates on the Available Fiscal Space (% GDP), 2015

Source: Authors’ calculations based on data from IMF and ECLAC.

Note: Scenario: A 1% increase in interest rates and public debt ceiling of 60% of GDP.
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A higher interest rate operates similarly to low growth, that is, through a higher 
λ. The outcome shown in figure 8-10 is similar to the one observed in figure 8-9 and 
indicates that financial conditions  matter significantly to the availability of fiscal space. 
Venezuela, Bolivia, and to a lesser extent Costa Rica are the most vulnerable cases. In 
the former two, a mild increase in the international interest rate may trigger a prob-
lem of debt sustainability.

The volatility of commodity revenues is represented in figure 8-11 by substituting 
the observed value of εt

G  with its minimum value for the period 2000–15. Although 
the outcome is similar in the sense that the fiscal space shrinks, Bolivia and Ec ua dor 
are much more affected, while Honduras and Nicaragua are less sensitive  under  these 
metrics.

Bear in mind that the main purpose of  these simulations is to show that shocks 
may significantly restrict fiscal flexibility and, hence, affect the government’s ability to 
sustain a given fiscal re distribution structure. Historically, this seemed to be the case 
for Latin American countries. However, the exercise should not be interpreted as a de-
scription of the  actual situation of the countries involved. For one  thing, we have 
shown that the available fiscal space is larger when we take the  actual rates of growth 
and interest into account. We use λ = 2% for all countries in order to facilitate within 
sample comparisons.

How does a post- shock adjustment affect distribution? Does the way in which the 
adjustment is implemented  matter to the Gini coefficient? To address  these questions, 
we simulate how much the Gini coefficient would change  were the bulk of the adjust-
ment to fall on a single item of the fiscal re distribution structure, leaving the rest 

Figure 8-11
Impact of Lower Rents on the Available Fiscal Space (% GDP), 2015 (Public Debt 
Ceiling of 60% of GDP)

Source: Authors’ calculations based on data from IMF and ECLAC.
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constant. Figure 8-12 shows the change in the Gini coefficient (multiplied by 100) per 
each percentage point of GDP of fiscal adjustment. We pre sent the case of the only four 
countries from the sample that, given the standards of the region, pre sent a developed 
fiscal re distribution structure.

Figure 8-12 indicates that  there are marked cross- country differences concerning 
the impact on the Gini coefficient. Reducing expenditures on health and education al-
ways has a regressive effect, but it is higher in some countries than in  others.  There are 
some rather surprising results. In Argentina, the most regressive type of adjustment 
has to do with pension transfers and health expenditures. But in Brazil and Colombia, 
the effect of reducing pension transfers is progressive. The consequence of increasing 
taxes is, in general, progressive, but the results differ substantially from one country 
to another. In light of  these differences,  there is no one- size- fits- all when it comes to 
designing a fiscal adjustment.

3  The  Future Sustainability of Fiscal Policy in Aging Socie ties

In this section we explore the role of the demographic transition in the evolution of 
the fiscal re distribution structure and its impacts on aggregate fiscal re distribution. 
We first briefly discuss a number of stylized facts that have to do with the stage of 
the demographic transition that Latin Amer i ca is  going through. Second, we exam-
ine the channels through which a changing population structure affects the size and 
components of the fiscal re distribution structures of a set of Latin American coun-

Figure 8-12
Impact of 1% of GDP Adjustment on the Gini Coefficient, 2015

Source: Authors’ calculations based on data from CEQ.
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tries using information from the NTA and CEQ databases. Third, we analyze the 
way in which the demographic- driven changes in ηt

D  affect the primary deficit and 
the availability of fiscal space. Fi nally, we examine the changes in the Gini coeffi-
cient that may occur as the demographic transition modifies the fiscal re distribution 
structure.

3.1  On the Demographic Transition in Latin Amer i ca

According to the UN Population Division, in 2010 two out of three Latin Americans 
 were adults aged 15 to 64 (UN, 2017). Latin Amer i ca as a  whole can be considered an 
“adult” region, younger than “old” Eu rope and older than “young” Africa. Thanks to 
their demographic structure, the richer and larger economies in the region— and in 
our sample— are enjoying the so- called demographic win dow of opportunity (DWO) 
stage of the demographic transition, but  will abandon the DWO mostly during the 
2030s.10 This is the case not only for Argentina, Brazil, Chile, Colombia, Mexico, 
Peru, and Venezuela, but also for smaller Costa Rica and Uruguay. The poorer and 
smaller economies, on the other hand, are entering or preparing to enter the DWO 
(El Salvador and Ec ua dor are examples of the former, Bolivia and Guatemala of 
the latter). This means that in the next four de cades the Latin American population 
structure  will experience substantial shifts as the population gets older. As fig-
ure 8-13a shows, the proportion of the el derly  will increase substantially, accompa-
nied by a continuous fall in the share of the young. By 2050 the share of middle- aged 
adults is expected to remain roughly invariant but  there  will be one older adult for 
 every child. The aging stage  will come  earlier in the older countries of the region 
(such as Uruguay, Chile, and Costa Rica) while younger countries (such as Hondu-
ras, El Salvador, and Nicaragua)  will still be experiencing the demographic dividend 
(figure 8-13b).

The lit er a ture on the effects of demography on growth has shown that the DWO 
is a crucial period  because the proportion of prime workers (aged 25–54 years) in the 
population reaches a maximum, and, as a consequence, it would be pos si ble to increase 
per capita income even if productivity per worker remained the same (Lee and Mason, 
2006, 2012; Bloom et al., 2015; Mason et al., 2017). This is the so- called “first growth 
dividend” that takes place during the DWO.  There is also a “second growth dividend” 
originating in the fact that  there is a rise in the proportion of “prime savers” to the ex-
tent that the prime workers exhibit the highest savings capacity hand in hand with the 
increase in the proportion of prime workers. This opens the way for faster capital ac-
cumulation and growth acceleration. The first dividend, nonetheless,  will reverse as 

10 The UN Population Division has defined the DWO as the period in which the proportion of 
 children and youths  under 15 years falls below 30  percent and the proportion of  people 65 years 
and older is still below 15  percent (See UN, 2004). Typically, the demographic win dow of oppor-
tunity lasts for 30–40  years depending upon the country. In our simulations we use the UN 
medium- variant projection of population growth and population structure.
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the DWO declines and the aging pro cess deepens. This  will be a more difficult period 
from the standpoint of growth  because of the shrinking proportion of prime workers 
and the increasing number of retirees. However, the aging impact  will be lower if real 
wages increase as a consequence of capital accumulation during the second dividend. 
In addition, as longevity steps up, workers may save more in anticipation of a longer 
retirement period, and this can help capital accumulation. Note, nonetheless, that the 
lit er a ture on the “demographic dividends” associated with the DWO (Mason et al., 
2017) emphasizes that such benefits are not automatic; the DWO merely expands the 
opportunities for growth acceleration.

As Fanelli (2018) explains, the lifecycle deficit varies across cohorts, and, as a con-
sequence, the transformations that accompany the demographic transition induce 
changes at the aggregate level in the relationship between  labor income and consump-
tion, as well as in the propensity to save and in  labor and asset- income shares in Mar-
ket Income.  These changes, in turn, modify the structure of the demand for public 
transfers, public goods, and the tax base.

 These developments may change the value of ηD markedly as well as the fiscal re-
distribution structure. In effect, first, the increase in the proportion of prime workers, 
prime savers, and, hence, growth opportunities during the DWO induces an expan-
sion in the fiscal space. This is the consequence of the expansion in the tax base and in 
the demand for financial assets, which usually includes government securities. Second, 

Figure 8-13
Population Structure in Latin America

Source: Authors’ calculations based on data from the UN Population Division.
DW = Demographic Window.
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the size and structure of the demand for transfers and public goods changes through-
out the DWO. It is particularly impor tant that the number of  children in school peaks 
just before entering the DWO. The requirements of  human capital accumulation dur-
ing the DWO should be easier to finance given the parallel increase in government rev-
enues associated with the first dividend. Afterward, nonetheless, the importance of 
investing in  human capital does not decrease, as it is essential to enhance  labor pro-
ductivity for the post- DWO aging period, when the proportion of prime workers in 
the population begins to fall and the de pen dency ratio begins to increase, reversing 
the first dividend. Third, during the aging period,  after the closing of the DWO, Latin 
American economies  will experience a continuous growth in el derly demands for health 
ser vices and pensions, which might be difficult to finance  because of the weaker dy-
namics of tax collection. The costs of fiscal re distributions might exert a continuous 
pressure on the primary deficit.  Under  these circumstances, the fiscal space would be 
much more difficult to manage. The situation would be particularly complicated if the 
second growth dividend  were not too large, employment rates  were low, or informal-
ity  were pervasive, as is the case in many Latin American economies. The intensity of 
the effects  will depend on institutional  factors, such as the generosity and the cover-
age of the social security system.

In sum,  these facts indicate that the fiscal authorities should take into account de-
mographic  factors in evaluating the probable evolution of the cost of financing the 
structure of re distributions and of the impact on income distribution of changes in that 
structure. In what follows, we  will use NTA, CEQ, and IMF data to evaluate the sig-
nificance of  these changes.

3.2  The Impact of the Demographic Transition on the Fiscal  
Re distribution Structure

In order to analyze the channels through which the demographic transition influences 
the fiscal re distribution structure, it is necessary to introduce the concepts utilized by 
NTA. The NTA database pre sents data on “age profiles” for the “tax burden” (Ta) and 
for the “benefits received” (Ga), where a stands for cohort. The pa ram e ter τa is defined 
as the ratio of the per capita taxes paid by cohort a normalized by per capita income, 
and ψa are the benefits (public goods and transfers) received by each cohort from the 
government normalized in the same way. We use the superscripts A, Y, I, F, and R with 
the same meaning as above. Hence, if Xa,t is the total population of cohort a in year t, 
and yt is the per capita income, for the base year b we can write

(8-15) τ a =
Ta,b

A +Ta,b
Y +Ta,b

I +Ta,b
F +Ta,b

R

Xa,b yb
.

And, for the benefits received:

(8-16)  ψ a =
Ga,b

O +Ga,b
A +Ga,b

I +Ga,b
E +Ga,b

H +Ga,b
R

Xa,b yb
.
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Expressions (8-15) and (8-16) imply that demographic changes  matter to the fiscal 
re distribution structure  because each of the items that makes up such a structure is 
influenced by a specific per capita age profile, and, thus, the fiscal re distribution struc-
ture changes endogenously as the population structure changes. Figure 8-14 shows the 
tax and benefit profiles for the cases of Argentina, Chile, and Costa Rica, using the NTA 
profiles.

In light of our analytical goals, the following facts deserve mention. First, the top 
left- hand of figure 8-14 shows the tax profile. Fiscal revenues have a similar shape across 
countries in the sense that they have a bias  towards middle- aged adults, who comprise 
the prime workers. Age- specific tax burdens across countries nonetheless differ in 

Figure 8-14
Age Profiles of the Components of the Fiscal Redistribution Structure (as a Share of 
Per Capita Income)

Source: Authors’ calculations based on data from NTA.

Note: Specific dates are ARG: 2012, CHI: 1997, CRI: 2004.
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levels, as a quick comparison between Argentina and Costa Rica reveals. In addi-
tion, the bias  toward middle- aged adults as taxpayers is stronger in some countries 
(e.g., Chile) than in  others (e.g., Argentina). Second, the age profiles corresponding 
to diff er ent types of public consumption show very diff er ent shapes. In par tic u lar, 
figure 8-14C exhibits per capita fiscal expenditures in contributory pensions. As ex-
pected, this item of the fiscal re distributions has a bias  toward the el derly. Yet again, 
 there are impor tant cross- country variations. Argentina shows the higher level of 
expenditures. Health expenditures, in turn, also pre sent a pronounced bias in  favor 
of the el derly. Fi nally, education benefits are concentrated in the younger cohorts, as 
was expected.

3.3  Simulations with Fixed- Age Profiles

From  these facts it follows that the allocation of total expenditures  will vary when the 
demographic structure changes and that the same  will happen with the allocation of 
the tax burden. As a consequence, the value and sign of ηt

D  are likely to vary. Like-
wise, if the allocation among deciles of diff er ent types of taxes and expenditures— say, 
education versus pension transfers— varies significantly,  there  will be modifications 
in the Gini coefficient calculated on the basis of Final Income.

If the older cohort is ā and the participation of cohort a in total population is μa,t, 
the aggregate tax burden and benefits expressed as ratios of Market Income at time t 
 will be

(8-17) τ t = τ aµa, t ;a
a∑

(8-18) ψ t = ψ aµa, t .a
a∑

Note that in  these simulations we are fixing the values of the age profiles— that is, 
we assume that be hav ior, rules, and institutions do not change in the  future. Using es-
timated population dynamics from the medium- variant projection of the UN Popula-
tion Division, figure 8-15 shows the demographic- driven evolution of τt  until 2050. As 
we see,  after the closing of the DWO in the older Latin American economies— such as 
Costa Rica and Uruguay— there is a flattening in the curve representing the tax revenues/
income ratio, reflecting the reduction in the proportion of prime- age taxpayers. This 
is not the case of the younger and poorer countries, such as Bolivia or Nicaragua. This 
suggests that  these two groups of countries  will face very diff er ent fiscal challenges in 
coming de cades: in the post- DWO countries the fiscal space  will shrink and the op-
posite  will happen in the economies enjoying the first dividend, opening an opportu-
nity to take advantage of the larger fiscal flexibility to implement more aggressive pov-
erty reduction initiatives.
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The demographic- driven changes in pension expenditures (Ga, t
A ) for the period 

 until 2050 are presented in figure 8-16A.  These types of transfers  will increase in all 
countries. However,  those that are more advanced in the aging pro cess  will face in-
creased difficulties in keeping the primary deficit  under control  because of the com-
bination of a less dynamic evolution of the tax revenues/income ratio with rising 
pension transfers/income ratio. The financial gap  will grow as the initial level of 
transfers widens and the social security system is more generous— i.e., in terms of 
coverage, retirement age, and the level of the pension benefits. With re spect to con-
tributory pensions (figure 8-16A), the case of Brazil is striking and prone to generate 
sustainability prob lems. The evolution of contributory pension transfers also appears 
to be complex in Venezuela, Costa Rica, and Uruguay. Noncontributory pensions 
(figure 8-16B) can also trigger imbalances of  great magnitude. The evolution of  these 
kinds of pension transfers is clearly unsustainable in Argentina and Venezuela and 
to a lesser extent in Uruguay. The fast increase in noncontributory pensions in Bolivia 
is surprising, given that the country is undergoing an early stage of the demographic 
transition.

The path simulated for the demographic- driven educational expenditures shown 
in figure 8-17 differs markedly from the path of pension transfers. More advanced coun-
tries in the demographic transition  will experience some financial relief stemming 
from the reduction in the demand for educational benefits, while such demand  will 
move in the opposite direction in younger economies. This, of course, is not the case 
of Bolivia or Nicaragua, where demographics  will push total education expenditures 
upward. The lower panel in figure 8-17 registers the paths simulated for health expen-
ditures. It is in ter est ing that expenditures in this case tend to increase in practically 
all countries, although the  causes differ in young and adult countries. In par tic u lar, 
health expenditures in the latter countries are expected to increase  because of the aging 
pro cess. In some Central American countries, such as Costa Rica and Honduras, health 
expenditures  will also be hard to finance in the not- so- distant  future.

Figure 8-15
Demographic-Driven Evolution of Fiscal Redistributions (i): Total Revenues (% GDP)

Source: Authors’ calculations based on data from NTA, CEQ and UN.
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Figure 8-16
Demographic-Driven Evolution of Fiscal Redistributions (ii): Pensions (% GDP)

Source: Authors’ calculations based on data from NTA, CEQ, and UN.
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Figure 8-17
Demographic-Driven Evolution of Fiscal Redistributions (iii): In-Kind Transfers  
(% GDP)
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In sum, figures 8-15, 8-16, and 8-17 suggest that the demographic transition has 
long- lasting consequences not only for the size of the fiscal space but also for the al-
location of the available fiscal resources.

Fi nally, figure  8-18 registers the demographic- driven changes in fiscal re-
distributions (ψ t − τ t =ηt

D) that result from the diverging paths of taxes and expendi-
tures. In the group of younger countries, the forces unleashed by the increase in the 
tax- paying proportion of prime workers dominate, and, as a consequence, fiscal re-
distributions are negative and decreasing. This suggests that it is reasonable to expect 
an expansion in the fiscal space, and, thus, more flexibility to implement re distribution 
policies. In  these cases, demography  favors sustainability. The opposite is true in the 
case of the countries that  will abandon the DWO around the 2030s. The simulations 
show that demographic- driven changes in the costs of re distributions tend to grow 
and become positive, creating a net demand for funds from the bud get.

3.4  The Impact of Demographic- Driven Changes on Fiscal Space  
and Distribution

Figure  8-19 exhibits the effects of the demographic- driven changes in fiscal re-
distributions on the fiscal space. To isolate  these effects, the primary fiscal deficit (that 
is, θt

GP =ηt
D +ηt

R + ιtG − εt
G ) for each period was calculated assuming fixed ratios with 

re spect to Market Income in the case of public investment, nontax fiscal revenues, and 
other taxes and expenditures.

Figure 8-19 suggests that significant changes in be hav ior, institutions, and policies 
 will prob ably be necessary to preserve the availability of fiscal space at the end of the 
bonus and the aging stage in the countries in the CEQ database. As can be seen, in line 
with the simulations in figure 8-18,  there are basically two groups.  Those that are more 
advanced in the demographic transition  will enjoy much less availability of fiscal space 
as the transition evolves. The aging pro cess is largely responsible for this: the fall in the 

Source: Authors’ calculations based on data from NTA, CEQ, and UN.

Figure 8-18
Demographic-Driven Evolution of Aggregate Fiscal Redistributions (% GDP)
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proportion of prime workers reduces the tax base, while si mul ta neously, the increase in 
the number of retirees augments the pension transfers. In this context,  there  will be a 
trade- off between equity- improving expenditures and policies aimed at ensuring public 
debt sustainability. The younger countries, in turn,  will experience an expansion in the 
availability of fiscal space.  These countries  will be enjoying an increase in the tax base 
associated with the higher proportion of prime workers in the population. In this case, 
the most impor tant challenge  will be to achieve an allocation of the fiscal space that is 
both efficient and equitable. Undoubtedly, expenditures to accelerate  human capital 
accumulation so as to improve the poor’s endowment should play a key role.

To illustrate the effects of the demographic transition on income distribution, 
which operates through changes in the fiscal re distribution structure, we need to iden-
tify the groups in the population by cohort (a) and income stratum (d). The structure 
of fiscal re distributions can then be expressed as

(8-19) Na,d , t
D =Ga,d , t

O +Ga,d , t
A +Ga,d , t

I +Ga,d , t
E +Ga,d , t

H −Ta,d , t
A −Ta,d , t

Y −Ta,d , t
I −Ta,d , t

F .

Following Fanelli (2018) we define ηa,d , t
D =

na,d , t
D

yt
, where na,d , t

D  is the per capita fiscal 

re distribution corresponding to the members of cohort a pertaining to stratum d. In 
this case, assuming time- invariant par ameters for the distribution among cohorts 
and income strata, we can rewrite τt and ψt as

(8-20) τ t = τ a,d µa,d , ta
a∑d

d∑ ;

Figure 8-19
Demographic-Driven Changes in the Available Fiscal Space (% GDP)

Source: Authors’ calculations based on data from NTA, CEQ, and UN.
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(8-21) ψ t = ψ a,d µa,d , ta
a∑d

d∑ ;

and

(8-22) ηt
D = (ψ a,d − τ a,d )µa,d , ta

a∑d
d∑ .

Regrettably,  there is no information available on the par ameters τa,d and ψa,d. There-
fore, to simulate the evolution of Final Income, we follow a strategy that is similar to 
the one utilized in section 2. First, we proj ect each of the components of ηt

D as the 
demographic transition evolves. Second, assuming that the par ameters for the distri-
bution of taxes and benefits among income strata remain invariant and equal to the 
ones provided by CEQ for the “base year,” we distribute the demographic- driven taxes 
and expenditures corresponding to each year among the income strata. Third, we cal-
culate Final Income corresponding to each income strata and obtain the Gini coeffi-
cient for each projected year. That is, the estimated share of expenditures allocated to 
stratum d at time t ψ d ,t

*   will be

(8-23) ψ d , t
* = ψ dψ t = ψd ψaµa, t = ψda = 0

a∑ (ψa
A +ψ a

Y +ψ a
I +ψ a

F +ψ a
R)µa, ta = 0

a∑ .

Figure 8-20 plots the impact on the Gini coefficient (multiplied by 100) that would 
have the fiscal adjustment necessary to compensate for the endogenous changes induced 

Figure 8-20
Demographic-Driven Changes in the Fiscal Redistribution Structure and Changes in 
the Gini Coefficient (Multiplied by 100)

Source: Authors’ calculations based on data from NTA, CEQ, and UN.
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by demography between 2010 and 2050 and achieve Δχt = 0. As in figure 8-12, the graph 
shows what the impact would be if the bulk of the adjustment  were to fall on only one 
of the components of the fiscal re distribution structure. We show four countries that 
 will be affected by the aging pro cess.

Figure 8-20 suggests that the worsening in the Gini coefficient as a consequence of 
aging could be impor tant. The case of Brazil, where the aging pro cess has been par-
ticularly rapid, can be very difficult to manage from a fiscal point of view.

4  Conclusion

In this chapter we have explored empirically the linkages between the fiscal re-
distribution structure, the fiscal space, and income distribution in a set of Latin 
American countries. The main purpose has been to take advantage of the new data pro-
vided by the CEQ and NTA databases from an intertemporal perspective, which in-
cludes demographic  factors. To perform the simulations presented, we have had to make 
assumptions concerning the allocation of taxes and public expenditures to income 
strata and the be hav ior of the diff er ent cohorts; in par tic u lar, we have had to assume 
that the allocation and behavioral par ameters  will remain constant over an extended 
period, which are not uncommon in the lit er a ture on demography.

What is the value of the exercises? First, we hope that this work  will contribute to 
highlighting how essential it is to produce the data that are necessary to fully evalu-
ate the intertemporal consequences of fiscal re distributions. Second, we also hope 
that despite the data limitations, we have succeeded to a certain extent at showing 
that a unified methodology has the potential to reveal new aspects of the interactions 
between the fiscal re distribution structure, debt sustainability, demography, and in-
come distribution. Third, we identified some stylized facts that, beyond the limita-
tions of our data, may suggest  future lines of research and restrictions that should be 
respected in designing fiscal and distribution policies. The following points deserve 
highlighting.

First, the notion of the structure of fiscal re distribution can be fruitfully used as a 
pivot to articulate the fiscal items of the bud get that impinge on income distribution. 
We found that in the CEQ sample analyzed,  those countries that show higher govern-
ment expenditures/GDP ratios achieve better distributional outcomes. We also found 
a positive relationship between the expenditure ratio and the per capita GDP, which 
indicates that it  will be more difficult for poorer countries to implement policies to im-
prove income distribution, although demography may be an opportunity  because of 
the expected increase in fiscal revenues in younger countries.

Second, an impor tant point that follows from our analy sis is that the way in which 
a given fiscal adjustment is implemented  matters to income distribution. As a general 
rule, the downward adjustment of expenditures is regressive, although the importance 
of the impact varies from one economy to another. A reduction in pension transfers 
can be regressive (Argentina) or progressive (Colombia), but a cutback in education or 
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health expenditures is always regressive. Meanwhile, the increase in income taxes is 
basically progressive, while the results concerning indirect taxes are mixed.

Third, we observed that, although fiscal expenditures in our sample are more 
correlated with distribution outcomes than fiscal re distributions, the latter are a bet-
ter synthetic indicator of the “net bud getary costs” of achieving a given difference 
between Market Income and Final Income and, consequently, are a good indicator of 
the way in which the distributional dimension of the bud get affects the primary sur-
plus and thus public debt sustainability. Our exercises suggest that the modifications 
in the level and composition of fiscal actions required to achieve a given change in 
the Gini coefficient may amount to vari ous percentage points of GDP and,  under 
certain circumstances, may negatively affect  either the required tax burden or debt 
sustainability.

Fourth, we believe that the methodological framework and the exercises are in-
strumental in showing that demography  matters to the size and the allocation of the 
fiscal space  because it impinges on the composition and the level of fiscal re distributions 
and on the primary surplus, which is a key determinant of debt sustainability.

Fifth, in the special case of Latin Amer i ca the DWO is the key stage of the demo-
graphic transition. For younger countries it  matters  because they are entering the DWO 
and for the older ones  because they have to prepare to abandon it and enter the aging 
stage. Using the NTA age- profiles, the exercises suggest that the DWO  will prob ably 
help to create the fiscal space required to implement progressive policies in younger 
countries while the opposite  will occur in the countries that  will age. The simulations 
indicate that the demographic transition– driven effects on the items of fiscal re-
distributions are potentially very large and have substantial consequences for income 
distribution. If the allocation par ameters corresponding to per capita expenditures and 
taxes remained unchanged, the net effects on the Gini coefficient would be mostly pos-
itive  because the endogenous increments in expenditures induced by demography 
would exceed the increments in taxes. However, the bad news is that the evolution of 
the fiscal re distribution structure could render public debt unsustainable in the absence 
of appropriate fiscal policies. In par tic u lar, the likely evolution of contributory pen-
sion transfers might become worrisome in countries such as Brazil or Uruguay. Ar-
gentina, in turn, pre sents the prob lem that noncontributory transfers are already high 
even though the aging pro cess is still ahead. Health expenditures  will also exert pres-
sure on the fiscal balance in some Central American countries.

Fi nally, we suggest that fiscal interventions are operating with a moving target. For 
one  thing, the aging pro cess might worsen the  labor share along with income distri-
bution. This would call for compensatory progressive fiscal interventions in a context 
in which the fiscal space  will tend to shrink  because of aging. The relative importance 
of alternative sources of income varies with age: the older  people are, the higher  will be 
the income from accumulated assets. But wealth distribution in older cohorts is likely to 
be rather unequal across the region. Therefore, new creative policies to fight in equality 
 will be necessary as aging progresses.
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Chapter 9

ON THE PO LITI CAL ECONOMY OF 
RE DISTRIBUTION AND PROVISION 

OF PUBLIC GOODS

Stefano Barbieri and Koray Caglayan

Introduction

The provision of public goods and ser vices, taxation, and income re distribution are 
among the most impor tant tasks of governments. Not surprisingly, the public econom-
ics and po liti cal economy lit er a ture dealing with  these topics is very extensive, using 
both normative and positive approaches. While the normative approaches are well dis-
cussed, for example, in Boadway and Keen (2000),  here we focus on a positive ap-
proach, i.e., one that determines the levels of the variables of interest as a function of 
po liti cal competition.

Even with this restriction, the po liti cal economy lit er a ture remains too vast to be 
fully considered  here. We thus further focus our attention on the very prominent strand 
of the lit er a ture stemming from the seminal analy sis of taxation and re distribution 
based on direct democracy and the median voter theorem.1 Thus, by and large, we do 
not analyze models of representative democracy. We remand to the reviews of Borck 
(2007), Londregan (2006), and Persson and Tabellini (2002) for contributions cover-
ing the role of parties (Alesina, 1988), diff er ent po liti cal institutions (Persson and 
Tabellini, 2003), interest groups (Dixit and Londregan, 1998), po liti cal participation 
(Benabou, 2000), upward mobility in a dynamic model (Benabou and Ok, 2001), and 
social preferences for fairness (Galasso, 2003), among other topics.

Among median- voter theorem results, the work of Meltzer and Richard (1981) holds 
a special place of importance in the development of this lit er a ture, along with the con-
tributions of Romer (1975, 1977) and Roberts (1977). In Meltzer and Richard (1981), 

1 See, e.g., Downs (1957); Black et al. (1958); Foley (1967).
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individuals are faced with a labor/leisure decision. Further, the government uses a 
proportional tax on  labor income to finance lump- sum re distribution. The model pre-
dicts that the po liti cal equilibrium  will be determined by the preferences of the voter 
with median income, and in par tic u lar by the relationship between median and 
mean income.

While it is hard to overstate the contribution of the analy sis of Meltzer and Rich-
ard, the subsequent lit er a ture pointed out the importance of two assumptions: (1) the 
fact that re distribution is narrowly defined as being in cash and not more broadly de-
fined through the government provision of public goods, and (2) the linearity of tax 
rates. Indeed, we pre sent an elaboration of Commitment to Equity (CEQ) data show-
ing that, overall, tax systems are far from being proportional and that government- 
provided goods are a relevant part of government outlays.

The importance of the possibility that tax revenues are used to finance a public 
good is demonstrated by the analy sis of Lovell (1975) and Kenny (1978) and summa-
rized in Laffont (1999). We pre sent this analy sis in detail  later, but, in summary, agents 
have exogenous income but decide how much public good to ask the government to 
provide. Again, taxes are linear, and the model’s outcome is derived by applying the 
median voter theorem as in Meltzer and Richard (1981). However, the implications of 
the relationship between in equality and level of public goods provision turn out to de-
pend on the form of the utility function, and in par tic u lar of the comparison between 
income elasticity of demand for the public good and its price elasticity. Indeed, it is 
easy to create examples in which the ratio of median to mean income has no effect on 
the public good level or precisely the opposite effect of that one might expect by sim-
ply applying the Meltzer and Richard framework without distinguishing cash re-
distribution and public goods provision.

The linearity of tax rates is impor tant for two reasons. From the theoretical point 
of view, the linearity of tax rates is a key feature  because through the bud get constraint 
of the government, one can transform what is a two- dimensional decision prob lem (the 
level of the proportional tax t and the level of the public good or the lump- sum re-
distribution) into a one- dimensional prob lem. It is well known that, for even just two 
dimensions, one cannot expect a majority voting equilibrium to exist in general (due 
to Arrow’s impossibility theorem [Arrow, 1951]). Therefore, being able to work with a 
one- dimensional prob lem solves an impor tant technical issue. And  under mild regu-
larity conditions on utility, this prob lem satisfies  either single- peakedness or the single- 
crossing condition (Gans and Smart, 1996), and therefore the median voter theorem 
applies. The second impor tant consequence of assuming linear tax rates is that the level 
of government expenditures does not mechanically generate a change in Gini coeffi-
cients of post- tax income. This is not other wise the case, in general. We demonstrate 
this with analytical derivations based on Lambert (2001) and  simple examples that show 
how the mechanical effect on the Gini coefficients is complex. It depends both on the 
form of the tax system and the initial form of the income distribution.
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An extension of the Meltzer and Richard (1981) model to quadratic tax rates ap-
pears in Cukierman and Meltzer (1991),  under conditions that allow for a majority 
voting equilibrium to exist. Another in ter est ing departure from linear tax rates in a 
taxation model with a fixed total revenue target is the majority voting analy sis of a flat 
tax with exemption in Gouveia and Oliver (1996). However, we are not aware of a 
treatment of a public goods model using a flat tax with exemption.

This kind of model appears to be impor tant for a variety of reasons. First, this 
framework allows for an immediate way to answer an impor tant question: what are 
the consequences on the provision of public goods if we restrict the tax system to pro-
tect the poorest agents from taxation? In other words, if we increase the number of “net 
receivers,” are  there any unintended consequences on the provision level of public 
goods? Second, while remaining very clear that one should not interpret our results as 
causation, but simply as motivating correlational observations, we provide an analy sis 
of CEQ data that shows the existence of relationships between the proportion of net 
receivers and the level of public goods provided. Third, the applicability of a flat tax 
with exemption goes well beyond the country level, and it appears to be a staple of local- 
level taxation in the United States.

Our analy sis yields two main results. First, we obtain an expansion of the range of 
utility functions for which public goods provision increases with an increase in in-
equality, with re spect to Lovell’s (1975) and Kenny’s (1978) analyses. Second, we find 
that the public goods level can increase or decrease in the proportion of “net receivers,” 
according to the relationship between the income of the decisive voter and the average 
income in the population conditional on income being larger than the exemption. This 
suggests that to account for the richness of comparative statics we observe, the frame-
work used should encompass additional considerations such as turnout (Larcinese, 
2007) and the presence of substitutes for government- provided public goods, as in the 
“ends against the  middle” framework of Epple and Romano (1996a).2

The rest of the chapter proceeds as follows. First, we pre sent a summary and de-
rive the main implications of the pure re distribution model of Meltzer and Richard 
(1981). Second, we describe empirical regularities from CEQ data showing that tax rates 
are not linear and that the public provision of public (or semi- public) goods is impor-
tant. Further, in a flat tax with exemption regime, we formally pre sent calculations and 
provide examples that show a relationship between tax rates, exemption amounts, and 
reduction in in equality of post- tax incomes. Third, we pre sent a summary and derive 
the main implications of the public goods provision model of Lovell (1975) and Kenny 
(1978). Then, we pre sent a picture analy sis of CEQ data that shows a negative correla-
tion between the proportion of “net receivers” and the amount provided for some pub-
lic goods, and a positive correlation for  others. We use this as motivation for and in-
troduction to our theoretical results on a flat tax with an exemption. We show that an 

2 For a complementary result, see the description of “Director’s law,” in Stigler (2000).
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increase in the exemption level can increase or decrease the amount of public good pro-
vided, according to the relative position of the income of the decisive voter and the 
mean income of the population, conditional on being above the exemption. It is worth 
pointing out that our analy sis remains in a one- dimensional framework  because we 
take the exemption size as given. We also consider the consequences of considering 
turnout and of the existence of substitutes for public provision. Fi nally, we briefly re-
view papers that tackle taxation and re distribution without preventively assuming func-
tional forms in a representative democracy framework.

1  The Meltzer and Richard (1981) Pure Re distribution Model

Before discussing the Meltzer and Richard (1981) model, it is opportune to describe the 
median voter theorem more generally. One can find a careful formal pre sen ta tion of 
the median voter theorem in Austen- Smith and Banks (1999). More informally, a gen-
eral version of that theorem is typically that if  there is a unidimensional space of alter-
natives and individual preferences are single- peaked over the alternatives, then one ma-
jority equilibrium exists, and it is at the median of the ideal points of the individuals.

It is impor tant to note that the median voter is not necessarily the individual with 
the median income, in general. For instance, consider a toy example with a society com-
posed of three agents: Poor, Median Income (MI), and Rich. Suppose also that  there 
are three pos si ble tax rates, 10  percent, 20  percent, and 30  percent. Fi nally, suppose that 
Poor strictly prefers 30  percent to 20  percent to 10  percent, Rich strictly prefers 20  percent 
to 10  percent to 30  percent, and MI is ideologically opposed to taxation so that MI 
strictly prefers 10  percent to 20  percent to 30  percent. Then, if alternatives are ordered 
in the natu ral way, we see that preferences are single- peaked, and 20  percent is the me-
dian of the ideal points of the individuals. Therefore, 20  percent is the majority equi-
librium. Note that 20  percent is the most preferred tax rate of Rich, and not of MI.

As we  shall see below, the median voter theorem in its more restrictive 
interpretation— i.e., that the median voter is the individual with the median income— 
derives if we assume more stringent conditions on the homogeneity of utility functions. 
This most restrictive interpretation is con ve nient in deriving and specifying results, 
and is also what underlies many of the empirical investigations on the relationship be-
tween in equality and re distribution.3 Therefore, in the majority of what follows, we 
focus on this most restrictive interpretation.

Meltzer and Richard (1981) define government size as the share of total income to be 
redistributed and build a model to explain it as the outcome of the utility- maximizing 
choices of fully informed rational agents. The decisive voter’s preferred tax rate maximizes 
his or her utility,  under a balanced government’s bud get. The decisive voter thus deter-
mines the size of the income re distribution and the size of the government through the 
po liti cal pro cess, referred to as the “voting rule.”  Under majority rule, the voter with me-

3 See, for example, Bénabou (1996) and references therein.
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dian income (i.e., the median voter) is the decisive voter. The position of the decisive voter 
in the income distribution relative to the individual with average income plays an impor-
tant role in determining the preferred tax rate. Out of this relation emerges the very well- 
known implication of the model that the higher the in equality (i.e., the ratio of the average 
income to median income), the higher the size of the re distribution (i.e., the tax rate). 
 Because of its importance, we now describe the Meltzer and Richard model in detail.

All agents share the same utility function, U(c, 1), where c denotes consumption 
and 1 leisure.4 Utility is assumed to be strictly concave, and both consumption and 
leisure are normal goods. Agents differ in their level of productivity, x, in producing 
consumption goods and decide their  labor supply n = 1 − 1 accordingly. The pretax in-
come of an individual with productivity level x is given by y(x) = x n(x).

The government runs a balanced bud get and uses a linear tax schedule to finance 
lump- sum transfers as its only task.  Here,  there is no public goods provision. Each in-
dividual pays a fraction of his or her earned income in taxes, ty, and receives a fixed 
transfer r. Savings are assumed to be zero. The disposable income  after taxes and trans-
fers then becomes

c(x) = (1 − t)nx + r.

Each agent solves the following optimal  labor supply prob lem by taking t and r as given:

maxn∈[0,1]U(c, l)=maxn∈[0,1]U[r + nx(1− t),1− n].

The solution of the maximization prob lem provides the optimal choice of  labor 
supply, n*(r, x(1 − t)) and the critical value of productivity x0 below which an individ-
ual chooses not to work (i.e., for x ≤ x0, n = 0 is the optimal choice).

Indeed, the first- order condition for the above- displayed prob lem is

∂U
∂n

=Uc[r + nx(1− t),1− n]x(1− t)−Ul[r + nx(1− t),1− n]= 0.

Using the concavity of the utility function and n = 0, one can establish that opti-
mal  labor supply is increasing in x around n = 0. Therefore, the agents with n = 0, i.e., 
the individuals who choose not to work, all have x ≤ x0, where the critical productivity 
x0 solves the first- order condition with n = 0. We then obtain Uc(r, 1)x0 (1 − t) = U1(r, 1), 
so that the value of x0 is given by

x0 =
Ul(r,1)

Uc (r,1)(1− t)
.

4 The assumption that all agents share the same utility function has impor tant consequences, and 
in par tic u lar,  under some additional conditions, it allows the identification of the decisive voter 
with the agent with the median income, as we discussed with regard to the toy example at the 
beginning of this section.
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Per capita income is given by

y = x0

∞
∫ xn(r,(1− t)x)dF(x),

where F represents the cumulative distribution of the productivity among agents. This 
implies that total and per capita income are functions of the values of x0, t, and r. Fur-
thermore, since x0 depends only on t and r, the government’s bud get constraint im-
plies that  there is a unique amount of transfer consistent with each tax rate:

ty = r.

This is  because of the assumption that leisure is a normal good. Indeed, if we in-
crease r, the right- hand side of the above- displayed equation increases, while the left- 
hand side decreases, given that  labor supply decreases in r. Therefore, once  either t or 
r is given, the other one can be determined, along with consumption,  labor choice, and 
the size of the government.

At the voting stage, the decisive voter maximizes his or her indirect utility, con-
sidering the optimal  labor supply choice, by choosing a preferred tax rate.  Here, to apply 
the median voter theorem, Meltzer and Richard (1981) use a result by Roberts (1977) 
showing that if the ordering of individual incomes is in de pen dent of the choices of t 
and r, then the individual choice of the tax rate is inversely ordered by income. Melt-
zer and Richard (1981) accomplish this with two technical results, one showing that 
consumption increases in government transfers and one showing the ranking of pre-
tax incomes is the same as that of productivities. ( These are more technical derivations, 
and we include them in appendix 9A-1.)

Given  these technical results, it turns out that the prob lem boils down to maxi-
mizing the Disposable Income of the decisive voter, yd(1 − t) + r, again given the opti-
mal  labor supply choice. The decisive voter’s preferred tax rate maximizes the decisive 
voter’s utility, taking into account the government’s balanced bud get:

maxt∈[0,1] yd (1− t)+ r =maxt∈[0,1] yd(1− t)+ t y.

The first- order condition follows:

−yd + y + t dy
dt

= 0,

where y  is a function of τ: = (1 − t) and r, as described above. In what follows, we let yr  
and yτ  indicate partial derivatives with re spect to r and τ. Rewriting the government’s 
bud get as ty(τ, r)= r  and totally differentiating it, one obtains

dt(y − tyτ )+ tdy + (tyr −1)dr = 0,
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and eventually

dy
dt

= yr y − yτ
1− tyr

.

Substituting dy
dt

 into the first order condition of the decisive voter’s prob lem, 

−yd + y + t dy
dt

= 0,  we obtain

−yd + tydyr + y − tyyr + tyyr − tyτ = 0.

This can be rewritten as an equation that defines the equilibrium tax rate as

t = m −1+ η(y, r)
m −1+ η(y, r) +mη(y, τ)

where m = y
yd

 is the ratio of average to median income and η(y, r) and η(y, τ) are 

partial elasticities with re spect to r and τ, respectively e.g., yr = η(y, r) y
r

⎛
⎝⎜

⎞
⎠⎟ .

 Under the common assumption of constant elasticities, the following derivative 
displays how the ratio of the average income to the income of the decisive voter affects 
the tax rate:

dt
dm

= η(y, τ)(1− η(y, r))
(m −1+ η(y, r) +mη(y, τ))2

> 0.

Therefore, as the ratio of the average income to decisive voter’s income in-
creases (i.e., as the level of in equality increases), so do the tax rate and the share of 
income to be redistributed, and hence the size of the government.5 However, a re-
view of the empirical evidence in Larcinese (2007) shows very  limited support for 
this implication.

2  Assumptions of Linear Tax Rates and the Importance  
of Public Provision

The details of the previous analy sis of the Meltzer and Richard (1981) model clearly 
show the importance of assuming that tax rates are linear. This assumption, at least 
in terms of direct taxes as percentage of pretax Market Income, does not appear to be 
satisfied for a set of 26 countries for which we obtained CEQ data. Indeed,  table 9-1 
shows several notable departures. Focusing first on the patterns for the first 7–8 

5 For technical derivations of the Meltzer and Richard Model, please see Appendix 9A.1.
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 Table 9-1
Direct Taxes paid as a Percentage of Market (Pre- Tax) Income

Decile ARG ARM BRA CHL COL CRI DOM ECU SLV ETH GHA GTM HND IRN JOR MEX NIC PER RUS ZAF LKA TZA TUN UGA URY VEN

1 0.38 0.16 0.54  . . .  0.05 3.13 0.00 0.00  . . .  1.38 0.32 0.01  . . .  0.61 0.03 0.03  . . .   . . .  2.81 0.03 0.00 0.00 0.80 0.00 0.44  . . .
2 0.31 0.46 0.83 0.00 0.02 4.20 0.01 0.01 0.00 1.32 0.99 0.04  . . .  1.09 0.03 0.33 0.03  . . .  4.10 0.14 0.01 0.00 1.52 0.01 1.02 0.00
3 0.29 1.33 1.06 0.00 0.02 4.96 0.02 0.01 0.01 1.26 0.93 0.04  . . .  1.48 0.03 0.52 0.11  . . .  4.44 0.31 0.01 0.12 1.69 0.02 1.57 0.00
4 0.24 2.02 1.05 0.01 0.02 4.61 0.02 0.00 0.12 1.25 1.19 0.05 0.02 2.38 0.03 1.02 0.03  . . .  4.43 0.48 0.01 0.04 3.35 0.01 2.04 0.00
5 0.25 2.56 1.30 0.03 0.03 4.19 0.02 0.01 0.21 1.32 1.42 0.07  . . .  2.96 0.02 1.39 0.14  . . .  4.82 0.77 0.03 0.22 4.16 0.19 2.42 0.00
6 0.23 3.01 1.52 0.05 0.03 4.72 0.02 0.04 0.34 1.48 2.07 0.13 0.02 3.29 0.10 1.70 0.17 0.06 6.08 1.36 0.05 0.48 5.02 0.24 2.92 0.01
7 0.21 3.12 1.50 0.14 0.05 5.47 0.06 0.04 0.49 1.41 2.73 0.13 0.04 3.26 0.12 2.16 0.77 0.14 6.59 2.68 0.05 0.71 6.14 0.36 3.69 0.02
8 0.42 4.04 1.93 0.27 0.05 5.77 0.10 0.07 0.72 1.62 3.41 0.14 0.15 3.34 0.19 3.12 1.53 0.16 7.66 5.00 0.10 1.36 7.72 0.74 4.62 0.06
9 1.88 5.00 2.69 0.66 0.09 6.31 0.53 0.16 1.34 2.26 4.25 0.27 0.31 3.55 0.32 3.87 4.07 0.49 8.20 9.91 0.22 2.16 9.22 1.34 6.18 0.09

10 10.94 7.05 7.04 5.31 0.41 8.52 2.99 1.09 2.75 5.35 8.47 1.05 0.95 3.32 4.25 7.63 7.68 3.35 8.75 19.80 1.30 12.86 11.80 6.65 9.85 1.99

Note: The country codes are ARG (Argentina), ARM (Armenia), BRA (Brazil), CHL (Chile), COL (Colombia), CRI (Costa Rica), DOM (Dominican Republic), ECU (Ec ua dor), SLV (El Salvador), ETH (Ethiopia), GHA (Ghana), GTM (Guatemala), HND (Honduras), IRN (Iran), JOR (Jordan), 
MEX (Mexico), NIC (Nicaragua), PER (Peru), RUS (Rus sia), ZAF (South Africa), LKA (Sri Lanka), TZA (Tanzania), TUN (Tunisia), UGA (Uganda), URY (Uruguay), VEN (Venezuela).

 “. . .” = not available.

income deciles, most countries display an increase in average tax rates, but some, such 
as Argentina and Ethiopia, display “valleys,” and  others, such as Costa Rica, display 
“peaks.” Quite clearly, one observes a marked increase in the percentage of pretax Mar-
ket Income paid by the top 2–3 income deciles as compared to the bottom 7–8 income 
deciles.6

One should expect  these diff er ent patterns to have importance for the ultimate vot-
ing outcome. For instance, if middle- income individuals pay the largest average tax, 
then middle- income individuals may also have the lowest demand for the size of gov-
ernment. The opposite pattern may be true if middle- income individuals pay the small-
est average tax rate. In other words, changing tax rates may give another reason for 
non- monotonicity in income of the demand for government size, in addition to the 
differences in preferences already discussed.

Another key assumption is that the government redistributes only cash in this 
economy. This is a very useful simplifying assumption, but direct government 
provision is empirically impor tant.  Table 9-2 shows that direct government provi-

6 Peaks and valleys appear also for the United States. For instance, Saez and Zucman (2019) docu-
ment that in 2018, average tax rates display two peaks: one at the 80th income percentile, and 
another at the 99.99th income percentile, with the top 400 wealthiest  house holds paying an aver-
age tax rate below the rates for almost every one  else.
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sion of goods such as education and health is actually comparable to re distribution 
amounts.

The rest of this chapter analyzes the consequences of introducing both public goods 
and nonlinear taxation schemes in the economy.

3  The Provision of Public Goods Using a Median  
Voter Framework

We now consider a model of public provision of a public good. A model along  these 
lines appears in Lovell (1975), Kenny (1978), and Laffont (1998). We  will see that the 
basic message of Meltzer and Richard (1981) can be readily adapted to this framework, 
but also note impor tant contrasts. Importantly, depending on the relation between 
income elasticity of demand for the public good and its price elasticity, in equality may 
increase, leave constant, or decrease the demand of the median voter for public goods 
provision.

We assume that all individuals have the same standard utility function over con-
sumption c and public good G, u(c, G). For the sake of concreteness, we adopt a con-
stant elasticity of substitution (CES) formulation, so

u(c,G)= (αc−β + (1−α )G−β )
− 1
β ,

 Table 9-1
Direct Taxes paid as a Percentage of Market (Pre- Tax) Income

Decile ARG ARM BRA CHL COL CRI DOM ECU SLV ETH GHA GTM HND IRN JOR MEX NIC PER RUS ZAF LKA TZA TUN UGA URY VEN

1 0.38 0.16 0.54  . . .  0.05 3.13 0.00 0.00  . . .  1.38 0.32 0.01  . . .  0.61 0.03 0.03  . . .   . . .  2.81 0.03 0.00 0.00 0.80 0.00 0.44  . . .
2 0.31 0.46 0.83 0.00 0.02 4.20 0.01 0.01 0.00 1.32 0.99 0.04  . . .  1.09 0.03 0.33 0.03  . . .  4.10 0.14 0.01 0.00 1.52 0.01 1.02 0.00
3 0.29 1.33 1.06 0.00 0.02 4.96 0.02 0.01 0.01 1.26 0.93 0.04  . . .  1.48 0.03 0.52 0.11  . . .  4.44 0.31 0.01 0.12 1.69 0.02 1.57 0.00
4 0.24 2.02 1.05 0.01 0.02 4.61 0.02 0.00 0.12 1.25 1.19 0.05 0.02 2.38 0.03 1.02 0.03  . . .  4.43 0.48 0.01 0.04 3.35 0.01 2.04 0.00
5 0.25 2.56 1.30 0.03 0.03 4.19 0.02 0.01 0.21 1.32 1.42 0.07  . . .  2.96 0.02 1.39 0.14  . . .  4.82 0.77 0.03 0.22 4.16 0.19 2.42 0.00
6 0.23 3.01 1.52 0.05 0.03 4.72 0.02 0.04 0.34 1.48 2.07 0.13 0.02 3.29 0.10 1.70 0.17 0.06 6.08 1.36 0.05 0.48 5.02 0.24 2.92 0.01
7 0.21 3.12 1.50 0.14 0.05 5.47 0.06 0.04 0.49 1.41 2.73 0.13 0.04 3.26 0.12 2.16 0.77 0.14 6.59 2.68 0.05 0.71 6.14 0.36 3.69 0.02
8 0.42 4.04 1.93 0.27 0.05 5.77 0.10 0.07 0.72 1.62 3.41 0.14 0.15 3.34 0.19 3.12 1.53 0.16 7.66 5.00 0.10 1.36 7.72 0.74 4.62 0.06
9 1.88 5.00 2.69 0.66 0.09 6.31 0.53 0.16 1.34 2.26 4.25 0.27 0.31 3.55 0.32 3.87 4.07 0.49 8.20 9.91 0.22 2.16 9.22 1.34 6.18 0.09

10 10.94 7.05 7.04 5.31 0.41 8.52 2.99 1.09 2.75 5.35 8.47 1.05 0.95 3.32 4.25 7.63 7.68 3.35 8.75 19.80 1.30 12.86 11.80 6.65 9.85 1.99

Note: The country codes are ARG (Argentina), ARM (Armenia), BRA (Brazil), CHL (Chile), COL (Colombia), CRI (Costa Rica), DOM (Dominican Republic), ECU (Ec ua dor), SLV (El Salvador), ETH (Ethiopia), GHA (Ghana), GTM (Guatemala), HND (Honduras), IRN (Iran), JOR (Jordan), 
MEX (Mexico), NIC (Nicaragua), PER (Peru), RUS (Rus sia), ZAF (South Africa), LKA (Sri Lanka), TZA (Tanzania), TUN (Tunisia), UGA (Uganda), URY (Uruguay), VEN (Venezuela).

 “. . .” = not available.
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where β > − 1 is a pa ram e ter affecting the elasticity of substitution between private and 
public good, and 0 < α < 1. As is well known, the restriction β > −1 makes the utility 
function strictly quasi- concave. Further, the limit cases of β = −1, 0, and + ∞ correspond 
to perfect substitutes, Cobb- Douglas, and perfect complements, respectively. The 
consumption of agent i depends on her exogenous income yi and on the tax set by the 
government. We begin this section assuming that the government uses a flat tax with 
rate t. Therefore, the consumption of agent i follows:

ci = (1 − t)yi.

The amount of public good G and the tax rate t are related through the govern-
ment’s bud get constraint. If we denote the total income in the economy with Y, we ob-
tain that, to be feasible, G and t must obey

G = tY.

We define a pair (G, t) as feasible if it satisfies the bud get constraint displayed above, 
and if 0 ≤ t ≤ 1 and 0≤G ≤ Y. The amount of public good G and the tax rate t are cho-
sen through the po liti cal pro cess. In par tic u lar, we look for a feasible pair (G, t) that 
survives a pairwise majority- voting comparison with any other feasible pair. As in 
Meltzer and Richard (1981), the government bud get constraint allows us to reduce the 
dimensions of the prob lem from two to one.

We assume that agents are aware of the government bud get constraint and con-
sider it in their choices. Expressing the tax rate as t =G/Y  and substituting into the 
utility function and the bud get constraint, we obtain that the most preferred amount of 
public good for agent i solves

maxG vi(G)≡ u 1− G
Y
 ⎛

⎝⎜
⎞
⎠⎟ yi ,G

⎛
⎝⎜

⎞
⎠⎟
= α 1− G

Y
 ⎛

⎝⎜
⎞
⎠⎟ yi

⎛
⎝⎜

⎞
⎠⎟
−β

+ (1−α )G−β
⎛

⎝
⎜

⎞

⎠
⎟

− 1
β
,

where vi(G) is the utility function of this agent expressed only in terms of the public 
good.

Any interior solution is characterized by the first- order condition, by strict quasi- 
concavity of the utility function. Assuming an interior solution and defining the most 
preferred amount of public good by agent i as Gi, the first- order condition ′vi(Gi )= 0 
yields

Gi

Y −Gi

⎛
⎝⎜

⎞
⎠⎟

1+ β

= 1−α
α

yi
Y

⎛
⎝⎜

⎞
⎠⎟
β

.

Note how the left- hand side of the above- displayed equation is increasing in Gi, by 
β > −1. However, the right- hand side may be decreasing, constant, or increasing in the 
ratio yi /Y, depending on  whether β is negative, zero, or positive. In any case, the most 
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preferred public goods amounts for agents are ordered by income. Therefore, the me-
dian voter theorem applies. If we denote with ya the average income in the population, 
with ym the median income, normalize the total population n to 1, and denote with Gm 
the most preferred amount by the median- income voter, the po liti cal equilibrium re-
sults in Gm as the unique value that solves

Gm

ya −Gm

⎛
⎝⎜

⎞
⎠⎟

1+ β

= 1−α
α

ym
ya

⎛
⎝⎜

⎞
⎠⎟

β

.

While the treatment above is similar to that of Meltzer and Richard (1981), the com-
parative statics regarding changes in median to mean income ratio now depend on β. 
If −1 < β < 0, then, for fixed ya, the right- hand side decreases in ym / ya. Therefore, an 
increase in in equality (mea sured as a decrease in ym / ya, again for fixed ya) increases 
the amount of public goods provided, just as in Meltzer and Richard (1981). But if β = 0, 
i.e., utility is Cobb- Douglas, then in equality does not affect public good provision. And 
if β > 0, then in equality decreases public good provision.

To illustrate the difference between β > 0 and β < 0, it is instructive to consider 
the extreme cases of perfect complements (  β = + ∞) and perfect substitutes ( β = −1). For 
perfect complements, agent i maximizes min{αci, (1-α) Gi}, which leads to the condition 

αci = (1 − α)Gi. If we pair this with the bud get constraint ci = (1 − t)yi and t = Gi
Y, we obtain

Gi = Y

yi
Y

1−α
α

+ yi
Y

,

so that the most preferred amount of public good by agent i increases in income yi.
For perfect substitutes, agent i maximizes αci + (1 − α)Gi, which, paired with the 

bud get constraint ci = (1 − t)yi and with t = Gi
Y, yields that i maximizes

α 1− Gi

Y
⎛
⎝⎜

⎞
⎠⎟ yi + (1−α)Gi .

Therefore, Gi = 0 is chosen by agents with income yi >
1−α
α  Y, and the maximum fea-

sible Gi = Y is chosen by agents with income yi <
1−α
α Y. As expected, the most pre-

ferred amount of public goods by agent i decreases in income yi, and it does show in an 
especially stark manner.

The monotonic relationship between income and the preferred amount of public 
good is a consequence of using a CES formulation in preferences. The CES formulation 
facilitates monotonicity by ensuring that income and cross- price elasticity balance each 
other. However, in general, the balance between income and cross- price elasticity might 
change with income level. Kenny (1978) shows how the relationship between income 
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and the most preferred amount of public good generally depends on the comparison 
between income elasticity of demand and its price elasticity. Husted and Kenny (1997) 
exploit this fact in their econometric analy sis on the effect of the expansion of the vot-
ing franchise on the size of government.

Suppose one does not assume a CES formulation but instead lets preferences be 
more general. In that case, it is pos si ble to have a relationship between income and the 
preferred amount of public goods that is not monotonic. In this case, the equivalence 
between median voter and median income does not hold. This is the situation described 
in figure 9-1, which illustrates the preferred amount of public goods for three diff er ent 
income levels: poor,  middle, and rich. The increase in income is given by the rotation of 

the bud get constraint with slope pi =
Yi

Y
, the price of the public good, where Y  repre-

sents per capita income. As income increases, from poor to  middle, the substitution ef-
fect dominates the income effect, resulting in a lower amount of preferred public goods; 
however, a further increase in income, from  middle to rich, leads to an increase in the 
amount of preferred public goods, given that the income effect dominates the substitu-
tion effect at this level of income. More generally, the red line depicts the combinations 
of private consumption and public goods most desired for all income levels.

Note that if one builds a toy example based on figure 9-1 with three agents, poor, 
 middle, and rich, the rich individual becomes the median voter.

The case presented in figure 9-1, where the rich individual becomes the median 
voter, also has implications for the equilibrium relationship between initial in equality 
and the preferred public goods amount. Consider an increase in in equality, caused for 
example by a decrease in the poor individual’s income and an increase in the rich in-

Figure 9-1
Preferred Amount of Public Good with Diff er ent Levels of Income
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dividual’s income, while the income of the individual in the  middle stays the same. 
The preferred amount of public goods for both the poor and the rich individual  will 
increase, resulting in an overall increase in public goods provision at the po liti cal equi-
librium since the rich individual is the median voter in this case.7

4  Extension to Nonlinear Tax Schemes

 Here we maintain a median- voter framework as much as pos si ble. We discuss aban-
doning this framework in Section 5.

We focus our analy sis on the majority voting model of Gouveia and Oliver (1996) 
of a flat tax with an exemption.8

4.1  Gouveia and Oliver (1996)

 There is only one good in this model, so the utility of agent i is identified with their 
after- tax income. In turn, after- tax income depends on the exogenous income yi and 
on the total tax paid, T(a, y). To capture the structure of a flat tax with rate t and ex-
emption level a, we have

T(a, y) = max{0, t(y − a)}.

Income in the economy is distributed with a cumulative distribution F with den-
sity f. Therefore, if we denote the total amount of resources collected by the tax system 
with R(t; a), we obtain R(t; a) = tφ(a), where

ϕ(a)= a
∞
∫ (y − a)f (y)dy.

Note that

ϕ(a) = (1− F(a))
a

∞
∫ (y − a)

1− F(a)
f(y)dy = (E(y|y ≥ a)− a)(1− F(a)).

7 One can also imagine a toy model with one poor agent, nine middle- income agents, and one 
rich agent. In this case the median voter would have the  middle income. Furthermore, imagine 
making the society more unequal by making one  middle agent poor and another rich, without 
changing average income levels. This would not change the median voter nor his or her income, 
so the effect on public good provision would be zero. We can conclude that, for general prefer-
ences, in equality mea sures such as the Gini coefficient are not necessarily in a one- to- one rela-
tionship with public good levels.
8 Another in ter est ing ave nue of departure from linear taxation is Cukierman and Meltzer (1991), 
who pre sent a model of quadratic taxation and re distribution and characterize conditions that 
allow for a majority voting equilibrium to exist.
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It is assumed that the government must raise a total amount of resources equal 
to an exogenously specified amount R, which does not enter the utility of the agents. 
Therefore, the government’s bud get constraint then requires

R(t; a)=R,

and this equation can be used to express the rate t as a function of the exemption 
level a. Indeed, using this equation, it is pos si ble to calculate that

dt
da

= d
da

R
ϕ(a)

⎛
⎝⎜

⎞
⎠⎟
= − R ′ϕ (a)

(ϕ(a))2
= t(1− F(a))

ϕ(a)
.

Not all exemption levels are consistent with R(t; a)=R.  Indeed, if F(a) = 1, then no 
revenue is collected from the tax. So, denote with ã the largest pos si ble exemption 
amount, corresponding to a tax rate of 1.

Agents then decide with a majority voting election on the level of the exemption. 
Agents with income below a are indifferent to the level of the exemption. As for agents 
with income above the exemption level, what  matters in their decision is how their post- 
tax income changes, as increases in the exemption level decrease the tax base and in-
crease the tax rate, by the government’s bud get constraint. The change in post- tax in-
comes is given by the following:

d
da

(y − t(y − a))= + t − (y − a) dt
da

= − t
ϕ(a)

((y − a)(1− F(a))− ϕ(a))

= t(1− F(a))
ϕ(a)

(E(y | y ≥ a)− y).

Therefore, we see that agents with income below the unconstrained mean E(y) of 
the population would prefer to set a as large as pos si ble, i.e., to ã. Similarly, agents with 
income above E(y | y ≥ ã) always prefer smaller levels of the exemption. It turns out 
that agents with income between E(y) and E(y | y ≥ ã) do not have single- peaked prefer-
ences, but  under the assumption that the distribution of income is right- skewed, i.e., 
F(E(y)) > 1/2, the majority voting equilibrium is to select the largest pos si ble exemption 
level, and completely expropriate any income over the exemption ã.

4.2  Consequences of a Flat Tax with Exemption on Changes  
in In equality

The conclusion of Gouveia and Oliver (1996) is, in a narrow sense, a commonsense 
one: in a pure endowment economy, i.e., without incentive effects, the poor “fully” 
expropriate the rich, of course within the limits imposed by the exogenous choice of 
fiscal instrument. However, the techniques they pioneer prove to be very useful.

In addition, it is worth pointing out that with a flat tax with exemption regime, 
the taxation regime itself tends to reduce in equality, mea sured for example with the 
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Gini coefficient. Following Lambert (2001) for the rest of this section, including his no-
tation, one can express the Gini coefficient G as

G = 2
µ

Cov[y ,F(y)],

as we demonstrate in the technical derivation at the end of this chapter.9 Changes in the 
Gini coefficient resulting from diff er ent combinations of rate t and exemption level a can 
be calculated only with reference to the  whole distribution of income. In the formula 
above, income y is transformed to y- T(a,y), with T(a,y) = max{0, t(y − a)}. Changes in a af-
fect both the numerator, Cov[y, F(y)], and the denominator µ in nontrivial manners.

The toy examples in  table 9-3 show that, as soon as one abandons the no- exemption 
case, one should expect changes in the Gini coefficient from pretax to post- tax income. 
While increases in t tend to decrease the Gini coefficient (compare, e.g.,  tables 9-3B and 
9-3C), increases in a first decrease, and then increase the after- tax Gini coefficient (see, 
e.g.,  tables 9-3A, 9-3B, and 9-3D).

Comparing  tables 9-3B and 9-3C is also illustrative of another impor tant fact. Sup-
pose that the government needs to raise first $12 (9-3B) and then $18 (9-3C),  because 
the size of expenditures has increased. This can be accomplished by leaving the exemp-
tion level at 10 and raising the tax rate from 20  percent (9-3B) to 30   percent (9-3C). 
Since the exemption level is not zero, this results in a reduction of the Gini coefficient 
for post- tax income from 0.2273 (9-3B) to 0.2134 (9-3C). In what follows, we refer to 
this fact as the “mechanical” reduction in in equality.

5  The Provision of Public Goods Financed with a Flat Tax  
with Exemptions

5.1 Empirical Patterns

We begin with a description of empirical patterns. We are interested in the relation 
between fiscal incidence/in e qual ity reduction and the provision of public goods. We 
are not interested in the relation between initial in equality and re distribution or pro-
vision of public goods, in contrast with most of the empirical analy sis conducted so 
far. Of course, our description has no pretense of establishing any causation relation. 
We just want to illustrate the kinds of patterns that may arise in the real world. The 
data used in the figures are from CEQ Standard Indicators and World Bank Develop-
ment Indicators10.

CEQ Analy sis uses the income concepts shown in figure 9-2 to mea sure fiscal 
incidence.

9 See appendix 9B for the technical derivation.
10 For CEQ Standard Indicators, see https:// commitmentoequity . org / datacenter / ; for World Bank 
Development Indicator, see https:// data . worldbank . org and World Bank (2017).
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In the current version of the CEQ Assessment, the allocation of in- kind transfers is 
based on productions costs, where the total government spending on a par tic u lar ser-
vice, such as healthcare or education, is divided by the number of users of that ser vice. If 
 there are user fees or co- payments, they are subtracted to estimate the net benefit.

Once the in- kind transfers are added and the user fees or co- payments are sub-
tracted, Consumable Income becomes Final Income in CEQ framework. The Gini coef-
ficient declines further while moving from consumable income to final income, which 
implies that the in- kind transfers of education and health have an equalizing impact.

 Table 9-3A
Toy Example: Exemption Level = 0, Tax Rate 20%

1 2 3 4 Total Gini

Original income 10 20 30 40 100 0.2500
After- tax income 8 16 24 32 80 0.2500

 Table 9-3B
Toy Example: Exemption Level = 10, Tax Rate 20%

1 2 3 4 Total Gini

Original income 10 20 30 40 100 0.2500
After- tax income 10 18 26 34 88 0.2273

 Table 9-3C
Toy Example: Exemption Level = 10, Tax Rate 30%

1 2 3 4 Total Gini

Original Income 10 20 30 40 100 0.2500
After- Tax Income 10 17 24 31 82 0.2134

 Table 9-3D
Toy Example: Exemption Level = 20, Tax Rate 20%

1 2 3 4 Total Gini

Original income 10 20 30 40 100 0.2500
After- tax income 10 20 28 36 94 0.2287
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In figures 9-3, 9-4, and 9-5, fiscal incidence is represented by the number of de-
ciles of net receivers, i.e.  those with a higher Consumable Income relative to Market 
Income. In equality reduction is given by the decline of the Gini coefficient from Mar-
ket Income to Consumable Income. Education and health spending as a percentage of 
GDP represents the provision of public goods.

One common trend in the figures and the regression results in  Table 9-4 is that 
the provision of the public good declines with the number of deciles as net receivers. 
At the same time, it increases with the reduction in in equality mea sured by the de-
crease in Gini coefficient. (The relationship between the provision of public goods and 
reduction in in equality is unaffected by the way we mea sure the decrease in Gini 
coefficient— namely, in Gini points or percentage change.) One exception to this trend 

Figure 9-2
CEQ Core Income Concepts

Source: CEQ Standard Indicators.

Contributory Pensions as Deferred Income
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is tertiary education spending, mea sured by per- student spending as a percentage of 
per capita income.

The fact that more spending on public goods is positively correlated with a decrease 
in the Gini coefficient is easily interpreted in light of our discussion in section 4.2. Given 
the constraint of working with a flat tax with exemption and keeping the exemption 
level fixed, increases in public goods expenditures must result in a greater tax rate, re-
sulting in a more progressive overall taxation scheme.

Therefore, in the model we develop in section 5.2, we focus on the effect of the num-
ber of deciles that are net receivers. This number is identified as the exemption level in a 
flat- tax- with- exemption taxation scheme in the model, as in Gouveia and Oliver (1996).

5.2  Theoretical Model

The framework we use combines the previous public goods model with the flat tax with 
exemption studied in Gouveia and Oliver (1996), so our tax scheme imposes average 
progressivity in the tax code.

Even before performing the analy sis, we can immediately see countervailing forces at 
work when one changes the level of exemption and makes the tax system more progressive 

Figure 9-3A
Education Spending (% of GDP) and Number of Deciles as Net Receivers
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by considering the incentives depicted in figure 9-1. Starting from a proportional tax, a 
switch to a general progressive tax would rotate a high- income person’s bud get constraint 
down around its intercept on the vertical axis and rotate a low- income person’s constraint 
out around its intercept. A middle- income person’s constraint could rotate  either way de-
pending on where that income is relative to how the tax schedule is changed. To obtain a 
more precise answer, we, therefore, have to make several assumptions.

In our technical derivations, we assume as before that all individuals have the same 
utility function over consumption c and public good G, u(c, G). It is impor tant to note 
that this assumption has bite. One can imagine why agents’ preferences may differ in 
a manner correlated with income (for example, one can imagine that agents who value 
private consumption more may have invested more in a previous stage that is not mod-
eled  here). In that case, as we discussed in section 1, it may no longer be the case that 
the median voter is the voter with the median income. For simplicity, we abstract 
from  these considerations in what follows. Furthermore, for technical tractability, we 
adopt the same constant elasticity of substitution formulation in the public good 
 adopted  earlier, so

u(c,G)= (αc−β + (1−α )G−β )
− 1
β .

Figure 9-3B
Education Spending (% of GDP) and Decline in Gini Coefficient
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The consumption of agent i depends on his or her exogenous income yi and on the 
tax set by the government. The difference from previous formulations is that now we 
consider the consequences of a government that uses a flat tax with rate t and exemp-
tion level a. In this case, the tax paid by agent i is zero if his or her income is below a, 
while it equals t(yi − a) if yi ≥ a. Therefore, the consumption of agent i is ci = yi if yi < a; 
other wise it becomes ci = (1 − t)yi + ta.

For simplicity, we conduct the analy sis in a continuum of agents framework so that 
we can normalize the size of the population n to 1, and we describe the distribution of 
income in the economy with a cumulative distribution F with density f. The crucial 
assumption we make is that a is exogenous. This could be a restriction that arises for 
normative reasons on the number of agents that are net receivers. We then let the po-
liti cal pro cess determine the level of the tax rate and of the public goods.

As in the previous formulation of the model, we can use the government’s bud get 
constraint to reduce the prob lem’s dimensionality. If we denote the total amount of re-
sources collected by the tax system with R(t; a), we obtain R(t; a) = tφ(a), where

ϕ(a) = a
∞
∫ (y − a) f (y)dy.

Figure 9-4A
Health Spending (% of GDP) and Number of Deciles as Net Receivers
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The government’s bud get constraint then requires R(t; a) = G. Solving this equa-
tion for the implied tax rate given the exemption and public good levels, we obtain

t = G
ϕ(a)

.

We are now ready to find the optimal level of public good desired by agent i. If 
yi < a, then this agent desires the largest pos si ble level of the public good. This level is 
found where G = φ(a), or, in other words, for a tax rate that equals 1. This  will be the 

equilibrium if the exemption level is so large that F(a)≥ 1
2
. In this case, we observe the 

complete expropriation of all income above a minimum level a, with all the tax re-
ceipts devoted to the provision of public goods. In the more in ter est ing case where 

F(a)< 1
2
,  we can substitute the value of t = G/φ(a) into the consumption level of agent 

i with income yi ≥ a to obtain

ci = 1− G
ϕ(a)

⎛
⎝⎜

⎞
⎠⎟
yi +

G
ϕ(a)

a = yi −
yi − a
ϕ(a)

G.

Figure 9-4B
Health Spending (% of GDP) and Decline in Gini Coefficient
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Thus, the most preferred amount of public good for agent i solves

maxG vi(G)≡ u yi −
yi − a
ϕ(a)

G,G
⎛
⎝⎜

⎞
⎠⎟
.

Assuming an interior solution again and defining the most preferred amount of 
public goods by agent i as Gi, the first- order condition ′vi(Gi )= 0  yields

α
1−α

yi − a
ϕ(a)

=
yi −Gi

yi − a
ϕ(a)

Gi

⎛

⎝

⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟

1+ β

.

This is a more complex equation than what we obtained for the linear tax case. 
But we can easily observe that changes immediately emerge for par tic u lar pa ram e ter 
configurations. For example, if we set β = 0, we recover the Cobb- Douglas case, but now 
this results in

Gi = (1−α)
ϕ(a)
2

yi
yi − a

.

Figure 9-5A
Primary and Secondary Education Spending (% of Per Capita GDP) and Number of 
Deciles as Net Receivers
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In the model without exemption, Kenny (1978) shows that the desired public good 
level is in de pen dent of income for the Cobb- Douglas utility, if taxation is proportional. 
Indeed, we can recover that result by setting a to zero in the above- displayed equation 
and noticing that income cancels out. However, as soon as a > 0, the above- displayed 
expression decreases in individual income; furthermore, one can show that the desired 
public good level is decreasing in income for any β ≤ 0. Therefore, by continuity,  there 
must exist some β >0 such that if β < β ,  then the desired public good level is de-
creasing in income. In other words, as compared to proportional taxation, a flat tax rate 
with exemption makes it more likely that the desired public good level is decreasing in 
income for agents with income above the exemption.

This is impor tant  because, as all agents with income below the exemption always 
vote for the largest public good amount in a pairwise election, if the desired public good 
level is decreasing in income for incomes above the exemption, then the median voter 
theorem applies. Other wise, the situation is not so clear, and we may have the case of 
a co ali tion of poor and rich agents who want to spend large amounts on public goods, 
while the  middle class wants to reduce public goods spending. This bears similarities 
and differences with the “ends against the  middle” result of Epple and Romano (1996a), 
as we discuss at the end of this section.

Figure 9-5B
Primary and Secondary Education Spending (% of Per Capita GDP) and Decline in 
Gini Coefficient
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In general, however, we see that the public goods level now depends not simply on 
the ratio of median to mean income, but on a more complex formula that relates β, ym, 
a and φ(a). To better understand  these relationships, it is worth pointing out, as Gou-
veia and Oliver (1995) do, that

ϕ(a)= (1− F(a))
a

∞
∫

(y − a)
1− F(a)

f (y)dy = (E(y|y ≥ a)− a)(1− F(a));

 Table 9-4
Correlations between Indirect Transfers (Provision of Public Goods) and  
Redistributive Mea sures

Dependent variable

Total education 
spending as  
a percentage  

of GDP

Health  
spending as  
a percentage  

of GDP

Primary and secondary 
education spending  

as a percentage of per 
capita GDP

A

Decline in Gini 
in Gini points

0.003
(0.002)

0.000
(0.001)

0.004
(0.008)

Constant 0.038***
(0.009)

0.020***
(0.005)

0.298***
(0.054)

B

Decline in Gini 
in % Change

0.001
(0.001)

−0.000
(0.001)

−0.000
(0.005)

Constant 0.038***
(0.009)

0.022***
(0.005)

0.302***
(0.055)

C

Net receivers in # 
of deciles

−0.00131**
(0.00616)

−0.00127**
(0.00725)

−0.0133**
(0.0052)

Constant 0.045***
(0.007)

0.024***
(0.005)

0.352***
(0.058)

Notes: Each panel represents a set of regressions of a par tic u lar indirect transfer (education or health) on a redistributive mea-
sure as an in de pen dent variable— for example, the decline in Gini coefficient in Gini points. The outlier countries are excluded 
(i.e., South Africa in total education, Colombia in total health spending, and Guatemala in primary and secondary education 
spending) to have a better repre sen ta tion of the associations. The data regarding total education spending as a percentage of 
GDP and health spending as a percentage of GDP are taken from CEQ Indicators (https:// commitmentoequity . org / datacenter / ), 
whereas primary and secondary education spending as a percentage of GDP per capita is taken from World Bank Indicators 
(https:// data . worldbank . org). Robust standard errors are in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.
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i.e., φ(a) is determined by mean income conditional on income being larger than the 
exemption, the value of the exemption itself, and the proportion of agents whose in-
come is above the exemption.

Another in ter est ing question regards the equilibrium spending on public goods 
as the exemption level is raised. Assuming that the median voter theorem applies and 
recalling our first- order condition, we have

α
1−α

ym − a
ϕ(a)

=
ym −Gm

ym − a
ϕ(a)

Gm

⎛

⎝

⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟

1+ β

.

Now applying the implicit function theorem, we see that the sign of the change in 
Gm with re spect to a has the same sign of that of φ(a)/(ym − a). We then obtain

d
da

ϕ(a)
ym − a

⎛
⎝⎜

⎞
⎠⎟
= ′ϕ (a)(ym − a)+ϕ(a)

(ym − a)2
.

Since φ′(a) = −(1 − F(a)), the numerator of the above- displayed equation can be sim-
plified as

φ′(a)(ym − a) + φ(a) = (1 − F(a))(E(y | y ≥ a) − a − ym + a) = (1 − F(a))(E(y | y ≥ a)— ym).

So, if the distribution of income is right- skewed, so that the average income is above 
the median, increasing the exemption level increases the amount of public goods pro-
vided in the po liti cal equilibrium.

Indeed, this can be intuitively explained in a diff er ent way. Recall that agents are 
maximizing

u yi −
yi − a
ϕ(a)

G,G
⎛
⎝⎜

⎞
⎠⎟
,

so we see that yi − aϕ(a)
 acts as a public good price. Since this price decreases with a, if G 

is a normal good, then agents  will demand more G.
Boix (2003) offers an in ter est ing caveat, pointing out that turnout should be in-

cluded in considerations such as ours.11 Boix (2003) emphasizes the importance of 
turnout in determining the size of the public sector, and hence the level of re distribution. 
In his model, as turnout among the least skilled worker declines, the median voter’s 
position gets closer to the position of the voter with average income, which results in 
a smaller public sector.

11 See also Larcinese (2007).
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In our model, what  matters for electoral success is the income of the median voter, 
and it is well known that turnout is increasing with income.12 We consider a scenario 
where the median voter is positioned above the voter with average income  because of 
turnout. In the presence of such a turnout pattern, where the median income among 

voters is above the average of the overall population income, the sign of 
d
da

ϕ(a)
ym − a

⎛
⎝⎜

⎞
⎠⎟

 

reverses, and we obtain the opposite implication: increasing the exemption level de-
creases the public goods provided in the po liti cal equilibrium.

A second in ter est ing caveat arises in the presence of private substitutes for the public 
good, as in the “ends against the  middle” framework of Epple and Romano (1996a).13 
Epple and Romano (1996a) set up a voting model in which agents can opt out of con-
suming the public goods amount publicly provided and instead consume an amount 
that they privately acquire. Sufficiently rich agents may decide to do so at a discretely 
larger level than what is publicly provided.  There are two in ter est ing possibilities, and 
they are usefully described according to the analy sis of Kenny (1978) of a public good 
financed with a proportional tax and without available substitutes. If agents’ most desired 
level of publicly provided G decreases with income, then no changes arise when a substi-
tute is pre sent. The median voter remains decisive since richer voters demand fewer 
public goods, and the possibility of opting out only further reduces their demand.

In contrast, if agents’ most desired level of publicly provided G increases with in-
come, the availability of substitutes makes preferences not single- peaked, and equilib-
rium may fail to exist. When equilibrium does exist, the median voter is not decisive 
anymore since very high- income agents opt out and pool with very low- income ones 
to support a lower level of public expenditure. Therefore, the decisive voter has income 
below the median.

Combining this framework with our flat tax with exemption has two effects: first, 
as we demonstrated in our Cobb- Douglas example, it is now more likely that a utility 
function displays decreasing most desired levels of public goods in income, and so it is 
more likely that the usual median voter theorem applies. Second, if instead most de-
sired public goods levels are increasing in income, then what  matters in the compara-

tive statics linking G and a is the sign of 
d
da

ϕ(a)
yd − a

⎛
⎝⎜

⎞
⎠⎟

 at some decisive income level 

yd < ym. Therefore, even considering turnout effects, we tend to restore the implication 
that increasing the exemption level increases the amount of public goods provided in 
the po liti cal equilibrium. Of course, a definite prediction requires institutional knowl-
edge of the patterns of income, turnout, and the presence of private substitutes for the 
public good.

12 See, e.g., Wolfinger and Rosenstone (1980).
13 See also Glomm and Ravikumar (1996); Epple and Romano (1996b); Gouveia (1996); Fernandez 
and Rogerson (1996); and the exposition of Director’s law in Stigler (1970).
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6  Taxation and Re distribution Models without Functional  
Form Assumptions

 There are at least two strands of the lit er a ture that abandon the assumptions of a 
unidimensional policy space. Both strands have to contend with the prob lem that 
equilibrium in pure strategies does not exist. The prob lem arises  because, given 
enough flexibility, for any tax/redistribution schedule it is always pos si ble to reduce 
the tax paid by 50   percent of the electorate by a small amount, compensating this 
reduction by expropriating a small fraction of the electorate. The prob lem is similar 
to dividing a cake among three agents by majority voting. For any proposed division, 
it is always pos si ble to find a co ali tion of two agents that does better by expropriating 
the third.

The first impor tant strand stems from the seminal contribution of Myerson (1993), 
studying the implications of assuming that re distribution is perfectly targetable.  These 
models are not models of direct democracy but models of representative democracy 
and tend to admit equilibria only in mixed strategies. Indeed,  these equilibria resem-
ble  those of all- pay auctions. A very impor tant contribution is that of Lizzeri and Per-
sico (2001). They introduce a model with two competing, office- motivated politicians 
who can use the resources raised from taxation to  either redistribute wealth or pay for 
the provision of public goods. The key assumption is that public goods are not easily 
targetable to a subset of voters. At the same time, re distribution can be (this notion of 
re distribution, therefore, captures both cash transfers and pork- barrel proj ects).

Indeed, in their model,  there is no assumption at all on the shape of re distribution, 
and in par tic u lar,  there is no restriction to linear tax rates and lump- sum re distribution. 
It is worth pointing out that in this framework, re distribution does not go from the 
rich to the poor. Rather, it is determined by the electoral incentive that office- motivated 
politicians have to aggressively tax a minority and redistribute the amount collected 
to a majority of voters, so this re distribution ends up increasing in equality. Politicians, 
therefore, face a trade- off: while the benefits from the public good may be higher for 
society as a  whole, pork- barrel proj ects and cash re distribution can be targeted and 
therefore may end up undercutting the efficient choice. The main interest of Lizzeri and 
Persico (2001) is to compare the per for mance of diff er ent electoral incentives; indeed, 
they find that the under- provision prob lem is especially severe for winner- take- all sys-
tems. However, their equilibrium lends itself to a comparative statics analy sis that re-
lates changes in in equality brought about by taxation and re distribution and the level 
of public good provision. Equilibrium is in mixed strategies: with some probability, the 
public good is provided, and with the complementary probability targeted, in equality 
enhancing re distribution is implemented. Therefore, a positive correlation arises be-
tween observing the provision of public goods and a more equitable pattern of cash 
taxes and transfers. Crutzen and Sahuguet (2009) also contribute to this strand of the 
lit er a ture and consider the possibility that taxation can be targetable, in addition to 
re distribution. Further, they analyze the effects of distortions in taxes.
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A second very impor tant strand of the lit er a ture considers the prob lem of raising 
a fixed amount of revenue without imposing restrictions on the form of the tax sched-
ule and tries to determine  whether a progressive tax scheme emerges in equilibrium. 
Carbonell- Nicolau and Ok (2007) pre sent a model of representative democracy with 
two office- motivated parties that compete against each other by offering tax functions 
that, in princi ple, are not restricted to be marginal- rate progressive. The only assump-
tion they make is that income distributions are right- skewed; i.e., they assume that the 
median is below the mean. They investigate if this assumption is sufficient to generate 
an equilibrium in marginal- rate progressive tax schedules. Carbonell- Nicolau and Ok 
(2007) show that equilibrium exists, but only in mixed strategies. Generally, it is im-
possible to exclude the possibility that a marginal- rate regressive scheme is chosen in 
equilibrium with a positive probability. This result complements Marhuenda and 
Ortuno- Ortin (1995), who find that if the median voter’s income is below the mean 
income and voting is self- interested, any marginal rate progressive (convex) tax sched-
ule defeats any marginal rate regressive (concave) one. This shows how the possibility 
of tax schedules that are neither globally convex nor concave creates voting cycles.

To avoid mixed- strategy equilibria and restore a deterministic prediction, other 
papers in this strand of the lit er a ture introduce additional ele ments to the po liti cal pro-
cess: uncertainty about abandoning the status- quo as in Marhuenda and Ortuno- 
Ortin (1998), policy preferences of the candidates and costs of participating in the elec-
tion as in Carbonell- Nicolau and Klor (2003), and internal party dynamics as in 
Roemer (1999).  These models deliver, in equilibrium, tax schedules with increasing mar-
ginal taxation rates.

7  Conclusion

We investigate the relationship between public provision of public goods and income 
re distribution using a median voter model. The fiscal incidence analyses conducted by 
the CEQ Institute suggest a negative association between the percentage of tax- exempt 
individuals (“net receivers” in our analy sis) and the level of public provision of public 
goods. We start our analy sis by reviewing the previous lit er a ture and then offer an ex-
tension of the classical framework of taxation and public goods provision that departs 
from the assumption of a  simple proportional tax in  favor of a flat tax with an exemp-
tion. Adjusting the exemption level, we capture tax schemes restricted to generating 
diff er ent numbers of net receivers. We then let voters decide on the tax rate and the 
quantity of public goods provided. Our model predicts that the level of public goods 
provision can increase or decrease in the proportion of “net receivers” depending on 
the relationship between the income of the decisive voter and the average income in 
the population, conditional on income being larger than the exemption. More specifi-
cally, if the distribution of income is right- skewed, so that the average income is above 
the median, increasing the exemption level increases the amount of public goods pro-
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vided in the po liti cal equilibrium. We conclude by pointing out two caveats, which may 
change the direction of the model’s prediction. If turnout patterns are such that the 
median income among voters is above the average of the overall population income, 
then increasing the exemption level decreases the amount of public good provided in 
the po liti cal equilibrium as observed in the CEQ data. Also, the presence of substitutes 
for government- provided public goods may result in agents opting out of consuming 
the amount of public goods publicly provided and instead consuming an amount that 
they privately acquire.  Under certain conditions allowing the existence of an equilib-
rium, very high- income agents opt out and pool with very low- income ones to support 
a lower level of public expenditure, resulting in a negative relationship between the level 
of public goods provision and exemption level.
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Appendix 9A

Technical Derivations of the Meltzer and 
Richard (1981) Model

1  Response of Consumption to Government Transfers

Recall that individuals take both government transfers r and the tax rate t as given when 
making their optimal decisions. Therefore, although in equilibrium r and t are related 
to each other,  here we are interested in changing r while keeping t constant.

For  those who subsist on welfare (i.e., n = 0), consumption is equal to the govern-
ment transfer (i.e., c = r).

⇒ ∂c
∂r

=1 for individuals who choose not to work.

1018-103585_ch01_12P.indd   3191018-103585_ch01_12P.indd   319 08/03/23   5:17 PM08/03/23   5:17 PM



S T E F A N O  B A R B I E R I  A N D  K O R A Y  C A G L A Y A N320

We now show that for individuals who choose to work, 0<
∂c
∂r

<1.  For  these indi-

viduals, recall that c = r + nx(1 − t). Differentiating with re spect to r, we obtain

∂c
∂r

=1+ ∂n
∂r

x(1− t)<1,

as leisure is assumed to be a normal good. Therefore, the consumption of agents who 
decide to work reacts less to government transfers than that of agents who decide not 
to work. Furthermore, we have that

∂c
∂r

=1+ ∂n
∂r

 x(1− t)⇒ ∂n
∂r

= ∂c
∂r

−1⎛
⎝⎜

⎞
⎠⎟

1
x(1− t)

.

Also, the second order condition of the maximization prob lem follows:

∂2U
∂n2

= {Ucc x(1− t)−Ucl}x(1− t)−Ulcx(1− t)+Ull

=Ucc x2(1− t)2 − 2 Uclx(1− t)+Ull ≡D< 0

since U(c, 1) is strictly concave. Now, differentiate the first order condition with re spect 
to r:

Ucc
∂c
∂r

−Ucl
∂n
∂r{ } x(1− t)=Ucl

∂c
∂r

−Ull
∂n
∂r

⇒Ucc
∂c
∂r

x(1− t)−Ucl
∂n
∂r

x(1− t)= vUcl
∂c
∂r

−Ull
∂n
∂r

⇒ {Ucc x(1− t)−Ucl }
∂c
∂r

= {Ucl x(1− t)−Ull }
∂n
∂r

⇒ {Ucc x(1− t)−Ucl }
∂c
∂r

= {Ucl x(1− t)−Ull }
∂c
∂r

−1{ } 1
x(1− t)

⇒ {Ucc x2(1− t)2 −Ucl x(1− t)} ∂c
∂r

= {Ucl x(1− t)−Ull }
∂c
∂r

−Ucl x(1− t)+Ull

⇒ {Ucc x2(1− t)2 − 2Ucl x(1− t)+Ull}
∂c
∂r

= −Ucl x(1− t)+Ull

⇒D∂c
∂r

= −Ucl x(1− t)+Ull

⇒ ∂c
∂r

= Ucl x(1− t)−Ull

−D
> 0

So all agents increase their consumption in response to an increase in transfers.
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2  Response of Pretax Income to Productivity

Pretax income is a function of the tax rate, transfer, and the productivity level, y(r, t, x) =  
xn(r, x(1 − t)). For individuals with x ≤ x0 (i.e., who not choose to work) y = 0 implying 
∂y
∂x

= 0.  For individuals for whom n > 0,

∂y
∂x

= n + x ∂n
∂x

.

Differentiating the original utility maximization prob lem with re spect to x,

(1− t) Ucc (1− t) ∂n
∂x

x + n⎛
⎝⎜

⎞
⎠⎟ −Ucl

∂n
∂x

⎡
⎣⎢

⎤
⎦⎥
x +Uc

⎧
⎨
⎩

⎫
⎬
⎭

=Ucl (1− t) ∂n
∂x

x + n⎛
⎝⎜

⎞
⎠⎟

⎧
⎨
⎩

⎫
⎬
⎭
−Ull

∂n
∂x

(1− t) Ucc (1− t) ∂n
∂x

x + n⎛
⎝⎜

⎞
⎠⎟ −Ucl

∂n
∂x

⎡
⎣⎢

⎤
⎦⎥
x +Uc

⎧
⎨
⎩

⎫
⎬
⎭

=Ucl (1− t) ∂n
∂x

x + n⎛
⎝⎜

⎞
⎠⎟

⎧
⎨
⎩

⎫
⎬
⎭
−Ull

∂n
∂x

⇒ (1− t) Ucc (1− t)∂n
∂x

x +Ucc (1− t)n −Ucl
∂n
∂x{ }

x + (1− t)Uc =Ucl (1− t)∂n
∂x

x +Ucl (1− t)n −Ull
∂n
∂x

⇒Ucc (1− t)2 x2 ∂n
∂x

+Ucc (1− t)2nx −Ucl (1− t)x ∂n
∂x

+ (1− t)Uc =Ucl (1− t)∂n
∂x

x +Ucl (1− t)n −Ull
∂n
∂x

⇒ ∂n
∂x

{Ucc (1− t)2 x2 − 2 Ucl (1− t)x +Ull }

= −Ucc (1− t)2nx +Ucl (1− t)n − (1− t)Uc

⇒ ∂n
∂x

D= −Ucc (1− t)2nx +Ucl (1− t)n − (1− t)Uc

⇒ ∂n
∂x

= Ucc (1− t)2nx −Ucl (1− t)n + (1− t)Uc

−D

Substituting this back into the partial derivative of earned income with re spect to 
productivity,

∂y
∂x

= n + x Uc (1− t)x + n{Ucl (1− t)x −Ull}
−D

> 0.

So, ∂y
∂x

 is positive for all x > x0.
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Appendix 9B

Technical Derivations of Lambert (2001)

T he Lorenz curve, L(p), represents the percentage of total income belonging to 
the poorest p% of the population and can be written as

L(p)= 0
y
∫

xf (x)dx
µ

= 0
F−1(p)
∫

xf (x)dx
µ

,

where p = F(y) is the rank of an individual across income distribution (see Figure 9-B1).
The Gini coefficient is given by

G = A
A+ B

= A

A+ 1
2
− A⎛

⎝⎜
⎞
⎠⎟
= A

A+ 1
2
− A⎛

⎝⎜
⎞
⎠⎟
= 2A= 2 1

2
− B⎛

⎝⎜
⎞
⎠⎟ =1− 2B.

Substituting in the Lorenz curve,

G =1− 2
0

1
∫ L(p)dp

=1− 2 (pL(p))|01 − 0
1
∫ p ′L (p)dp⎡⎣ ⎤⎦

=1− 2 L(1)(1)− L(0)(0)− 0
1
∫ p ′L (p)dp⎡⎣ ⎤⎦

Source: Lambert (2001).

Figure 9- B1
Typical Lorenz Curve

% of total income

% of population1

1

45°

A

B

L(p)
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= −1+ 2
0

1
∫ p ′L (p)dp

= −1+ 2 0
1
∫ p ′L (p)dp

= −1+ 2
µ 0

1
∫ p 1

f (F−1(p))
F−1(p) f (F−1(p))dp

= −1+ 2
µ 0

1
∫ pF−1(p)dp

= −1+ 2
µ 0

∞
∫ F(y)yf (y)dy ,

since p = F(y) and dp = f(y)dy.
The covariance of y and F(y) is given by

Cov[y ,F(y)]= 0
∞
∫ yF(y) f (y)dy − µ 0

∞
∫ F(y) f (y)dy

= 0
∞
∫ yF(y) f (y)dy − µ 1

2
[F(y)]2 |0∞

=
0

∞
∫ yF(y) f (y)dy − 1

2
µ

⇒
0

∞
∫ yF(y) f (y)dy =Cov[y ,F(y)]+ 1

2
µ

⇒G = −1+ 2
µ

Cov[y , F(y)]+ 1
2
µ⎡

⎣⎢
⎤
⎦⎥

⇒G = 2
µ

Cov[y , F(y)].
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