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Chapter 1

Regulation Under Stock Maket

Information Disclosure

Lavinia Hollanda and Rafael Mourão.

It is known that stock prices of public listed regulated companies react to price revi-

sions by the regulator, and that the information conveyed by this price reaction might be

used by the regulator on the contract design. This paper builds on Laffont and Tirole’s

(1986) regulation model with observable costs to better understand the effects the inclu-

sion of the stock market can have on the regulator-regulated firm relationship. Our nu-

merical simulations show that the inclusion of the market induce more powerful incentive

schemes, with higher cost-reducing efforts, smaller informational rent by the firms and

higher overall social welfare. In particular, we find that when the regulator is committed,

the presence of short-term investors can make the first-best contract feasible, and that in

the non-commitment case the market affects the firm’s strategy by making it reveal more

information about its cost than it normally would.

JEL Classification: L50, L51, G30

Keywords: regulation, stock market, information, signalling
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1.1 Introduction

The relationship between a regulator and a regulated firm has been the subject of vari-

ous studies, and the new economics of regulation1, which has applied the principal-agent

methodology to modeling the contractual relationship between regulators and regulated

firms, has provided many important insights into how this interaction takes place. How-

ever, many other factors external to the regulation per se, such as political aspects or the

firm’s governance structure, can impose significant constraints2 and influence this inter-

action. This article is concerned with one specific factor which we believe can alter the

interaction between regulator and regulated firm: public listing of the regulated firm.

In practice, examples can be found where the regulator has somehow reconsidered or

revised an existent regulatory policy after observing the price performance of the regu-

lated companies’ stock. One of the most striking cases of such revision was the case of

the UK electricity regulator in the first periodic tariff revision in 1994, as mentioned in

Faure-Grimaud 2001. Also in the electricity sector, the recent methodology changes im-

plemented by the Brazilian regulator, Aneel, for the third periodic tariff cycle (RTP)3 have

generated widespread complaints from the regulated companies, and raised some ques-

tions about the stability of the rules, and the regulator’s commitment. Without judging its

merit, we believe that these recent changes can be at least partially attributed to the distri-

bution companies’ performance in the market. During the second RTP cycle, even though

the market’s opinion on the tariff adjustment announced usually ranged from neutral to

slightly negative4, the performance of most of the companies in the quarter following the

adjustment was positive5, which could indicate that those adjustments were not too strict.

On the other hand, when the changes in method for the third RTP cycle were an-

nounced, reports showed the market’s concern on the companies’ ability to maintain their

profitability, and some analysts recommend a cautious approach to the sector for the sub-

sequent years. It seems quite clear, thus, that the regulator’s decision affects the stock price

of companies, mainly because the regulator’s decision has direct impact on the companies’

1See Laffont, 1994.
2See Laffont, 1994.
3For more details on the changes for the third periodic tariff cycle please see “Resolução Normativa

no 457/2011, de 08/11/2011” and "PRORET - Procedimentos de Regulação Tarifária", on Aneel’s website

(www.aneel.gov.br).
4Reference: companies’ and analysts’ reports.
5Reference: Bloomberg; CSFB analyst’s report on Brazilian electricity utility Eletropaulo.
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profitability.

In this context, the question that arises whether factors external to regulation, such

as the public listing of a company in the market, can have an impact on the regulator-

regulated-firm relationship. In other words, does listing of a regulated company in any

way change the relationship between the regulator and the company?

This paper examines the impact of public listing on this relationship. The basic idea

underlying our work is that publicly traded companies are required to provide informa-

tion to the market on their financial statements on a regular basis, and this information

is observable to other parties – particularly, it is observable to the regulator. Since market

prices usually react to this information, traded firms have a desire to demonstrate that they

are efficiently managed, which usually means showing low costs and high profitability to

their shareholders.

On the other hand, the theory of regulation affirms that the relationship between the

regulator and the regulated firm is built based on the assumption that the regulator is at an

informational disadvantage as to the firm’s operational structure and cost figures. As such,

the firm is reluctant to reveal too much information about its cost structure, fearing that

this information will be used by the regulator in the future to impose harsher efficiency

goals. In a static environment, or when the regulator can commit to a long-term contract,

the firm reveals itself in exchange for an informational rent. However, if the regulator is

not committed, there is no guarantee that he will not expropriate the firm once the firm

reveals itself as being efficient.

In practice, it is quite easy to find examples where stock prices of listed regulated com-

panies reacted to regulators’ announcements of price revisions, but it is not as common

to see situations where the regulator reacts to stock prices. Nevertheless, the notion that

market prices convey information about the firm’s performance is undisputed. The basic

purpose of the model is thus to understand whether the presence of the market can affect

the firm’s behavior towards the regulator and the contracts offered by the regulators to the

firm.

1.1.1 Related Literature

Some previous works have given attention to the impact of public listing in regulation.

Faure-Grimaud (2001), where the author examines the role of the stock price information

in the regulation of firms, is perhaps the most closely related to this subject. The article
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builds on a regulation model where the regulator defines a price cap depending on his

knowledge about the firm’s cost parameter – which, in turn, depends on the regulator’s

costly monitoring technology. There is also a model for the market, to explain how stock

prices can be informative of the firm’s value. Particularly, in the Faure-Grimaud model

the information collection by the regulator and the stock price information are substitutes.

Thus, there will be less monitoring by the regulator when the firm is publicly listed.

The basic concept behind the model in Faure-Grimaud (2001) is the regulator’s inability

to commit to long-term regulation. Due to this lack of commitment, the presence of the

market can make it easier for the regulator to obtain information about the firm (in his

article, through a costly monitoring technology), and expropriate its profit.

The present article builds on the same motivation. However, differently from Faure-

Grimaud (2001), we endogenize the disclosure of information by the firm. We do that

through the introduction of a signaling game, where the manager of the firm can actively

choose the signal he will divulge to the market – and, consequently, to the regulator. Also,

in our case the regulator does not have access to any particular costly monitoring technol-

ogy, thus the only information available to the regulator is the (public) signal sent by the

firm.

To model the firm’s signaling game, we build from the model developed by Miller

and Rock (1985), in which the authors analyze the effects of announcement of dividends

on the market’s perception of the firm’s profitability under asymmetric information. In

their article, Miller and Rock build a signaling model that explains why dividend increases

should be regarded as positive news for stock prices, from the idea that firms can signal

their future profitability by paying dividends6.

One important aspect of their model (which we also incorporate in our model) is the

assumption that there are two types of investors in the firm. On one side there are the “in-

siders”, who are represented by the companies’ managers and are better informed about

the firm’s real intrinsic value. On the other side, there are “outsiders”, who are essentially

short-term investors in the market and do not observe the firm’s real value and trade their

stock based on the firm’s perceived value, right after the dividend announcement7. Thus,

there is a fraction of the shares which are owned by outsiders, while the remainder of the

6Basically, dividends are viewed as costly signals of future earnings, and are paid at the expense of forgone

corporate investments.
7For this reason, in Miller and Rock (1985) outside investors are viewed as short-term investors, while

insiders are viewed as long-term investors.
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shares belong to the insiders – and the objective function of the firm incorporates their re-

spective weights, proportionally to the value of their holdings. In our model, described in

section 3, we borrow from Miller and Rock the idea of having two types of investors (long-

and short-term) in the firm.

Di Tella and Kanczuc (2003) also use that idea of incorporating market information

to regulation. They propose a simple linear mechanism to punish regulated firms who

outperform the market during rate reviews periods, as a way to prevent cost padding.

However, their focus is mainly on the benefits of using stock prices to reduce the informa-

tion problem, and not on the commitment problem. From this aspect, we view our work

as more related to Faure-Grimaud (2001), since we also consider the lack of commitment

on the part of the regulator as a crucial underlying assumption of our model.

Other articles acknowledge the ability of market prices to convey information on firms.

Particularly, Bond, Goldstein and Prescott (2010) do so in the context of analyzing the ef-

fect of government policies that aim to help firms in trouble on the informational content

of market prices. Lehar, Seppi and Strobl (2007) perform a similar analysis in the context

of banking regulation, but focusing on the theoretical foundations of market-based bank

regulation. Despite being based on the central idea of analyzing the interaction between

market prices and (some type of) government intervention in firms, both articles are de-

veloped in a different context from ours, and are not directly related to our work.

The idea of our model is to understand how the existence of a third agent (the market),

which can also observe the firm’s cost signal, could potentially alter the relationship be-

tween the regulator and the regulated firm. Specifically, we want to model the trade-off

the firm faces when sending the cost signal, from the premise that the firm wants to appear

efficient to the market, and inefficient to the regulator. In a situation where the regulator is

not committed and the regulated firm is publicly traded, we analyze the role of the market

in the relationship between the firm and the regulator. Our main contribution is that the

level of information disclosure of the firm is endogenous in our model, where the firm can

actively choose whether to reveal itself or not. We use a signaling game similar to that in

Miller and Rock (1985), where the signal in our case is the level of costs that the firm makes

known publicly.

Our results indicate that the presence of the market does indeed have an impact in the

relationship between the regulator and the firm. The presence of the market increases wel-

fare, and seems to induce more separation of types, and lead to more powerful incentives.

In Faure-Grimaud (2001), we view some degree of substitutability between the regulator
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and the market, mainly due to the existence of a costly monitoring technology used by

the regulator. Here, the regulator benefits from the presence of the market, particularly by

reducing the amount of informational rent left to the efficient firm, and thus the regulator

and the market can be seen as being complementary to each other.

This article is organized as follows: in a preliminary analysis, we present a basic reg-

ulation model for both the full information and asymmetric information cases, which is

the basis for our model. Next, we introduce a new agent to this set up: the short-term

investors in the stock market. In section 3, we develop our model and discuss the (bench-

mark) commitment case, and the non-commitment case. Section 4 presents a numerical

simulation of the model, while section 5 concludes.

1.2 Preliminary analysis

In this section, we introduce our problem by presenting a simple, static regulation model.

After introducing the main elements of the model, we solve the static, full information

case and then the static problem under imperfect information. This model is presented in

Laffont and Tirole (1986). We also introduce another important addition of our model, the

market.

1.2.1 Full information

Suppose a regulator who wishes to provide some type of public service with value S > 0

to consumers. Consider a model where a firm capable of providing such service has cost

function:

C = θ − e,

where θ is an exogenous parameter of efficiency of the firm and e is an (endogenous) effort

that the manager can exert to reduce costs. Exerting effort has a cost, given by ψ(e)8.

The regulator makes net monetary transfers t to the firm and costs are fully reim-

bursed9. We assume that tranfers to the firm can only be funded by taxes and, due to

distortionary taxation, there is a cost λ > 0 incurred by the planner for collecting pub-

lic funds, such that each unit of tranfers to the firm costs (1 + λ) to the regulator. Thus,

8This function satisfies the usual properties: ψ′(e) > 0 and ψ′′(e) > 0 for e > 0, with ψ(0) = 0 and

lim
e→θ

ψ(e) = +∞.
9Total transfers made by the regulator to the firm are T = t+ C.
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consumer’s welfare is

S − (1 + λ)(t+ C)

and the firm’s utility level is given by

U = t− ψ(e),

which implies that t = U + ψ(e).

In the full information setting, the regulator observes both the cost and the parameter

θ. Her problem is then to choose a pair (t, e) to maximize the welfare function

WFI = S − (1 + λ)(t+ θ − e) + U (1.1)

= S − (1 + λ)(θ − e+ ψ(e))− λU,

subject to

U ≥ 0. (1.2)

The individual rationality constraint (2) says that the utility level of the firm’s manager

must be nonnegative for the firm to participate in the contract. In other words, the util-

ity derived by the manager from the contract should be higher than its opportunity cost

(which we normalize to zero). The optimal solution for the problem is then

t = ψ(e)

e = e∗, where ψ′(e∗) = 1.

1.2.2 Asymmetric information

Under imperfect information, the regulator can only observe the level of net transfer t and

the firm’s cost C - but not its decomposition between the firm’s inherent cost θ and effort e.

We assume the parameter θ ∈ {θL, θH} ,with θH > θL, is known only to the firm’s manager,

and the other agents in the economy know only its prior distribution Pr [θ = θL] = ν1.

The contract offered to the firm by the regulator is a menu (t(θ), C(θ)), of transfers and

observed costs. According to the Revelation Principle, the regulator can restrict herself

to direct, truthful mechanisms t(θ), C(θ) .Fornotationalsimplicity, letusmaketL ≡ t(θL),

CL ≡ C(θL), and so forth.

The rent of a firm of type θ when it selects the contract designed for its type is

U(θ) = t(θ)− ψ(θ − C(θ)),
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and, also for notational simplicity, UL = tL − ψ(θL − CL) and UH = tH − ψ(θH − CH).

It is the incentive compatibility constraint that guarantees that each firm chooses the

contract designed for its own type in the menu of contracts. For the static problem under

imperfect information, those constraints are:

tL − ψ(θL − CL) ≥ tH − ψ(θL − CH) (1.3)

tH − ψ(θH − CH) ≥ tL − ψ(θH − CL). (1.4)

Similarly, individual rationality for this case amounts to

UL ≥ 0 (1.5)

UH ≥ 0. (1.6)

The regulator will solve the objective function

WAI = Eθ[S − (1 + λ) [C(θ) + ψ(θ − C(θ))]− λU(θ)], (1.7)

subject to the incentive and individual rationality constraints for both types, shown above

in equations (3)-(6). The solution to this problem is10

ψ′(eL) = 1 (or eL = e∗) (1.8)

ψ′(eH) = 1− λ

(1 + λ)

ν

(1− v)
Φ′(eH), (1.9)

where Φ(eH) ≡ ψ(eH)−ψ(eH−∆θ), with ∆θ = θH−θL, is the informational rent obtained

by the efficient firm.

These results illustrate the basic trade-off faced by the regulator, namely, that in order to

induce more effort from the inefficient firm, the regulator has to leave more informational

rent to the efficient one.

1.2.3 Market signalling

In addition to the two agents described above, the firm and the regulator, we now intro-

duce a third agent: the short-term investors in the stock market (henceforth, the market).

As in Miller and Rock (1985), we suppose that there exists an asymmetry of information

10Notice that e = θ − C.
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between the firm’s long-term investors (such as managers and directors of the firm), who

are considered insiders and have private information about its costs, and the short-term

investors, who have no private information and are considered outsiders to the firm.

This asymmetry of information leads to differences in the perceived value of the firm

for the different types of investors. The insiders are interested in maximizing the firm’s

profits, defined as a function of the true inherent cost θ and the chosen contract θ̃11 as

U(θ, θ̃) = t(θ̃)− ψ(θ − C(θ̃)).

On the other hand, the outsiders are interested in maximizing the market value of the

firm. The market value function Um(θ̃) is a function that assigns a market value for the

firm based on the chosen contract . This function is known to the firm and is taken into

account in its cost choice. A regular assumption about the behavior of the stock market

is that, if all the participants are equal and have the same information, no expected profit

can be made from trading. Thus, assuming that long-term investors plan on keeping their

stocks, in equilibrium the market value of the firm is defined as a function of the chosen

contract by the zero expected profit condition:

Um(θ̃) = Eθ(U(θ, θ̃)|C = C(θ̃)),

which states that the market value of the firm is given by what short-term investors

believe is the firm’s profit, given the contract the firm chooses. If the market believes each

firm selects its own contract, as in the basic model depicted in the past sections, the firm’s

market value would be its real profit. However, differences may arise if the market believes

the firms randomize.

The presence of short-term investors generates a potential conflit of interests between

stockholders, since the best decision for increasing profit may not be the one that max-

imizes the market value, and vice-versa. For example, even if the two contracts yield

the same profit for the inefficient firm, choosing the other type’s contract can maximize

market value since the market may believe that the firm is efficient with positive probabil-

ity. Therefore, the firm’s objective function should take into account this conflict, so that

neither type of investors have incentives to bribe the managers to depart from the firm’s

optimal strategy.

11In the remainder of this paper, we will use θ as both the private information parameter of the firm, as, for

simplicity, the contract designed for the firm with type θ.
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Following Miller and Rock (1985), we use as objetive function a simple "social welfare

function", in which the manager attach weights to each group’s utility based on its propor-

tion of holdings. Thus, if the fraction of long-term investors is k, the manager’s objective

function can be written as

U(θ, θ̃) = kU(θ, θ̃) + (1− k)Um(θ̃)

= kU(θ, θ̃) + (1− k)Eθ(U(θ, θ̃)|C = C(θ̃))

For notational ease, for the rest of this paper, U(θ, θ) and U(θ, θ) will be denoted by

U(θ) and U(θ).

1.3 The model

Our model builds on the basic, static model presented on the past section by introducing

a second period, as in Laffont and Tirole (1988), and the third agent, represented by the

market. In this second period the regulator may or may not make changes to the con-

tract based on the information obtained in the first period, depending on whether she is

commited or not. In the case of non-commitment, the firm has to take into account that

the information it reveals - in addiction to affecting its market value - may also lead the

regulator to make changes in the contract. For simplicity, we will only address the second

period in the non-commitment case, treating the commitment case as a one-period case.

The problem can be described as a signalling game. In period one the regulator initially

offers a set of contracts to the firm, which has private information about its own type

θ ∈ {θL, θH} . Both the market and the regulator have prior beliefs that Pr [θ = θL] = ν1.

By choosing a contract, the firm discloses some information for both the regulator and the

market and, upon observing the realized cost, they update their beliefs about θ.

The posterior belief ν2 is the probability given by the agents for the firm to be efficient,

given the contract it chooses. The posterior assumes values νH or νL when, respectively,

the high or the low cost contracts are chosen in period one. Denoting by xL and xH ,

respectively, the probabilities that the efficient and the inefficient firms choose the low

cost contract, according to Bayes’ rule we have

νL =
xLν

1

xLν1 + xH(1− ν1)
,
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and

νH =
(1− xL)ν1

(1− xL)ν1 + (1− xH)(1− ν1)
.

Acting accordingly to this update, the short-term investors of the firm will trade their

stocks based on its expected value, so the firm’s welfare is realized at

U(θ, θ̃) = kU(θ, θ̃) + (1− k)Um(θ̃)

where

Um(θH) = νHU(θL, θH) + (1− νH)U(θH)

Um(θL) = νLU(θL) + (1− νL)U(θH , θL).

In the second period, there are only long-term investors at the firm. The regulator,

who also has a long term relationship with the firm, will revise the contract based on her

posterior beliefs. The regulator problem will therefore be equivalent to the asymmetric

information problem of the previous section.

It is also assumed that both the regulator and the firm’s manager discount the second-

period welfare with factor δ > 0. The regulator welfare is then

W = S − (1 + λ)(t1 + C1) + U(θ, θ̃) + δ[S − (1 + λ)(t2 + C2) + U(θ, θ̃)]

Finally, let us assume:

A1. The "true" (or "fundamental") value of the firm U(θ) cannot be negative.

Formally, an equilibrium in this setting can be defined as follows:

Definition 1 Let the regulator’s strategy be an incentive scheme C1 → t1(C1) in period 1, and

C2 → t2(C2; t1(.), C1) in period 2. Assume that the reservation utility of the firm is zero, and

thus the firm can choose not to participate in the relationship at any time in the game. The firm’s

strategy is a choice of participation χτ and effort eτ in each period, and we let χτ = 1 if the firm

decides to accept the incentive scheme in period τ , and χτ = 0 otherwise. Thus, for each period the

firm’s strategy is:

{χ1(θ, t1(.)), e1(θ, t1(.))}

and

{χ2(θ, t1(.), t2(.), C1), e2(θ, t1(.), t2(.), C1)} .



CHAPTER 1. REGULATION UNDER STOCK MAKET INFORMATION DISCLOSURE 12

The strategies and beliefs above define a Perfect Bayesian Equilibrium (PBE) of the game be-

tween the regulator, the firm and the market if, and only if:

(I) {e2(.), χ2(.)} is optimal for the firm given t2(.);

(II) t2(.) is optimal to the regulator given his posterior beliefs;

(III) {e1(.), χ1(.)} is optimal for the firm given t1(.) and that both the regulator’s incentive

scheme for period 2 and the market value of the firm depends on C1;

(IV) t1 is optimal for the regulator given sequential strategies;

(V) the market value is defined given C1 by the zero expected profit condition

Um(θ̃) = Eθ(U(θ, θ̃)|C1 = C(θ̃)),

and;

(VI) both the market and the regulator posterior beliefs are equal and derived from the prior ν1,

from (III), t1(.) and C1 using Bayes’ rule.

As mentioned earlier, the objective of our model is to understand how the interac-

tion between the firm and the market could affect the regulator’s contract design. On the

regulator-firm side, the model builds on the dynamic regulation model presented in Laf-

font and Tirole (1988). On the firm-market side, we introduce elements from the model

presented in Miller and Rock (1985), as a way to endogenize the presence of the market

in the firm’s decision. In the following subsections, we will initially present the case of

commitment, where the regulator can commit in the future to regulatory contracts offered

in the first period. This will be our benchmark case. Next, we will analyze the case of

non-commitment.

1.3.1 The commitment case

We define our commitment benchmark case as the case where δ = 0, interpreted as having

only one period. The problem faced by the regulator is very similar to the one presented

in Section 2, and can be written as

max
t(.),C(.)

Eθ,θ̃[S − (1 + λ)(t(θ̃) + C(θ̃)) + U(θ, θ̃)]
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subject to

U(θL) ≥ 0 (1.10)

U(θH) ≥ 0 (1.11)

U(θL) ≥ U(θL, θH) (1.12)

U(θH) ≥ U(θH , θL). (1.13)

Assuming Assumption 1 is valid at the optimum, it is easy to show (Appendix I) that,

whenever constraint ICL (equation (12)) is satisfied and CH ≥ CL, then constraint ICH

(equation (13)) is also satisfied. Particularly, constraint ICH is slack only if CH > CL. Thus,

we have that xH = 0.

Proposition 2 Under commitment, the equilibrium is separating.

Our numerical results for the commitment case show that, for all sets of parameters

used, the equilibrium is separating (xL = 1), and, as in the model exposed in Section

2.2, effort of the efficient type is always the first best (or, eL = e∗), as expected. Also,

as we increase the presence of short-term investors, both the effort and transfers made

to the inefficient type increase, while the transfer made to the efficient type decreases.

One possible explanation for this effect is that an increase in the proportion of short-term

investors in our model means that manager is more concerned about those investors, and

so the direct profit gain from deviating would have a smaller effect on her welfare.

Additionally, not only the effort and transfer for the inefficient firm increases, but it also

converges to the first best as k approaches zero. Particularly, in the extreme case where k

equals zero, there would only be short-term market investors, and the manager would

care only about the expected value of the firm. Thus, there would be no direct gains for

the manager to deviate other than the difference in the market value. Anticipating this,

the regulator will offer contracts where the firm’s profit is zero, for either type, and the

first-best would be feasible.

Corollary 3 Under commitment, the presence of the market may induce first best contracts.

Figure 1.1, together with Corollary 3, summarize this result:
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Figure 1.1: Commitment case - numerical results (x-axis:k; y-axis:tL, tH , eL, eH for

ψ(e) = 1
2e

2. Value of parameters:

S = 100, θL = 1.5, θH = 2, ν = 0.5, λ = 0.1, δ = 0.
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1.3.2 Non-commitment case

In the non-commitment case, the parties cannot commit to a long-term contract. Instead,

the relationship between the firm and the regulator is run by a series of short-term con-

tracts, and the regulator might use information acquired from this relationship to expro-

priate the firm. In other words, whenever the firm reveals its type, the (non-committed)

regulator will review its initial contract and leave the firm with no future rent. This is

the basis of the dynamic regulation model presented in Laffont and Tirole (1988), which

is a special case of our model, when there are only long-term investors holding the firm’s

shares (k = 1).

However, as explained in the beginning of this section, our model has a third partic-

ipant to this relationship: the market. Since the firm’s manager is concerned with both

short-term investors (who hold a fraction (1 − k) of the firm’s shares) and long-term in-

vestors, there is a conflict between the information the firm wants to reveal to the market

and to the regulator. Ideally, the efficient firm would want to show to the market that it is

operationally efficient (since the market trades basd on the firm’s expected value), while

not revealing its type fully to the regulator (since it could be expropriated later on). The

main purpose is to analyze how the presence of the market affects the relationship between

the regulator and the regulated firm in both cases.

For the second period, WFI(ν) and WAI(ν) are the optimal expected one-period wel-

fare under full information and under incomplete information, respectively, for prior v.

For the two-type case we are investigating, we assume there are two contracts being of-

fered by the regulator, (tL, CL) and (tH , CH ). Thus, the regulator maximizes the following

expected welfare:

WNC = S − (1 + λ)νxL (tL + CL) + U(θL, θL)

−(1 + λ)ν(1− xL) (tH + CH) + U (θL, θH)

−(1 + λ)(1− ν)xH (tL + CL) + U (θH , θL)

−(1 + λ)(1− ν)(1− xH) (tH + CH) + U (θH , θH)

+δ
{

[νxL + (1− ν)xH ]WAI(νL) + [ν(1− xL) + (1− ν)(1− xH)]WAI(νH)
}
,



CHAPTER 1. REGULATION UNDER STOCK MAKET INFORMATION DISCLOSURE 16

subject to

U(θL) ≥ 0 (1.14)

U(θH) ≥ 0 (1.15)

U(θL) + δΦ(eH(νL)) ≥ U(θL, θH) + δΦ(eH(νH)) (1.16)

U(θH) ≥ U(θH , θL), (1.17)

where Φ(eH(ν2)) is the informational rent left for the efficient firm at the second period to

induce revelation.

One perverse effect generated by the lack of commitment from the regulator is clear

from the intertemporal incentive compatibility for type θL (equation (16)). Since, by reveal-

ing itself, the efficient firm will be expropriated at the second period (eH(νL) is decreasing

toward zero), there are more incentives for the efficient firm to choose the inefficient con-

tract. It is also important to note that the rent for the inefficient type at the second period

will always be zero, even if the contracts are separating and it pretends to be efficient. This

happens because, without commitment, the firm can leave the relationship after the first

period, in a take-the-money-and-run strategy.

The possibility of this kind of action by the inneficient firm is the cause of greater part

of the complexity of the problem, and induces some types of equilibrium where both ICs

are binding, when regularly only the incentive compatibility for type θL is binding. This

happens because, to generate incentives for the efficient firm to exert effort, compensating

the second period expropriation, the principal has to increase transfers made to the effi-

cient firm, making the efficient contract more attractive for the inneficient firm, who can

take the transfers and leave the relationship before having to exert first-best efforts at the

second period.

On the other hand, in the same direction as in the commitment case, it is expected for

the presence of the market to act to counterbalance these negative effects of the lack of

commitment. In fact, the higher the market presence, the smaller are the gains the efficient

firm will have deviating from its contract, since more of the stockholders will believe it to

be an inneficient firm.
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1.4 Example and comparative statics

To analyze the behavior of the model described above, we do some comparative statics in

the special case where the disutility of effort has a quadratic form: ψ(e) = 1
2 [max(0, e)]2 .12

We will use this special case to study numerically the effect of the presence of the market

in our model. All numerical simulations where run with the software Matlab R2012a, as

detailed on Appendix III.

To proceed with our analysis, we chose a set of parameters to define a basis non-

commitment case and analyzed the equilibrium behavior for different levels of market

participation (i.e., as k varies from 0 to 1). Table 1.1 shows the numerical results.

Table 1.1: Results for benchmark equilibrium - selected values of k
k = 0.01 k = 0.2 k = 0.4 k = 0.6 k = 0.8 k = 1

WNC 147.93 147.92 147.92 147.92 147.91 147.91

xL 1 1 1 1 1 1

xH 0 0 0 0 0 0

eL 1 1 1 1 1 1

eH 0.9995 0.9909 0.9818 0.9727 0.9636 0.9545

tL 0.6912 0.7616 0.8339 0.9043 0.9729 1.0398

tH 0.4995 0.4909 0.4820 0.4731 0.4643 0.4556

Rent 0.1912 0.2616 0.3339 0.4043 0.4729 0.5398

Value of parameters: S = 100, θL = 1.5, θH = 2, ν = 0.5, λ = 0.1, δ = 0.5

In Table 1.1, it is possible to see that the presence of the market leads to more powerful

incentives, inducing more effort from the inefficient firm. Moreover, the rent of the efficient

firm decreases and welfare increases as the share of short-term market investors increases

(k decreases). For this set of parameters, the best equilibrium is always a separating one,

regardless of the amount of market investors in the firm.

From this benchmark equilibrium, we vary some of the parameters to understand their

effects on the equilibrium. As a first exercise, we evaluate our model when we vary the

12There is a similar numerical exercise in Laffont and Tirole (1988), so our results could, to some extent, be

compared to theirs. Note that, when k = 1 (i.e. in the absence of the market), our model corresponds to the

model in Laffont and Tirole (1988).
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Table 1.2: Comparative statics for intertemporal discount rate
k = 0.4 k = 0.6 k = 0.8 k = 1

δ = 1

WNC/(1 + δ) 98.61 98.61 98.60 98.60

xL 1 1 1 1

xH 0 0 0.11 0

eL 1 1 0.9534 1.1023

eH 0.9818 0.9727 0.953 0.8523

tL 1.0214 1.0918 0.9481 1.2836

tH 0.4820 0.4731 0.4545 0.3632

Rent 0.5214 0.5918 0.4814 0.6761

δ = 10

WNC/(1 + δ) 98.60 98.60 98.60 98.60

xL 1 1 1 0.45

xH 1 1 1 0.45

eL 0.7393 0.7364 0.7318 0.7273

eH 0.1743 0.4788 0.6636 1.2273

tL 0.6182 0.6657 0.7096 0.7531

tH 0.0152 0.1146 0.2202 0.7531

Rent 0.1965 0.2959 0.3927 0.4886

Value of parameters: S = 100, θL = 1.5, θH = 2, ν = 0.5, λ = 0.1

intertemporal discount rate δ. As a general result, for small, positive δ13 the best equilib-

rium is still a separating equilibrium, but as δ increases, we find that the equilibrium starts

to show some degree of pooling or a semiseparation (xL < 1). However, when the par-

ticipation of the market increases, the separating equilibrium continues to dominate, even

for larger discount factors (δ = 10, shown in Table 1.2). Table 1.2 shows some results for

different values of discount factors and proportions of long-term investors (k).

Based on these results, the presence of the market induces more separation - for a fixed

value of δ, separating equilibrium dominates as k decreases. Also, welfare increases and

the informational rent of the efficient type decreases when the proportion of shares in the

market increases. The effort of the inefficient type also increases in this case, showing again

13Notice that δ = 0 corresponds to the static case.
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that the presence of the market leads to more powerful contracts.

Also, we analyze the effect of varying the difference between the technological pa-

rameters for the types, ∆θ, in the equilibrium. As a general rule, the equilibrium tends

more towards a pooling as ∆θ decreases. However, we see some interesting results as we

vary the amount of market participation: for a given ∆θ, the increased participation of

short-term market investors leads to more separation. Putting this differently, separating

equilibrium was dominant for k < 0.5 in all cases analyzed. This means that the presence

of the market might induce separation, even when ∆θ is too small (we analyzed the case

for ∆θ = 0.01) - which can viewed as a positive effect of the market. However, as ∆θ in-

creases, we see that the presence of the market becomes less important, since separation is

always optimal for ∆θ large enough. Tables 1.3 and 1.4 show those results.

Table 1.3: Comparative statics for difference of types - 1
∆θ = 0.01 k = 0.01 k = 0.2 k = 0.4 k = 0.6 k = 0.8 k = 1

WNC 148.48 148.48 148.48 148.48 148.48 148.47

xL 1 1 1 1 1 1

xH 0 0 0 0, 07575 0.0568 0.0454

eL 1 1 1 0.9964 0.9964 0.9993

eH 0.9995 0.9990 0.9980 0.9964 0.9964 0.9993

tL 0.5051 0.5070 0.5089 0.5036 0.5049 0.5094

tH 0.4999 0.4990 0.4980 0.4964 0.4964 0.4993

Rent 0.0051 0.0070 0.0090 0.0060 0.0080 0.0100

Value of parameters: S = 100, θL = 1, θH = 1.01, ν = 0.5, λ = 0.1, δ = 0.5

We can summarize our results in the following propositions:

Proposition 4 In a separating equilibrium, the presence of the market increases welfare, reduces

informational rent and leads to more powerful incentives.

Proposition 5 Whenever there is a separating equilibrium for a given k∗, there will be a separating

equilibrium for all k ≤ k∗.

The results of our numerical exercise show that the presence of the market can be ben-

eficial for regulation. It appears that, due to the signaling effect, the market induces more

revelation and the regulator can potentially reduce the amount of informational rent left
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Table 1.4: Comparative statics for difference of types - 2
∆θ = 0.5 k = 0.01 k = 0.2 k = 0.4 k = 0.6 k = 0.8 k = 1

WNC 148.75 148.75 148.75 148.74 148.74 148.73

xL 1 1 1 1 1 1

xH 0 0 0 0 0 0

eL 1 1 1 1 1 1

eH 0.9995 0.9909 0.9818 0.9727 0.9636 0.9545

tL 0.6912 0.7616 0.8339 0.9043 0.9729 1.0398

tH 0.4995 0.4909 0.4820 0.4731 0.4643 0.4555

Rent 0.1912 0.2616 0.3339 0.4043 0.4730 0.5398

Value of parameters: S = 100, θL = 1, θH = 1.5, ν = 0.5, λ = 0.1, δ = 10

to the firm. In this sense, differently from Faure-Grimaud (2001), we view the presence

of the market as complementary to regulation, as it helps the regulator to achieve a more

efficient outcome, but without being its substitute.

Lastly, by changing the values of the prior probability ν and of the cost of public funds λ

we have separating equilibria for all cases, for all values of k. Thus, the results for changes

in those parameters are as expected from the theory: as ν increases, the amount of infor-

mational rent left to the efficient firm to reveal itself decreases, since the regulator has a

stronger prior belief that the firm’s type is efficient; as we vary the cost of public funds

λ, both expected rent and welfare decrease when λ decreases, and the effort level for the

inefficient type is also reduced. Clearly, as public funds become more expensive, it is more

costly for the regulator to make transfers, and thus the level of efforts is lower.

Regarding the effect of the market for varying the prior belief ν or the cost of public

funds (λ), informational rent decreases and welfare increases as k approaches zero - which

corroborates our previous results regarding the effect of the presence of market, namely

that the presence of the market seems to have a positive effect on welfare. Appendix III

shows some simulation results for different values of ν and λ.

1.5 Conclusion

Our main objective in this article was to analyze how the presence of the market, when the

market has access to the same information about the firm as the regulator, could change
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the relationship between the regulator and the regulated firm. For this purpose, we used

a signaling model, where the level of information disclosure of the firm was endogenous,

and the firm could choose whether or not to reveal itself. Our basic premise was that the

firm wants to appear efficient to the market, and inefficient to the regulator.

As shown in our results, the presence of the market does affect the relationship between

the firm and the regulator. The regulator benefits from the presence of the market mainly

through more powerful regulation contracts, which leads to increased welfare. This can

indicate that the public listing of regulated companies can indeed induce more separation

and that the manager’s concern about the market can help the regulator achieve better

outcomes.



CHAPTER 1. REGULATION UNDER STOCK MAKET INFORMATION DISCLOSURE 22

Appendix I

The commitment case for our model (section 1.3.1): Consider

U(θj) = kUj + (1− k)E[U(θ) | C = Cj ]

where

Uj = tj − ψ(θj − Cj),

for j = L,H . We then have

UL = kUL + (1− k)
[
νLUL + (1− νL)U (θH , θL)

]
UH = kUH + (1− k)

[
νHU (θL, θH) + (1− νH)UH

]
.

We also know that the deviation payoff of both types (i.e. U(θ, θ̂),where θ̂ is the announce-

ment made by type θ) in terms of the truthful announcement and the rent can be written

as: when type θL announces θH , we have

U(θL, θH) = k [tH − ψ(eH −∆θ)] + (1− k)E [U(·) | C = CH ]

= k [tH − ψ(eH −∆θ)]− k [tH − ψ(eH)]

+k [tH − ψ(eH)] + (1− k)E [U(·) | C = CH ]︸ ︷︷ ︸
=U(θH)

U(θL, θH) = U(θH) + kΦ(eH).

Similarly, when type θH announces θL, we have

U(θH , θL) = k [tL − ψ(θH − cL)] + (1− k)E [U(·) | C = CL]

= k [tL − ψ(θH − cL)]− k [tL − ψ(θL − CL)]

+k [tL − ψ(θL − cL)] + (1− k)E [U(·) | C = CL]︸ ︷︷ ︸
=U(θL)

U(θH , θL) = U(θL)− kΦ(eL + ∆θ).

Thus, we can write ICL and ICH , respectively, as

UL ≥ UH + kΦ(eH)

UH ≥ UL − kΦ(eL + ∆θ).

Also, it is trivial to show that constraints ICL and IRH together (equations (1.12) and (1.11))

imply constraint IRL (equation (1.10)), and that Assumption 1 imply UH ≥ 0. Adding
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constraints ICL and ICH together, we have

kΦ(eH) ≤
ICL

UL − UH ≤
ICH

kΦ(eL + ∆θ),

which implies that CL ≤ CH . Substituting the expression for UL into UH , we have

0 ≥ k [Φ(eH)− Φ(eL + ∆θ)] ,

which is true, since we already showed that CL ≤ CH . Particularly, ICH is slack whenever

CL < CH - and, in this case, xH = 0. Notice also that ICL is binding, otherwise the

regulator would be leaving too much rent to the effcient firm.

Appendix II

In this Appendix, we make some calculations similar to those done in Laffont and Tirole

(1988). We calculate the expressions for equilibria type I, II and III for our model. Differ-

ently from Laffont and Tirole (1988), our model has a third agent, the short-term investors

in the market, as described in Section 1.3.

For these calculations, we restrict ourselves to the set of direct and truth-telling con-

tracts. Given the menu of contracts offered by the regulator, denote the deviation payoff

of firm with type θ which “announces” θ̂ by U(θ, θ̂). Hence,

U(θi, θj) = kU(θi, θj) + (1− k)Eθ [U(θ) | C = Cj ] ,

where U(θi, θj) = tj − ψ(θi − Cj), for i, j ∈ {L,H}. Let us also denote the firm’s informa-

tional rent of type θi by

Ui = U(θi) = U(θi, θi), i ∈ {L,H}.

Equilibrium Type I: For this equilibrium, the inefficient type plays CH with probability 1

(remember that only the ICL constraint is binding). Thus, we have

xH = Pr [C = CL | θ = θH ] = 0⇒ vL = Pr(θ = θL | C = CL) = 1.

This means that, whenever the market observes CL being played in this equilibrium, it

knows with certainty that this is the efficient type. We thus have that

Eθ [U(θ) | CL] = U(θL) = U(θL).
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Also, when the market observes a signal CH , we have that

Eθ [U(θ) | C = CH ] = νHU(θL, θH) + (1− νH)U(θH).

From the binding incentive compatibility constraint (equation (1.16)), we have that

U(θL) =
[
k + (1− k)νH

]
Φ(eH) + δ [Φ(e(νH))− Φ(e(νL))] (1.18)

and

tL = ψ(eL) + U(θL). (1.19)

From Assumption 1 we have that U(θH) = 0, thus

tH = ψ(eH) (1.20)

and U(θH) = (1− k)νHU(θL, θH), or

U(θH) = (1− k)νHΦ(eH). (1.21)

We are now ready to calculate the expected welfare for a type I equilibrium:

W I = S − (1 + λ)
[
ν1xL (tL + CL) + ν1(1− xL) (tH + CH) + (1− ν1) (tH + CH)

]
+ν1xLU(θL) + ν1(1− xL)U(θL, θH) + (1− ν1)U(θH)

+δ
{
ν1xLW

FI(1) +
[
ν1(1− xL) + (1− ν1)

]
WAI(νH)

}
Substituting equations (1.18), (1.19), (1.20) and (1.21) and rearranging we have

W I = S − (1 + λ)ν1xL [ψ(eL) + CL]− (1 + λ)ν1(1− xL) [ψ(eH −∆θ) + CH ]

−(1 + λ)(1− ν1) [ψ(eH) + CH ]

+
{
ν1(1− xL) [k − (1 + λ)]− λν1xLk

}
Φ(eH)

+(1− k)νH
[
ν1(1− xL) + (1− ν1)− λν1xL

]
Φ(eH)

+δ
{
ν1xLW

FI(1) +
[
ν1(1− xL) + (1− ν1)

]
WAI(νH)

}
−λν1xLδ [Φ(e(νH))− Φ(e(νL))] .

This is the welfare function for a type I equilibrium.

Equilibrium Type II: In a type II equilibrium, it is the efficient type that chooses his

own contract (CL) with probability 1. In this case we have

xL = Pr [c = CL | θ = θL] = 1⇒ νH = Pr(θ = θL | C = CH) = 0.
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Here we have only the incentive compatibility constraint for the inefficient type (equation

(17)) binding and, when the signal observed is cH ,the market knows with certainty that it

is the innefficient type playing:

Eθ [U(θ) | CH ] = U(θH) = U(θH).

When the signal CL is observed, we have

Eθ [U(θ) | C = CL] = νLU(θL) + (1− νL)U(θH , θL).

From the individual rationality constraint for the inefficient type binding we know that

U(θH) = U(θH) = 0 (1.22)

and

tH = ψ(eH). (1.23)

Also, from the incentive compatibility of the inefficient type also binding, we have

U(θH , θL) = 0

which implies that

U(θL) = kΦ(eL + ∆θ). (1.24)

Finally, we know that

U(θL) =
[
k + (1− k)νL

]
U(θL) + (1− k)(1− νL)U(θH , θL),

and we find

U(θL) =

[
k + (1− k)(1− νL)

]
[k + (1− k)(1 + νH − νL)]

Φ(eL + ∆θ)

and

tL = ψ(eL) +

[
k + (1− k)(1− νL)

]
[k + (1− k)(1 + νH − νL)]

Φ(eL + ∆θ). (1.25)

We now can express the welfare function for a type II equilibrium

W II = S − (1 + λ)
[
ν1 (tL + CL) + (1− ν1)xH (tL + CL)

]
−(1 + λ)(1− ν1)(1− xH) (tH + CH)

+ν1U(θL) + (1− ν1)xHU(θH , θL) + (1− ν1)(1− xH)U(θH)

+δ
{[
ν1 + (1− ν1)xH

] [
WAI(νL)

]
+
[
(1− ν1)(1− xH)

]
WFI(0)

}
.
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and, after substituting equations (1.22), (1.23), (1.24) and (1.25), we find

W II = S − (1 + λ)ν1 [ψ(eL) + CL]− (1 + λ)(1− ν1)xH [ψ(eL + ∆θ) + CL]

−(1 + λ)(1− ν1)(1− xH) [ψ(eH) + CH ]

+
[
(1 + λ)(1− ν1)xH + ν1k

]
Φ(eL + ∆θ)

−(1 + λ)
[
ν1 + (1− ν1)xH

] [
k + (1− k)(1− νL)

]
[k + (1− k)(1 + νH − νL)]

Φ(eL + ∆θ)

+δ
{[
ν1 + (1− ν1)xH

] [
WAI(νL)

]
+
[
(1− ν1)(1− xH)

]
WFI(0)

}
.

This is the expression for the welfare in a type II equilibrium.

Equilibrium type III: In a type III equilibrium, the incentive compatibility for both

types are binding, so the market cannot identify the player for either signal. Thus

Eθ [U(θ) | C = CL] = νLU(θL) + (1− νL)U(θH , θL)

Eθ [U(θ) | C = CH ] = νHU(θL, θH) + (1− νH)U(θH),

where the posteriors are

νH =
ν1(1− xL)

(1− ν1)(1− xH) + ν1(1− xL)

νL =
ν1xL

xH(1− ν1) + ν1xL
.

From Assumption 1 and optimality, we know that U(θH) = 0, which implies that

U(θL) = [k + (1− k)νL]U(θL) + (1− k)(1− νL)U(θH , θL)

and

U(θH) = (1− k)νHΦ(eH). (1.26)

From the incentive compatibility of the effcient type binding, and from equation the ex-

pression for U(θL, θH) in appendix I, we have

U(θL) = U(θH) + kΦ(eH) + δ
[
Φ(e

(
νH
)
)− Φ(e

(
νL
)
)
]

(1.27)

which implies, by substituting equations (1.26) and (1.27):

[k + (1− k)νL]U(θL) + (1− k)(1− νL)U(θH , θL)

=
[
k + (1− k)νH

]
Φ(eH) + δ

[
Φ(e

(
νH
)
)− Φ(e

(
νL
)
)
]
.
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Also, from incentive compatibility of the ineffcient type binding, and from the expression

for U(θH , θL), we have

U(θH) = U(θH , θL) = U(θL)− kΦ(eL + ∆θ).

Then, using equations (1.26) and (1.27), and knowing that U(θL, θH) = Φ(eH), we find

[k + (1− k)νL]U(θL) + (1− k)(1− νL)U(θH , θL) = (1− k)νHΦ(eH) + kΦ(eL + ∆θ).

We can now solve the following system:

[k + (1− k)νL]U(θL) + (1− k)(1− νL)U(θH , θL)

=
[
k + (1− k)νH

]
Φ(eH) + δ

[
Φ(e

(
νH
)
)− Φ(e

(
νL
)
)
]

[k + (1− k)νL]U(θL) + (1− k)(1− νL)U(θH , θL)

= (1− k)νHΦ(eH) + kΦ(eL + ∆θ).

This will happen if, and only if

δ
[
Φ(e

(
νH
)
)− Φ(e

(
νL
)
)
]

= k [Φ(eL + ∆θ)− Φ(eH)] .

To solve for tL, we use the first equation in the system above and find

tL = [k + (1− k)νL]ψ(eL) + (1− k)(1− νL)ψ(eL + ∆θ) (1.28)

+
[
(1− k)νH + k

]
Φ(eH) + δ

[
Φ(e

(
νH
)
)− Φ(e

(
νL
)
)
]
. (1.29)

Finally, we substitute tL into U(θL) = tL − ψ(eL) and U(θH , θL) = tL − ψ(eL + ∆θ), rear-

range, and find

U(θL) = [(1− k)(1− νL)]Φ(eL + ∆θ) +
[
(1− k)νH + k

]
Φ(eH) + δ

[
Φ(e

(
νH
)
)− Φ(e

(
νL
)
)
]

(1.30)

and

U(θH , θL) =
[
(1− k)νH + k

]
Φ(eH)−[(1−k)νL+k]Φ(eL+∆θ)+δ

[
Φ(e

(
νH
)
)− Φ(e

(
νL
)
)
]
.

(1.31)

We can now substitute equations (1.26), (1.27), (1.28), (1.29) and (1.30) in the regulator’s
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objective function for a type III equilibrium. The regulator will solve

W III = S − (1 + λ)ν1xL [ψ(eL) + cL]− (1 + λ)(1− ν1)xH [ψ(eL + ∆θ) + cL]

−(1 + λ)ν1(1− xL) [ψ(eH −∆θ) + cH ]

−(1 + λ)(1− ν1)(1− xH) [ψ(eH) + cH ]

−λν1xLkΦ(eL + ∆θ)

+ν1(1− xL) [k − (1 + λ)] Φ(eH)

+ (1− k) (1 + λ)(1− ν1)xHΦ(eL + ∆θ)

+(1− k)νH
{

1− (1 + λ)
[
(1− ν1)xH + ν1xL

]}
Φ(eH)

−(1− k)(1− νL)(1 + λ)
[
(1− ν1)xH + ν1xL

]
Φ(eL + ∆θ)

+δ
{[
ν1xL + (1− ν1)xH

]
WAI(νL) +

[
ν1(1− xL) + (1− ν1)(1− xH)

]
WAI(νH)

}
s.t. k [Φ(eL + ∆θ)− Φ(eH)] = δ

[
Φ(e

(
νH
)
)− Φ(e

(
νL
)
)
]

Appendix III

As mentioned in Section 1.3.2, all numerical simulations were implemented with the use

of the software Matlab R2011b. In this appendix we outline the procedure used to find the

equilibrium of the dynamic problem and the results for different sets of parameters.

For each case, including the commitment (δ = 0), the problem was solved for all three

types of equilibrium, as defined in the Appendix II. For each type of equilibrium and

randomization strategies, it is possible to find the optimal contract for the regulator - so the

welfare function can be rewritten in terms of the exogenous variables (S, θL, θH , λ, ν and

δ) and randomization profiles. Those welfare functions were then numerically optimized

for xL and xH using Matlab’s in-built optimizing function fmincon with several uniformly

random starting points.
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Table 1.5: Comparative statics for lambda - 1
λ = 0.01 k = 0.01 k = 0.2 k = 0.4 k = 0.6 k = 0.8 k = 1

WNC 148.48 148.48 148.48 148.48 148.48 148.48

xL 1 1 1 1 1 1

xH 0 0 0 0 0 0

eL 1 1 1 1 1 1

eH 0.9999 0.9980 0.9960 0.9940 0.9920 0.9900

tL 0.7549 0.8496 0.9484 1.0464 1.1436 1.2400

tH 0.4999 0.4980 0.4940 0.4940 0.4921 0.4901

Rent 0.2549 0.3496 0.4484 0.5464 0.6436 0.7400

Value of parameters: S = 100, θL = 1, θH = 2, ν = 0.5, λ = 0.01, δ = 0.5

Table 1.6: Comparative statics for lambda - 2
λ = 1 k = 0.01 k = 0.2 k = 0.4 k = 0.6 k = 0.8 k = 1

WNC 146.87 146.83 146.79 146.77 146.75 146.75

xL 1 1 1 1 1 1

xH 0 0 0 0 0 0

eL 1 1 1 1 1 1

eH 0.995 0.9 0.8 0.7 0.6 0.5

tL 0.7549 0.83 0.87 0.87 0.83 0.75

tH 0.4950 0.405 0.32 0.245 0.18 0.125

Rent 0.2549 0.33 0.37 0.37 0.33 0.25

Value of parameters: S = 100, θL = 1, θH = 2, ν = 0.5, λ = 1, δ = 0.5
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Table 1.7: Comparative statics for ν1 - 1
v = 0.1 k = 0.01 k = 0.2 k = 0.4 k = 0.6 k = 0.8 k = 1

WNC 147.68 147.68 147.68 147.68 147.68 147.68

xL 1 1 1 1 1 1

xH 0 0 0 0 0 0

eL 1 1 1 1 1 1

eH 0.9998 0.9979 0.9959 0.9939 0.9919 0.9898

tL 0.7549 0.8495 0.9484 1.0463 1.1435 1.2398

tH 0.4999 0.4979 0.4959 0.4939 0.4919 0.4899

Rent 0.2549 0.3495 0.4483 0.5463 0.6435 0.7398

Value of parameters: S = 100, θL = 1, θH = 2, ν = 0.1, λ = 0.1, δ = 0.5

Table 1.8: Comparative statics for ν1 - 2
v = 0.7 k = 0.01 k = 0.2 k = 0.4 k = 0.6 k = 0.8 k = 1

WNC 146.87 146.83 146.79 146.77 146.75 146.75

xL 1 1 1 1 1 1

xH 0 0 0 0 0 0

eL 1 1 1 1 1 1

eH 0.9978 0.9575 0.9151 0.8727 0.8303 0.7878

tL 0.7549 0.8415 0.9160 0.9736 1.0142 1.0378

tH 0.4978 0.4584 0.4187 0.3808 0.3447 0.3103

Rent 0.2549 0.3415 0.4160 0.4736 0.5142 0.5378

Value of parameters: S = 100, θL = 1, θH = 2, ν = 0.7, λ = 0.1, δ = 0.5
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Chapter 2

A Microdata Approach to Household

Electricity Demand in Brazil

Lavinia Hollanda, Victor Pina Dias and Joisa Dutra Saraiva

Over the recent years, many players in the Brazilian electricity sector have demon-

strated rising concerns related to security of supply. Instead of the usual capacity expan-

sion solution, a different approach to the energy shortage issue would be to adopt demand

side management (DSM) mechanisms. These mechanisms could lead to a more rational

electricity consumption in Brazil. Our study focus on pricing-related issues as a way to

shed some light on how consumers respond to price changes. This is an important starting

point to the implementation of DSM mechanism. The purpose of the study is to estimate

price elasticities of demand using microdata, by investigating the behavior of the house-

hold consumer in the different regions of the country, with the aim at understanding the

drivers for household electricity consumption. The results observed in the context of the

energy efficiency discussion may inform alternative regulatory policies that could induce

electricity consumers to reduce their consumption in response to price changes, eventually

contributing to broader energy efficiency goals.

JEL Classification: D12, L94.

Keywords: electricity, price elasticity, household consumption.
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2.1 Introduction

The goal of assuring security of supply and reasonable prices for all the stakeholders in

the electricity industry pressures both policy makers and regulators. In this context, the

adoption of demand response (DR) mechanisms could create significant welfare gains.

There is compelling evidence that consumers change their behavior pattern once ex-

posed to time-varying prices. Hence dynamic pricing mechanisms could result in im-

provement of efficiency in relation to the most commonly observed flat rates – which tend

to result in overconsumption at peak times and underconsumption during off-peak peri-

ods.

The response observed in terms of reduced consumption as a result of the implemen-

tation of price and quantity rationing mechanisms can be further enhanced with the in-

troduction of smart grid1 (SG) technologies. Additionally, to fully benefit from DR, con-

sumers must be endowed with advanced metering infrastructure (AMI). The current dis-

cussion on the adoption of SG technologies in Brazil takes this potential into account.

In this context, considering that the required investments in SG technologies are high,

it is of paramount importance to evaluate the potential of demand response that can be

achieved. A government’s decision to stimulate adoption of the required infrastructure

depends on the assessment of the net benefits that can be achieved. The high costs involved

must be compared with the expected benefits in order to induce the investments at a pace

that is consistent with consumers’ payment capacity, and also their disposition towards

the new infrastructure that has to be put in place. Thus it is very important to understand

to what extent consumers are willing and/or are able to decrease demand in response to

higher prices. This question has already motivated many efforts to estimate demand price

elasticity, and the answers to it can help in shaping AMI investment decisions.

The purpose of this study is to estimate price elasticity of electricity demand for res-

idential consumers in Brazil using microdata from the Brazilian Consumer Expenditure

Survey for the years 2002-2003. To our knowledge, this is the first work that has been

done to estimate electricity demand price elasticity in Brazil from data disaggregated at

the household level.

1The term “Smart grid” generally refers to technologies involving computer-based remote control and

automation, which are being used to modernize the electricity systems in many countries. Their objective is

to achieve significant improvements in energy efficiency on the electricity grid and in consumers’ homes and

offices. (Source: US Department of Energy)
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Estimating price elasticity of electricity demand, however, can pose a lot of challenges,

particularly if residential consumers face flat tariffs – as is the case in Brazil. The data set

used is this paper does not allow us to observe a single household at two different times;

but we do have access to data on similar households in different periods. We use three

different specifications in our estimates: (i) a pseudo-panel approach; (ii) a first difference

approach; and (iii) a two-stage approach.

This paper is organized as follows: in section 2.2, we frame our work in the context of

the demand response debate. We discuss the relevance of DR programs in electricity mar-

kets, and the importance of understanding consumers’ responses to price changes when

participating in such initiatives. Section 2.3 offers a brief review of the empirical literature

on estimation of price elasticity of demand in the electricity sector, mainly focusing on the

residential segment. The data set and the pseudo-panel specifications with estimation re-

sults are described in section 2.4, while section 2.5 contains estimation results for the first

difference estimator. In section 2.6 we report the results for the two-stage, derived-demand

specification. Finally, Section 2.7 gives our conclusions.

2.2 The relevance of demand response in electricity markets

Over recent years, many players in the Brazilian electricity sector – and particularly the

government and regulators – have shown increasing concern on the security of supply.

Historically, the approach to overcome this problem has been to expand installed capacity.

However, increasing environmental concerns, the high levels of investment required to

build new power plants, and even the difficulty of finding new sources of clean, renewable

and economically viable sources of energy add complexity to the subject.

A different – and far more contemporary and appealing – approach to ensuring secu-

rity of supply would be to implement demand response and energy efficiency measures to

rationalize energy consumption in Brazil. Globally, such environmental and supply con-

cerns, coupled with the need to make the electricity sector more competitive and reliable,

have strengthened the arguments in favor of energy conservation measures.

The very high participation of renewable sources in electricity generation in Brazil

(85%) results in the deployment of DR mechanisms being comparatively less motivated

by immediate environmental concerns than by concerns of efficiency and reliability. How-

ever, as the discussion of the modernization of the distribution grid with the adoption

of smart grid technologies evolves in the country, it becomes inevitable to debate related
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topics such as the integration of distributed generation into the grid, and implementation

of price mechanisms to induce energy conservation and reduce the future impact on the

environment.

In many European countries and in the US, utilities and regulators are already imple-

menting energy policies targeting energy efficiency. These include: (i) advocating for new

appliance and building standards to induce energy savings; (ii) investing in smart grid

technologies and financing and/or subsidizing consumers’ investments in advanced me-

tering infrastructure (AMI); (iii) encouraging distributed generation, especially when us-

ing renewable sources of energy; (iv) creating mechanisms to decouple utilities’ revenues

from the volume of kilowatt-hours (kWh) sold to consumers, to stimulate utilities to ad-

here to such initiatives, and so forth. Also, distinct demand side management mechanisms

have been successfully adopted in several countries, particularly in the US.

In Brazil, government efforts2 toward a more effective energy efficient policy are still

very timid; and mechanisms to induce consumer response through prices are mostly non-

existent in the residential sector, despite the explicit commitment to security of supply.

All the above-mentioned initiatives are important for promoting energy conservation.

However, to enhance the effectiveness of such measures, and to reach allocative efficiency,

it is key to implement rate mechanisms that better reflect the marginal cost of providing

electricity to consumers at any given time. An efficient rate design should be the starting

point of any energy rationalization policy put in place by government authorities and reg-

ulators. So it is important to evaluate the extent to which consumers are able to change

their behavior in response to time-varying prices.

The majority of consumers in Brazil are charged flat rates for the electricity they con-

sume. A tariff structure that charges different prices depending on the period of consump-

tion is only available to large (industrial) consumers. More recently, the Brazilian electricity

regulator (Aneel) has proposed a new tariff structure that allows low voltage consumers

(small businesses and residential consumers) to opt in for time varying rates within the

day. This new rate design is to come in effect after 2014.3

Basic economic theory posits that efficient prices should reflect marginal costs. In the

2These initiatives include the “Programa Nacional de Conservação de Energia Elétrica” (Procel) and the

requirement that distribution companies invest 1% of their net operational revenues in R&D and energy effi-

ciency programs.
3For more details on the new approved tariff structure, to be applied from 2014 on, please see “Resolução

Normativa No. 464, 22/Nov/2011” , on Aneel’s website (www.aneel.gov.br).
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electricity sector, this would imply that for a given stock of capital and appliances in the

economy, allocative efficiency could be improved by replacing current flat retail prices with

rates that better reflect the underlying marginal cost of producing an additional kilowatt-

hour under those circumstances and at that time - and that this should result in a more

efficient distribution of resources4.

Adoption of dynamic pricing mechanisms of course requires an evaluation of the ex-

pected benefits net of the expected costs of implementation. In the high voltage segment

(i.e. industrial consumers), it is well accepted that the deployment of time-varying rates

induces a more rational use of electricity. Industrial consumers show considerable price-

elasticity of demand5 and many European countries as well as North American states have

adopted time-varying prices for this segment for quite some time.

The cost-benefit ratio has not been so clearly established for low-voltage clients (e.g.

small businesses and residential consumers), particularly due to the high costs usually as-

sociated with the deployment of the metering infrastructure necessary to reap the benefits

of a “smarter” rate design6. On the other hand, technological improvements have reduced

the costs associated with AMI, and prices for metering and communication technologies

have been falling in recent years, indicating the possibility of a larger potential client base

being suitable to participate in demand response programs. Also, since AMI can further

enhance the potential customer response to dynamic pricing (and vice-versa),– this inter-

relation has to be investigated in any analysis of the cost-benefit of installing AMI.

One factor possibly explaining resistance to change in flat electricity rates for residen-

tial consumers is the potentially high political cost associated with the implementation

of time-varying rates. Regulators and government authorities are concerned with the re-

action of consumers (essentially, voters) to volatility in electricity prices. In this situation,

rather than being allowed to vary, retail prices remain flat all year round, even during peri-

ods of drought, when it is often necessary to dispatch high-cost power plants to guarantee

supply. Consumers end up paying this cost in the future, since the aggregate increases in

costs are passed through to them in subsequent tariff reviews. They are just not given the

opportunity to react when costs are high.

4See King, King and Rosenzweig, 2007.
5Industrial customers might show different figures for price-elasticity due to strong differences in their

production processes. Nevertheless, some of the studies analyzed in Bohi and Zimmerman (1984) show price

elasticities higher than unity (in absolute value) for industrial consumers in the US.
6Nevertheless, to obtain an adequate level of customer response, it is not required to have every customer

participating (King, King and Rosenweig, 2007).
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Time-differentiated rates are already in place in some other important sectors in Brazil

such as telecoms, internet and cable TV, where consumers can choose different tariff de-

signs according to their profile. The experience in some of these sectors indicates the possi-

bility of consumers having the option to subscribe to time-differentiated rate regimes after

being presented with the costs and benefits of opting-in to them.

Finally, implementing DR and energy efficiency measures will require the support of

the many stakeholders involved in the electricity sector. One of the most important group

of stakeholders is the distribution companies. In the current regulatory framework in

Brazil they do not have effective incentives to promote energy efficiency. The costs they

incur to acquire the energy they need are mostly passed through to consumers. Hence they

have no incentive to reduce the costs associated with buying energy.

Also, under the current pricing mechanisms, any initiatives that aim to reduce kilowatt-

hours sold will reduce companies’ revenues. With rates in Brazil, as in many other coun-

tries, set on a simple per-unit basis, it is quite difficult to get distribution companies to

voluntarily support policies aimed at reducing electricity consumption. To overcome this

resistance, there is a need for debate on new regulations that would mitigate or eliminate

the link between volume and revenue.

All these points indicate that proposing and implementing a new rate design that al-

lows customers to respond to varying prices will not be simple. On the contrary, it will

require a thorough analysis of consumer behavior, deployment of appropriate metering

and communication infrastructure, and an investigation of the underlying costs and bene-

fits.

The starting point of any careful analysis is investigation of consumers’ behavior. The

effectiveness and feasibility of any benefits depend on the real willingness of consumers to

respond to price changes by modifying their demand for electricity. Since different types

of consumers may respond in a different way to price changes, it is essential to understand

the behavior of each category of consumer – industrial, commercial, residential. Almost

all of the numerous studies so far made on this question have concluded that consumers

do respond to price changes7.

It is also necessary to evaluate to what extent demand response is efficient. In other

words, a demand response program should be implemented only if there are net benefits.

This reasoning needs to be established for each distinct group of consumers.

7See section 3 for more detail on the empirical literature on price elasticity of demand for electricity.
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As mentioned earlier, large high-voltage clients already have some degree of time-

varying prices in most countries – even in Brazil, and the debate now is primarily on

whether low-voltage consumers should also be subject to a different tariff structure. In

2010 Brazil’s residential segment was the largest consumer class in terms of megawatt-

hours, with close to 35% of the volume of electricity sold in the Brazilian regulated market

– followed by industrial consumers, with 25%, and commercial consumers, with 22%8. As

a result, in this paper, the main focus is on the analysis of the behavior of the residential

segment.

Smart grid technologies are now being tested in pilot programs in many countries,

with full deployment expected in the foreseeable future. Evidence from these pilot pro-

grams is consistent with significant reductions of electricity consumption during peak pe-

riods9. Nevertheless the high level of investment needed for full deployment calls for a

deeper analysis. And in practice, understanding of the specific behavior of the residential

consumer in each region or country is needed.

The present study aims to analyze the behavior of the Brazilian residential consumer,

to understand the drivers for Brazilian household electricity consumption. We use house-

hold consumption data to measure the price elasticities of Brazilian residential consumers’

demand, taking into account the characteristics of the household and its members, and the

stock of appliances present in the household. We argue that our results should enlighten

the debate on energy efficiency and demand response, providing input for alternative reg-

ulatory policies that could lead to welfare gains.

2.3 Empirical Literature on Elasticity of Demand for Electricity

Consumers

In this section we review the existing empirical literature on the demand for electricity, par-

ticularly for the residential consumer. An objective analysis of the demand for electricity

calls for an understanding of its singularities. In the subsequent sections, we discuss some

8In 2003, the industrial segment was the largest, with 41% of the volume of the regulated market. These

figures have changed over time, with some industrial clients migrating to the unregulated market, which now

accounts for some 25% of the electricity sold in the country. (www.aneel.gov.br)
9Analysis of 70 pilot programs in three countries showed median peak reductions between 14% and 18%,

and even as much as 50% in some cases (see Faruqui, 2010, “Demand Response & Energy Efficiency: The Long

View”).



CHAPTER 2. A MICRODATA APPROACH TO HOUSEHOLD ELECTRICITY DEMAND
IN BRAZIL 40

of the main aspects of electricity demand, and how the empirical literature has approached

them.

The price schedule

Electricity must be consumed instantly on demand; there is currently no economically

viable means of storing it. The cost of producing an additional kilowatt-hour of electricity

varies greatly, depending on the aggregate amount of electricity being demanded at the

point of time in question, and the maximum amount of electricity that can physically be

supplied at that instant. As a result, electricity tariffs usually have a non-linear structure,

which leads to non-linear budget constraints – and this makes it quite difficult to specify a

demand function.

With this non-linear configuration, it becomes important to consider the entire price

schedule when analyzing consumer behavior. Taylor (1975) discusses this point, and ad-

vocates for the inclusion of both marginal and average prices as predictors in the de-

mand function. Nonetheless, for different reasons, most studies have used either marginal

prices10 or average prices11 in their demand function.

The choice of a single price has been considered an important limitation of empirical

analysis of residential electricity demand. The first empirical works on residential elec-

tricity demand tended to agree on the importance of considering marginal prices in the

demand function, since consumers would consider their marginal costs in their decisions.

However, increasing block tariffs are common in the electricity sector, and marginal prices

are relevant only within each block of prices, and do not address the consumer’s choice of

consuming in one or other block. Smith (1980) uses average prices, but discusses whether

the use of marginal prices would lead to different results. He measures the specification

errors resulting from using average prices (as opposed to marginal prices), and concludes

that a statistically valid demand estimation does not necessarily require information on

the full rate schedule.

With the exception of Parti and Parti (1980), where the authors use average prices, more

recent studies, such as Acton et al (1980) and Dubin and McFadden (1982) mainly use

marginal prices in their estimations. Nonetheless, most studies on residential electricity

demand have failed to fully recognize the need to use both marginal and average prices in

the demand function to account for the existence of a non-linear tariff.

In a more recent study, Reiss and White (2005) used data from California and propose

10Houthakker (1951, 1979), Mount, Chapman and Tyrrell (1973), and Wills (1981) all use marginal prices.
11The studies of Lyman (1978), Smith (1980), Hirst et al (1982), use average prices.
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a model to evaluate the effects of alternative tariff designs on electricity use. At the time

of the analysis, residential consumers in California faced a two-tier increasing price sched-

ule. To identify the demand and account for the non-linear price schedule, the authors

used the variation in consumption among all the households in the same tariff segment to

identify the non-price components of demand. Given that, they argue that the price effect

is determined by the remaining difference in average consumption between households in

different tariff segments, less the average difference in their unobserved characteristics.

Derived demand

Another particularity of the demand for electricity is that consumers do not demand

electricity itself – rather, they demand the services provided by the appliances that con-

sume electricity12. The total energy consumed in a household in a given month is the sum

of the electricity consumed by all its appliances. Thus there is an essential distinction be-

tween electricity demand in the short term – when the stock of appliances is fixed – and

in the long term – when the stock of appliances owned by consumers might be adjusted.

Further, short-term energy consumption decisions and long-term decisions on appliance

acquisitions and characteristics are mutually dependent, and this needs to be taken into

account in the specification of the model.

As a result, ideally the electricity demand model specified in an empirical work should

explicitly define the demand for holding appliances and their rate of utilization. In real

life, however, the inherent interdependence of the demand functions often makes these

structural models complex to estimate. Thus, the most common model specifications in

the literature are reduced-form models.

Even though many analyses used reduced-form approaches that did not allow for the

distinction between the short and long run13, early studies have already acknowledged the

importance of the relationship between appliance holdings and appliance use decisions in

analysis of electricity demand. The first study to discriminate explicitly between short-

term and long-term residential demand for electricity was Fisher and Kaysen (1962). The

authors recognized that the long-term decision on appliance holdings is significant, but

their analysis is limited to the short run, since they only estimate the determinants of the

(short-term) demand for electricity, conditional on the existing stock of appliances. The

estimate of aggregate elasticity is thus the sum of the elasticities relating to each type of

12This is a characteristic of the demand for energy (e.g. oil, gas, gasoline). In this sense, the literature of

electricity demand is closely related to the literature on gasoline and natural gas demand.
13These include Lyman (1978), Houthakker (1979), and Wills (1981), among others.



CHAPTER 2. A MICRODATA APPROACH TO HOUSEHOLD ELECTRICITY DEMAND
IN BRAZIL 42

appliance, and these depend on the amount and characteristics of the appliances held by

households at the specific time.

An interesting study following a similar approach was made by Parti and Parti (1980),

where the authors present an econometric method for estimating energy consumption for

each type of appliance. The approach is similar to Fisher and Kaysen (1962) in the sense

that they also assume that the amount of energy used by each appliance is given by a

conditional demand function. They use disaggregated data to estimate, through linear

regression, the parameters of the conditional demand functions, and of the demand for

energy for each group of appliances. They assume that consumers respond to average

prices rather than to marginal prices.

A more complete model of the demand for electricity consistent with appliance choice

is the structural model proposed by Dubin and McFadden (1982). They build their ap-

pliance choice model taking into consideration that unobserved factors which change the

utility of the service supplied by the appliance are likely to alter its probability of selection

and its intensity of use. Their approach combines a discrete choice model, using con-

ditional indirect utility functions for the specification of the demand for appliance, with

the method developed by Hausman (1981) for recovery of indirect utility functions from

econometric partial demand systems. The authors also use disaggregated cross-sectional

data for their analysis.

More recently, Reiss and White’s (2005) study used a latent variable (ie. not directly ob-

served, but inferred) approach to model electricity consumption in each household. Their

end-use, reduced-form model was built upon the work of Fisher and Kayser (1962), and

its approach consists of treating total household electricity demand as the sum of the (un-

observed) electricity used by each household’s appliance. Also, as in Fisher and Kayser

(1962), their analysis is limited to the short run, since their results describe changes in de-

mand due to changes in appliance utilization behavior, and not adjustments in the stock

of appliances.

Aggregation of consumption

Another important aspect of the approach to electricity demand in Reiss and White

(2005) is the aggregation of metered consumption over time and appliances. Available data

on household energy consumption is typically aggregated over a billing period (usually

a month) and over all appliances in the household (consumption by appliance could, at

most, be inferred). These aggregations make it even more difficult to find an appropriate

instrumental variables (IV) estimator for the demand, for example, bringing additional
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difficulties to the estimation process.

Specifically in Brazil, the empirical literature on residential electricity demand is quite

small in terms of the number of relevant studies. Modiano (1984) was the first work to

analyze the elasticity of electricity demand in Brazil. The author uses aggregated data for

electricity consumption for each class of consumers – including residential consumers –

for the period between 1963 and 1981. Both fixed-coefficient ordinary least squares (OLS)

and vector autoregression (VAR) are tested, and the author recognizes the potential for

simultaneity problems in the estimation results.

Later on, Andrade and Lobao (1997) estimate price and income elasticities of demand

for the residential consumer in Brazil using data from 1963 to 1995. One important addition

in this work is that the authors consider in their model the effect of the stock of appliances

on electricity demand. However, their analysis uses aggregated data and, thus, the stock

of appliances at the household level is indirectly obtained from the price of the appliances

(a national index for a group of appliances) and the average household income for the

country (defined as GDP per capita).

Using a cointegration and annual data for the period from 1963 to 2000, Schmidt and

Lima (2004) also include the effect of appliance prices on the demand for electricity. Nev-

ertheless, as in Andrade and Lobao’s previous work, data were aggregated, and there was

no information at the household level. Finally, Carlos, Notini and Maciel (2009) tested for

structural break in the residential and industrial demand for electricity in Brazil following

the 2001 electricity rationing imposed by the government. They find significant evidence

of structural break in demand, which, in their view, impairs the application of results of

previous studies to the current scenario.

The analysis in this paper proposes a reduced-form demand model using information

on the stock and characteristics of household appliances, obtained from Brazilian Con-

sumer Expenditure Surveys for the years 2002–200314. Our major contribution is the anal-

ysis of the effects of the stock of durable goods on the electricity consumption of a house-

hold. Our focus is on the analysis of short-term residential demand elasticities, since we do

not have enough information to assess households’ decisions on acquisition of appliances.

Moreover, as we detail in the next section, the structure of this survey allows for a

pseudo-panel data approach, where some data is collected before the tariff is revised, while

other households are surveyed after the tariff revision. This exogenous price shock allows

14“Pesquisa de Orçamentos Familiares" – POF 2002/2003, IBGE.
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for the identification of the demand.

We also notice that electricity tariffs in Brazil for residential consumers are flat. In other

words, within a given concession area, residential consumers pay the same rate regardless

of the time of the day or the month of the year. Hence our estimates of elasticities are valid

for these flat rates, and should not be extrapolated to different tariff structures.

2.4 The Data Set and The Model

2.4.1 The data set

The present study uses data from the Brazilian Consumer Expenditure Survey (POF), con-

ducted by the Brazilian National Bureau of Statistics (IBGE) for 52 consecutive weeks, from

July 2002 to June 2003. This survey collects detailed information on the composition of

household expenditure, and also provides data on electricity consumption and expendi-

ture from the last paid bill, and on characteristics of households, including their stock

of appliances. It also provides information on the dwelling and on characteristics of the

households, such as educational background and per capita income.

The POF is a national survey, conducted in all Brazilian states. The 2002–2003 POF

sampled 48,470 family units. Sampling of households is done by a two-stage process.

In the first stage, the country is divided into areas, and each household’s probability of

being selected is proportional to the numbers of households within its area. In the second

stage, inside each area, each household has the same probability of being selected. We

incorporate this sample design into our estimations.

Despite the great amount of information available for each household, the IBGE only

discloses the state to which a given household belongs, and whether the household is lo-

cated in the state capital, within the metropolitan region, in other city outside the metropoli-

tan region, or in a rural area. Thus, we do not have precise information on the municipality

of any given household. Since there are some states served by more than one electricity

distribution company, we chose to consider in our analysis only the area where we could

know with certainty the distribution company serving it. Unfortunately, this feature of

the data made it impossible to analyze completely the two main metropolitan areas of the

country: those of Rio de Janeiro and Sao Paulo. However, we did include the capitals of

each of these two metropolitan areas, namely Rio de Janeiro city and Sao Paulo city. In

terms of volume, the cities of Rio de Janeiro and São Paulo account for roughly 50% and
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33% of the residential consumption of their respective states15.

Table 2.1 provides some information on the locations considered in our study, and Table

2.2 provides some descriptive statistics.

The state of Amapá, in the Northern Region of Brazil, is the only Brazilian state com-

pletely excluded from our data set, since we were not able to obtain precise information

on the distribution company for this concession area. For the same reason we excluded

Manaus, capital city of the state of Amazonas, and Boa Vista, capital of the state of Ro-

raima, both in the Northern region. All the other state capitals are included. Together

they represent some 45% of Brazil’s total population (according to the IBGE’s estimation

of population for 2007).

Table 2.2 gives some basic information about the sample structure. The variables listed

are used as control variables in the model – except kilowatt-hours, which will be our de-

pendent variable.

We match the information from the POF with data provided by Brazil’s regulator for

the electricity sector, the National Electricity Agency (Aneel), on the rates charged to res-

idential consumers in each concession area. The interviews for each household are con-

ducted over a period of one week, and it is possible to identify exactly the week when

the interview took place for a specific household. Thus, we were able to identify whether

the information on the household was collected before or after the annual tariff increase

authorized by the regulator, which we view as an exogenous shock in the price.

The interviews in each geographical area are distributed over the whole period of the

survey (12 months), but structured to ensure that data are collected in all geographic strata

in each quarter. Also, the tariff revisions take place on different dates for different conces-

sion areas, so we used seasonal dummies to indicate the month when the household was

observed.

We opted to use dummies for the appliances, and not to divide them into categories.

In this way, we know exactly how a certain durable goods affects energy demand, but we

have to deal with the fact that some durable goods (such as air conditioning) have a small

presence in the sample.

Table 2.3 provides the percentage of each durable good in the sample.

152010 figures. Source Empresa de Pesquisa Energética (EPE) and distribution companies.
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Table 2.1: Locations considered in our analysis

State Area within state considered Distribution company

Rondonia All the state CERON

Acre All the state ELETROACRE

Amazonas All but state capital CEAM

Roraima All but state capital CER

Pará All the state CELPA

Tocantins All the state CELTINS

Maranhão All the state CEMAR

Piauí All the state CEPISA

Ceará All the state COELCE

Rio Grande do Norte All the state COSERN

Paraíba Only state capital SAELPA

Pernambuco All the state CELPE

Alagoas All the state CEAL

Sergipe Only state capital ENERGIPE

Bahia Capital and Metropolitan area COELBA

Minas Gerais Capital and Metropolitan area CEMIG

Espírito Santo Only state capital ESCELSA

Rio de Janeiro Only state capital LIGHT

São Paulo Only state capital ELETROPAULO

Paraná Only state capital COPEL

Snata Catarina Only state capital CELESC

Rio Grande do Sul Only state capital CEE

Mato Grosso do Sul Only state capital ENERSUL

Mato Grosso All the state CEMAT

Goiás Only state capital CELG

Distrito Federal All the state CEB

Source Aneel, authors
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Table 2.2: Descriptive statistics

Variable Mean

(Per household) income R$ 1,980.94 per month

kWh 124.81 per month

% of households with childrena 49.87%

% of households with teenagersb 30.05%

% of households with senior citizensc 22.31%

# of individuals in household 3.76

# of rooms 5.66

# of bedrooms 1.95

# of bathrooms 1.21

% of households with paved street 63.47%

% of households with treated water 82.25%

% of households with sanitation 85.81%

% of households in urban area 85.93%

a. Age under 12; b. Age 12-18; c. Over age 60.

Source POF data, IBGE, authors
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Table 2.3: Durable goods

Durable goods % of households

Freezer 14.42%

Refrigerator 82.31%

Mixer 28.59%

Blender 74.44%

Electric iron 78.28%

Washing machine 35.78%

TV 82.20%

VCR 31.67%

Air conditioner 8.63%

Fan 62.49%

Sewing machine 21.46%

Home computer 14.86%

Microwave 18.18%

Sources: POF data, IBGE, authors

2.4.2 Model specification: pseudo-panel approach

As mentioned earlier, we are not able to observe the same household in two periods –

but we do observe similar consumers (controlling for some attributes) in two different

periods. To deal with this limitation, we estimate a pseudo-panel model, where consumers

are matched according to certain exogenous characteristics. One of the main motivations

for using a pseudo-panel model was to benefit from the annual increase in residential

energy tariffs, which was defined by ANEEL in each concesison contract and is completely

exogenous. available in the POF survey.

The pseudo-panel allows us to follow a given cohort of households over time. In this

approach, the average of the observations within the cohort is considered as an observation

in the panel. Its use was first described by Deaton (1985), and has been applied in other

microeconometrics studies16.

The characteristic that defines a cohort must be constant in time, so we chose two time-

invariant dimensions: age of the interviewee and the electricity distribution company. The

16See Bourguignon et al, 2004.
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first characteristic is usual in cohort applications, and the motivation to use the second one

is to maintain the same electricity price for every household in each cohort

Usually, a linear panel model can be specified as follows:

yit = βXit + ai + uit (2.1)

where Xit is a matrix with explanatory variables, ai is a fixed effect and uit is an idiosyn-

cratic error.

Following Cameron and Trivedi (2005), since we observe the household only once, we

rewrite (1) in terms of cohorts. Let g be the group of random variables that determines a

cohort. So, a household i belongs to cohort c if, and only if, gi belongs to the set Ic. To

describe a cohort model, we need to take expectations conditional on gi for equation (1):

E[yit|gi ∈ Ic] = E[βXit|gi ∈ Ic] + E[ai|gi ∈ Ic] + E[uit|gi ∈ Ic] (2.2)

Since we do not observe the population cohort mean, we work with the cohort time-

average for the sample.

In this paper, each area described in Table 2.1 was divided into three cohorts, according

to the age of the interviewee: less than 30 years, between 30 and 50 years and more than

50 years. For each cohort, we calculated the mean of the variable in Tables II and III. The

price does not change within the cohort, so the mean price is identical to the price faced by

each household.

Since we want to estimate the price-elasticity of electricity demand, equation (2) can be

written as:

ln(kWh∗ct) = β0 + θ ln(price∗ct) + βX∗ct + a∗c + u∗ct (2.3)

The parameter θ is the price elasticity in which we are interested and X is the matrix of

control variables.

2.4.3 Estimation results for the pseudo-panel approach

In Table 2.4, we present the estimation of a simple demand equation (equation 4, above).

We found a price elasticity of -0.34, consistent with the -0.39 found by Reiss and White

(2005) for California, and with other previous studies17.

17See Acton et al. (1976)
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Table 2.4: Estimation Results - Pseudo-panel

Variable Coefficient (t statistics) Durable good Coefficient

ln(Price) -0.34 (0.87) Refrigerator 0.64 (1.95)

Income -4.499E-05 (1.24) Blender 0.069 (0.25)

# of individuals 0.001943 (0.03)) Mixer 0.26 (0.70)

# of bathrooms -0.57 (2.72) Electric iron 0.67 (2.1)

# of rooms 0.34 (4.58) Washing machine 0.22 (0.74)

Paved street 0.73 (2.83) TV -0.4 (0.17)

Water -0.36 (1.15) VCR -0.09 (0.36)

Sewage 0.2 (0.78) Air conditioner 0.19 (0.58)

Urban area 0.2 (1.16) Fan -0.34 (1.26)

CDD -4.54E-07 (0.27) Sewing machine -0.77 (2.54)

HDD -0.0002 (1.49) Home computer 0.14 (0.29)

Microwave -0.31 (1.18)

From Table 2.4, we notice that the income coefficient is nearly zero. This is a usual result

for estimation of price-elasticity for electricity using information on appliance portfolio18.

The explanation is that most of the effect of income is being captured by the appliance

portfolio itself, thus leaving the income coefficient not significant. Also, the coefficients

for some characteristics of the dwelling, such as number of rooms and bathrooms, were

significant. We believe that one possible explanation for this is the absence of data on

the existence of electric showers in the dwelling. The electric shower is an item of high

consumption of electricity, and the number of bathrooms could be a proxy for that.

Surprisingly, neither of the temperature coefficients showed significance. Instead of

level of temperature, we used “heating degree-days” (HDD) and “cooling degree-days”

(CDD)19 for temperatures, as is usual in the literature. Due to the mild temperatures dur-

ing the winter in most of Brazil, and the high temperatures all of the country during the

summer, we expected to find some significance temperature regressors - especially for

CDD. Finally, most of the appliances were not significant.

18See Reiss and White (2005), Parti and Parti (1980), Dubin and McFadden (1984).
19Heating (cooling) degree days is a measure of by how many degrees the temperature in a day was lower

(higher) than a specific base temperature. It is used to calculate the energy consumption required to heat (cool)

a building (Source: www.degreedays.net). We used a base temperature of 25◦C for HDD and 22◦C for CDD.
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2.5 Estimating by first-difference

Another way to estimate price elasticity is to explore the exogenous shock in price in a

first difference equation. Hence we estimated an alternative model specification, where

we take the difference between two periods and rewrite equation (3) as follows:

∆ ln(kWh∗ct) = θ∆ ln(price∗ct) + β∆X∗ct + ε∗ct (2.4)

The results are presented in Table 2.5.

Table 2.5: Estimation Results - First difference
Variable Coefficient (t statistics)

ln(Price) -0.32 (0.43)

Income 3.72E-07 (0.01)

# of individuals -0.012 (0.2)

# of bathrooms -0.5 (2.39)

# of rooms 0.24 (3.74)

Paved Street 0.56 (2.64)

Water -0.4 (1.33)

Sanitation 0.3 (1.27)

Urban Area 0.87 (1.62)

CDD 6.88 (0.4)

HDD -1.08E-05 (0.06)

This specification gives us elasticity figures consistent with the previous model. How-

ever, both specifications seem to indicate that it would be necessary to use the exogenous

price shock as instrument. This weakens the usual assumption of the literature that the

price is exogenous. Similarly to our findings in the pseudo-panel approach, neither the

income coefficient, nor the coefficients for temperature data (CDD and HDD) were signifi-

cant. Also, once again the number of rooms and bathrooms in the dwelling are significant,

corroborating the results of the pseudo-panel specification.

2.5.1 Cross-terms model

The baseline model presented in tables 2.4 and 2.5 is easy to interpret, but it does not allow

the price elasticity to vary across the appliance categories. To allow for such variation, we
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Table 2.6: Estimation Results for Cross-term Model* (eq.5)

Variable Coefficient (t statistics) Durable Good Coefficient

Refrigerator 0.3 (1.92)

Income -0.0035 (0.82) Blender 0.05 (0.39)

# of individuals -1.27 (0.17) Mixer -0.1 (0.58)

# of bathrooms -65.34 (2.61) Electric Iron 0.03 (0.22)

# of rooms 37.44 (4.4) Washing Machine 0.09 (0.62)

Paved Street 122.93 (4.1) TV -0.05 (0.44)

Water -14.32 (0.39) VCR 0.09 (0.77)

Sewage 30.26 (0.99) Air Conditioner 0.27 (1.56)

Urban Area 21.47 (0.37) Fan 0.02 (0.19)

CDD -0.0001 (0.96) Sewing Machine -0.24 (1.56)

HDD -0.015 (0.83) Home Computer -0.43 (1.89)

Microwave -0.16 (1.3)

*Dependent variable: kWh

propose the following model, with cross terms:

kWhit = Xitβ +
∑
j

djαjpit + ai + εit (2.5)

where,X is the matrix with control variables, pit is the price, and dj is the percent of house-

holds inside a cohort that own the durable good j. Thus, the parameter αj characterizes

the price sensitivity of a certain durable good. The results of this estimation are presented

in Table 2.6.

From Table 2.6 we see that the price effects vary significantly across durable goods.

However, in some cases we do not have the expected sign. Consider, for instance, the

air conditioner. The high magnitude of 0.27 and its positive sign appear to show that

the utility increase that consumers derive from using the air conditioner is higher than

the effect of the price increase. In other words, even though the price increases (and also

considering the fact that air conditioners are high consumption appliances), households’

habits do not change for this specific durable good.

Our model could be extended to allow for elasticities to vary across income levels,

but we did not find a significant correlation between household income and ownership of

durable goods. Also, as can be seen from Table 2.6, the magnitude of income coefficient
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does not suggest that it would present good results.

2.6 Two-Stage Model

The demand price elasticity of energy consumption can also be estimated by a two-stage

model. This third estimation method is also more complex. In this case, the demand for

electricity is a derived demand. We base our model in a discrete-continuous choice (Dubin

and McFadden, 1984).

In the first stage (discrete choice), the consumer chooses between two portfolios of

durable goods: the high-consumption or the low-consumption portfolio. The high-consumption

portfolio includes an air-conditioner and/or a freezer, while all other combinations of

durable goods are allocated to low-consumption portfolios. In our sample 24.2% of the

households had high-consumption portfolios20.

In the second stage (continuous choice), the consumer chooses how much electricity

she will consume conditional on her portfolio type.

This model can be estimated using a two-stage procedure as described by Heckman

(1979). The following assumptions are implicit in the model:

1. di, Xi1 and Xi2 are observables.

2. (ui1, ui2) is independent of Xi1 and Xi1, with zero mean.

3. ui2 has distribution Normal(0,1).

4. E(ui1|ui2) = γui2.

In the model, we have

kwhi = Xi1β + ui1

di = 1[Xi2δ + ui2 > 0].

The first equation represents the electricity consumption given a durable goods port-

folio (the continuous choice), and the second equation represents the choice of the durable

goods portfolio (the discrete choice), with

di = 1, if high-consumption portfolio is chosen

di = 0, if low-consumption portfolio is chosen.

20Note that this specification allows us to use the entire POF sample - including the households in São Paulo

and Rio de Janeiro states, which were excluded in the previous specifications.
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We chose to use this model because most of the consumers in our sample have a low-

consumption portfolio. It is reasonable to argue that these consumers have a lower ability

to lower or reallocate electricity consumption in response to a price increase. This model

allows us to estimate the demand price elasticity for the two consumer groups according

to their portfolio choice.

Taking the conditional expectation of the equation for the continuous choice, we have:

E(kwhi|Xi1, ui2) = Xi1β + E(ui1|Xi1, ui2) = Xi1β + E(ui1|ui2) = Xi1β + γui2,

and, using the law of total expectation, we find:

E(kwhi|Xi1, di) = Xi1β + E(γui2|Xi1, di) = Xi1β + γE(ui2|Xi1, di).

To substitute E(ui2|Xi1, di) based on sample selection, we calculate

E(ui2|Xi1, 1) = E(ui2|ui2 > −Xi2δ) = λ(Xi2δ),

where

λ(Xi2δ) =
φ(Xi2δ)

Φ(Xi2δ)
,

and λ(.) is the inverse Mills ratio21, φ(.) is the probability density function for the standard

normal distribution, and Φ(.) is its cumulative distribution function.

We use the Heckman correction (Heckit method) to treat the sample selection bias22 for

the electricity consumer. The first step for this procedure is to obtain the probit estimate δ̂,

using all observations:

Pr(di = 1|Xi2) = Φ(Xi2δ).

Then, obtain the estimated inverse Mills ratios, given by

λ̂i = λ(Xi2δ̂).

Finally, we estimate β̂ and γ̂ from the OLS regression on the selected sample:

kwhi = Xi1β + γλ̂i + ei1.

21Mills ratio is the ratio between the probability density function and the cumulative distribution function

for a given distribution (Wooldridge, 2001).
22The consumer who chooses an intensive type of durable goods portfolio has a bigger prior probability of

consuming more electricity.
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In our case, the matrix Xi2 is made of characteristics of the dwelling and the house-

hold’s income, while the matrix Xi1 has the same variables as Xi2, and also temperature

data (CDD, HDD, and seasonal dummies) and electricity prices.

2.6.1 Results for the two-stage model

Table 2.7 reports first stage estimation results for the complete sample. Most regressors

are significant, except for the number of bathrooms. From a geographical perspective, we

see that the dummy for the Northeast region shows the lower impact on the probability

of acquiring a high consumption portfolio (-0.88). On the other hand, the presence of el-

derly individuals in the household, and also education and (especially) access to credit,

have a positive impact on the probability of buying a high-consumption portfolio (respec-

tively 0.03, 0.03 and 0.32). The dwelling’s characteristics, such as number of rooms, access

to water and sanitation, and whether it is located on a paved street, also show positive

coefficients. In particular, access to treated water has the highest positive impact, with a

coefficient of 0.57.

The results for the estimation of the second stage reflect the impact of the set of regres-

sors on the level of electricity consumption, given that the consumer has a high-consumption

portfolio. Table 2.8 presents results that are compatible with a considerably low price-

elasticity23 of demand of -0.019. Geographically, the dummy for the center-west region of

the country showed the highest positive coefficient (47.06). Additionally, both education

and the presence of elderly individuals play a significant role in the second stage, with

positive and significant coefficients of 2.07 and 5.76, respectively.

As to the characteristics of the dwelling, the number of bathrooms is significant in the

second stage. This conforms with our belief that this variable can be taken as a proxy for

the presence of an electric shower in the house (as mentioned previously, we do not have

data on electric showers in the 2002-2003 POF). It is worth noting that this appliance rep-

resents a large share of residential electricity consumption24. On the other hand, access

to credit, water and sanitation are not significant for determining the level of electricity

consumption in the high-consumption portfolio. Finally, the estimation shows interesting

results for the temperature regressors: HDD is not significant, while CDD (which repre-

sents the need for cooling an environment) has a statistically significant coefficient of 1.31.

23To calculate the price-elasticity of demand, we estimate the average price and kWh (quantity) for the

sample and substitute it into ε = dQ
Q

P
dP
, where dQ

dP
is the estimated coefficient for the price regressor.

24Source: Eletrobras.
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Table 2.7: 1st stage estimation results (complete sample, high-consumption portfolio)

Variable Coefficient Std. error p-value

c -2.2540 0.0499 0.000

income 0.000091 3.97e-06 0.000

N dummy -0.0811 0.0275 0.003

NE dummy -0.8790 0.0240 0.000

CW dummy -0.5247 0.0259 0.000

SE dummy -0.6430 0.0253 0.000

#children -0.0482 0.0084 0.000

#eldery 0.0307 0.0133 0.021

education 0.0323 0.0023 0.000

credit access 0.3160 0.0184 0.000

#rooms 0.0929 0.0055 0.015

#bedrooms 0.0260 0.0106 0.000

#bathrooms 0.2530 0.0162 0.231

paved street 0.0224 0.0187 0.000

water 0.5670 0.0368 0.049

sanitation 0.0583 0.0329 0.077

urban -0.2791 0.0240 0.000
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Table 2.8: 2nd stage estimation results (complete sample, high-consumption portfolio)

Variable Coefficient Std. error p-value Variable Coefficient Std. error p-value

c 184.50 20.8067 0.000 sanitation -2.9977 9.2828 0.747

price -8.7980 4.8722 0.071 urban 9.5313 5.8163 0.101

income 0.0025 0.0003 0.000 jul -6.6970 8.4688 0.429

N dummy 37.3095 7.6442 0.000 aug -7.2860 8.6630 0.400

NE dummy -31.5860 7.7886 0.000 sep -15.4706 8.5087 0.069

CW dummy 47.0612 6.5455 0.000 oct -18.0962 8.1899 0.027

SE dummy 10.8596 6.6007 0.100 nov -14.7992 8.9379 0.098

#children 3.7049 2.1138 0.080 dec 5.7566 9.0220 0.523

#eldery 5.7654 2.9548 0.051 jan -12.7561 8.8873 0.151

education 2.0724 0.5640 0.000 feb 9.5773 9.3181 0.304

credit access -0.3862 4.5019 0.932 mar 9.4025 8.9626 0.294

#rooms -0.4472 1.1591 0.700 apr 5.9619 8.2470 0.470

#bedrooms 18.0613 2.2898 0.000 may -0.3806 8.6347 0.965

#bathrooms 19.9923 3.0494 0.000 HDD 0.1530 0.1534 0.319

paved street 12.2703 4.5976 0.008 CDD 1.3108 0.1899 0.000

water -13.0000 12.2041 0.287
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Table 2.9: Price elasticity per income group

Household Monthly Income Price-elasticity

≥1000 -0,136

≥2000 -0,158

≥3000 -0,162

≥4000 -0,164

In an alternative estimation for the second stage, we get more interesting results. This

time, we consider only households with monthly consumption above 100 kilowatt-hour,

and we divide them into different income groups, as shown in Table 2.9.

From these results, we see that price elasticity also increases (for a consumption of

more than 100 kilowatt-hour per month) with income. This does not conform to the com-

mon belief that a lower-income consumer would exhibit a higher reaction to price changes.

However, these results are consistent with the idea that the group of consumers that hold a

low-consumption portfolio is not able to make significant changes in their electricity con-

sumption pattern when prices change. This is consistent with a portfolio of durable goods

that contains essentially basic items25 coupled with an already low level of consumption.

Reiss and White (2005) report similar results. In the Appendix, we present the results for

the estimation considering consumers with more than 100 kilowatt-hour per month and

income higher than R$ 1, 000.

2.7 Conclusion

The Brazilian Consumer Expenditure Survey (POF) used in this study does not allow us

to know with certainty the municipality of a given household for all the observations. So,

some information had to be discarded, since we were not able to establish the link between

households and electricity companies. Also, one important shortcoming of the POF data is

the fact that the survey does not convey information on the presence of an electric shower

in a household. In Brazilian cities without a residential gas network, this item can be

responsible for a significant portion of a household’s electricity consumption.

Estimation results using the pseudo-panel approach showed price elasticity of -0.34,

25We use data for the years 2002-2003, but we acknowledge that the portfolio of durable goods for lower-

income people might have changed in the recent past.
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which is consistent with previous works, such as Reiss and White (2005). However, many

of the estimated coefficients are not significant, including the temperature and income co-

efficient. We believe that the appliance portfolio is capturing most of the income effect.

Estimation using a first difference estimator presented similar results.

Estimates using a two-stage model (Dubin and McFadden, 1984) consider demand

for electricity as a derived demand. As such, the model is based on a discrete-continuous

choice model in which the consumer chooses the (high or low consumption) portfolio of

durable goods in the first stage. In the second stage he chooses his level of electricity con-

sumption, given his previous portfolio choice. Estimation results for the entire sample

exhibit very low price elasticities of demand. However, when estimating for a subgroup of

consumers whose monthly consumption is higher than 100 kilowatt-hour, and segregat-

ing them into different income groups, we see that price-elasticity figures seem to increase

with income – even though figures are in the range of -0.13 to -0.17, still lower than the fig-

ures we found in the two previous specifications. Reiss and White (2005) presented similar

results.

Our results are constrained by the fact that electricity tariffs in Brazil are essentially

flat. However, it is reasonable to suppose that consumers will tend to react more to prices

when faced with more dynamic pricing. Faruqui and Sergici (2009) show that adoption

of dynamic pricing and enabling technologies implies increases in the observed elastici-

ties. Based on this, we believe the results presented in our study could be taken as a lower

bound on the consumers’ ability to respond to varying prices.

A lot of pilot programs have been designed and implemented as a way to determine

the price elasticity of demand. Thus, elasticity estimates with current flat electricity rates

are an important input in any careful evaluation of the potential benefits to be achieved

with the deployment of demand response programs. More research is needed, and also a

proper design and analysis of pilot programs. These efforts are of the utmost importance

for determining the scope of programs designed to implement advanced metering infras-

tructure and to provide benefit to society from the adoption of welfare-improving demand

response programs.



CHAPTER 2. A MICRODATA APPROACH TO HOUSEHOLD ELECTRICITY DEMAND
IN BRAZIL 60

Appendix - 2nd stage estimation results

Results for monthly consumption ≥100kWh and income ≥R$1000/month.

Variable Coefficient Std. error p-value Variable Coefficient Std. error p-value

ln(price) -0.136099* 0.2012 0.000 sanitation -0.011 0.041 0.785

income 5.50e-06* 9.91e-07 0.000 urban 0.042* 0.022 0.065

N dummy 0.08* 0.025 0.001 jul -0.05* 0.028 0.081

NE dummy -0.11* 0.025 0.000 aug -0.023 0.029 0.421

CW dummy 0.13* 0.021 0.000 sep -0.0601* 0.028 0.036

SE dummy 0.057* 0.022 0.010 oct -0.076* 0.027 0.005

#children 0.011 0.007 0.138 nov -0.04* 0.029 0.097

#eldery 0.015 0.009 0.104 dec -0.018 0.029 0.536

education 0.012* 0.0019 0.000 jan -0.06* 0.029 0.042

credit access 0.0015 0.015 0.918 feb -0.013 0.030 0.667

#rooms -0.005 0.0037 0.180 mar 0.009 0.030 0.747

#bedrooms 0.0715* 0.007 0.000 apr 0.021 0.027 0.428

#bathrooms 0.062* 0.009 0.000 may 0.016 0.028 0.554

paved street 0.049* 0.016 0.003 HDD 0.0007 0.0005 0.138

water -0.015* 0.077 0.049 CDD 0.0048* 0.0006 0.000
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Chapter 3

Estimating a Health Production

Function for Brazil: some new

evidence

Lavinia Hollanda and Pedro Hemsley

This paper reports the impact of low-cost health centers on child mortality in Brazil.

We use a recent database (DataSus) to evaluate the impact of a change in Brazilian health

policy in the past few years: the number of health centers per capita increased significantly

while hospitals per capita were reduced, indicating a focus on low-cost, low-complexity

medical services. Unlike many empirical studies, our results indicate that additional health

care decreases mortality. Increasing the number of health centers per capita decreases mor-

tality through access to basic services and make high-complexity hospitals more effective,

as they can focus on more serious conditions. We also present preliminary evidence sug-

gesting a high degree of complementarity between health and educational policies – an

indication that the more educated people are, the more efficient health policy becomes.

JEL classification: I12, I18, D12

Key words: child mortality, health policy, low-cost health centers.
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3.1 Introduction

Medical care expenditures have been rising rapidly in most countries. In Brazil, total

health expenditure grew from 6.65% of GDP in 1995 to 9.05% in 20091, and this increase

has come both from the private and the public sectors. Public health expenditure increased

from 2.86% in 1995 to 4.14% in 20092, accounting for almost half of total health expendi-

ture. This upward trend is expected to continue, as most developed countries have even

higher (and still increasing) percentages of GDP dedicated to health.

A recurrent policy question is whether higher health expenditure actually improves the

health status of the population. In general, empirical studies present a negative answer.

Thornton (2002) finds that medical care expenditures have no impact in American states,

confirming earlier studies such as Auster (1969). In developing countries, evidence is even

harsher: health care expenditure has a negative impact on life expectancy, since it may be

squeezing out more valuable inputs such as food or water3.

This paper revisits this issue by investigating the relationship between the age-specific

mortality rate of children up to 5 years old4 and the availability of low-cost health centers.

The main reason to choose child mortality is that children are particularly sensitive to

health care. Moreover, lower child (and infant5) mortality rates have significant impacts

on a population’s life expectancy6. With a child mortality rate of 20.6 per 1,000 in 20097,

Brazil performs poorly even when compared to countries with lower levels of income per

capita (Colombia, for instance, had 19.7 in 20009) and to other Latin American countries

1Source: World Bank.
2Source: Authors’ compilation of World Bank data.
3See Fayissa and Gutema, 2005.
4This rate is defined as the ratio between the number of deaths of individuals under five years old and the

population of that age in each year. Formally, it is not the same as the under-five mortality rate, which is the

ratio between the number of deaths in this age range per 1,000 births, although both measures capture the

death risk of under-five children. We use the age-specific mortality rate mostly due to the better availability

of data.
5Infant mortality rate is the number of infants dying before reaching one year of age, per 1,000 live births

in a given year (Source: World Bank).
6Generally, most concepts used to evaluate the benefits of medical interventions take into account how

many years patients are expected to live after the intervention, highlighting the importance of child care. See

for example Murray (1994) for the concept of disability-adjusted life years (DALY’s).
7This rate fell to 19.4 in 2010 – but was still above the rate for the other countries for the same year (Source:

World Bank).
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(Mexico 17.6, Argentina 14.2 and Chile 8.9 in the same year)8. This is most surprising

considering that Brazil spends more on health as a share of GDP than many countries with

higher per capita income, such as Chile (8.2%), Russia (5.4%) and Mexico (6.5%)9 - all of

which, as mentioned, were able to attain much lower child mortality rates.

These results strongly suggest misdirected health expenditures. Brazil had an under-

funded health system for a long time. Also, the country invested in expensive hospitals

instead of simpler centers able to treat minor conditions effectively and prevent them from

becoming serious (and demanding expensive treatments). These factors resulted in a very

inefficient health structure.

The modern Brazilian Health System (abbreviated in this paper to BHS) was imple-

mented in 1990, with the creation of SUS (the Unified Health System), a comprehensive

health system that articulates funding and policies from federal, state and local govern-

ments. It was designed after the UK health system: universal and state-funded – and,

therefore, very expensive. However, after the creation of SUS, Brazil faced another four

years of extreme macroeconomic instability and unsoundly managed public finance, and

the new system remained underfunded during this period.

From 1995 on, health funding began increasing systematically (although funding has

been mostly federal, local governments can add funds and direct policy, so that policy is

not homogenous). In practical terms, this amounted to a large and continuous extension

of health services. Nevertheless, the very nature of the BHS – perfect insurance, which

induces systematic overuse – made funding permanently insufficient. This caused policy-

makers to search for cheap solutions: in order to improve access to basic and preventive

care, health policy aimed to significantly increase the number of low-cost, low-complexity

health centers across the country, at the expense of major hospitals. On child mortality, the

objective was to focus on prenatal care (which can be offered in low-cost health centers as

it is relatively cheap and simple) instead of the more complex and expensive neonatal care.

Although this policy has been in place for almost two decades now, it was particularly

active between 2006 and 2009, when the number of health centers increased 27%, while

hospitals increased by only 1.3% in the same period. In per capita terms, the rates were

22% and –2.5%, respectively, showing a decrease in hospitals per capita10.

In our analysis, we were able to identify the impact of changes in the availability of

8Source: World Bank.
92009 data (Source: World Health Organization).

10Source: DataSus.
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health centers due to the fact that these changes were strongly diversified across states.

While in some states it increased up to 40% in the four-year period under study, in others

it decreased by as much as 25%, suggesting either different health policies were being im-

plemented, or public expenditures on health were limited (an exceptional situation given

the national trend discussed above). We use health data for the period 2005-2009 from

DataSus, a broad health database made available by the Brazilian Health Ministry11, to

evaluate the evolution of different health centers per capita in every state, building an ag-

gregate measure of nearly-substitute centers. We then evaluate the impact of these changes

on child mortality, one of the main indicators of child health.

We have two main results. First, we estimate that additional health centers per capita12

actually reduce child mortality. In fact, they have a much larger effect than hospitals per

capita, at a much lower cost. Second, there is a significant complementarity between both:

the higher the availability of health centers, the more effective hospitals become at decreas-

ing child mortality. Due to the perfect-insurance feature of the system, we believe this

impact may be interpreted as a lower bound on the efficiency of public health services.

We also find that the impact of health centers seems to be related to the educational

background of the population: the higher the level of education, the more effective health

policy becomes, suggesting a degree of complementarity between them. Although we

cannot tell the direction of causality, this effect should not go unregarded by policymak-

ers. Moreover, we find that basic schooling matters the most: our results do not arise if

one considers average years of schooling as the education variable. Instead, we consider

the share of the population with at least five years of formal education (a measure that

also reflects the high income inequality in Brazil). Since basic education indicators have

improved in the past years, it follows that health policy has become more efficient.

The main contribution of this paper is to shed light on direct and indirect effects of

“cheaper” health policies on child mortality, taking advantage of a mostly unexplored

database and a very specific historical setting. Moreover, we bring up evidence on the

combined impact of health and educational policies.

In general, previous studies used broad measures of both health status (the dependent

variable) and health care (the regressors). We believe the empirical analysis should not be

too encompassing. First, different dimensions of health may have very different determi-

nants; in particular, life-threatening diseases have different causes and treatments when

11We focus on this period mainly due to the availability of data.
12Our actual measure is health centers and hospitals per 1,000 people.
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compared to less severe conditions. Second, even mortality has very different determi-

nants in different periods of life: a hazard for a child may pose no danger for an adult;

hence, an efficient instrument to deal with child mortality may be found to have no effect

if a general measure of health is used. Pooling all the data together may hide significant

effects for one particular range simply because one is measuring different things.

The remainder of the paper is organized as follows. In Section 2 we discuss child health

measures and infant and child mortality in Brazil. In Section 3 we describe the BHS, focus-

ing on recent changes. Section 4 presents our methodology and results. Section 5 includes

some preliminary issues on robustness; and Section 6 concludes.

3.2 Infant and Child Mortality in Brazil

Together with infant mortality, the child mortality rate is one of the foremost indicators

of health, and its reduction is one of the main drivers of increased life expectancy13. We

choose to evaluate only one range of age (i.e., child mortality), since mortality determi-

nants vary over an individual’s lifetime, and significant effects for one range may be ir-

relevant for others. Additionally, children (as well as elders) are particularly sensitive to

health support, hence the use of child mortality should capture the effectiveness of health

care with better precision. We restrict our attention to mortality due to diseases14.

Brazil has a very high rate of child mortality when compared to other countries with

similar per capita income, as shown in Table 3.1. According to the World Bank, child

mortality in Brazil reached 21 (per 1,000 live births) in 2009, against 9 in Chile and 14 in

Argentina in the same year.

Moreover, Brazil performs poorly in both infant and child mortality when compared to

OECD countries even if one considers the performance of these countries when they had

the same per capita GDP as Brazil has today. Brazilian per capita GDP reached US$ 11,210

in 2010, a value that was achieved by France in 1982 and the United Kingdom in 1984.

However, these countries had infant mortality of 9 and 10 per 1,000 live births in those

years, way below the Brazilian outcome in 2010 (17 per 1,000 live births). This suggests

that Brazil has enough resources to provide better child care, as other countries were able

to do, but has not been able to make good use of it.

In spite of these weak comparisons, both infant and child mortality rates in Brazil have

13See Murray (1994).
14As opposed, for example, to deaths due to violence or accidents.
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Table 3.1: Infant and Under-5 Mortality: Brazil and similar countries, 2009

Country Infant Mortality ratea Under-five Mortality rateb GDP per capita

(per 1,000 live births) (per 1,000 live births) (constant 2005 international US$)

Argentina 12.7 14.2 13,272

Brazil 18.4 20.6 9,438

Chile 7.7 8.9 13,044

China 16.8 19.6 6,206

Colombia 17.1 19.7 8,251

Mexico 14.9 17.6 11,951

Russia 9.8 12.5 13,623

a. Number of infants dying before reaching one year of age, per 1,000 live births in a given year.

b. probability per 1,000 that a newborn will die before age 5, if subject to current age-specific mortality rates.

Sources: World Health Organization, World Bank.

been declining consistently. Figure 3.2 shows the evolution of the age-specific mortality

rate for the under-five population between 2002 and 200915: It declined from 4.6 to 3.7 (per

1,000 children at this age) in this period – a reduction of 20%.

Child mortality reflects mostly prenatal care and newborn care, as most under-five

deaths occur in the first year (86% in Brazil in 2008). There has been significant evolution

in newborn care due to new technologies, but it is still very expensive: it is usually devoted

to low-weight / preterm births, which usually demand delicate treatments (as discussed

in Curie and Gruber, 1996). Additionally, surviving low-weight babies face a high risk of

major handicaps that will mean both severe restrictions and high medical expenditures

throughout life. To decrease the number of such cases, policy has shifted towards pre-

vention of low-weight / preterm births through prenatal care. Clinical evidence solidly

suggests prenatal care reduces low-weight births and infant mortality (even when cor-

rected for possible selection bias), and is more cost-effective than neonatal care16. One of

the main objectives of increasing the number of health centers in Brazil since the 1990s was

to offer prenatal care and hence reduce infant mortality at an affordable cost.

15As mentioned in the introduction, the main reason for using this variable is the availability of data for

child mortality in Brazil – in particular, for 2009.
16See Gabbe, Niebyl and Simpson (2007).
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Figure 3.1: GNI per capita (x, PPP 2009) vs. Infant Mortality (y). Source: World Bank.

Figure 3.2: Age-specific mortality rate in Brazil (0-4, per 1,000). Sources: DataSus, IBGE.
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Table 3.2: Infant Mortality: Brazil and selected OECD countries

Country Infant Mortality rate (per 1,000 live births) Year GDP pc reached

in 2010 when GDP pc was Brazil’s 2010 value

same as Brazil´s in 2010a

Brazil 17 - -

France 3 9 1982

Germany 3 11 1982

United Kingdom 5 10 1984

United States 7 13 1980

a.Brazil’s GDP per capita 2010: PPP current international US$ 11,210

Sources: World Bank, Ipeadata.

3.3 Recent Evolution of the Brazilian Health System

The modern BHS was formulated in 1988, with the new Constitution, and effectively im-

plemented in 1990 with the creation of SUS (Sistema Único de Saúde, or Unified Health

System), a body linked to the Health Ministry which articulates funding and policies from

federal, state and local levels. It is subordinated to the federal government and is mostly

funded by federal money, but policy and regulation functions are shared with state and lo-

cal governments17. It is an English-style system with state-funded universal health care. In

theory, it is one of the most generous systems in the world, as it must treat anyone for free

- with no restrictions for legal or illegal immigrants, undocumented citizens, tax-debtors

and so on. This combines an expensive provider with excessive demand caused by full

insurance.

This new system was implemented in the middle of a major macroeconomic crisis.

Although it was a new organizational tool, funding was limited by low government re-

sources that were far from meeting the needs of such an expensive system. It was not until

1994 that the country achieved (preliminary) macroeconomic stability, and public finance

was organized.

However, taxation was still not enough for the huge demands created by the new Con-

stitution. The tax burden started increasing systematically, as Figure 3.3 shows, rising from

28% in 1995 to 34% in 2009. Public expenditure on health increased steadily, rising from

17Other agencies, such as the National Health Agency (ANS), are responsible for the private system.
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Figure 3.3: Tax Burden and Public Health Expenditures in Brazil. Sources: IBGE, World

Bank.

2.86% of GDP in 1995 to 4.14 % in 2009 and 4.24% in 2010. Due to both internal and exter-

nal factors, full macroeconomic stability was not reached before the beginning of the next

decade (around year 2000), and after that point, social expenditures skyrocketed.

It has been clear for a long time that no funding would be enough for the health system

to face the endless demands created by the Constitution. The system was both expensive

and inefficient, and policy makers started looking for cheap options. In response to infant

and child mortality, as mentioned in the previous section, prenatal care is one of the most

cost-effective policies, and most of it can be implemented through low-cost health centers

(instead of fully-equipped hospitals). The main objective is to find and treat simple condi-

tions that might lead to big complications. These centers are the physical structure needed

for most mortality-reducing policies to be put into effect (although there are exceptional
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Figure 3.4: Health Centers and Hospitals (per 1,000) in Brazil. Sources: DataSus, IBGE.

cases – e.g., military medical aid to isolated indigenous tribes).

Hence one of the main policies to reduce infant and child mortality was to increase the

number of low-cost health centers. There are different types of centers, but we pool them

together since they usually do not have major differences in service capacity, and treat both

pregnant women and children (some are specific to maternity, but they are roughly sub-

stitutes since a new center reduces waiting times in others). Figure 3.4 shows the growth

of health centers per 1,000 people nationwide: from 0.32 in 2005 to 0.40 (per 1,000 people)

in 2009 – an increase of more than 20% in only four years, while the number of hospi-

tals relative to the population decreased by 2.5% in the same period. The total number of

these health centers increased from 59,634 to 75,799 in the same period, a significant 27%

increase.

This increase appears to be associated with a change in health policy, and not only

with the higher availability of financial resources: GDP growth in the period totaled only

15%, while the figure shows a higher increase of health centers per capita. Also, GDP and

health center growth rates were nearly unrelated (correlation coefficient equal to –0.07).

The nationwide trend conceals some strong differences between states. In Rio de Janeiro,

for example, the relative number of health centers increased by 45% in the period, while in
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Roraima it decreased by 27%. Table 3.3 shows these changes, across states.

Although the focus of the paper is to study the impact of health structure on child mor-

tality, it is well known that health policy is not the only policy that affects health outcome.

In particular, educational policies are believed to have a large impact on health18. The first

channel of this effect is a direct one: improvement in health habits. The second, more im-

portant for this present study, is in helping people take advantage of the health system,

which should increase its effectiveness. This is of particular importance at very low lev-

els of education. We shall try to distinguish between these factors. Table 3.4 gives some

descriptive statistics for the variables we used, including control variables, which will be

discussed in the next section, and detailed in the Appendix.

Although this is an empirical paper, there is a long tradition in the theoretical literature

that provides foundations for it. While we do not intent to cover that tradition here19, it

is worth mentioning that we are building on the concept of aggregate health production

function, originally developed by Grossman (1972). Individuals use different inputs to

produce health: medical services, income, and education, among others. Notice that in or-

der to apply this to infant mortality, one must assume parents are making the best choices

from the point of view of their children. Also, of course, population-related characteristics

refer to the whole of society, and exclude pre-school children themselves – who do not

earn any income or have any level of education. Hence we are controlling for the impact

of adult features on infant health, not the impact of an individual’s features on his or her

own health, as suggested by aggregate health production functions. In short, we evaluate

how these features affect the way parents take care of their children.

The BHS’s full coverage is equivalent to complete insurance for public health: income

is decreased through taxes and is reverted as free health services. Hence, the moral hazard

problem: people have lower incentives to avoid risky behavior (ex-ante) and to take good

care of an illness (ex-post). As a result, the BHS tends to amplify demand, as prices are

not the restriction. The actual restriction comes from long lines and the unavoidable low

quality of overused medical services (in fact, individuals also buy partial private insurance

to overcome these issues). Hence, building a new health center is less effective than if

people had more income but had to pay medical fees. For this reason, we interpret the

results below as a lower bound on the effect of health centers on child mortality.

18See Grossman (1972b).
19A major reference is Zweifel et al. (2009).
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Table 3.3: Health Centers and Hospitals per capita in each state of Brazil

State Health Centers (per 1,000) Hospitals (per 1,000)

2005 2009 % change 2005 2009 % change

Acre 0.40 0.40 -0.79% 0.03 0.03 2.22%

Alagoas 1.48 1.67 12.94% 0.10 0.10 -1.74%

Amapa 0.33 0.35 8.55% 0.02 0.02 9.30%

Amazonas 1.07 1.22 13.55% 0.07 0.07 2.32%

Bahia 7.81 9.31 19.27% 0.80 0.75 -5.91%

Ceara 3.85 4.57 18.73% 0.41 0.39 -4.39%

Distrito Federal 1.49 2.14 43.28% 0.09 0.11 15.60%

Espirito Santo 2.09 2.40 14.52% 0.17 0.17 -0.02%

Goias 2.51 3.14 25.14% 0.70 0.62 -11.96%

Maranhao 3.30 3.60 9.12% 0.40 0.33 -18.50%

Mato Grosso 1.87 2.09 12.18% 0.27 0.24 -9.64%

Mato Grosso do Sul 0.99 1.28 28.50% 0.19 0.17 -8.27%

Minas Gerais 11.46 12.60 10.00% 1.08 0.95 -12.23%

Para 2.54 3.14 23.85% 0.30 0.32 8.21%

Paraiba 3.01 3.05 1.39% 0.30 0.25 -16.01%

Parana 6.56 7.10 8.25% 0.82 0.74 -9.26%

Pernambuco 4.12 4.88 18.25% 0.31 0.34 9.34%

Piaui 2.20 2.33 6.03% 0.19 0.18 -6.79%

Rio de Janeiro 5.12 7.11 38.93% 0.77 0.80 3.88%

Rio Grande do Norte 2.09 2.25 7.75% 0.16 0.16 -0.60%

Rio Grande do Sul 5.15 6.59 27.87% 0.54 0.50 -7.78%

Rondonia 1.00 0.83 -17.29% 0.11 0.10 -3.50%

Roraima 0.42 0.31 -25.41% 0.02 0.02 0.89%

Santa Catarina 4.47 4.98 11.25% 0.35 0.32 -8.73%

Sao Paulo 14.32 18.23 27.26% 1.37 1.29 -6.18%

Sergipe 1.19 1.22 2.61% 0.07 0.06 -15.93%

Tocantins 0.62 0.73 16.92% 0.10 0.09 -6.03%

Sources: DataSus, IBGE.
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Table 3.4: Descriptive Statistics for the variables used

Variable Mean Median Max Min Std. dev Number of Obs

Education (% up to 4 years) 0.6641 0.6728 0.9812 0.3497 0.1283 216

Private coverage (%) 0.1266 0.0930 0.4030 0.0290 0.0860 216

Smokers (% adults) 0.1534 0.1525 0.2250 0.0800 0.0302 108

Garbage (%) 0.7398 0.7564 0.9662 0.2681 0.1241 216

Income (% of poor) 0.3440 0.3521 0.6739 0.0636 0.1614 215

Urban (%) 0.7536 0.7944 0.9821 0.0000 0.2038 216

Vaccine (%) 0.7825 0.7820 0.9278 0.6062 0.0607 189

White (%) 0.4014 0.3632 0.8935 0.1755 0.1863 216

Hospitals (per 1,000) 0.0363 0.0341 0.0818 0.0143 0.0136 135

Health Centers (per 1,000) 0.4067 0.3978 0.7275 0.2173 0.1000 135

Sources: DataSus, IBGE, Vigitel, Ipeadata.

3.4 Methodology and Results

This section discusses our methodology and presents the main results.

3.4.1 Methodology

We evaluate the impact of changes in the availability of public health centers on child mor-

tality outcomes. We use annual aggregate data from DataSus and IBGE for the 27 Brazilian

states in the years 2006 to 2009. The DataSus provides comprehensive information on the

human and physical health infrastructure available in the country, both public and private,

disaggregated by the type of facility (hospitals, health centers and other types of health fa-

cilities) and medical specialization.

We use health units (per 1,000 inhabitants, like all the other measures) instead of health

expenditures because it allows us to make use of more detailed series, since expenditures

series are more aggregated. However, we are pooling together different types of insti-

tutions. We believe this should not create any major distortions as these institutions have

similar capacities for medical interventions and, more importantly, can be viewed as nearly

substitutes: one more unit will decrease the number of people that go to the other ones

looking for the same basic services provided in any of them. The Appendix describes

these measures in detail.
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For the information on child mortality (0-4 years), we used the information for general

mortality by age also available in DataSus, and the population by age, from IBGE.

Our empirical strategy is to regress these state/year outcomes for child mortality on the

number of health centers relative to the population of each state. We ask the question: as

the number of health centers per capita increases, does child mortality fall? As discussed

in the previous sections, the exogenous variable is the age-specific mortality rate of under-

five children and the main regressor is the number of health centers per 1,000 inhabitants.

A first potential drawback for this empirical strategy is related to the direction of

causality. On the one hand, we expect more health centers to decrease child mortality;

on the other hand, public health policy is addressed primarily at states with high mor-

tality rates, which should invert the expected sign of the estimated coefficient. While we

tested a number of different instruments with similar results (so that the model was not

oversensitive to the choice of instruments), we use the one-period lag of health centers per

capita as our main instrument. First, it is highly correlated to the current value of health

centers, as the series presents significant inertia. Second, it should not respond to future

unexpected changes of child mortality.

This implies we are ruling away time-persistent effects: only current values affect child

mortality. Moreover, we rule away dynamic effects (lagged values of mortality itself). For

example, it does not matter if there was no health center available in the previous year if

there is one now (there is no “habit formation”; pregnant women and parents of newborns

will use any health services available if they need to). Since most under-five deaths happen

in the first year, we understand this is not a very restrictive assumption. The only delicate

point for this assumption to hold is related to the health of pregnant women. If the health

of a newborn or young child depends significantly on the health of the mother before the

pregnancy, which in turn depends on the availability of health centers in the past, then

some of our instruments may be weak. However, research indicates that the health of

the mother during pregnancy is much more important to the health of the newborn than

health before pregnancy20.

Nevertheless, if the use of lagged values is not completely effective for dealing with the

endogeneity issue, the direction of the bias is positive (as higher mortality rates induce pol-

icymakers to increase the number of health centers); hence our estimators will be lower (in

absolute value) than the true parameter and the probability of rejecting the null hypothesis

20See Gabbe, Niebyl and Simpson (2007).
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will also be lower. In other words, our model underestimates the impact of health centers

on child mortality. A similar reasoning applies to the other health-related variables in the

model (discussed below), where we assume the explanatory variables have no cumulative

effect.

We also have three general measures of public expenditures which we use as instru-

ments for the variable health centers: current expenditures (DC), general maintenance

(DCus) and total cost of government employee salaries (DCP)21. These are general mea-

sures of public expenditures, but they do not include public investments, under which the

building of new health centers is accounted. They are correlated with health expenditures,

as they are also pro-cyclical – but they are not believed to respond to changes in child mor-

tality, as they are not health-related expenditures, and follow political decisions based on

other factors. We will come back to this issue in the section on robustness, below.

In order to avoid a possible problem caused by omitted variables, we bring into the

model a series of control variables suggested by other empirical papers and by the theoret-

ical literature22. The first control variable is income. As suggested by Grossman (1972b),

a higher income may be used to afford medical services and hence improve health out-

comes. While in Brazil individuals cannot directly buy access to the public health system

(due to the perfect-insurance structure of the BHS), they could potentially use their income

to buy either private medical services, or other complementary goods and services related

to improved health.

Although we do check different income measures, we focus on the proportion of poor

in the population (defined as household per capita income lower than the poverty line,

as discussed in the Appendix) because the impact of income is not linear. Additional in-

come improves health since individuals become able to afford significant inputs for health

production (sanitation and nutrition are common examples). However, a higher income

may be the result of work overload. The former effect should be dominant when income

levels are very low, as demand is inelastic for basic services. Therefore we expect a posi-

tive sign: the higher the proportion of low income people in a society, the higher mortality

rates should be.

Grossman (1972b) also suggested income suffers from the same endogeneity problem

21"Despesa corrente" (DC), "despesa de custeio" (DCus) and "despesa de custeio com pessoal e encargos"

(DCP), respectively. DCP is included in DCus, which is included in DC; for this reason we use the differences

between them.
22Such as Grossman (1972b) or Zweifel and Kifmann (2009).
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as health services, i.e. reversed causality. While more income may be used to improve

health, better health also enables an individual to earn more income (say, higher produc-

tivity or more workhours). In relation to child mortality, this means parents of healthy

children will have higher income. Again, the main instrument we use is the lagged value

of income, which is strongly related to present income but cannot respond to present child

mortality: accumulated income (from one year to the next) has no effect. We think this is

reasonable for poor people, who hardly have any savings.

We also include the share of the population with private insurance as a control for ac-

cess to private health services. We expect it to decrease mortality rates and to be correlated

both with income and with the availability of public health structure. For the same reason

our measure of health centers is endogenous, so should private insurance be, as people

tend to hire more insurance when they (or their children) have poor health. Analogously,

we use the lagged value of this share as our instrument.

The third control is education. As suggested by numerous works, it has a large impact

on health. Again, in spite of checking different measures, we focus on the proportion of the

population with four or less years of formal schooling. Theoretical models suggest more

educated societies are more efficient at health production23. They have more knowledge

on prevention and treatments, and parents are more suited to take care of infants and

children. Notice also that most health-related knowledge is provided in basic education

(it does not rise significantly whether one has 8 or 12 years of schooling). Hence we use

the proportion of the population with four or less years of schooling as our measure of

education. We expect a positive sign: the higher the proportion of uneducated people, the

higher mortality rates should be.

It is not clear whether education also suffers from endogeneity. For example, the the-

oretical model of Grossman (1972b) does not suggest it should be so. However, human

capital models indicate parents decide to spend more on educating their children if they

expect a higher survival rate24, implying again a reversed causality problem. While this is

probably relevant in the long run, we assume it is not important regarding child mortality,

as educational decisions are usually made after children have survived past any relevant

thresholds (one or five years of age).

However, a possible problem of omitted variables might be a relevant source of endo-

geneity for education. In particular, public investment in education might be correlated

23See, for example, the seminal paper by Grossman (1972b).
24See Lucas (1988).
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with other policies aimed at reducing child mortality (different from health centers). In-

stead of using an instrument for education, we choose to correct this bias by introducing

a political variable in the model, a dummy that equals one when the same political party

(or coalition) is in office both at federal level (president) and state level (governor). It is

well-known that there is a strong bias in transferring federal funds to allied parties. This

dummy should capture the effect of other public investments aimed both at reducing child

mortality and improving education. Notice we do not include any variable for different

political parties, as we assume there is no difference in the political spectrum that might

lead to significant differences in public investment. The relevant issue is how close a state

is to federal funds, not government’s ideology.

An important issue concerns the role of other public health policies aimed at reducing

child mortality. To the extent that they may be correlated to the implementation of health

centers, our coefficients may be biased. We understand that the development of health

care centers is an encompassing policy under which specific programs are implemented,

so that we are capturing, in a non-specific way, most policies. One of the main policies not

captured is the construction of hospitals, which is exactly what is being avoided through

health centers. Hence, we include the number of hospitals per 1,000 inhabitants. Moreover,

we expect hospitals and health centers to have a strong interaction: the latter offers low-

cost, low-complexity services, leaving room for the former to focus on high-complexity

services. For this reason we also include an interaction term between hospitals and health

centers.

One specific caveat comes from the type of physician made available at different points.

While we still do not have conclusive results on it, we will mention it in section 3.5 below.

We also include immunization coverage, as one of the main deterrents of major conditions.

Other controls are the share of white people in the population, the share of smokers,

the proportion of the population in urban areas, and the percentage of households with

access to direct garbage collection. White people have historically enjoyed better public

services in Brazil. Smoking may only have an indirect impact, as legally children cannot

smoke. However, there is an indirect impact through parents and community. Population

in urban areas does not have a straightforward sign, but we expect it to be negative (i.e., to

decrease mortality) as cities usually have a better health structure25. It is also related to the

concentration of the population, which benefits from economies of scale in health services.

25See Glaeser, 2011.
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Garbage collection is a measure of quality of sanitation services. We expect a negative sign,

as sanitation is supposed to improve health26. Lastly, notice that by choosing shares of the

population we avoid dealing with possibly integrated series.

As mentioned in the introduction, health and educational policies do not act indepen-

dently. First, the more educated people are, the more they will know how to use health ser-

vices (and to follow received instructions). Second, efficient health services avoid family-

disruptive events that prevent school-age children from attending school. In order to cap-

ture these effects, we include the interaction between health centers and education as a

regressor.

Since we have panel data, one relevant point is the structure of potential unobserved

fixed state effects. We do not assume them away. However, we assume they are uncor-

related with the time-varying regressors. In this case, a random-effect model is the most

appropriate, since fixed-effect estimators are inefficient and OLS test statistics will be in-

correct. We will apply it throughout the next section, and come back to this topic in the

robustness section.

3.4.2 Overall results

Our main results are reported in Table 3.5 in terms of elasticities (we use log regressions).

We present results for a model without the interaction between education and health cen-

ters (which we will refer to as “basic model”), and also results for the model with this

interaction (called “model with interaction” in Table 3.5).

The first point to notice is that while the coefficients of health centers and hospitals

are always negative, as expected, the former is much larger in absolute value. This sug-

gests low-complexity treatments on a large scale are more relevant to reduction of child

mortality than high-complexity treatments on a small scale. In the model with interaction

(second column), the coefficient for health centers is 2.00, compared to 0.71 for hospitals -

almost three times larger - and in the basic model this difference is even higher. In other

words, a 1% increase in the number of health centers per capita is expected to decrease

child mortality by 2%, while a 1% increase in the number of hospitals per capita reduces

it by 0.71% - which is particularly striking when one considers that hospitals are much

more expensive and offer much more sophisticated services, as discussed in the previous

26Actual sanitation series have recently been discontinued in Brazil and could not be used. We use direct

garbage collection as a substitute.
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sections.

Table 3.5: Estimation results
V ariable Coefficient p− value Coefficient p− value

Basic model Model w/interaction

C −8.1465 0.0000 −7.8466 0.0000

ln(Health_centers)it −2.4500∗ 0.0211 −1.9540∗ 0.0666

ln(Income)it 0.0390 0.4350 0.0360 0.4655

ln(Private_cov)it −0.1180 0.1341 −0.1752∗ 0.0392

ln(Education)it 0.1468 0.3325 0.7982∗ 0.0330

ln(White)it −0.2374∗ 0.0077 −0.2259∗ 0.0120

ln(Smokers)it 0.1623∗ 0.0205 0.1683∗ 0.0188

ln(Urban)it 0.0646 0.8680 0.1796 0.6426

ln(Garbage)it 0.2551 0.2539 0.2768 0.2206

dmy_polit 0.0251 0.3101 0.0116 0.6523

ln(Hospitals)it −0.7093∗ 0.0345 −0.7075∗ 0.0328

ln(V accine)it −0.3377 0.6300 −0.3632 0.5817

dmy_outit 0.2883∗ 0.0008 0.2684∗ 0.0028

ln(Hospitals)it∗ln(Health_centers)it −0.6605∗ 0.0337 −0.6450∗ 0.0359

ln(Education)it ∗ ln(Health_centers)it - - 0.8241∗ 0.0488

R2 0.283591 0.320560

The second point to notice is that the interaction between health centers and hospitals

is also negative for both models, as expected, and significant. Moreover, the individual

coefficients of hospitals and health centers are significant, a feature that we found for every

set of controls or instruments. Interpretation is straightforward: the higher the number

of health centers (hospitals), the larger the impact of hospitals (health centers) on child

mortality. Although we cannot tell the direction of causality, this result confirms the idea

that health centers and hospitals are complementary: low-complexity centers should not

be responsible for high-complexity cases; more surprisingly, the opposite should not hold

either. Square terms were not significant in any specification of the model, suggesting

Brazil has not yet reached decreasing returns.

A preliminary point refers to the role of education. The second row shows that its in-
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teraction with health centers is positive and significant. Again, we cannot tell which way

causality goes, but this suggests a high degree of complementarity between them. The

more educated people are, the better use they will make of low-complexity health cen-

ters. Moreover, the direct impact of education becomes significant when the interaction is

included, suggesting its coefficient is underestimated when the cross effect is not consid-

ered. These results depend crucially on the measure of education we used: the share of

the population with no more than four years of formal schooling. Similar results do not

arise if average years of education are used. Very low levels of schooling may jeopardize

the use of health centers, but it seems additional levels are not helpful. This highlights the

importance of basic education. However, better instruments should be used - see section 5.

Lastly, it is interesting to notice that the interaction between hospitals and education was

not significant in any model. Education seems to be relevant only for the role of health

centers, which rely more on the patient.

Most of the controls had the expected sign, although not all of them were significant.

A noteworthy feature is related to the coefficient of income, which is not significant in any

specification. We have two explanations for this. First, the BHS effectively provides medi-

cal insurance to the very poor - at least to the extent that it prevents child mortality. Second,

an income gain necessary to pull someone above the poverty line is not enough to give ac-

cess to more sophisticated medical services. Another interpretation is that all the effect of

income is captured through access to private insurance, which was quite significant.

Referring to the model with interaction, private insurance has a negative and signifi-

cant coefficient, but it is much lower in absolute value than that of health centers and of

hospitals (0.17), suggesting the public system is more effective in preventing or taking care

of the conditions that lead to child mortality (or that private insurance is used only for

more serious conditions). Child mortality increases with the share of the population that

smokes and decreases with the share of white people. Strikingly, immunization was not

significant in any version of the model. Our interpretation for this is that federal immu-

nization campaigns for different types of diseases, targeting mainly young children, have

been taking place in Brazil for quite some time now. Thus, immunization coverage now is

quite homogenous in Brazil, leading to a high variance of the coefficient.

Taking into account interaction effects, the total impact of health centers on child mor-

tality varies over time, as hospitals and educational levels change (an analogous point is

valid for the total impact of hospitals). In fact, this elasticity increases in absolute value,

suggesting health policy has become more efficient due mostly to the positive trend in
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education. Since the number of people with only low education has been decreasing na-

tionwide, the total effect of impact of health centers on child mortality has also increased.

However, this result must be viewed with caution as it is not clear whether this may be

explained by a time trend (see the section on robustness below).

In summary, from the results above, we believe the effect of health centers on child

mortality can be split into three components, as was discussed in previous section. First,

there is a direct impact. Second, it increases the efficiency of hospitals in treating more

serious conditions. Third, there is preliminary evidence of interaction with education.

3.5 Robustness, further investigation and concluding remarks

In the previous section, it was seen that education has both a direct and an indirect impact

on child mortality. However, education indicators have been improving steadily in recent

years, so that our variable may have captured a time trend. To test for a possible time

trend, we have included year dummies in our models. Main results are unchanged: coef-

ficients of health centers, hospitals and of the interaction between them are very similar,

suggesting time-varying controls are responsible for the estimators. Nevertheless, both ed-

ucation and the interaction between education and health centers become non-significant.

Still, year dummies themselves were not significant either, suggesting an entangled effect

of time and education that we have not been able to separate at this point.

We also aim at providing a more complete determination for the structure of educa-

tion. While its impact remained high for different choices of instrument, it presented high

variability. Thus, it is not clear whether there might be omitted variables. The double im-

pact of education seems to be strongly related to inequality. We are still searching for good

instruments for the share of poorly educated adults in the population.

While we have focused so far on health centers, it is well-known that different types of

physicians have different impacts on child mortality. Indeed, gynecologists seem to play a

major role, which is related to the fact that prenatal care is the most effective in reducing

hazards for newborns27. Despite some preliminary results reflecting this impact, we have

not been able to disentangle it effectively from the availability of health centers (which, as

mentioned before, are an important workplace for various types of physician).

A third point is related to the relevance of outliers. Preliminary robust regressions

27See Currie and Gruber (1996).
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suggest our results are not driven by a few unusual observations. In fact, outliers have

disturbed our results and increased the variance of our estimators.

A delicate point concerns the structure of fixed effects, which were assumed to be un-

correlated with the regressors. A formal way to check this possibility is to run a Hausman

test, in which the null hypothesis is the absence of such correlation (so that a random-

effects model is indeed more appropriate). Although the null hypothesis was not rejected

in any specification of the model, in some cases the test was not valid. A major problem

with the Hausman test is that it relies on a not-too-low variability across time (otherwise,

the test statistic is not valid). Although our main variables of interest did change sig-

nificantly over time, some of the controls did not (such as education or income) - most of

the variability is across states, not over time. This, in turn, made all fixed-effects estimators

non-significant. We aim at implementing a robust test (proposed in Hahn, Ham and Moon,

2011) to check if these estimators are really unnecessary. We relate this exactly to the low

variability across time of some regressors such as income and education. Since fixed-effect

estimators rely decisively on variation across time, they become quite imprecise.

The last topic refers to alternative instruments. As discussed earlier, the main instru-

ment we used for health centers per capita throughout the paper was their own one-

period-lagged value, and we also included different measures of public expenditure. Main

results, however, are not oversensitive to the choice of instruments. The coefficients of

health centers, hospitals and the interaction term are significant even when the lagged

value is removed, or for any combination of at least two of the four instruments.

We also checked different instruments for education and income, with different results.

Other measures of education do not bring up the same results (other than very similar

ones, such as the share of the population with less than three or five years of schooling). In

particular, average schooling is not significant in any specification, even if a square term is

included. This suggests that returns to education are not only concave - they are extremely

concave: linear and increasing at very low levels, and nearly constant for higher levels,

causing a poor fit for every continuously differentiable concave function. As for income, it

did not come up significant in any specification for any measure.

Most of the literature finds little or no impact of increased health expenditure on health

status. Our results show that, when one focuses on mortality rates of children, improving

the public health system does have an impact: mortality rates are lower when more health

centers are available. This suggests that although overall mortality rates do not respond to

changes in the public system, children can be effectively treated in it. This is not entirely at
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odds with the previous literature, as other factors such as education seem to play a major

role - in fact, part of the impact of health centers is through improved education.
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Appendix: Variable Specification and Measurement

This section discusses the variables included in the model. Most of the series we used can

be found in the PNAD-SIDRA database of the IBGE (Brazilian Geography and Statistics

Institute) and the DataSus database of the Brazilian Health Ministry.

Brazil’s DataSus System

DataSus is the database of the Information Technology Department of the SUS, created by

a federal decree in 1991. Employees and some basic equipment of the DataSus system were

transferred in from DataPrev, the Social Security Technology and Information Company),28

and the principal technology resources for the creation of the database were transferred to

DataSus by the predecessor health service system, Inamps (Instituto de Assistencia Médica

e Previdência Social – Medical and Social Security Assistance Institute).29

Until 1998, DataSus operated with low funding and an insufficient structure. In that

year it was transferred to the direct federal administration, under management of the Ex-

ecutive Department of the Health Ministry (Ministério da Saúde, or MS). With the orga-

nizational restructuring of the MS in 2002 a clearer structure was established for DataSus,

with a more precise definition of its competencies, which include managing and operating

the whole of the health information system, and deciding guidelines, rules and standards

for capture and transfer of information on health in the country.

The database of DataSus offers indicators of health per se (epidemiological and mor-

tality information, data on immunizations, vital statistics, etc.) and also information on

demographics, social and economic conditions and sanitation conditions. It also gives

information about the healthcare network through the National Registry of Health Estab-

lishments (Cadastro Nacional de Estabelecimentos de Saúde, or CNES), which contains

data on the physical resources (hospitals, health centers and other health units) and the

country’s human resources (doctors, nurses and other health professionals). Finally, Data-

Sus has financial information on the funds of the National Health Fund (Fundo Nacional

28"Empresa de Tecnologia e Informacoes da Previdencia Social", the public company responsible for the

data processing of the Brazilian Social Security System.
29Until the creation of SUS, in the 1990s, Inamps was responsible for all public healthcare, but provided

it only to those workers who contributed to the Social Security system. Social Security is now under the

responsibility of the National Social Security Institute (Instituto Nacional do Seguridade Social, or INSS),

while public healthcare (which is now universal) is the exclusive responsibility of the SUS.
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de Saúde, or FNS) that are transferred to the municipalities, the credits to health service

providers, and the public health budgets declared by the States, the Federal District, and

the Municipalities.

DataSus, thus, represents something of a census of Brazil’s health system, since it con-

tains complete information about the resources available and the health data of Brazil’s

population. However, although it presents very complete information, some information

available in the DataSus is not up-to-date, and a considerable part of this information is

available only for the least four or five years. For this reason, our analysis uses health data

for periods only within the range 2006 to 2009.

The PNAD

The National Homes Sample Survey (Pesquisa Nacional por Amostra de Domicílios, or

PNAD) is an annual survey carried out by the Brazilian Geography and Statistics Insti-

tute ("Instituto Brasileiro de Geografia e Estatistica", or IBGE), which aims to maintain a

permanent investigation on the general characteristics of the Brazilian population, and in

particular on aspects such as education, work, income and housing. As well as this in-

formation, which is available in every edition of the PNAD, other characteristics (such

as migration, fertility, marriage statistics, health, food security etc.) are also investigated

at variable intervals, in accordance with the country’s needs for information, and this in-

formation is published in supplementary volumes to the principal survey. The PNAD is

carried out throughout the whole of Brazil’s territory, in both the rural and the urban areas
30.

The PNAD is carried out by means of a complex sampling of homes, carried out in three

stages. In the first stage, municipalities (primary units) are selected, which are classified

as self-representative31 or non-self-representative. The probability of self-representative

municipalities appearing in the sample is specified as 1, whereas the others are selected

(with reposition) with a probability proportional to their population. The secondary units

are the census sectors of the municipalities of the sample and are also selected (with repo-

sition) with a probability proportional to the number of homes existing in the last prior

30The rural areas of Rondônia, Acre, Amazonas, Roraima, Pará and Amapá were included for the first time

only in 2004.
31This classification depends essentially on the scale of the municipality’s population. Very highly popu-

lated municipalities (based on the last Census prior to the PNAD of the year in question), or those that are

part of the metropolitan areas, are considered to be self-representative.
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census. In the final stage, the homes in each census sector of the sample are selected with

equal probability.

Due to its complex sampling plan, statistics obtained based on the PNAD data should

take into account the sample weighting of each observation. However, the data that we

use were obtained from the summary of indicators of the PNAD for the years 2006 to 2009

published by the IBGE. These indicators refer to values by state, constructed by the IBGE

on the basis of individual observations, and take the sampling plan of the PNAD into

account in their calculation.

Description of the Variables

Health centers (DataSus): We include the following types of health centers: Health Posts;

Health Centers / Basic Health Units; Polyclinics; General and Specialized Hospitals; Mixed

Units; General and Specialized First Aid Units; Family Health Support Centers; Special-

ized Clinics / Specialized Outpatient Clinics; Isolated Natural Birth Centers; and Rapid

Healthcare Units. The names given correspond to the nomenclature of the CNES32. These

units offer differing types of outpatient and emergency care, from basic care and child-

care (Basic Health Units and Health Posts), to procedures of medium and high complexity

(First Aid Unitsand Hospitals). The degree of complexity of each one of these units follows

a hierarchy defined by the Health Ministry. However, all the units included provide care

to children and/or pregnant mothers and may be seen as substitutes.

Child mortality (DataSus): We use the ratio between child deaths before age five and

the total population aged five years or less. We chose this measure (instead of the stan-

dard and more common definition mentioned in page 3, footnote 2) basically due to the

availability of data.

Income (Ipeadata): For income data, we used the proportion of poor people in the

population of each state. For this calculation, we took the quotient of the number of people

in homes with total householdincome per capita below the poverty line, divided by the

population of each State, both obtained from PNAD/IBGE. The value of the poverty line

considered here is twice the value of the extreme poverty line, an estimate of the value

of a basket of foods with the minimum of calories necessary to support a single person

32The names in Portuguese are respectively: Posto de Saúde; Centro de Saúde / Unidade Básica de Saúde;

Policlínica; Hospital Geral e Especializado; Unidade Mista; Pronto Socorro Geral e Especializado; Centro de

Apoio a Saúde da Família; Clínicas Especializadas / Ambulatório Especializado; Centro de Parto Normal

Isolado; and Unidade de Pronto Atendimento.
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adequately, based on recommendations of the FAO (United Nations Food and Agriculture

Organization) and the WHO (World Health Organization).

Education (PNAD - SIDRA/IBGE): The percentage of people aged 10 or more, per

State, with up to four completed years of schooling.

Private Insurance (DataSus): Percentage of the population of each State covered by

private healthcare plans. Data obtained in the DataSus based on information of the Na-

tional Supplementary Healthcare Agency (ANS).

White (PNAD–SIDRA/IBGE): In each State, the number of people stating themselves

to be of the white race, as a percentage of the State’s population.

Smokers (Vigitel survey of t he MS): Number of individuals who are smokers as a

percentage of the number of individuals interviewed. A person responding in the affirma-

tion to the question “Do you smoke?” was considered to be a smoker, independently of the

number of cigarettes, frequency,or duration of the smoking habit. Vigitel (the Telephone

Vigilance Survey for Risk Factors and Protection from Chronic Illnesses) is a survey carried

out annually since 2006 by the Health Ministry, aiming to measure the prevalence of risk

factors and protection for non-transmissible illnesses in the Brazilian population. It mon-

itors adults (age 18 or over) resident in homes with a fixed telephone line in the capitals

of the 26 Brazilian States, and the Federal District, and carries out about 54,000 interviews

each year. The proportions are calculated without taking into account cases of non-reply

and not-applicable, and the percentages are weighted to adjust the social-demographic

distribution of the Vigitel sample to the distribution of the adult population of each city

in the Demographic Census of 2000, and to take into account the population weighting of

each city.

Garbage collection (PNAD–SIDRA/IBGE): Percentage of permanent private homes

that have access to direct garbage collection in the State.

Urbanization (PNAD–SIDRA/IBGE): Percentage of the population of each State that

live in urban areas.

Politics: A dummy variable to indicate political alignment of the government of the

State in question with the political party of the federal government in the period 2006-2009,

with value 1 for States where the Governor is of the same political party as the federal

government’s support base. The data for the political affiliation of each Governor were

obtained from the websites of the States.

Vaccine (DataSus): A total for vaccination coverage that represents a mean resulting

from the sum of all the vaccines.
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Population (PNAD–SIDRA/IBGE): Population resident in each State, by age group.

Data obtained from the PNAD for each year.
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