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Abstract

A model of regulated monopoly with adverse selection and shadow cost of public funds
is used to analyze how private debt financing affects managerial commitment and financing
decisions in a state owned firm. Debt increases managerial commitment through the threat
of default and privatization. Under symmetric information debt is welfare enhancing only
when creditor funding cost and risk premium are low, the firm not too profitable and the
fixed cost and debt levels moderate. Under adverse selection debt is always welfare enhancing
and further increases management commitment.

1 Introduction

We study the interaction between private debt financing, adverse selection and shadow cost

of public funds for a state owned firm in a country with tight government budget constraints.

We examine two key research questions: How would debt financing affect a state owned firm

manager’s commitment to reveal cost truthfully? What is the welfare impact of introducing

debt into a state owned firm’s financing mix?

The privatization of state owned firms is expected to improve effi ciency and managerial in-

centives through increased commercial focus, reduced political opportunism and more complete

managerial contracts (Shleifer, 1998). This is in line with the notion of higher degree of moral

hazard and less direct accountability of management agents associated with state ownership

(Laffont and Tirole, 1993). In industries associated with costly investments, volatile or low

profitability, state ownership creates the problem of ineffi cient transfer of government funds to

the state owned firms. This so-called soft-budget constraint arises because it is often diffi cult

∗JEL classification: L33, G32.
†Center for Research in Economic Analysis (CREA), University of Luxembourg.
‡I thank Pierre M. Picard and Quentin David for valuable comments. All errors are mine.
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for governments to discriminate between good and bad projects and managers.1 Ex post gov-

ernments are likely to transfer too many resources to firms. Privatization can help harden the

budget constraint

However, economists also agree that a legal monopoly should be regulated to prevent wasteful

duplication of investments while avoiding welfare loss from monopoly pricing. Governments also

perceive the need to intervene in the case of externalities and in the provision of public goods

(Megginson and Netter, 2001). Chang (07) argues that state owned firms are necessary in the

cases of natural monopolies and positive externalities, failure of capital markets in providing

long term finance in developing countries, and for projects with trade-off between profitability

and social equity.

Auriol and Picard (2009) find that, when governments face tight budget constraints, main-

taining profitable firms as regulated monopolies under state ownership can be welfare enhancing.

Firstly, the government is able to take advantage of the positive cash flows and dividends from

profitable state owned firms. Secondly, giving up direct control of the firms’operations may

result in the loss of consumer surplus due to monopolistic pricing.2 This has led bduget con-

strained governments in developing countries to control markets and production in strategic

industries through state ownership, and to assume responsibility for such state owned firms’

profits and losses.

Our model shows that when private creditors enter into debt contracts with a profitable

state owned firm, cost discipline is strengthened and the budget constraint hardened through

the threat of default and privatization. This helps mitigate the soft budget constraint and the

information asymmetry and contracting problems of state owned companies, while preserving

the government’s control of the firm’s positive cash flows as well as consumer surplus.

We consider a utilitarian government that offers a menu of incentive compatible contracts to

the state owned firm. We model the state owned firm as a regulated monopoly. The government

faces tight budget constraints and high shadow cost of public funds, as well as an adverse

selection problem given the firm manager’s private knowledge of the firm’s marginal cost.3 We

1See Kornai, 1993 and 2000, Frydman et. al., 1999, on the issue of soft budget constraints.
2Empirical evidence shows that output prices of natural monopolies generally increase following privatizations

(Birdsall and Nellis, 2002, Estache et. al., 2002). While this can be mitigated through post privatization regu-
lation, there is a tradeoff in terms of lower upfront privatization proceeds and increased asymmetric information
between the regulator and the firm. Martimort and Straub (2007) develop a theoretical model on the possible
loss of consumer surplus resulting from increased prices due to collusion between a regulator and a private firm.

3As in Laffont and Tirole (1993) and Auriol and Picard (2009) our model assumes that the shadow cost
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assume that the business is valuable to the government given its profitability, and whenever

the shadow cost of public funds is high profitable firms should not be privatized so that the

government can enjoy the positive cash flows and shadow profits.4

We introduce debt financing from private domestic or foreign creditors. The optimal debt

contract is derived endogenously from the government’s welfare objective function, the firm’s

and the creditors’participation constraints. Whenever marginal cost exceeds a certain default

threshold level, the firm is privatized. Post default privatization is modeled as the government

relinquishing ownership to the creditors, following which the creditor could either appoint a new

manager or sell the firm to another private owner. Upon privatization the government allows

laissez faire monopoly pricing, while creditors and future private owners gain access to firm

information.

The expected default and privatization threatens the firm manager and increases her com-

mitment to report costs truthfully. The default threshold decreases and welfare increases when

creditors are foreign and the government shadow costs high.

First best (FB) and second best (SB) welfare are compared to the all government transfer

financed state owned firm. Under FB symmetric information debt enhances welfare only if

creditor funding cost and risk premium are low. If the latter are high, the firm extremely

profitable, or the fixed cost and debt levels too low or too high, it is welfare optimal not to

raise debt. The government should fund the firm’s fixed cost with transfers. Under SB adverse

selection debt always improves welfare and further increases managerial commitment. The

budget constrained government avoids costly transfers and gains from better informed creditors

or owners post privatization.5

This paper comprises 5 sections. We summarize the related literature in section 2. The

general set-up and model are presented in section 3, followed by an analysis of the various

scenarios and comparative statics in section 4. Section 5 discusses policy implications, identifies

areas for further research and concludes.

of public funds λ summarizes the tightness of the government budget constraint, whereby larger shadow costs
indicate tighter budget constraints and increased opportunity cost of public funds.

4We define shadow profit as the government’s opportunity gain, calculated as the product between the shadow
cost of public funds and the firm’s profit.

5We focus on adverse selection, while in a moral hazard setting the managerial commitment could be expanded
to include cost reducing effort.
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2 Literature

Our study contributes to the discussion about regulated monopolies, privatization and the com-

mitment value of debt. In line with the regulation literature of Laffont and Tirole (1993) and

Auriol and Picard (2009) we model regulated monopolies with adverse selection and shadow cost

of public funds. Auriol and Picard (2009) observe that, despite the benefits of hardened budget

constraints and reduced information asymmetry following privatization, maintaining profitable

firms as regulated monopolies under state ownership is more welfare enhancing if shadow cost

of public funds are high. We expand their model by introducing private creditors and an endoge-

nously derived debt contract, resulting in various commitment and welfare benefits and tradeoffs.

The literature on privatization is extensive. Megginson and Netter (2001), Laffont and

Tirole (1993), Schmidt (1996), Laffont (2005) and Chang (07) analyze the benefits and costs

of state- and private ownership, and the impact of privatization. We study the case in which

state ownership of a profitable monopoly is preferred to private ownership when the government’s

shadow cost is high. Private debt financing mitigates the soft budget constraint and asymmetric

information problems by inducing a higher degree of managerial commitment through the threat

of default and privatization. Welfare increases since costly transfers are reduced and average

profit increased.

This study also complements three strands of the debt financing literature. First, studies

that interact regulation with a firm’s outside investors and capital providers. For example,

Spiegel and Spulber (1994) examine the equilibrium price, investment and capital structure of

a firm using a sequential model of regulation involving a firm, a regulator and capital market

investors. They show that introducing debt financing reduces regulatory opportunism and in-

creases regulated prices, albeit at a finite risk of bankruptcy. We analyze debt financing of a

state owned monopolist, regulated by a government with tight budget constraints and adverse

selection problems.

Secondly, Dewatripont and Tirole (1994), Tirole (2005) and Myers (2001) show that the

introduction of short term debt can help commit managers to making investment and other

decisions that are better aligned with the objectives of firm owners, creditors and investors. Leite

(2001) observes that short term debt investors and outside equity holders with unconditional

control rights allow investors to liquidate the firm in low profit states and seize control in states
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where the manager might otherwise pursue low profit projects. Long term debt on the other

hand creates a Myers-like ‘debt overhang’that protects the manager from excessive shareholder

involvement. In our model increased commitment is the result of a government-facilitated debt

contract, which imposes the threat of default and privatization on the state owned firm manager

beyond a threshold marginal cost.

The third relevant strand of debt literature studies the interaction between debt financing and

product market behavior. Faure-Grimaud (2000) and Povel and Raith (2004) derive debt as an

optimal contract and investigate the implications of endogenous debt contracts on firms’product

output decisions. Faure-Grimaud observes an optimal debt contract comprising a standard

fixed repayment structure with limited liability plus a probability of rewards to the firm in

an adverse selection setting.6 Povel and Raith (2004) ensure a close link between debt and

investments by introducing variable production costs as the source of asymmetric information.

Earnings and output are unobservable to the investor, while the investor can threaten liquidation.

Similar to Faure-Grimaud they find that leveraged firms produce lower output than financially

unconstrained ones. We look at how a government makes output decisions to regulate a state

owned monopolist that is partially debt financed, in the presence of adverse selection. The optimal

regulated output is invariant in the level of debt, and output only decreases under monopoly

pricing post default and privatization.

In summary, none of the previous studies have looked at the interaction between debt financ-

ing, adverse selection, monopoly regulation and the government shadow cost of public funds.

Our approach allows us to simultaneously address the questions of state owned firm capital

structure and debt financing, managerial commitment and the welfare consequences of state-

versus private ownership.

3 The model

We consider a profitable state-owned firm in an increasing return to scale and regulated monopoly

setting. Government complements its transfers to the firm with debt from domestic or foreign

private creditors. We study three parties: the utilitarian government as planner and industry

6These rewards could encompass additional funding including roll-over of existing debt à la Bolton and Scharf-
stein (1990), monetary incentives and or the expected release of security collateral upon debt repayment. In
the latter case bad states of nature or bad performance would result in the seizing of collaterals, which can be
interpreted as bankruptcy or liquidation cost.
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regulator, the state owned firm and its manager, and the group of creditors.

3.1 Timing and setup

The basic two-period model setup and timing of decisions are depicted in figure 1.

First period T1 : The government chooses the state owned firm manager. Fixed cost K, the

marginal cost distribution g(β) and support β ∈ [β, β] are known to all parties. The government

and the creditors determine the optimal debt level D∗(•) based on expectations of second period

T2 marginal cost β and optimal output Q∗(β). The firm enters into the debt contract with the

creditors, receives the necessary government equity transfer t1 and invests the fixed cost K. The

creditor group could include domestic and foreign debt investors with proportions α ∈ [0, 1] and

(1− α), respectively.

Second period T2 : We assume no time discounting between periods T1 and T2. Following

the fixed capital cost investment and production start-up, marginal cost β is realized. The firm

manager reports β̃ to the government and the creditors. The government decides whether the

firm is viable for production under state ownership and how much additional transfer t2(β̃) is

appropriate. Alternatively, it may consider it optimal to default and privatize the firm. The

government production decision φ(β̃) is a function of reported marginal cost:

φ(β̃) =
1 if β ≤ β̃ ≤ β̂ Production regime
0 if β̂ < β̃ ≤ β Privatization regime

. (1)

The government determines an optimal default threshold marginal cost β̂
∗
as the upper limit

of the production regime below which state ownership dominates. In the privatization regime,

on the other hand, the firm is defaulted and privatized. The creditor hires a new manager or
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opts to sell the firm to a private entrepreneur. Post privatization the government allows laissez

faire monopoly pricing.

3.2 General model

First period T1:

Firm (manager) utility is defined as the firm’s profit plus the government transfer, U1 =

D + t1 − K.7 We assume that the creditors comprise a small group of informed banks, with

adequate monitoring technology and incentives. The creditors raise the debt amount D in the

interbank, deposit or capital markets, and repay their investors with interest in period T2,

D(1 + µ). Creditors lend D to the firm and break even in periof T1, C1 = D −D = 0.

Period T1 welfare comprises firm utility, the utility of domestic creditors and the cost of

government transfers including the shadow cost of public funds.8 We use the fact that transfers

are costly to the government. Therefore firm utility is assumed to be zero, U1 = 0, the firm

manager’s assumed outside option.

As a result, T1 transfer is limited to the portion of fixed cost not funded with debt, t1 =

K−D. It includes the opportunity cost to the government of providing positive transfers to the

firm i.e. the shadow cost of public funds λ. Thus we multiply t1 by the factor (1 + λ). Welfare

is thus expressed as W1 = U1 + αC1 − t1(1 + λ) = −(K − D)(1 + λ). Upon rearranging the

expression for period T1 welfare obtains:

W1 = D(1 + λ)−K(1 + λ). (2)

Second period T2:

We distinguish two main cases. The symmetric information case assumes that the govern-

ment, creditors and the firm observe the realized β in period T2. Thus β̃ = β. In the adverse

selection case only the firm manager observes β, who may report untruthfully, β̃ ≥ β.9 The

government must design the firm’s contract such that the regulated firm reveals its private

information about β truthfully. By virtue of the revelation principle, this requires that the gov-

7The subscripts denote the time periods T1 respectively T2.
8Only the utility of domestic creditors is considered in the government’s welfare objective function.
9The manager of an effi cient firm may wish to mimic a less effi cient one.
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ernment offer information rents to all but the least effi cient firms.10 The government decisions in

period T2 include the level of optimal regulated output Q∗(β), the decision whether to maintain

production under state ownership or to privatize φ∗(β), and how much additional transfer t2(β)

to provide.

We initially setup the basic model framework under symmetric information. We model

firm production and utility, consumer surplus and the creditor utility function, and in turn

total welfare. All parties observe the marginal cost in period T2 and objective functions and

constraints will be functions of this realized β. However when government and creditor decisions

on debt amount and interest must be made in period T1 i.e. before the marginal cost is realized,

the corresponding objective functions and constraints are defined as expectations over the T2

probability distribution of g(β).

Firm utility in period T2 comprises the firm’s profit plus (minus) any additional positive

(negative) government transfers, minus the debt repayment and interest cost. It represents the

utility of the firm manager and captures the production regime under state ownership. The

firm manager enjoys zero utility once creditors take over and or sell the firm. The production

decision function is as defined in (1). Period T2 firm utility is equal to total firm utility since

period T1 firm utility was set to zero:

U2(β) = [(P (Q)− β)Q(β)−D(1 + r) + t2(β)]φ(β). (3)

Firm profits are used to repay the debt principal D and interest r. Creditor utility is

determined by the period T1 debt raised and their expectations of period T2 debt repayment

under state owned production and profit post default and privatization. The creditors’expected

utility viewed from period T1 is represented as EC = C1 + EC2:

EC =

∫ β

β
D(1 + r)g(β)φ(β)dβ (4)

+

∫ β

β
(P (Qp)− β)Qp(β)g(β) (1− φ(β)) dβ

−D(1 + µ)− π(D).

10This information rent is necessary to induce truthful revelation, which could help mitigate possible cost
padding, funds misallocation in state owned and other companies around the world (see Laffont, 2005, Auriol,
2005, Auriol and Blanc, 2009).
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The first line represents the production regime. After the creditors have raised and lent the

same debt amount in T1, the firm subsequently repays the debt and interest while producing

under state ownership in T2. Firm output and prices are regulated to maximize the government’s

welfare objective function.

The second line describes the privatization regime. It represents the profit gained by the

creditors upon taking over the firm. Following default creditors may opt to hire a new manager

or sell the firm to a private entrepreneur. In the latter case the full realization of the post

privatization profit requires that the sale is effi cient. This means that the sale or privatization

process is transparent and value maximizing.

The realization by the creditors of this value post privatization hinges on the assumption

that there is symmetric information between the creditors or the future private owner with

the future firm manager. Lenders such as banks with sophisticated monitoring technology

and industry expertise are generally better informed than the government. Coupled with the

monitoring role and information advantage of banks, in our model creditors only gain access

to the firm’s cost information post privatization.11 The superscript p denotes the regulatory

regime that the government may subject the privatized firm to following privatization, whereby

p ∈ {monopoly, competition, regulation). We assume that the government chooses to allow

monopolist behaviour post privatization.

The term −D(1 + µ) arises out of the creditors’need to raise the amount to be lent. It is

the cost of repaying the amount which the creditors raised in the interbank, deposit or capital

markets prior to lending to the firm. Mathematically it is also equivalent to an outside option

for the creditors, in which case µ could be defined as the rate of return that creditors can earn

from other investments of comparable risk.

The last term π(D) represents the risk premium required by risk averse creditors to satisfy

their participation constraints, EC ≥ 0. Menezes and Hanson (1970) define the risk premium

as the amount by which the expected value of the risk to the creditors, in this case the expected

debt repayment and profit post privatization, must exceed their cash equivalent i.e. the initial

loan investment and cost of funding. The risk premium increases at higher levels of debt and

11We assume that the creditors comprise a small group of informed banks, with adequate monitoring technology
and incentives. James and Smith (2000), Altunbaş et. al. (2009) analyze the monitoring role and information ad-
vantage of banks. Nevertheless, various authors also document information asymmetry between lenders, investors
and firms. See for example Dell’Ariccia, 2001, Bahattacharya and Thakor, 1993 and Van Damme, 94.
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with increased volatility of marginal costs, because of the increased risk of default. Thus a

simplified expression for the risk premium can be formulated:

π(D) = kDσ2β. (5)

where k is a constant and σ2β is the variance of β ∈ [β, β] with distribution g(β).12 We assume

a creditor utility function with a risk aversion coeffi cient increasing in the amount of debt lent

to the firm, thus ∂π
∂D = kσ2β > 0.13 14

Net consumer surplus is defined as the gross consumer surplus minus the price consumers pay,

all of which are functions of output and therefore marginal cost. Depending on the government

production decision it encompasses both the production and privatization regimes. Without loss

in generality we assume concave consumer surplus and demand throughout this paper.15 The

consumer surplus is realized only in the second period T2, and comprises both the state owned

production- and privatization regimes:

V2(β) = [S(Q)− P (Q)Q(β)]φ(β) + [S(Qp)− P (Qp)Qp(β)] (1− φ(β)) . (6)

The period T2 government welfare combines firm utility, consumer surplus, the domestic

fraction of creditor utility, as well as the T2 cost of government transfers including shadow cost:

W2(β) = U2(β) + V2(β) + αEC2 − t2(β)(1 + λ).16

Only the domestic proportion α of creditor utility is accounted for by the government. This

expression can be expanded using (3), (4), (5) and (6), by expressing the transfers through

rearranging (3) and adding period T1 welfare (2) to yield total welfare from the perspective of

period T1, EW = W1 + EW2 =

∫ β

β
[U(β) + V (β)− t2(β)(1 + λ)] g(β)dβ + αEC:

12The variance σ2
β is calculated as

1

(β−β)

∫ β

β

(β − E(β))2g(β)dβ where E(β) = 1

(β−β)

∫ β

β

βg(β)dβ.

13See Menezes and Hanson (1970) and Pratt (1964) for discussions on various types of risk aversion and risk
premia. Risk neutral creditors do not require this risk premium.
14We simplify and assume constant marginal cost variance. A more formal treatment would define the variance

as a function of the default threshold, and in turn on the debt level.
15This drives the behaviour of optimal output. See Appendix 1.
16We simplify dependent-variable designations, e.g. we drop β, λ whenever no ambiguity results.
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EW = D(1 + λ)−K(1 + λ) (7)

+

∫ β

β
[S(Q) + λP (Q)Q(β)− βQ(β)(1 + λ)] g(β)φ(β)dβ

−
∫ β

β
D(1 + r)(1− α+ λ)g(β)φ(β)dβ −

∫ β

β
λU2(β)g(β)φ(β)dβ

+

∫ β

β
[S(Qp)− (1− α)P (Qp)Qp(β)− αβQp(β)] g(β) (1− φ(β)) dβ

−αD(1 + µ)− αkDσ2β.

A few observations are noteworthy. T1 welfare in represented by the first line. Debt raising

produces a positive welfare effect through the government’s opportunity gain of lower initial

transfers. Nevertheless the fixed capital investment made by the state owned firm includes the

shadow cost of public funds.

The second and third lines in (7) describe consumer surplus, firm and creditor utility under

state ownership. Within the production regime part or all of the firm profits are used to repay

the debt and interest. The third line comprises two parts. The debt repayment term −D(1 +

r)(1 − α + λ) includes the government shadow cost. It is reduced by the fraction of domestic

creditors whose utility is included in the government objective function. The negative term

−λU2(β) shows that leaving residual utility to the firm is costly to the government.

The fourth line represents consumer surplus and domestic creditor utility after the creditors

take over or sell the company. Both depend on the government’s choice of post privatization

regulation p, which in our case is laissez faire monopoly. The creditor funding cost and risk

premium term in the fifth line are adjusted for the fraction of domestic creditors.

In the following sections we derive the government welfare maximization decisions under

various assumptions. Whenever practical we use the envelope theorem for the optimization

problems and or the implicit function theorem to examine the marginal effect of changes in

parameter and variable values.17 Section 3.3 describes the symmetric information case, section

3.4 the asymmetric information with adverse selection. The corresponding propositions and

comparative statics are presented.

17See the mathematical appendix of Mac-Collell, Whinston, Green (1995).
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4 Scenario analysis

4.1 Symmetric information case

First Best (FB) welfare EW ∗ is defined using (7). Under symmetric information all parties

including the government, the creditors and the firm observe the true β realized in period T2.

The government’s objective function for this FB case is:

{Q∗2(β), φ∗2(β), D∗1(•)} = argmax{Q,φ,D}EW
∗ (8)

subject to

U2(β) ≥ 0

EC ≥ 0.

The government determines the optimal regulated output for the firm, the limits of the

production regime and the post-default privatization regime, and the optimal debt level. The

participation constraints of the firm, the consumers and the creditors must be fulfilled. Since

government transfers are costly and the firm’s outside option is normalized to zero the firm is

given zero rent in both periods and U2(β) = 0 and U1 = 0. We assume that consumer surplus

must be positive and that creditors will lend as long as their participation constraint is satisfied,

EC = 0.

Optimal regulated output

The government optimizes period T2 output by applying the first order condition (FOC) on

period T2 welfare with respect to output:

dW ∗2 (β)

dQ
= S′(Q∗) + λ

[
P ′(Q∗)Q∗(β) + P (Q∗)

]
− β(1 + λ) = 0. (9)

The FOC holds at the optimal regulated output Q∗(β, λ).18 Since the government is not in

control of the firm post default and privatization, Q∗ is only determined over the production

regime. Since the debt level is fixed in period T1, dDdQ = 0 in period T2.19 The optimal output

maximizes total welfare and decreases with marginal cost as well as the shadow cost. This

18While Q(β, λ) is a function of both marginal- and shadow costs, we simplify and use Q(β) or Q whenever
appropriate and unambiguous.
19The same invariance of output with regard to debt is obtained using the implicit function theorem. See

Appendix 1.
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is intuitive. Higher marginal cost levels need to be compensated by lower output to ensure

suffi cient profitability of the firm. This becomes more important when shadow costs are high,

when the state owned firm’s profit becomes more valuable and government transfers more costly

compared to consumer surplus (see Appendix 1).20

Production versus default and privatization decision

The government makes the production and ownership decision by applying the FOC with

respect to φ(β) on period T2 welfare:

dW ∗2 (β)

dφ
= [S(Q∗) + λP (Q∗)Q∗(β)− βQ∗(β)(1 + λ)−D(1 + r)(1− α+ λ)]

− [S(Qp)− (1− α)P (Qp)Qp(β)− αβQp(β)] = 0. (10)

We find that the FOC holds at a unique marginal cost level. We define this level as the

FB default threshold marginal cost β̂
∗
(D, r, α, λ). The default threshold determines the level of

marginal cost that drives the optimal production decision function. At β̂
∗
respectively φ(β̂

∗
)

period T2 welfare under state ownership is equal to welfare following default and privatization.

The default threshold divides the marginal cost range into the two regimes defined in (1):

the lower marginal cost production regime spanning β ≤ β ≤ β̂
∗
within which production

under state ownership achieves higher welfare, and the higher cost privatization regime covering

β̂
∗
< β ≤ β where default and privatization are more welfare enhancing. The government uses

the default threshold to decide whether to produce under state ownership, or to default and

privatize the firm. This avoids costly transfers whenever the marginal cost realized in period T2

is higher than the default threshold.

It should be noted that when the firm is highly profitable the default threshold may exceed

the upper bound marginal cost level, β̂
∗ ≥ β. In this case the debt level must exceed a certain

minimum level, Dmm, before the default threshold starts separating the production from the

privatization regimes. In other words, if the firm is highly profitable raising too little debt is

not beneficial to the government. The firm will never be defaulted and managerial commitment

remains unchanged.21

20Auriol and Picard (2009) use a linear demand function P = a−bQ and find that the optimal regulated output
under symmetric information, Q∗ = (a−β)

b
1+λ
1+2λ

, decreases with β and λ.
21We show later that welfare actually decreases at low fixed cost and debt levels as creditors must be compen-

sated to lend to the firm.
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We show in Appendix 2 that the default threshold decreases with increasing levels of debt:22

dβ̂
∗

dD
= − (1 + r)(1− α+ λ)

[Q∗(β)(1 + λ)− αQp(β)]
< 0. (11)

Since the default threshold decreases with debt, the feasible debt level must have an upper

bound since the default threshold can not fall below the lower bound marginal cost. There exists

a maximum debt level Dmax such that β̂
∗
(Dmax∗) =β. Beyond Dmax∗ the balance of the firm’s

fixed cost should be financed with government transfers.

At any given debt level the default threshold increases when more creditors are domestic,

but decreases at higher shadow costs. The intuition is as follows. Since the utility of domestic

creditors enters the welfare objective function, the government maintains state ownership up to

a higher default threshold. Accepting lower firm profits under state ownership is compensated

by incremental benefits in creditor utility as default is delayed to higher thresholds. In the

case of higher shadow costs, on the other hand, maintaining state ownership is costlier and it is

welfare optimal to default and privatize the firm at a lower threshold marginal cost.

From a modelling standpoint, we are now able to substitute φ(β̂) by its value into the

integration border β̂. For example, the creditor utility function (4) can now be rewritten as:

EC = −D(1 + µ)− kDσ2β +

∫ β̂
∗

β
D(1 + r)g(β)dβ + EΠp∗(D) ≥ 0, (12)

where we have introduced the definition of the expected profit of creditors post privatization,

EΠp∗(D) =

∫ β

β̂
∗

(P (Qp)− β)Qp(β)g(β)dβ.23 The firm repays the debt and interest at low levels

of marginal cost, but is defaulted and privatized at marginal cost levels beyond the default

threshold.

Optimal debt level

In period T1 the government chooses the debt level by taking into account periods T1 and

T2 welfare, dEW
∗

dD = dW1
dD + dEW2

dD . We utilize the envelope theorem and examine dEW2
dD = ∂EW2

∂D

22 It is noteworthy that under low creditor funding cost and risk aversion the endogenous interest rate could
turn negative at higher debt levels. The reason is that creditors enjoy high monopoly profits post privatization.
However we assume positive interest throughout because creditors always have outside investment i.e. lending
options that offer positive returns.
23References to creditors include future private owners in case of a post privatization sale by creditors.
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at the optimal Q∗(β, λ) and β̂
∗
. Differentiating with respect to debt we obtain:

dEW ∗

dD
= (1 + λ)−

∫ β̂
∗

β
(1 + r)(1− α+ λ)g(β)dβ − α(1 + µ+ kσ2β) (13)

= (1− α+ λ)[1−
∫ β̂

∗

β
(1 + r)g(β)dβ]− α(µ+ kσ2β).

In a competitive and liquid lending market one could assume that the debt interest r is

exogenously given. Applying the FOC on (13) and assuming an exogenous interest rate rexo

indicates a minima in the convex welfare function at G(β̂
∗
(Dmin,exo)) =

(1−α+λ)−α(µ+kσ2
β)

(1−α+λ)(1+rexo) .
24

More pertinent, however, is the question about the slope and the shape of the welfare function

if interest rates are determined endogenously.

It is often the case that state owned firms in developing countries only have a few poten-

tial domestic or foreign creditors to raise debt from. These firms could be attractive potential

borrowers, but the country’s credit rating only feasible to a few large domestic and selected inter-

national lenders. In such cases the state owned firm, on its own or with government assistance,

negotiates the debt contract with the creditors.

The debt contract and the interest r are therefore endogenously determined using the cred-

itors’participation constraint. The latter is defined by setting (12) equal to zero, the creditors’

assumed outside option:

EC = −D(1 + µ)− kDσ2β +D

∫ β̂
∗

β
(1 + r)g(β)dβ + EΠp∗(D) = 0, (14)

and by substituting into (13) we obtain
dEW ∗

dD
= (1− α+ λ)

EΠp∗(D)

D
− (1 + λ)(µ+ kσ2β). (15)

We observe that the slope of the welfare function is negative at low levels of debt due to the

creditor funding cost and risk premium. The welfare function is convex and reaches a minima at

Dmin.25 This minima shifts to higher debt levels the more profitable the firm is. Two possible

cases exist at debt levels below the minima Dmin. The first case is a consequence of the fact that

at high profitability the default threshold could remain above the upper bound marginal cost

at low debt levels. Within this range of low debt D ≤ Dmm and correspondingly high default

threshold β̂
∗ ≥ β creditor profits EΠp∗(D) = 0 are zero because the firm will never be privatized.

24Since dβ̂
∗

dD
< 0 the second derivative d2EW∗

dD2 = −(1 − α + λ)(1 + rexo)g(β̂
∗
) dβ̂

∗

dD
> 0 is positive at constant r

(See Appendix 3).
25We show in Appendix 3 that the welfare function is convex with regard to debt.
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The second case is when the welfare slope starts increasing as post privatization profit becomes

positive, EΠp∗(D) > 0, but is still negative because Dmm < D < Dmin. It should be noted

that, at high creditor funding cost and risk premium the welfare slope could remain negative

throughout and debt financing could reduce welfare at all debt levels.

Beyond Dmin the welfare slope turns positive. However it is not until a breakeven debt level

D̃∗ that welfare with debt financing becomes equal and starts surpassing the zero debt welfare

benchmark. Thus debt becomes welfare enhancing at D > D̃∗.

The required fixed cost investment, which is to be funded partially or entirely with debt,

could lie within the range of debt levels from zero; through the minimum debt level where the

default threshold falls below the upper bound marginal cost Dmm such that β̂
∗
(Dmm) = β; the

welfare minima Dmin; a breakeven debt level D̃∗ such that welfare with debt financing starts

exceeding the zero debt welfare level i.e. where EW ∗(D̃∗) = EW ∗(0); up to the maximum debt

Dmax ∗; or beyond this target range:26

K ∈ [0 ≤ Dmm < Dmin < D̃∗ ≤ Dmax ∗].

The range of welfare enhancing optimal debt levels is therefore bounded in accordance with

D∗ ∈ [D̃∗, Dmax ∗]. Whenever the fixed cost level K is moderate and lies within this range, it is

welfare enhancing to fund the entire fixed cost with debt. If K ≥ Dmax ∗, only a portion of the

fixed cost up to Dmax ∗ can be funded with debt. The rest needs to be funded with transfers.27

On the other hand if K is too low at K < D̃∗, the government should not raise debt. The firm’s

fixed cost should be funded with transfers.

Applying the implicit function theorem on (14) we find that the endogenous interest rate

r increases with debt (see Appendix 3). The interest rate r satisfies the creditor participation

constraint:

(1 + r∗(D)) =
1

G(β̂
∗
(D))

[
1 + µ+ kσ2β −

EΠp∗(D)

D

]
. (16)

To the extent that the firm is defaulted creditors require compensation. This is provided

26The conditions for the welfare minima and break even debt levels Dmin and D̃∗ are (1 − α + λ)EΠp∗(D)
D

=

(1 + λ)(µ+ kσ2
β), and respectively (1− α+ λ)

∫ D̃∗

0

EΠp∗(D)
D

dD = (1 + λ)(µD̃∗ + kD̃∗σ2
β).

27This is a theoretical result. It is intuitive that the closer the default threshold is to the lower bound marginal
cost, the more diffi cult it is for the state owned manager to operate within such a narrow range of low marginal
cost. Thus in practice the maximum debt amount must be markedly lower than the maximum debt.
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through the endogenous interest rate, which increases with the creditor funding cost and risk

premium, but decreases with post privatization profits.

It is noteworthy that under low creditor funding cost and risk aversion the endogenous in-

terest rate could turn negative at higher debt levels. The reason is that creditors enjoy high

monopoly profits post privatization. Nevertheless, we assume positive interest throughout be-

cause experienced, large banks do have outside investment and lending options that offer positive

returns.

For the government and the firm the lowering of the default threshold below the upper bound

marginal cost has a positive effect on managerial commitment. It improves managerial incentive

to truthfully reveal marginal costs since beyond the default threshold the firm is threatened by

the risk of privatization, and the firm manager is assumed to prefer state ownership.28

Total welfare increases faster with debt when the proportion of foreign creditors increases and

the shadow cost increases. At the limit of only foreign creditors, α = 0, welfare is highest because

the government is willing to default and privatize the firm at a lower default threshold. No costly

transfers are needed in period T2. While the creditors receive their remaining repayment from

monopoly profits post privatization, consumer surplus is positive. With higher shadow cost the

opportunity benefit of raising debt to reduce period T1 transfers and the benefit of privatizing

the firm at a lower default threshold increases.

The other border solution when all creditors are domestic, α = 1, and in the theoretical case

of zero shadow costs, λ = 0, can be analyzed from (15). Here dEW ∗

dD is negative at all debt levels

and the introduction of debt is never welfare enhancing. Intuitively, if all creditors are domestic

the government is least inclined to default the firm. Concurrently at zero shadow cost there is

no benefit of avoiding transfers because transfers are not costly.

Total FB welfare is the sum of welfare with zero debt and the change in welfare as a con-

sequence of debt raising. Zero debt welfare is equal to the all equity welfare with government

shadow cost, which from (7) is EW ∗(0) =

∫ β

β
[S(Q) + λP (Q)Q(β)− βQ(β)(1 + λ)] g(β)dβ −

(1 +λ)K.29 The debt induced welfare component is calculated by integrating (15) over the debt

amount raised.
28This could be due to the satisfaction of managing a state owned firm or to avoid being audited by more well

informed creditors or owners post privatization.
29At zero debt φ(β) = 1 throughout.
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The resulting expression for welfare under symmetric information obtains:

EW ∗(D∗) = EW ∗(0) +

∫ D∗

0

[
(1− α+ λ)

EΠp∗(D)

D
− (1 + λ)(µ+ kσ2β)

]
dD (17)

=

∫ β

β
[S(Q) + λP (Q)Q(β)− βQ(β)(1 + λ)] g(β)dβ − (1 + λ)K

+(1− α+ λ)

∫ D∗

0

∫ β

β̂
∗

(P (Qp)− β)Qp(β)g(β)dβ

D
dD

−(1 + λ)(µD∗ + kD∗σ2β).

The FB optimal debt level D∗ is therefore:

D∗ = min[K,Dmax ∗] if K ≥ D̃∗, or

D∗ = 0 if K < D̃∗.

We summarize:

Proposition 1 Under low creditor funding cost and risk aversion, moderate debt levels improve

welfare. Managerial commitment is increased due to threat of default and privatization. Optimal

debt level equals fixed cost.

Corollary 2 If fixed cost is very high optimal debt is capped and the firm should be funded with

debt and transfers. If creditor funding cost and risk premium are high, the government should

fund fixed cost solely with transfers.

Proofs: See Appendices 1-3.

Whenever a marginal cost level higher than the default threshold is realized, the government

privatizes the firm and relinquishes control of the firm’s profits to the creditors. The impact of

debt on total FB welfare is initially negative due to the creditor funding cost and risk premium,

especially at low fixed cost and debt levels. However at moderate debt levels debt can be welfare

enhancing due to the avoidance or reduction of costly transfers to fund fixed costs in period T1

and debt repayment in Period T2.

Privatization ensures the continued consumer surplus upon production by the creditors or

new owner in period T2, albeit at a lower level under laissez faire monopoly. In the case of

default creditors receive their repayment from the profit or sale proceeds post privatization.
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The positive incremental welfare is higher when all creditors are foreign and the shadow

cost high. The lower the magnitude of domestic creditor utility to protect and the higher the

opportunity cost of government transfers, the more beneficial it is to raise debt.

When creditor funding cost and risk premium are high debt can be welfare reducing at all

levels. The government should fund fixed cost with transfers.

Managerial commitment to reveal cost truthfully is increased due to the threat of privatiza-

tion at a default threhold below the upper bound marginal cost. The range of marginal costs

within which the manager is assured of state ownership is narrower and lower.

Lastly, the regulatory regime post privatization will affect creditor value post privatization.

Creditor profits increase as the industry structure post privatization moves from competition,

over status quo regulated output, to allowing laissez faire monopoly pricing. Although higher

creditor monopoly profits entail lower consumer surplus, the latter is compensated by a relative

increase in the corresponding default threshold and decrease in debt level.30

4.2 Adverse selection case

Under second best (SB) asymmetric information the β realized in period T2 is not observed

by the government and the creditors. The firm manager may report untruthful marginal cost,

β̃ ≥ β. The government must design contracts such that the regulated firm reveals its privately

observed marginal cost. Incentive compatibility constraints and the revelation mechanism are

required to induce truthful revelation. We use the standard assumption of classical monotone

hazard rate and define the virtual cost as ϑ(β, λ) = β + λ
1+λ

G(β)
g(β) , following Baron and Myerson

(1982).31

Lemma 3 Under adverse selection marginal cost is replaced by the virtual cost. The SB optimal

regulated output, default threshold and maximum debt level are reduced compared to FB.

Proofs: See below and Appendix 4.

30From (10) we infer that while higher profits post privatization benefits creditors or future owners, the default
threshold adjusts upwards to account for the relative loss in consumer surplus. This adjusts the lower integration
border of creditor profits in (15).
31The virtual cost increases with β if the standard monotone hazard assumption G(β)

g(β)
≥ 0 is made. It increases

with the shadow cost, taking a limit of ϑ(β,∞) = β + G(β)
g(β)

at very high λ.
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We wish to substitute ϑ(β, λ) in lieu of β to determine Q∗∗(ϑ(β, λ)), ϑ(β̂
∗∗
, λ) and D∗∗(•)

such as to maximize total welfare. We start with (18), which is similar to (7) if the marginal

cost under state ownership was replaced by the virtual cost:32 33

EW = +D(1 + λ)−K(1 + λ)

+

∫ β̂

β
[S(Q) + λP (Q)Q(ϑ)− ϑ(β, λ)Q(ϑ)(1 + λ)] g(β)dβ

−
∫ β̂

β
D(1 + r)(1− α+ λ)g(β)dβ

+

∫ β

β̂
[S(Qp)− (1− α)P (Qp)Qp(β)− αβQp(β)] g(β)dβ (18)

−αD(1 + µ)− αkDσ2β.

Optimal output

We apply the FOC with regard to output on the period T2 portion of (18) while setting the

risk premium to zero:

dW ∗∗2
dQ

= S′(Q) + λ
[
P ′(Q)Q(ϑ) + P (Q)

]
− ϑ(β, λ)(1 + λ) = 0. (19)

Since the virtual cost is higher than the marginal cost output decreases under asymmetric in-

formation. Adverse selection forces the government to offer lower output quantities and positive

information rents to the firm manager.34 For the same level of realized β, SB output is lower

than FB i.e. Q∗∗(ϑ(β, λ)) < Q∗(β, λ).

Production versus privatization decision and default threshold

Next, applying the FOCs on (18) with regard to the production decision variable we obtain

the SB default threshold:

dW ∗∗2
dφ

= [S(Q∗∗) + λP (Q∗∗)Q∗∗(ϑ)− ϑ(β, λ)Q∗∗(ϑ)(1 + λ)−D(1 + r)(1− α+ λ)]

− [S(Qp)− (1− α)P (Qp)Qp(β)− αβQp(β)] = 0. (20)

32We use ϑ in lieu of ϑ(β, λ) whenever practical.
33We obtain (18) upon simple rearrangement of (33) from Appendix 4.
34Consistent with (27) in Appendix 1 and (32) in Appendix 4. See also Auriol and Picard (2009).
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The higher virtual cost under state ownership due to adverse selection results in a lower

default threshold compared to FB, β̂
∗∗
< β̂

∗
. Managerial commitment further increases with

adverse selection. The intuition is as follows. We assumed symmetric information post privati-

zation because creditors or the future owner observe the true realized marginal cost once they

control the firm and replace the manager. If informed creditors are rationale and honest, the

government achieves the same post privatization output and consumer welfare as under FB.

Since the SB output is lower than FB, and the virtual cost higher, the SB default threshold

must be lower than FB to satisfy (20). In fact, we also obtain that SB default threshold is lower

than FB at the zero debt level.

Optimal debt

Applying the FOC with respect to debt in analogy to (13), (15) and (16) we obtain:

dEW ∗∗

dD
= (1− α+ λ)[1−

∫ β̂
∗∗

β
(1 + r)g(β)dβ − α(µ+ kσ2β)], (21)

dEW ∗∗

dD
= (1− α+ λ)

EΠp∗∗(D)

D
− (1 + λ)(µ+ kσ2β), (22)

and respectively

(1 + r∗∗(D)) =
1

G(β̂
∗∗

(D))

[
1 + µ+ kσ2β −

EΠp∗∗(D)

D

]
. (23)

The total SB welfare expression is as follows:

EW ∗∗(D∗∗) = EW ∗∗(0) + (1− α+ λ)

∫ D∗∗

0

EΠp∗∗(D)

D
dD (24)

=

∫ β

β

[
S(Q) + λP (Q)Q(υ)− βQ(υ)(1 + λ)− λQ(υ)

G(β)

g(β)

]
g(β)dβ − (1 + λ)K

+(1− α+ λ)

∫ D∗∗

0

∫ β

β̂
∗∗

(P (Qp)− β)Qp(β)g(β)dβ

D
dD

−(1 + λ)(µD∗∗ + kD∗∗σ2β).

The zero debt SB welfare under adverse selection is lower than under the symmetric infor-

mation FB case. The reason is the positive information rent provided to the profitable firm.

Equally importantly, under adverse selection we find that the welfare slope is positive

throughout. This is the case even at high creditor funding costs and risk premium, and if

the firm is highly profitable. The reason is that the information rent, which increases with
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higher shadow costs, reduces the SB zero debt welfare significantly below FB. In fact, the de-

fault threshold falls below the FB level at all debt levels. This in turn reduces the zero debt

SB default threshold below the upper bound marginal cost even when the firm is highly prof-

itable. At the same time post privatization profit increases faster than debt.35 The combined

result is that, while starting from a lower base at zero debt, total SB welfare increases with debt

monotonously, and more steeply, at all debt levels.

The critical assumption is that creditors are assumed to observe marginal costs and report

truthfully post privatization.36 Thus there is no loss in information rents post privatization in

comparison to production under state ownership. The creditors’information advantage allows

them to capture the information rent and enjoy firm profits post privatization.

From the government’s point of view, total welfare and managerial commitment increase

monotonously in debt. The government benefits from avoiding costly transfers.

The lower default threshold also results in a lower maximum debt level that renders the

default threshold equal to the lower bound marginal cost. Thus we obtain that Dmax∗∗ < Dmax∗.

Since this maximum debt level could also fall below the fixed cost, the optimal debt might be

the lower of the fixed cost and the maximum debt. Thus the optimum SB debt level D∗∗ under

adverse selection is:

D∗∗ = min[K,Dmax ∗∗].

Under adverse selection debt improves welfare under all debt levels. The moment creditors

enter the picture, their information advantage incentivizes the government and the creditors to

enter into the endogenous debt contract.

The only limitation to raising debt to fund the entire fixed cost is if the latter is higher than

the maximum debt level.37 In this case the government would have to fund fixed cost with both

debt and transfers.

We therefore summarize:

Proposition 4 Under adverse selection welfare is initially lower by the information rent. Debt
35Recall that under FB symmetric information, if the company is highly profitable, post privatization profit is

zero and the welfare slope negative until the default threshold falls below the upper bound marginal cost.
36Reference to creditors include future owners in case of post privatization sale by the creditors.
37Similar to the above case, if the maximum debt Dmax∗∗ is lower than the fixed cost K, the optimal SB debt

D∗∗ must be suffi ciently lower than Dmax∗∗ such as to ensure a feasible marginal cost range for the state owned
manager.
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always improves welfare when the government is budget constrained. Managerial commitment is

further improved. Optimal debt equals fixed cost.

Corollary 5 If fixed cost is very high the optimal debt is capped. Fixed cost is funded with debt

and transfers.

4.3 Comparative statics

The Propositions provide the basis to summarize the commitment and welfare impact of fi-

nancing state owned firms with a combination of private debt and government transfers. The

key driver of managerial commitment and welfare is the default threshold marginal cost. This

default threshold is a function of the (i) level of debt, (ii) degree of information asymmetry and

information rent, (iii) creditor funding cost and risk aversion, (iv) creditor domicile, (v) the level

of shadow cost of public funds, and (vi) firm profitability. The main benchmarks used are the

welfare levels of an all-transfer i.e. zero debt state owned firm, with or without adverse selection

between the government and the firm (Auriol and Picard, 2009).

Symmetric Information (FB) Adverse Selection (SB)
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D
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DD = 0 if K < D
D
< DmaxDD

DDD = K if K < DmaxDD

DDD < DmaxDD if DmaxDD < K

(25)

Default threshold, optimal debt and managerial commitment

The default threshold represents the marginal cost level that renders welfare under state

owned production and post privatization creditor ownership equal. Below the default threshold
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state ownership dominates. At marginal cost levels higher than the default threshold, welfare

under private creditor ownership decreases less and thus dominates.

The default threshold decreases with increasing debt levels, increasing government shadow

cost and the fraction of foreign creditors. It also decreases with higher creditor funding cost and

risk premium, as well as due to the information rent and lower output under adverse selection.

When debt raising reduces the default threshold below the upper bound marginal cost,

managerial commitment to reveal costs truthfully is increased. The higher the debt level, the

lower the default threshold and the stronger the commitment of the firm manager.

Welfare and optimal debt

The optimal debt level is determined by two factors. On the one hand, the default threshold

decreases at higher levels of debt. There exists a maximum level of debt that renders the default

threshold equal to the lower bound marginal cost.

On the other hand, under FB the welfare slope decreases initially at low debt levels due to

the creditor funding cost and risk premium. There exists a breakeven debt level below which

debt is welfare reducing. The breakeven debt level increases rapidly when creditor funding cost

and risk premium increase, and when the firm is very profitable. Thus debt may not be welfare

enhancing at any debt level, and the government funds fixed costs with transfers.

In the case of SB adverse selection the slope of the welfare function with respect to debt is

positive throughout. It is therefore optimal to maximize the amount of debt raised.

Whenever the fixed cost reaches or becomes higher than the maximum debt level, the opti-

mal debt level must be suffi ciently lower than the maximum debt. For practical purposes the

government would choose an optimal debt level that is significantly lower than the maximum

debt such as to render the range of possible marginal cost levels realistic and feasible to the

state owned manager.

Total welfare increases with the proportion of foreign creditors and with higher shadow costs

of public funds.The comparative welfare under FB and SB is affected by the relative magnitudes

of the information rent and the decrease in the respective default thresholds.
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5 Summary and conclusion

This study analyzes the impact of adverse selection and shadow costs of public funds on the

financing decisions of a regulated state owned firm. The regulated monopoly model is utilized

to derive conditions that maximize overall welfare and improve managerial commitment while

satisfying the creditors participation constraints.

Adverse selection between government and the firm necessitates additional costs of informa-

tion acquisition and information rents, which in turn reduce optimal output and debt levels.

The default threshold marginal cost decreases with adverse selection even at zero debt. Beyond

the default threshold the government avoids costly transfers by defaulting and privatizing the

firm.

The impact of debt financing on welfare and managerial commitment depends on the infor-

mation asymmetry and marginal cost distribution, the type of creditors, the creditor funding

cost, the degree of creditor risk aversion as well as on the post privatization regulation. Debt

financing for state owned firms results in several tradeoffs. The benefits of reduced government

transfers and improved managerial commitment to reveal true costs have to be weighed against

the cost of compensating for the creditor’s funding cost and risk premium. However to the extent

creditors and future owners are better informed than the government post privatization, under

adverse selection debt always help the government improve welfare and managerial commitment.

Several implications for policy are obtained from this analysis. Firstly, on the financing of

state owned firms with outside debt. It is critical that the government’s commitment to default

and privatize the firm at high cost levels must be credible and non-renegotiable. The government

should target informed private creditors with lower funding cost, international diversification,

experience and reputation. Given a government’s tight budget constraint even partial debt

financing reduces costly transfers. Managerial discipline and commitment to reveal costs truth-

fully is induced both ex ante during the creditor due diligence and negotiation stage, and ex

post after debt contracting.

Secondly, emerging market governments should not utilize their state owned lenders to sup-

port industrial policy. The falacy of ’low state owned funding cost’is invalid since state owned

lenders similarly affect the government budget constraint, shadow cost and costly transfers.

Moreover state owned banks are often not better informed than the government and regulator,

and any post default privatization and sale may be less effi cient. Therefore state owned lenders
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should be considered on their own merit, based on their standalone effi ciency and profitability.

Our study can be expanded in several ways. Firstly, the assumption of full information post

privatization could be relaxed. Depending on the type and characteristic of creditors, appropri-

ate audit and monitoring technologies could be introduced. Additional rewards or punishment

mechanisms in form of re- or new financing (Bolton and Scharfstein, 1990), partial liquida-

tion and renegotiation (Faure-Grimaud, 2000) can be introduced to render truthful revelation

incentive compatible

Secondly, the premise of effi cient firm value post privatization can be addressed through

appropriate auction mechanisms. Related to this, the question of corruption and capture is of

particular interest particularly in developing countries with high shadow costs of public funds

(Laffont, 2005, Auriol, 2005, Auriol and Blanc, 2009). Capture can originate from the firm

manager, the government as regulator/planner, and or from collusion amongst creditors and the

state owned manager.

Thirdly, the regulated monopoly setup can be expanded to examine oligopolies. The case

of strategic industries in developing countries with dominant state owned firms are relevant

examples of oligopolies or Stackelberg markets.

Fourthly, the adverse selection model can be combined with a moral hazard setting (Dewa-

tripont and Tirole, 1994, Dewatripont, Legros and Matthews, 2003).
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7 Appendices

Appendix 1: Regulated optimal output

To proof that (9) is a maxima we apply the second order condition (SOC) and show that

the second derivative (26) is negative at Q∗(β, λ):
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d2EW ∗2
dQ2

= S′′(Q∗) + λ
[
P ′′(Q∗)Q∗(β, λ) + 2P ′(Q∗)

]
< 0. (26)

Assuming concavity the second derivative of gross consumer surplus and revenue are negative,

S′′(Q) < 0 and d
dQ [P ′(Q)Q(β, λ) + P (Q)] < 0. Price decreases with quantity, thus P ′(Q) < 0.38

Therefore (26) is negative and the SOC for a maxima at Q∗(β, λ) obtains.

To verify that output decreases with marginal cost we make use of the implicit function

theorem whereby dQ∗

dβ = − ∂
∂β

(
dEW ∗2
dQ

)
/ ∂
∂Q

(
dEW ∗2
dQ

)
. Partially differentiating (9) with respect to

β yields the numerator ∂
∂β

(
dEW ∗2
dQ

)
= −(1+λ). On the other hand, the denominator is identical

to (26). Upon substitution we obtain:

dQ∗

dβ
=

(1 + λ)

S′′(Q∗) + λ [P ′′(Q∗)Q∗(β, λ) + 2P ′(Q∗)]
< 0. (27)

Since we have just shown that the denominator of (27) is negative, and the shadow cost is

positive, we proof that optimal output decreases with increasing marginal cost.

Differentiating with respect to λ we verify the sign for dQ∗

dλ = − ∂
∂λ

(
dEW ∗2
dQ

)
/ ∂
∂Q

(
dEW ∗2
dQ

)
.

The numerator becomes ∂
∂λ

(
dEW ∗2
dQ

)
= [P ′(Q∗)Q∗(β, λ) + P (Q∗)− β], while the negative de-

nominator remains the same as (26):

dQ∗

dλ
= − [P ′(Q∗)Q∗(β, λ) + P (Q∗)− β]

S′′(Q∗) + λ [P ′′(Q∗)Q∗(β, λ) + 2P ′(Q∗]
< 0. (28)

Since P (Qmonopoly) > P (Q∗) > β and P ′(Q∗)Q∗(β, λ) < 0 the numerator of (28), which

describes the change in profit with increasing output, must be negative. We find that the effect

of the shadow cost of public funds on the optimal output is negative and thus the optimal output

decreases with the shadow cost of public funds. Note that Auriol and Picard (2009) use a linear

demand function P = a − bQ and observe that the optimal regulated output under symmetric

information, Q∗ = (a−β)
b

1+λ
1+2λ , decreases with β and λ.

To calculate the impact of the level of debt on the regulated output we use the implicit

function theorem dQ∗

dD = − ∂
∂D

(
dEW ∗2
dQ

)
/ ∂
∂Q

(
dEW ∗2
dQ

)
. The numerator is zero from (9), while the

denominator again is negative. It follows that regulated quantity is independent of debt and
∂Q∗

∂D = 0. This is straightforward since debt is determined in T1 and remains constant in T2.

38Since β is fixed in period T2, from the government’s perspective the term dβ
dQ
(1 + λ) = 0.
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Appendix 2: Default threshold marginal cost

To verify that φ∗(β) and β̂
∗
maximize T2 welfare and that default and privatization is more

welfare enhancing than state ownership at higher marginal costs, we first rearrange (10):

[S(Q∗(β)) + λP (Q∗)Q∗(β)− βQ∗(β)(1 + λ)−D(1 + r)(1− α+ λ)] (29)

= [S(Qp(β))− (1− α)P (Qp)Qp(β)− αβQp(β)] at β̂
∗
.

The left hand side of (29) represents total welfare under state ownership in the production

regime, whereas the right hand side describes total welfare in the privatization regime. At the

default threshold β̂
∗
total welfare is the same in both regimes. Both left and right hand side

terms decrease at higher marginal costs. However we show that the left hand side decreases

faster with increasing marginal costs compared to the right hand side, and thus d
dβ

(
dW ∗2
dφ

)
< 0

is negative at β̂
∗
. Differentiating (10) with respect to β we obtain:

d

dβ

(
dW ∗2
dφ

)
=

[
S′(Q∗) + λ [P ′(Q∗)Q∗(β, λ) + P (Q∗)]

−β(1 + λ)

]
dQ∗(β, λ)

dβ
(30)

−
[
S′(Qp)− (1− α)

(
P ′(Qp)Qp(β) + P (Qp)

)
− αβ

] dQp(β)

dβ

− [Q∗(β)(1 + λ)− αQp(β)] ,

where we have utilized the chain rule and the fact that the debt level D(•) is already fixed in

period T2. Using the envelope theorem at the optimal outputs Q∗(β, λ) and Qp(β), respectively,

we obtain d
dβ

(
dW ∗2
dφ

)
= − [Q∗(β)(1 + λ)− αQp(β)] < 0 at β̂

∗
. This expression is negative

considering that [Q∗(β)(1 + λ) − αQp(β)] > 0 because 0 ≤ α ≤ 1 and λ > 0. Thus we

show that (10) optimizes total welfare at β̂
∗
and that at higher marginal cost levels default

and privatization become comparatively more welfare enhancing than production under state

ownership.

To show that the default threshold β̂
∗
decreases with the level of debt, we determine the sign

of dβ̂
∗

dD = − ∂
∂D

(
dW ∗2
dφ

)
/ ∂
∂β

(
dW ∗2
dφ

)
. The numerator is the partial derivative of (10) with respect

to the debt level, −(1 + r)(1 − α + λ) < 0, and thus negative. The denominator is the partial

derivative with regard to marginal cost, − [Q∗(β)(1 + λ)− αQp(β)] < 0, and is also negative at

β̂
∗
. Thus we verify that dβ̂

∗

dD = − (1+r)(1−α+λ)
[Q∗(β)(1+λ)−αQp(β)] < 0 is negative.

Additionally, to understand how the default threshold changes with increasing proportion

of domestic creditors, we examine the sign of dβ̂
∗

dα = − ∂
∂α

(
dW ∗2
dφ

)
/ ∂
∂β

(
dW ∗2
dφ

)
. The numerator,
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D(1 + r) − [P (Qp)Qp(β)− βQp(β)] > 0, is positive at β̂
∗
. Although we assumed profitability

both under the state production and privatization, in neither regime are profits suffi cient to

repay all the debt plus interest. Since the denominator is again negative we obtain that dβ̂
∗

dα > 0,

the default threshold increases as more creditors are domestic. It is noteworthy that as the

creditor funding cost and risk premium increase, the endogenous interest rate increases and the

default threshold increases faster the higher the proportion of domestic creditors.

Finally, using dβ̂
∗

dλ = − ∂
∂λ

(
dW ∗2
dφ

)
/ ∂
∂β

(
dW ∗2
dφ

)
we verify the relationship between the default

threshold and the shadow cost. The numerator, P (Q∗)Q∗(β) − βQ∗(β) − D(1 + r) < 0, is

negative since at β̂
∗
the firm is defaulted because profits under state ownership are insuffi cient

to repay all the debt. Thus we find that dβ̂
∗

dλ < 0 and the default threshold decreases with higher

shadow cost.

Appendix 3: Welfare as a function of debt and interest

We have shown in Appendix 3 that dβ̂
∗

dD < 0. Applying the SOC on (13) we find that

d2EW ∗

dD2 = −(1 − α + λ)(1 + rexo)dG(β̂
∗
)

dD > 0 at constant exogenous rexo. Therefore welfare is

convex under constant, exogenous debt interest levels.

More importantly is the case of endogenous interest rates. Differentiating (15) we obtain:

d2EW ∗

dD2
=

(1− α+ λ)

D2

[
−
(
P (Qp)− β̂∗

)
Qp(β̂

∗
)D

dG(β̂
∗
)

dD
−
∫ β

β̂
∗

(P (Qp)− β)Qp(β)g(β)dβ

]
.

(31)

Since dG(β̂
∗
)

dD < 0 and the firm is assumed to be profitable post privatization, the first ex-

pression inside the square brackets is positive. The second expression is negative or zero at low

debt levels because the default threshold approaches, or could be higher than, the upper bound

marginal cost. At higher debt levels the positive first expression, which is ∝ 1
D , increases faster

than the negative second expression, which is ∝ 1
D2 . Thus d2EW ∗

dD2 > 0 and the welfare function

is convex in debt.

To examine the behaviour of endogenous interest rates we examine the sign of d(1+r)
dD =

− ∂
∂D (EC) / ∂

∂(1+r) (EC). From (14) the numerator,

−
[
1 + µ+ kσ2β − (1 + r)G(β̂

∗
)
]

+
[
D(1 + r)−

(
P p(Qp)− β̂∗

)
Qp(β̂

∗
)
]
dG(β̂

∗
)

dD , is negative,

while the denominator, DG(β̂
∗
), is positive. Thus we obtain d(1+r)

dD > 0 and the interest rate

increases in the amount of debt raised. This is intuitive.
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Similarly, we can show that d(1+r)
dβ̂
∗ < 0 because ∂

∂β (EC) = D(1+r)g(β)+ ∂
∂β

∫ β

β̂
∗

(P (Qp)− β)Qp(β)g(β)dβ =

[D(1 + r)− (P (Qp)− β)Qp(β)] g(β) > 0 at β̂
∗
. When the default threshold decreases interest

rates must rise for any given level of debt. This is despite the partially compensating increase

in creditor profits post privatization

Appendix 4: Revelation mechanism and virtual cost under asymmetric information

To determine the incentive compatible contracts to all firm types, the government ensures

that the firm’s incentive constraint is satisfied both at the true, realized marginal cost β and at

the reported β̃, and offers the necessary information rent to ensure truthful revelation:

IC(β) : U2(β) = (P (Q(β))− β)Q(β)−D(1 + r) + t2(β) ≥
(
P (Q(β̃))− β

)
Q(β̃)−D(1 + r) + t2(β̃)

IC(β̃) : U2(β̃) =
(
P (Q(β̃))− β̃

)
Q(β̃)−D(1 + r) + t2(β̃) ≥

(
P (Q(β))− β̃

)
Q(β)−D(1 + r) + t2(β).

Taking the sum of IC(β) and IC(β̃) we obtain (−β + β̃)Q(β) + (β − β̃)Q(β̃) ≥ 0, thus
Q(β̃)−Q(β)

β̃−β
≤ 0, and dQ

dβ (β) ≤ 0.39 The incentive compatibility contract stipulates that the

government monotonously differentiates firms based on their disclosed marginal cost.40 The

higher the marginal cost, the lower the incentive compatible regulated output. The utility to the

firm manager who realizes β but discloses β̃ is U2(β̃, β) =
(
P (Q(β̃))− β

)
Q(β̃)−D(1+r)+t2(β̃),

and the total differential is dU2(β̃,β)
dβ = ∂U2(β̃,β)

∂β + ∂U2(β̃,β)

∂β̃

∂β̃
∂β . To ensure truthful revelation of β̃ = β

the firm manager must perceive no benefit of not truthfully disclosing the realized β. Thus at

β̃ = β, ∂U2(β̃,β)

∂β̃
= 0. The firm manager does not benefit from disclosing β̃ > β because she will

be offered a lower output by the government. We obtain at β̃ = β that

dU2(β̃, β)

dβ
=
∂U2(β̃, β)

∂β
= −Q(β̃). (32)

To find the expression for U2(β) in the welfare function (7), we integrate (32) over [β, β] and

observe
∫ β

β

dU2
dβ dβ = −

∫ β

β
Q(β)dβ = U2(β) − U2(β). Now setting U2(β) = 0 because the least

effi cient type that discloses the upper bound marginal cost (or default threshold) receives zero in-

formation rent, we get U2(β) =

∫ β

β
Q(β)dβ. Moreover, using the partial integration technique we

obtain
∫ β

β
U2(β)g(β)dβ =

∫ β

β
(

∫ β

β
Q(x)dx)g(β)dβ =

[∫ β

β
Q(x)dx ·G(β)

]β
β

−
∫ β

β
(−)Q(β)G(β)dβ

39This is consistent with (27).
40Well-behaved solutions are ensured by the monotone hazard assumption.
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=

∫ β

β
Q(β)G(β)dβ. Since the terms in square brackets is zero at either boundary, we use

the last surviving term of this equation, multiply it by −λ, subsitute into the utility term

−
∫ β

β
λU2(β)g(β)φ(β)dβ in (7) and rearrange the integration boundaries:

EW =

∫ β̂
∗∗

β

[
S(Q(υ)) + λP (Q(β))Q(υ)− βQ(υ)(1 + λ)− λQ(υ)

G(β)

g(β)

]
g(β)dβ

+D(1 + λ)−
∫ β̂

∗∗

β
D(1 + r)(1− α+ λ)g(β)dβ −K(1 + λ)

+

∫ β

β̂
∗∗

[S(Qp(β))− (1− α)P (Qp(β))Qp(β)− αβQp(β)] g(β)dβ

−αD(1 + µ)− αkDσ2β. (33)

We find that (33) is the same expression as (7) if the marginal cost under state ownership is

replaced by the virtual cost, namely ϑ(β, λ) = β+ λ
1+λ

G(β)
g(β) . The virtual cost increases with β if

the standard monotone hazard assumption G(β)
g(β) ≥ 0 is made. It also increases with the shadow

cost of public funds, taking a limit of ϑ(β,∞) = β + G(β)
g(β) at very high shadow cost levels.
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