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Abstract

Venezuela’s government presents a debt structure biased toward instruments
with short maturities mostly held by international bankers. However, the gov-
ernment has access to windfall revenues associated to oil exports that enhance
its creditworthiness. A version of Cole and Kehoe (2000) model of debt crises
augmented to incorporate income windfalls in the government sector is presented,
and the possibility for a non-default equilibrium evaluated. Default is predicted
for the Venezuelan economy without favorable terms of trade shocks. A crisis
can be eliminated for a given size of the income windfall though. For those cases
where the economy fail to exit the crisis zone, the combination of policies needed
to abandon such a region is far more feasible to implement when a big oil rent is
present.
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1 Introduction

Public debt financing in Venezuela has shifted to local market operations (in local cur-

rency) over the recent years. The share of internal debt within the total debt increased

to 35.6% by the end of 2004, from about a 10.0% recorded in the early nineties.

The absence of a well developed local financial market leads to an internal debt that

is characterized by low liquidity, and therefore, shorter maturities than those reported

for external debt.1 Risk premia and term premia reflect not only the lower liquidity

in the local market, but also the real value loss implicit in instruments denominated

in local currency. On top of that, the uncertainty associated to macroeconomic and

political instability is reflected in both maturities and yields of internal debt. This

results in shortened and enlarged maturities in response to expectations of devaluation

and inflation.

A shift to shorter maturities combined with a weak or rigid tax code and risk premia

induce debt rollover in local markets. International organizations have warned about

rollover risk in emerging markets due to the increasing reliance on local debt markets.

For example World Bank mentions in 2003:

“By contrast, most debt issues in emerging local markets are concentrated at the short

end of the curve (...) Short maturities leave government borrowers open to considerable

rollover risk in the early stages of their transition from international to local markets.”2.

And in 2005 reassert:

“Increased reliance on domestic debt raises rollover risk (because it is generally

shorter in maturity than external debt), as well as interest rate risk”3.

By the same token the International Monetary Fund states in 2003:

“Liquidity conditions are also important. Even if a government satisfies its present

value budget constraint, it may not have sufficient assets and financing available to meet

o roll over its maturing liabilities”4.

In a previous work (Our work, citation eliminated) we have pointed out that the

Venezuelan economy is exposed to a rollover risk as a result of the situation described.

The inability of the government to rollover its debt at a point in time could render a

liquidity crisis into a debt crisis.

1For a deeper analysis on the structure of local debt markets in developing economies see Borenztein,
Chamon, Jeanne, Mauro, and Zettelmeyer (2004)

2WB (2003, page 55)
3WB (2005, page 82)
4IMF (2003, page 122)
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Figure 1: Oil Price and Sovereign Bond Risk

In order to quantify the exposure to rollover risk we build upon Cole and Kehoe

(2000) model of debt crises. The model allows to determine if the current level of debt

of the Venezuelan economy is inside a region called “crisis zone” where adverse private

agent’s beliefs can drive the fiscal authority to a public debt default. As Cole and Ke-

hoe (1996) discuss for Mexico, regardless the economy presented sound macroeconomic

fundamentals, it was in a crisis zone due to the sharp decrease of debt maturity, that

generated a rollover problem as soon as international bankers refused to acquire new

debt issues. Here we argue that, taking the 2003 debt to GDP ratio as the initial debt

level, Venezuelan public debt was in a crisis zone where a self fulfilling crisis can occur

in a stochastic manner given the realization of a sunspot variable. Nevertheless, we

observe that the likelihood of occurrence of a debt crisis in Venezuela is low, due to the

huge government revenues, as a consequence of the high oil prices experienced during

the last four years.

Indeed, the monthly average nominal price of the Venezuelan oil basket during 2000-

2005 exceeded by 79.6% and 87.6% the 1995-1999 and 1991-1995 figures, respectively.

Additionally, oil accounted for 49.6% of total Government revenues and 81% of total

goods exports in 2003. In Figure 1 we plot the price of the Venezuelan oil basket and

the JP Morgan EMBI index for Venezuela, we can observe how market sentiment about

a default expressed in bond spreads is clearly negatively related to oil prices. Only the

3



period between April 2002 and April 2003 does not follow such a pattern, due to the

April 2002 failed coup d’etat and the general strike that took place between December

2002 and March 2003. The correlation index for the complete sample is -0.7, excluding

the abnormal period mentioned above, correlation increases to -0.9. Therefore, agents

observe a notable increase in creditworthiness that counteracted a rollover risk due to

short term debt structure.

With these considerations, this paper expands Cole and Kehoe (2000) model to

include the oil windfall feature. Specifically, we include an exogenous income in the

government budget constraint that acts as a foreign transfer. Then, we carry out exper-

iments using different specifications for the oil windfall, fixing the transfer such that it

reproduces the size of the Venezuelan Government’s oil revenue. We determine the size

of the crisis zone and the combination of policies the government can pursue in order to

abandon such a zone and the feasibility of these policies. We find that the limits of the

crisis zone depends on the size of the windfall. Also, we determine that the combination

of policies needed to abandon the zone are far more feasible to implement than those

implied by an environment without oil income.

The paper is organized as follows. In the next section, we briefly describe the public

debt structure in Venezuela. In section 3, we describe Cole and Kehoe (1996) model

augmented to incorporate the oil windfall, whereas in section 4 we proceed to make a

numerical exercise for an economy like the one described in the third section, we pa-

rameterize the model to reproduce some important features of the Venezuelan economy.

The last section concludes.

2 Public Debt Performance in Venezuela.

The re-composition of total debt in favor of the domestic market leads to shorter-term

debt instruments, lower liquidity, and a higher exposure to losses in the real value of

debt, when both inflation and devaluation episodes are discounted. This, combined with

clear higher-nominal-yield debt instruments has implied the following:

• Higher fiscal vulnerability, since new debt has a more volatile yield, and -in

addition-, a higher frequency of debt issues in order to ensure the short-term

debt rollover.

• Higher liquidity requirements in the internal market that become necessary to

absorb new debt issues in local currency.
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From the situation described above, it becomes essential for the government to place

debt in a more frequent way, which requires a stable demand for domestic debt. In

addition, this demand depends on the financial health in the fiscal accounts, which

worsens as the government issues a higher amount of internal debt.

This situation involves a circularity in which the real solvency of the government

depends more on the desire of bondholders to accept new papers, without disregarding

the expectations about the ability of the government to meet its liabilities.

This will be the key of the results of the model that we develop in the below sections.

In this way, we proceed to describe the debt recomposition mentioned above.

Public Debt Composition

The weight of public debt in terms of GDP has been decreasing over the past years, from

48.9% in 1996, to 39% in 2004, which is fully explained by a fall in external liabilities

from 41.3% to 25.1%. In contrast, internal debt increased to 13.9%, from 7.6% in the

1996-2004 period. This increase in the ratio of domestic debt to GDP has led to an

increase in the local liabilities on total debt stock, although it has not reached the most

important component of it. In table 1 we see how internal debt more than doubled its

weight of total debt, from 15.5% to 35.6% in 2004.

This recomposition has also been reflected in both the debt service structure and the

use of fiscal revenues in Venezuela. In fact, the debt-service-to-GDP ratio has expanded

from 6.7% to 8.6% over the 1996-2003 period, as a result of the increase in domestic

debt service from 2.3% to 4.8%, and in detriment of the external debt service which

reduce to 3.8%, from 4.4% in 1996.

This situation implies that a higher amount of fiscal revenue is used to serve internal

debt. We see that for the beginning of the period, both internal and external debt service

were equivalent to 23.98% and 23.3% of total fiscal revenues, respectively. For 2002, and

despite the stability of external debt service at around 22.53%, public debt denominated

in local currency suffered an important jump, reaching 60.2%, which increased total debt

service to 82.73%, from 47.29% recorded in 1996.5

The larger size in the internal debt service could be explained not only by the in-

crease in the stock itself, but also by the lower maturities in which those transactions

were effectively made. Actually, by a simple inspection of figure 2, we see how before

the domestic debt repurchase operations made in March 2004, 89.0% of internal debt

5Source: OAEF (2003).
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Figure 2: Local Currency Public Debt Amortization Schedule

amortizations was concentrated between 2004-2006.

In sum, we could say that despite the reduction in external public debt, the increase

in the stock of domestic debt was characterized by lower average maturity and a rise in

the total debt service. One of the consequences of such a scenario is the need to place

a greater quantity of debt more frequently.

3 A Debt Crisis Model

We propose a stochastic general equilibrium model of a small open economy ala Cole

and Kehoe (2000), augmented to incorporate an oil windfall. We treat the oil windfall as

a pure rent associated with a foreign transfer, given that in main oil exporting countries

most of the oil output is sold in international markets.

An interesting feature of this extension is that it does not alter any of the results

obtained in Cole and Kehoe (2000), in terms of the characterization of equilibria.

3.1 Environment

There is a single perishable good which can be either consumed or saved as capital

in each period t= 0,1,. . . . There are three types of agents: a government that issues

debt, collects taxes and receives a foreign transfer in order to finance a sequence of

6



Table 1: Venezuelan Public Debt

Total Debt / External Debt / Internal Debt / Internal Debt/ External Debt /
GDP (%) GDP (%) GDP (%) Total Debt (%) Total Debt (%)

1996 48,9 41,3 7,6 15,5 84,5
1997 32,9 27,9 5 15,2 84,8
1998 29,6 25,2 4,4 14,9 85,1
1999 29,3 23,6 5,7 19,4 80,6
2000 27,2 18,7 8,5 31,3 68,7
2001 30,4 18,9 11,5 37,9 62,1
2002 42,7 28,5 14,2 33,3 66,7
2003 45,9 28,9 17 36,9 63,1
2004 39 25,1 13,9 35,6 64,4

Source: Venezuela Ministry of Finance

public expenditure, a financial sector or bankers that purchase government bonds and

finally consumers-producers who have access to a technology that transforms productive

capital and in an implicit manner labor (we assume leisure is not an argument of the

utility function and therefore labor is offered inelastically) in the perishable good, also

they do not have access to debt markets, so their savings only take the form of capital

accumulation. We describe each type of agents in turn:

Consumers

There is a continuum of measure one of identical, infinitely lived consumers who con-

sume, invest and pay taxes. Their ordering of the perishable good (private consumption)

and government expenditure (public consumption) is represented by a continuous dif-

ferentiable, strictly concave and monotonically increasing utility function of the form:

E
∞∑
t=0

βt(ct + v(gt))

where ct y gt represent private and public consumption respectively. We assume β ∈
(0, 1). Consumption choices are restricted to belong to the feasible set given by the

budget constraint:

ct + kt+1 − kt ≤ (1− θ)(atf(kt)− δkt)

at is a multiplicative productivity factor that depends on whether or not the government

has ever defaulted, if the fiscal authority pays its debt at = 1, if it defaults at =
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α < 1 period t thereafter6; δ ∈ (0, 1) is the depreciation factor; θ ∈ (0, 1) is the

constant proportional tax on income7; and f is a continuously differentiable, concave

and monotonically increasing production function that satisfies f(0) = 0, f ′(0) =∞, and

f ′(∞) = 0 or the so-called Inada conditions. Each consumer is endowed with k0 units

of capital in period 0.

Bankers

The only function of the financial sector in the model is to purchase government debt,

therefore it possesses a very stylized utility function and a government decision to default

is reflected in their budget constraint. Bankers must infer the government’s decision to

honor its debt and incorporate these expectations in the price they are willing to pay

for new debt issues.

The assumption that only bankers purchase public debt reflects a main feature of the

Venezuelan debt market, where the financial sector is by far the greatest (actually the

only) participant in primary auctions. The fraction of public debt held by the banking

sector is estimated to be of 88%8.

There is a continuum with measure one of identical, infinitely lived bankers. These

bankers are risk neutral9 and their preferences over the endowment of the consumption

good they receive (x) are represented by the following utility function:

E
∞∑
t=0

βtxt (3.1)

Bankers maximize 3.1 subject to the budget constraint:

xt + qtbt+1 ≤ x+ ztbt

where qt is the price paid for a one-period government bond that pays bt+1 in t + 1.

zt ∈ (0, 1) summarizes the government default decision, if z = 0 it defaults, if z = 1 it

pays its debt. Banks hold b0 in t = 0

6For a couple of reasonable justifications for this assumption see Cole and Kehoe (2000, section 2)
7This assumption records the tax policy rigidity mentioned in previous sections
8Official figures about the distribution of public debt among institutional sectors are not available.

We estimated this number based on banks disaggregated balance sheets.
9This assumption captures the idea that the domestic economy is small compared to world financial

markets. See Cole and Kehoe (1996)
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Government

There exists a government that in every period decides its new level of borrowing Bt+1;

whether or not to default on the previous period debt zt; and the level of public expen-

diture gt. Initial level of debt is B0 = b0.

Besides taxes and debt, the government receives an exogenous income as a trans-

fer. We will assume different specifications (exogenous, endogenous, stochastic) for this

transfer. We name such income λt, and it represents the oil windfall feature.

The government is benevolent in the sense that its objective is to maximize the

consumers-producers utility function subject to:

gt + ztBt ≤ θ(atf(kt)− δkt) + qtBt+1 + λt

As Cole and Kehoe (1996) mentions there is no need to impose a borrowing constraint

that rules out Ponzi schemes, because if the government tries to issue too much new

debt Bt+1 its price qt falls to zero.

In each period t there is an exogenous sunspot variable ζt whose value is realized. We

assume such a variable is i.i.d in the interval [0, 1]. This variable represents expectations

not linked to the model fundamentals represented by preferences, technology and en-

dowments. In a model of this type it is possible to construct multiple equilibria, where

at least one of such equilibria depends on beliefs not linked to the model structure; it

will be possible to reach a bad equilibrium just because agents think events are going to

be bad, as long as such beliefs are confirmed in equilibrium.10

This will be the sunspot variable role in this model. For a given range of debt

level where the government can honor its debt obligations whenever it can rollover the

old debt, if the variable ζt is below some crucial level then bankers are not willing to

purchase the new debt, the price is qt = 0 and the government defaults, validating agents

expectations and generating a self-fulfilling debt crisis. If on the contrary, variable ζt

is above the crucial level, bankers buy the new issues at a positive price and the fiscal

authority can pay the old debt, resulting in a good equilibrium.

It is possible to observe in this setting the circularity that multiple equilibria models

usually present, the cost of no default increases as bankers ascribe a greater risk pre-

mium over the new bond issue price11, which in turn depends on their expectations on

10For an introductory treatment of this topic see Farmer (1993, Chap. 10)
11Bankers demand a greater yield that compensates for the increased probability of default, resulting

in a bond price reduction. When the default probability is 1 bond price is qt = 0, we will return to this
point further when we analyze agent’s strategies contingent to default expectations
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government willingness to pay.

We observe that equilibria will depend only on expectations for a given range of

debt level, that in which government creditworthiness depends on its capacity to sell

new debt issues. In a simple way we can describe this range as one above a level of

debt b below which the government will always honor its financial liabilities, regardless

of whether it sells new debt or not; and below another level B from which time onwards

it will default even if it sells new debt.

Timing of Actions

The timing of actions within each period is the following:

• Sunspot variable ζt is realized, the aggregate state is st = (Bt, Kt, at−1, ζt, λt)

• The government, taking the price schedule qt = q(st, Bt+1) as given, chooses Bt+1

• The bankers taking qt choose whether to purchase Bt+1or not

• The government chooses whether or not to default zt, and the level of public

expenditure gt

• The consumers-producers taking at as given, chooses ct and kt+1. In equilibrium

kt+1 = Kt+1

The timing of events is a crucial aspect of this model, since it gives the government an

important strategic role issuing new debt before withdrawing the old debt, while having

a maturity of one period on the debt. On the other hand it relegates the consumers to

a passive role, being the last agent to take their decisions.

The non-existence of a commitment technology, the possibility of this and the timing

of events offer the government to default optimally, the realization of the sunspot variable

previous to the debt offering, the oil windfall and especially the need to rollover debt

into new one, comprise the key elements that drive the results of the paper.

3.2 Equilibrium

As Cole and Kehoe (2000), we define a recursive equilibrium in which there is no com-

mitment and the agent’s choose their actions sequentially. For this reason we write the

agent’s problems in a recursive form12. The state of an individual agent consists of the

12We adopt the standard notation that eliminates the time subscripts and indicate next period
variables with a prime over the variable
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aggregate state, any individual state variable, and any relevant variable that has already

been chosen within the period that affects their maximization problem or next period

state.

We start with those who take their decisions last, the consumers-producers. When

they are ready to choose c and k′ they know the aggregate state s = (B,K, a−1, ζ, λ);

the new government debt B′; the price the bankers are willing to pay for this debt q;

the government expenditure g and default decision z. Since the consumers-producers

do not hold debt, their decisions only depend on q through its effect on g y z via

the government constraint, so we can obviate this variable and define the state of the

individual consumer as (k, s, B′, g, z). The representative consumer’s value function is

given by the following functional equation:

Vc(k, s, B
′, g, z) = max

c,k′
[c+ v(g) + βEVc(k

′, s′, B′(s′), g′, z′)] (3.2)

subject to

c+ k′ − k ≤ (1− θ)(a(s, z)f(k)− δk)

c, k′ ≥ 0

s′ = (B′, K ′(s, B′, g, z), a(s, z), ζ ′, λ′)

g′ = g(s′, B′(s′), q(s, B′(s′)))

z′ = z(s′, B′(s′), q(s, B′(s′)))

Where B′(s′), g(s′, B′, q) y z(s′, B′, q) are the government policy functions, q(s, B′) is the

price function, all derived as the results of the public and financial sectors optimization

programs we describe later. K ′(s, B′, g, z) is the function that describes the evolution of

the aggregate capital stock, which is in equilibrium given the assumption of competitive

and identical consumers K ′ = k′13. As we mentioned before a(s, z) summarize the

government default decision and take values a(s, z) = 1 if a−1 = 1 and z = 1, and

a(s, z) = α < 1 otherwise.

When an individual banker solves his program he knows his holdings of debt b, the

aggregate state s and the new issue of government debt B′. We therefore define his

13See Cole and Kehoe (1996)
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individual state as (s, b, B′) and individual value function by the functional equation:

Vb(s, b, B
′) = max

x,b′
[x+ βEVb(s

′, b′, B′(s′))] (3.3)

subject to

x+ q(s, B′)b′ ≤ x+ z(s, B′, q(s, B′))b

x ≥ 0, b′ ≥ −A

s′ = (B′, K ′(s, B′, g, z), a(s, z), ζ ′, λ′)

g′ = g(s′, B′(s′), q(s, B′))

z′ = z(s′, B′(s′), q(s, B′))

Given that bankers are assumed to be risk neutral and to behave competitively, their

behavior is relatively passive: If x are large enough they purchase any amount of debt

offered by the government, as long as the bond price satisfies the standard Euler equation

q(s, B′) = βEz(s′, B′(s′), q(s, B′(s′))), or in other words the yield is equal to 1/β14

Unlike the rest of the agents, the government makes decisions at two points in time.

In one of such moves he knows the banker’s decisions and the effect of his actions on

consumers, therefore he is the only agent that acts strategically.

At the beginning of events the government chooses B′ given s, additionally it knows

how the price of the issue depends on the previous variables q(s, B′). The government

also knows what its optimizing choices z(s, B′, q(s, B′)) and g(s, B′, q(s, B′)) will be

later, and is aware that its decisions affect the technology parameter a and therefore

consumption c and investment k′.

The government value function is given by the following functional equation:

Vg(s) = max
B′

[c(K, s,B′, g′, z′) + v(g) + βEVg(s)] (3.4)

subject to

s′ = (B′, K ′(s, B′, g, z), a(s, z), ζ ′, λ′)

g′ = g(s′, B′(s′), q(s, B′))

z′ = z(s′, B′(s′), q(s, B′))

In its second move the government decides whether to default or not (z), which in

turn determines the productivity parameter a and therefore the level of public consump-

tion g. Given the government’s value function Vg(s), we can define the policy functions

14As Cole and Kehoe (2000) mentions we can interpret this Euler equation as an arbitrage condition
of a small open economy and drop the explicit treatment of bankers
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z(s, B′, q(s, B′)) and g(s, B′, q(s, B′)) as the solution to the problem:

max
g,z

[c(K, s,B′, g′, z′) + v(g) + βEVg(s)]

subject to

g + zB ≤ θ(a(s, z)f(K)− δk) + qB′ + λ

z = 0 o z = 1

g ≥ 0

s′ = (B′, K ′(s, B′, g, z), a(s, z), ζ ′, λ′)

Given the objects described above and the timing of events, we can define the recur-

sive equilibrium for this economy.

Definition 3.1. An equilibrium is a list of value functions, Vc for the consumer-

producer, Vb for the banker and Vg for the government; of policy functions c and k′ for

the consumer-producer, b′ for the bankers and B′, g and z for the government; a price

function q and an equation of motion for aggregate capital K ′, such that:

• Given B′, g and z, Vc is the value function that maximizes 3.2 and c and k′ are

the optimal decisions

• Given B′, g and z, Vb is the value function that maximizes 3.3 and the value of B′

chosen by the government solves the problem when b = B

• Given q, c, g and z, Vg is the value function that maximizes 3.4 and B′ the optimal

decision. Furthermore, given c, K ′, Vg and B′, g and z maximize the consumer’s

utility subject to the government budget constraint.

• q(s, B′) = βEz(s′, B′(s′), q(s, B′(s′))) where

s′ = (B′, K ′[s, B′, g(s, B′, q(s, B′)), z(s, B′, q(s, B′))], a(s, z(s, B′, q(s, B′))), ζ ′, λ′)

• K ′(s, B′, g, z) = k′(K, s,B′, g, z)

Defining the Crisis Zone

Below we summarize in an intuitive manner the principal ideas involved in the determi-

nation of the crisis zone. We derive the decision rules for consumers and bankers for a

given probability of default, the law of motion for aggregate capital and the bond price
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function, all of which will be used to compute the government value function and its

default rule z15.

Private Sector Decision Rules

In the construction of a recursive equilibrium, the first step is to characterize the behavior

of the bankers and consumers.

Bankers

We have already mentioned that, given the assumptions of risk neutrality and com-

petitiveness, banker’s behavior was relatively passive, acquiring any amount of bonds

offered as long as the bond price holds:

q(s, B′) = βEz(s′, B′(s′), q(s, B′(s′))) (3.5)

Where z is the main variable that bankers infer and determines the new debt pricing.

Given the definition of π we can rewrite 3.5 as:

q(s, B′) = β(1− π)

Consumers

Given their position in the timing of events the consumers-producers only form expec-

tations about the possible value of the technology parameter α, which summarizes the

government default decision. Fixing the initial value of capital kt and the possible values

of capital stock in t+2, knt+2 and kdt+2, where the supraindex d and n denote default and

no-default respectively, it is possible to derive households decision rules as the result of

the following variational problem:

max ct + β(1− π)cnt+1 + βπcdt+1

subject to

ct + kt+1 − kt ≤ (1− θ)(f(kt)− δf(kt))

cnt+1 + knt+2 − kt+1 ≤ (1− θ)[f(kt+1)− δf(kt+1)]

cdt+1 + kdt+2 − kt+1 ≤ (1− θ)[αf(kt+1)− δf(kt+1)]

ct, c
n
t+1, c

d
t+1, kt+1 ≥ 0

15This exposition follows closely the development described in Cole and Kehoe (2000, section 4)
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The first order condition of this optimization problem is the standard Euler equation

for capital in expected value form:

1

β
= (1− θ)[(1− π + πα)f ′(kπ)− δ] (3.6)

Substituting 3.6 in the budget constraint we obtain the private consumption rule

cπ = (1− θ)(f(k)− δk)− kπ + k

By setting π equal to zero and one we obtain the consumption rule for the cases in

which default has occurred or not.

Given the strict concavity of f it follows that kn > kπ > kd

On the basis of the bankers and consumer’s decision rules derived above, and taking

as given b(K) and B(K, π) functions, we derive the law of motion for the aggregate

capital as:

K ′(B′) =


kn if B′ ≤ b(kn) and a = 1

kπ if b(Kn) < B′ ≤ B(Kπ, π) and a = 1
kd otherwise,

in a similar manner we determine the bond price function

q(B′) =


β if B′ ≤ b(kn) and z(s, B′, β̂) = 1

β̂ if b(Kn) < B′ ≤ B(Kπ, π) and z(s, B′, β̂) = 1
0 otherwise,

where β̂ = β(1− π)

Given these objects, the last step in the construction of a recursive equilibrium is to

define the crisis zone.

Let V n
g (s, B′, q) and V d

g (s, B′, q) denote the payoff of government for not defaulting

and defaulting, respectively in state s = (B, k, 1, ., λ) after it sold new debt B′ at price

q. The government is willing to pay its debt only if the following inequality holds

V n
g (s, B′, q) ≥ V d

g (s, B′, q) (3.7)

Cole and Kehoe (2000) names the expression 3.7 the participation constraint, in the

classic sense that this constraint must hold to ensure that the government honors the
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terms of the debt contract. This expression along with q = β(1 − π), will help us to

determine B(Kπ, π).

We can also define what condition needs to hold for a crisis to be possible. The

government does not weakly prefer to repay its debt even if no lending is possible, that

is to say, the following inequality must hold:

V d
g (s, 0, 0) ≥ V n

g (s, 0, 0) (3.8)

From this no-lending condition we determine b(K) as the upper bound debt at which

the government weakly prefers to repay although it cannot sell new debt at a positive

price.

In equilibrium, given the probability of default π if the level of debt is below b(K),

bankers predict that, given the low level of debt, the government will pay the outstanding

debt whether it places new issues or not. In this case bankers acquire the new issue at

a positive price for any value of π. The opposite occurs if B > B(K), the level of debt

is so high that the government will always prefer to default whether or not it manages

to place new debt, knowing this, for any value of π bankers will not pay a positive price

for any amount of debt offered.

In the case where b(K) < B ≤ B(K, π), if ζ ≤ π bankers predict that the fiscal

authority will not pay the old debt and therefore fix q = 0, and thus provoke a crisis.

If however ζ > π, then bankers predict their debt will be honored, the government can

execute the rollover and debt is paid as expected.

Our aim is to analyze if our augmented model can exit the Venezuelan economy from

a crisis zone, that is, if the lower limit of such zone increases up to a point that the

Venezuelan internal debt/GDP ratio is below b(K). Using 3.8, bankers and consumers

decision rules derived above, and assuming a logarithmic form for v, we obtain the

following expression:

cn(K) + log(θf(K)−B + λ) + β[cn(kn) + log(θf(Kn) + λ)]/(1− β) ≥

cd(K) + log(θαf(K) + λ) + β[cd(kd) + log(θαf(Kd) + λ)]/(1− β)

Rearranging terms:

log(θf(K)−B + λ) ≥ cd(K)− cn(K) + log(θαf(Kd) + λ)+

+
β

1− β

{[
cd(kd) + log(θαf(Kd) + λ)

]
−
[
cn(kn) + log(θf(Kn) + λ)

]}
(3.9)
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Defining A as

A = cd(K)−cn(K)+
β

1− β

{[
cd(kd)+log(θαf(Kd)+λ)

]
−
[
cn(kn)+log(θf(Kn)+λ)

]}
We write 3.9 as

log

[
(θf(K)−B + λ)

(θαf(Kd) + λ)

]
≥ A (3.10)

From which we obtain the expression for bw(K) as the level of B that makes 3.10 holds

with equality.

bw(K) = θf(kt)− (exp(A)θαf(kt))︸ ︷︷ ︸+λ(1− exp(A)) (3.11)

C&K expression (bb(K))

where exp(A) < 1, that is, bw(K) > bb(K).

Analytically, the inclusion of a foreign transfer increases b(K).

As we mentioned above, we will test different specifications for the oil windfall:

First, we will treat λ as a pure exogenous transfer, in this case λ will be a number that

reproduces the oil windfall. Second, we endogenize λ as a function of the state of the

economy, specifically we asume λ is a fraction of non-oil GDP.

Following we will determine the quantitative impact of this transfer in the economy

described above parameterized for the Venezuela case.

4 Results

This section presents a numerical example whose parameters have been chosen so it

reproduces certain features of the Venezuelan economy in 2003, the year of study. The

objective of this exercise is to determine the size of the crisis zone, analyze if the Venezue-

lan debt stock is inside this zone, the combination of policies the government can pursue

in order to abandon such a zone and the feasibility of these policies.

First, we describe the parametrization made for the Venezuelan case. Second, we

show the results obtained by the model described in the previous section for an economy

without oil which we call C&K baseline, and whit an economy whit oil for each of the two

specifications for the windfall described above. Third, we carry out policy experiments.

We adopt the same utility function as Cole and Kehoe (1996)
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E
∞∑
t=0

0.99t(ct + log(gt)) (4.1)

Technology and resource restriction are given by

f(K) = 2K0.55 (4.2)

c+ g + k′ − 0.996k + zB ≤ 2k0.55 + qB′ + λ′ (4.3)

Given a default probability π, and assigning values to the parameters we determine

kπ through 3.6

(1− θ)[((1− 0.04) + 0.04α)1.1(kπ)−0.45 − 0.004] = 1/0.99

We interpret the period of our economy t as being 5/12 of a year, given that during

2003 the average weighted16 maturity of the Treasury bills17 was 141 days18. The value

of β of 0.99, corresponds to a yearly discount factor of 0.99 which implies a yield of

1.01% on risk-free bonds (average yield on U.S 90 days T-bills during 2003). We fix the

probability of default π at 0.04, in order to obtain a yield of 12.5% (= [β(1−π)]−12/5−1)

on local bonds, which are the dollar equivalent to a local currency (bolivars) yield of

24.6% for Treasury bills with a maturity between 81 and 110 days during 2003.

The capital share of GDP is obtained from a calibration made by Saez and Puch

(2003) and set at 0.55. A depreciation rate of δ = 0.004 corresponds to a yearly depre-

ciation rate of 0.01(= 1− β5/12).

We fix θ at 0.1563, so it reproduces a ratio of government non-oil revenues over non-

oil GDP of 14%. Investment/GDP ratio in the model is 10.42%, lower than the 11.7%

reported in Venezuela’s official figures.

The oil windfall λ is set according the specification we use. For the exogenous case we

fix λ to match a government oil revenue over GDP ratio of 11.26%. In the endogenous

specification we assume λ is a fraction of f(kt), where such fraction is equal to the

government oil revenue over non-oil GDP ratio of 13.74%.

16The weights are equal to the size of the issues.
17We take this instrument as the representative bond due to a greater liquidity and because their

yield is used to determine the coupon value of the VEBONOS.
18We carried out experiments using other specifications for t. Besides 5/12, we made the experiment

with 141/365 and 141/250, even though the quantitative results slightly change the qualitative results
and conclusions remain the same.
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Finally we set α = 0.95 as Cole and Kehoe (1996) and Da-Rocha, Giménez, and

Lores (2004) did for the Mexican and Argentinean case respectively, which implies a

permanent drop in productivity of 5% if it were to default.

Results

In table 2 we show the crisis zone for each of the three economies considered. In the

first line we show C&K baseline model (without oil), we observe a very low limit for the

crisis zone compared to Venezuela’s internal debt/GDP ratio of 16.9%, in this case the

Venezuelan economy is clearly exposed to a rollover risk. In the second line we show

the crisis zone for the case where we include the oil windfall in an exogenous manner,

we can observe a sharp increase in both limits (178%), but not sufficient as to exit

Venezuela from a crisis zone. Nevertheless, given the presence of the exogenous windfall

(λ), the combination of policies needed to abandon the zone are by far more feasible to

implement than those implied by C&K baseline model.

Table 2: Crisis Zone

b(Kπ) B(Kπ)

C&K baseline 4.9% 102%
Windfall exogenous 13.6% 283.6%
Windfall endogenous 18.6% 388.8%
Internal Debt /GDP 16.9%

We can observe in table 3 a comparison between the increments needed in the tax

rate and debt maturity to exit the crisis zone, in the baseline and augmented model.

In the baseline model an average maturity of 17 months completely eliminates the

rollover risk19, while in the augmented model only an average maturity of 5.6428 months

is needed to abandon the crisis zone.

In figure 3 we observe that for every maturity, the lower limit is greater in the

augmented model.

Increasing the tax rate separately ceteris paribus, in order to eliminate the rollover

risk the tax rate should be 0.5 in the baseline model (government revenue over GDP

ratio of 46.21%) and 0.1685 in the augmented model (government non-oil revenue over

GDP ratio of 15.11%).

19Assuming the tax rate and the size of the windfall are constant.
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Table 3: Sensibility Analysis

∆% θ ∆% t ∆ λ
(% GDP)

C&K baseline 220% 246%

Maturity=5
Windfall exogenous 52% 13% 0.01

Maturity=5.5
Windfall exogenous 42% 11% 0.002

In terms of GDP percentage points, the increase in tax pressure should be of 32 points

in the base model, against an increase of 7.5 points in the augmented model. This huge

difference is explained by the presence of the windfall. In the base model the tax rate

represents total government revenues while in our version the windfall represents 49.6%

of such revenues, which implies a greater tax increment in the base case to generate a

greater effective tax rate.

The presence of a government revenue that does not depend on policies that tax

the private economy, gives a greater ability to make adjustments. In both versions of

the model tax increments have adverse effect on capital accumulation and therefore the

future tax base. In both models as the tax rate θ rises the increment in the upper limit

of the crisis zone is greater than the increment in the lower limit (see figure 4 for the

baseline case), which implies that the crisis zone widens due to an expansion of the tax

pressure. Therefore, lower increases in tax rate implies lower tax base reductions.

Although the windfall (λ) is an exogenous variable out of control of fiscal authorities,

we analyze the increase in terms of GDP points needed to leave the crisis zone. We

observe (see table 3) that an expansion of oil revenue in 0.01 points eliminates rollover

risk, that is, a further increase in oil prices makes government debt policy easier to

sustain.

Also, we can observe in table 3 that if we increase debt maturity in just half-month

the effort in terms of increments in tax and maturity reduces substantially, around 17%

in average.

An alternative way to eliminate the rollover risk would be to reduce the stock of

internal debt until it exits the crisis zone. It is optimal to run debt down to b(kπ) in

one period, the difference is that in the augmented model such adjustment represents
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an internal debt/GDP reduction of 1.68 points against a 9.34 points reduction in the

baseline model.

In the third line of table 3 we observe the crisis zone for the case where we include

the oil windfall in an endogenous manner. We observe that in this case the venezuelan

economy exit from the crisis zone, that is, this economy would not be exposed to

a debt crisis due to bankers adverse expectations.

Notwithstanding, the lower limit are just slightly above the internal debt GDP ratio.

This feature opens the following question: what happens if oil prices suddenly falls?.

Maybe the economy would enter the crisis zone, and therefore be exposed to a stochastic

debt crisis.

5 Conclusions

We build a model of a small open economy that receives an external transfer, to study if

the presence of a windfall can counteract a expectations driven debt crisis due to short

debt maturity. We find that crisis can be eliminated for a given size of the windfall,

depending on the model’s parameter values.

The model is applied to the Venezuelan economy, to analyze if the current oil windfall

can make Venezuela exit from a crisis zone. Using 2003 data we test different specifi-

cations for the windfall and determine that given an internal debt over GDP of 16.9%

and a government oil revenue over GDP of 11.26% (oil windfall proxy), crisis can be

eliminated for a given specification of the windfall, depending on the model’s parameter

values.

For those cases where the economy don’t abandon the crisis zone, we find a notable

increase in the lower limit of the crisis zone (178% in our numerical experiment), and

that the combination of policies needed to abandon the zone are by far more feasible to

implement in practice that those implied by the baseline model without a windfall. For

example, debt maturity must increase in just two weeks to eliminate the exposure to the

rollover risk due to short debt maturity. This is a completely feasible policy compared

to a 12 months increase in the baseline version.

This result helps us to understand why, although Venezuela fiscal authority imple-

mented a debt policy that results in a shortening of debt maturities, and therefore an

increasing exposure to rollover risk, most analysts and market participants don’t expect

any payment disruption in the short term.
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The presence of the oil windfall notably increase creditworthiness, and gives the

government a greater ability to make adjustments in terms of increases in maturity and

tax pressure, as our experiments shows.
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