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Abstract

I study how, in the presence of default risk, the Dutch disease amplifies an inefficiency in
the sectoral allocation of capital. I develop a sovereign default model with production of trad-
able and non-tradable goods, and endowments of commodities. Default incentives increase
when more capital is allocated to non-traded production. Households do not internalize this
effect, giving rise to over-investment in the non-traded sector. Commodity windfalls amplify
this inefficiency through the classic Dutch disease mechanism and an increased desire to bor-
row. Policies that reduce the returns of non-traded capital, such as exchange rate sterilization,
ameliorate the degree of over-investment during commodity windfalls. Evidence from spreads,
commodity endowments, and exchange rate data supports the main findings of the model.
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1 Introduction

There is a large literature on the effects that the Dutch disease has on economic growth, which
inspired the concept of “natural resource course” coined by Auty (1993).! However, the relation
between the Dutch disease and sovereign default risk has been less studied. This paper studies an
environment in which, in the presence of default risk, the Dutch disease amplifies an inefficiency
in the sectoral allocation of capital that directly affects default incentives and the borrowing terms
that the government faces.

First, I develop a two-period model of a small open economy populated by a continuum of
households and a benevolent government. I use this model to flesh out how default risk gener-
ates inefficent allocations of capital and use it to illustrate how commodity windfalls amplify this
inefficiency. Households have preferences for consumption of a composite aggregate of two in-
termediate goods: one tradable with the rest of the world and another non-tradable. Each good
is produced using capital, which has to be allocated into each sector one period in advance, and
before the realization of a common productivity shock. Households own all the capital in the
economy and choose its sectoral allocation. In addition, households receive in each period some
tradable income from the exploitation of a natural resource. The government, on the other hand,
issues non-contingent debt denominated in terms of the tradable good. The debt is due in the sec-
ond period and the government cannot commit to repay it. International lenders purchase the debt
in the first period and consider the government’s incentives to default, which depend on both the
amount of debt issued and the aggregate sectoral allocation of capital.

In this environment, default incentives are increasing in the share of capital allocated in the non-
traded sector. The inefficiency in the model arises from the fact that households do not internalize
how their sectoral allocation of capital affects the government’s ability to borrow. In a competitive
equilibrium, households’ choices equate the expected return of capital in both sectors. However,
in the presence of default risk this allocation is inefficient, as households over-invest in the non-
traded sector relative to the first-best alternative that a benevolent government would choose. This
is because more capital in the traded sector—relative to capital in the non-traded sector—reduces

default risk and allows the government to borrow more under better terms. This result holds for

'Sachs and Warner (1995) document that countries with large natural resource wealth grow more slowly.



any aggregate level of capital, since it is a statement on the portfolio choice.

The degree of disagreement between households and the government is proportional to both
the desired borrowing level and to how sensitive default incentives are to the investment port-
folio. A commodity windfall—which I define as an expected increase in future commodity in-
come—increases borrowing in order to smooth consumption. In addition, capital is reallocated
from the traded to the non-traded sector, which is supported by an appreciation of the real ex-
change rate. This Dutch disease effect amplifies the sectoral misallocation of capital, which results
in higher spreads and lower-than-efficient borrowing. This is the “disease” part of the Dutch dis-
ease in this environment.

I then develop a quantitative version of the two-period model with an infinite horizon, debt
and capital accumulation, and persistent commodity windfalls. Under a standard calibration, the
quantitative model features the same inefficiency that was highlighted in the two-period model,
which is also stronger during commodity windfalls. I study how taxin to returns to capital in the
non-traded sector ameliorates the externality and study it’s cyclical behavior. I argue that this tax
is akin to exchange rate sterilization policies, where central banks accumulate foreign reserves
during commodity windfalls in order to cause the real exchange rate to depreciate (or to appreciate
less). This depreciation, in turn, lowers the return to capital in the non-traded sector by lowering
the relative price of non-traded goods and, thus, reducing over-investment in this sector.

Finally, I present empirical evidence for the two main implications of the model: (i) “resource-
rich” economies face higher default risk, which is reflected in higher interest rate spreads; and (ii)
the accumulation of international reserves increases during commodity windfalls, which depreci-
ates the real exchange rate.

Related literature.—This paper is related to the strand of literature that studies the Dutch
disease and its relation to production and real exchange rates. Corden and Neary (1982) devel-
oped the benchmark model to analyze the reallocation of production factors and the process of
de-industrialization. More recently, Benigno and Fornaro (2013) present a model that features
episodes of abundant access to foreign capital coupled with weak productivity growth. They show
that periods of large capital inflows, triggered by a fall in the interest rate, may result in inefficient
outcomes in the presence of productivity externalities in the tradable sector. Alberola and Benigno

(2017) study an environment in which the Dutch disease delays a commodity exporter’s conver-



gence to the world technological frontier because of the presence of an externality in dynamic
productivity gains in the manufacturing sector. Ayres, Hevia, and Nicolini (2020) document that
there is a strong and robust co-movement between the real exchange rates of Germany, Japan and
the UK against the US dollar and a handful of primary commodities that are widely traded inter-
nationally. Benguria, Saffie, and Urzua (2021) study how commodity price super-cycles affect the
economy through the (sticky) reallocation of labor. They find that models in which commodity
output is an endowment only account for 45 percent of the intersectoral labor reallocation between
traded and non-traded sectors. These findings suggest that the results below may be conservative
because a richer model with production of commodities would induce an even bigger reallocation
toward the non-traded sector, which would further amplify over-investment in it.”

This paper is also related to the literature that studies sovereign default risk and its relation to
the production structure of the economy and commodity exports. Arellano, Bai, and Mihalache
(2018) document how sovereign debt crises have disproportionately negative effects on non-traded
sectors. They develop a model with capital, production in two sectors, and one period debt. The
two-period model in Section 2 resembles a simplified version of their infinite horizon model. The
two key differences are that I introduce exogenous endowments of commodities and, more impor-
tantly, that I analyze the inefficency that arises from different agents choosing capital allocations
and debt, while in their framework all allocations are chosen by a benevolent government. Related
to the latter, Esquivel (2023b) derives the general conditions under which an increase in the stock of
capital lowers default incentives and a reallocation of capital from traded to non-traded production
increases them. Hamann, Mendoza, and Restrepo-Echavarria (2023) study the relation between
oil exports, proved oil reserves, and sovereign risk. They document that sovereign risk is lower
when oil production increases, but higher when reserves increase. Similarly, Esquivel (2023a) doc-
uments that sovereign interest rate spreads increase substantially following news of giant oil field
discoveries. Both of these papers also develop models in which a benevolent government makes
all production and borrowing decisions in a centralized fashion. In a recent paper, Galli (2021)

studies an environment with fiscal policy and private capital accumulation. In his environment,

>The commodity sector would also attract production factors, which could improve the government’s ability to
borrow from abroad with higher income. However, the data for oil exporters suggests that sovereign spreads increase
during periods of high oil prices (see Hamann, Mendoza, and Restrepo-Echavarria (2023)) and also following giant
oil discoveries (see Esquivel (2023a)). These papers focus on how oil production interacts with default risk, which are
purposely muted in this paper to highlight the novel mechanism through over-investment in the non-traded sector.



multiple equilibria exist where the expectations of lenders are self-fulfilling. In the bad equilib-
rium, pessimistic beliefs about investment make borrowing more costly. The government responds
by increasing taxation, which depresses investment and makes these beliefs self-fulfilling. There
are two key differences between his paper and this. First, multiplicity of equilibria is central to his
analysis, while for this paper what is central is the pecuniary externality from the sectoral alloca-
tion of capital, which can be studied more clearly in an environment with a unique equilibrium.
Second, he focuses on how borrowing terms depend on the absolute level of capital, while in this
paper I highlight their relation to the sectoral allocation of capital. To make this point clearer, I fix
the level of capital in the two-period model to turn the focus on the role of its sectoral allocation.
Layout.—Section 2 presents the two-period model and the main theoretical results; Section 3
develops the infinite-horizon model and performs the quantitative analysis; Section 4 presents some

empirical evidence that supports the main implications from the models; and Section 5 concludes.

2 Two-period model

The main purpose of this two-period model is to show how ex-ante behavior (i.e. borrowing
choices, sectoral allocation of capital, and pricing from lenders) is affected by future commodity
income and how the Dutch disease is, in fact, a “disease” in this environment due to an externality
of the sectoral allocation of capital on default risk. I focus on the case of an economy that desires
to borrow because it expects a “commodity windfall” in the future (i.e. an increase in tradable
income through commodity exports).

There is a small open economy with a continuum of identical households, competitive firms,
and a benevolent government. Households own all the firms and capital in the economy, as well
as an endowment of a tradable commodity. They choose capital allocations but lack access to
international financial markets. The benevolent governmnent borrows on behalf of the households
by issuing non-contingent debt and cannot commit to repay it.

Preferences and technology.—There is a final consumption good that is produced by a com-
=l R = )
petitive firm with technology Y (cy,cr) = |@7¢cy’ +(1— @) ;" ,where n >0, ® € (0,1)

and cr and cy are intermediate traded and non-traded goods, respectively. This final good cannot

be traded with the rest of the world. The intermediate consumption goods are produced by com-



petitive firms using technologies yr = zKIOfT and yy = K™ where or,ay € (0,1),ze Ry is a
common productivity shock with CDF F (z), and K7 and Ky are the amounts of capital rented by
firms in each sector. There is a fixed amount of capital K in the economy that does not depreciate
and 1s owned by the households. Capital can be allocated in the two intermediate sectors, but this
allocation has to be made one period in advance. Households have preferences for consumption of
the final good in each period represented by u (co) + BE [u(c1)], where B € (0,1) is the discount

factor, u(c) = i]_

7; , and o > 0. Each household owns the same amount of capital k and chooses in
period 0 how much capital to allocate into each sector for period 1, subject to k7.1 +ky 1 < k. The
initial allocations k7o and ky o are given.

Commodity goods.—In each period, households are endowed with a perishable commodity
good yc; > 0 that can be sold in international markets for a relative price pc, (all prices are in terms
of the traded intermediate good). The results of this paper hold regardless of which agent, house-
holds or government, controls this endowment or whether it is costly to extract it. What is essential
is that the available income from this commodity is, at least in part, given exogenously—Iike nat-
ural resources such as minerals or oil underground—and cannot be directly affected by the agents
in the economy. There is a vast literature about natural-resource extraction in which production
of commodity goods is chosen by the agents through capital and/or labor allocations into these
sectors. The extraction sector in these frameworks is distinguished by an exogenous endowment
of natural resources that is exploited, which is the crucial feature that I highlight in this paper. I
abstract from the intensity of extraction for simplicity. I also assume perfect foresight regarding
(yc’ 1, PC,I)’ which I later relax in the quantitative analysis in Section 3.

Government debt and default.—There is a benevolent government that inherits some legacy
debt By > 0 and can make lump-sum transfers to the households. The government can issue non-
contingent debt B; in period 0 due in period 1, and lacks commitment to repay it. The debt is
denominated in terms of the traded nummeraire good T and purchased at a price g by risk-neutral
international lenders that behave competitively and have deep pockets. Lenders have access to
a risk-free bond that pays interest r*, which reflects their opportunity cost. At the beginning of
period 1, the government observes the realization of z; and decides whether to repay or default.
If the government defaults it does not pay anything to the international lenders but productivity is

penalized zp (z1) < z1. I assume that zp is increasing, continuously differentiable, has aaif <1,and



lim,_,0zp (z) = z. In addition, I assume that there is a finite Z such that for z > 7 the inequalities are
strict.

Timing in period 0.—At the beginning of period O the government decides how much debt
B to issue. The government takes as given how this borrowing decision will affect the choices
that households and firms make. The government also takes as given the price schedule g from the
lenders’ demand for its bonds. Once the government chooses Bj, households and firms make their
individual choices taking all prices as given. Finally, lenders observe the aggregate allocations By,
Kr 1, and Ky 1 and purchase the government bonds. This timing assumption rules out the multi-
plicity of equilibria studied by Galli (2021). In that environment, lenders price the government
debt before investment occurs, which makes their expectations about capital in the second period
self-fulfilling. Here, lenders make their pricing decisions after observing the actions of both the
households and the government. >

Firms.—All firms behave competitively and maximize profits. From the maximization prob-

lem of the final good producer we get the demands for intermediate goods are:

P n
Ny = O (—’) Y, (1)
PNt

ers = (1- @) (B)"Y, )

where py ; is the relative price of the non-traded intermediate. Since the production function fea-

1
tures constant-returns to scale, I assume that the firm makes zero profits and £, = |® p}\,—ln +(1— (o)] o
is the price index reflecting the cost of the final consumption good. From the maximization prob-

lem of the intermediate good producers we get that the rental rates of capital in each sector are:

Nt = PNONZt (KN,z)aNil (3)

rry = OrZs (KT,t)aT_l “4)

for a given capital allocation and productivity shock. Profits from intermediate-goods firms are

3Cole and Kehoe (2000) study the case in which lenders price the bonds before observing government borrowing,
which is another source of multiplicity that I rule out with this timing assumption. A crucial assumption for multiplicity
in their framework is that legacy debt can be defaulted on at the beginning and at the end of the period. I assume that
once the government decides to repay By it commits to it regardless of the auction result..



rebated back to the households.
Households.—FEach household owns the same amount of capital k. Since all households are
identical, they do not trade capital with each other and I assume capital cannot be sold to foreigners.

The problem of a representative household is:

max u(co)+ BE[u(cy)] 5)

kn.1,kr 1
s.t. Poco = rnokno+rrokro+ pcoyeo+1o+ Go
Picy = ry1ky +rrokry + peiye + 11 + Gy

kni+kry <k

where I, are the profits of the intermediate goods firms and G; is a government transfer. In period
0, the transfer is Gy = goB1 — Bo. If the government defaults in period 1 then G| = 0, and if the gov-
ernment repays G; = —B;.* The expectation integrates over F (z) and the households have some
beliefs about the aggregate capital allocation and the government’s default choice. Subsection 2.2

reformulates this problem in recursive form and discusses these beliefs in detail.

2.1 Static allocations

The dynamic choices in the model are borrowing and the sectoral allocation of capital. These are
the key to analyze the inherent inefficiency and its relation to the endowment of commodities. This
subsection uses optimality conditions from the firms and market clearing conditions for goods
to characterize all other allocations and prices as functions of the dynamic choices, which will
extremely simplify notation.

Let A, € (0,1) be the share of k that a representative household allocates to the traded sector
T for period ¢, and A, the share of aggregate capital K allocated in T. The aggregate state of the
economy in a given period is (s;,x;), where s; = (zt,yq,, PCJ) and x; = (A, B;). To simplify the
exposition in the remainder of this section, I drop from the notation the dependence on (s, X0, o),

since they are given. I consider legacy debt By that is low enough so that the government would

“Note that, if the government owned the natural resources then yc,0 and yc,1 would be on the government’s budget
constraint, instead of the households. However, since it is a given endowment, the government would just include
them in the lump-sum transfers, which would yield an isomorphic formulation.



not want to default on it at the beginning of period ¢ = 0.

Consumption in period 0.—Aggregate consumption in period 0 is given by:

Co(x1) =Y (en0,c70(x1)) (6)

where consumption of the non-traded good equals its production:

eno =yn (20, (1 —A0)K), (7

consumption of the traded good equals its production plus revenue from commodity exports plus

net debt issuance:

cr0 (x1) = yr (20, A0K) + pcoyco +q(x1) B1 — Bo )

and ¢ is the price of newly issued debt. As discussed below, ¢ is a function of x;. Note that
consumption in ¢ = 0 can only change through borrowing, which directly depends on debt issuance
B and indirectly on the aggregate capital allocation A; through g. Note that the only way to
transfer resources between periods is through foreign borrowing, which is made by the government.
Since borrowing terms only depend on aggregate variables and the exogenous commodity revenue
pc.oyc,0, households take ¢y = Cp as given.

Consumption in period 1.—Given an aggregate state (s1,x), market clearing implies that, if

the government decides to repay, consumption of the traded good is
h (s1,x1) = 21 (MK)* + pc.aye.1 — Bi, 9
and consumption of the non-traded good is
e (s1,A1) =21 ((1—A)K)™. (10)
Similarly, if the government defaults, these consumption quantities are

 (s1,x1) = zp (z1) (A1K) ™ + pciye, (11)

iy (@A) =2p (z1) (1= A K)™. (12)



In default, consumption of the non-traded good drops because of the productivity penalty, but
consumption of the traded good may increase because there is no debt to repay. Given these

equations, aggregate consumption in repayment is

C{J(Sl,xl):Y(CZ(Z],Al),Cg(Sl,xl)) (13)

and in default

CP (s, x))=Y (cf, (z1,A1),c2 (sl,xl)) . (14)

Prices in period 1.—From equations 1 and 2 we get that the price of the non-traded inter-
D

1
P n n
mediate in repayment is pi | = ( @ CT") and in default it is pR | = ( @ CT") . These

1—=w P 1=w D
1 wCN,l 1 COCN,]
1

1-n -n
imply that the price index of the final consumption good is Pf) = [a) (pf\),71> +(1— a))} in

1
-

n n
+(1— w)] in default. Finally, from the optimality con-

repayment and PP = [a) (pﬁ 1)
ditions for the intermediate firms’ problems we get that the rental rates of capital in repayment
are rf | = oz (AR and e = Pyaowz (1 —A)K)™ ! in the traded and non-traded
sectors, respectively. Similarly, these rental rates in default are rIT) , = orzp(z1) (A1K) o1 and

8 1= PR jowap (1) (1= AR

2.2 Competitive equilibrium

Given the static allocations defined in the previous subsection, the default decision and dynamic
problems of the government and of a representative household are defined as follows. In order to
further simplify notation, I drop dependence of the dynamic formulations on ( pc,1 ,yc’l). Given
the perfect-foresight assumption about commodity income, I will tread these variables as given
parameters and use them to perform comparative statics to understand their effect on decisions
made in period O.
Default decision.—At the beginning of period 1, the government observes (z,x) and solves the
default problem:
max {V" (z,x),V? (z,x) } (15)

where the value of repayment is V¥ (z,x) = u (C” (z,x)) and the value of default is V? (z,x) =

9



u (CP (z,x)). Given x, the default set is characterized by a cutoff value z* (x) such that:
VA (2),20) = VP (" (x),). (16)

Household’s problem.—In period 0, households make their decisions after the government has
issued B. As mentioned before, households behave as if their actions do not affect consumption in
t = 0, since it can only change with the value of borrowed resources gB, which households take as

given. Given this, the problem of a representative household is:

7" (x) o0
max/0 Bu(cP)dF (z) +/Z*(X)Bu (") dF (z) (17)

A
st. PPP = [}’2( )—}—r?)u}/_c—kpcyc—}—HD

P = I (1= 4) + 7 2] k+ peyc +11° — B

A =Ty (B)

where ITP and IT” are profits made in ¢ = 1 by all firms in default and repayment, respectively,
all prices depend on (z,x) as defined in Subsection 2.1, and I'y is the household’s belief about the
aggregate capital allocation for = 1. Denote the policy function of a representative household as
A*(B).

Debt issuance.—At the beginning of period 0, the government chooses debt issuance B to

solve:

maxu(Co +[3/ u(CP (z,x))dF (z -I—ﬁ/ u(C* (z,x)) dF (z) (18)

st. A=TI¢g (B)

where Cy, CP and CP depend on (z,x) as defined in Subsection 2.1, and I'; is the government’s
belief about the aggregate capital allocation for r = 1. Unlike the representative household, the gov-
ernment does internalize how its choice of B affects the capital allocation for next period through
I'. Denote the solution to the maximization problem as B*.

DEFINITION 1: (Decentralized Equilibrium) A decentralized equilibrium is a policy function

for the households A* (B), a debt issuance for the government B*, a price schedule ¢ (x), and

10



beliefs I'y (B) and I' (B) such that: (i) given g, I'y, and I'g, the policy function A* solves the
household’s problem for any B, and the allocation B* solve the government’s problem; (ii) the
beliefs are consistent I' (B) =T'y (B) = A (B), and (iii) the price schedule g satisfies the lenders’

no-arbitrage condition:
1-F (" (x))

1
1+r (1%

q(x)=

DEFINITION 2: (Equilibrium Allocation) An equilibrium allocation is ¥ = (A,E) such that

B=B*and A= A" (B*).

2.3 Efficiency and capital misallocation

Given a state (z,x) in period 1, a benevolent social planner would face the same default problem as
the government in 15 (and, hence, the same price schedule ¢ (x) in period 0). However, in period 0

the planner simultaneously chooses A and B to solve:

maxu (Co(x —l—B/ u(CP (z,x)) dF (z —i—B/ u(CP (z,x)) dF (z) (20)

where the key difference is that the planner chooses A directly, as opposed to the government who
can only indirectly affect it through its choice of B.

DEFINITION 3: (Efficient Allocation) An allocation X = (A,E) is efficient if it solves the
social planner’s problem in 20.

Given a level of debt issuance B, the capital allocation in the decentralized equilibrium A is
pinned down by the Euler equation of a representative household:

rr — fN)K

E|Bu' (C1) ( =0 (21)
where, to ease notation, “tildes” indicate prices and allocations consistent with the decentralized

equilibrium.” Equation 21 is a no-arbitrage condition in which the expected returns to allocating

capital in either sector are equated. On the other hand, the Euler equation for A from the social

(% 2 X X N\ T (2,X)—ry(z,X
>This expression is [ O Bu' (CP (z,%)) %KdF( )+jZ ) Bu (C” (2,%)) %KCM( ) =0. See

Appendix A for the formal derivation.

11



planner’s problem can be written as:

E |Bu (@1)% —{—u/(éo)g—i%:() (22)

where I use “hats” for variables that correspond to the efficient allocation. Here 77 and 7y are
the marginal products of capital in each sector, and 1/P and 1/By are the marginal products of ¢
in the production of the final good in each period.® As in equation 21, these marginal products
are evaluated in default or repayment, depending on the sate. The planner, like the households,
considers the expected additional return of reallocating a unit of capital from the non-traded into
the traded sector (increasing A). The second term in equation 22 shows that the planner also takes
into account how A affects the borrowing terms and consumption in period 0, a margin that the
households ignore. Note that the disagreement between the households and the government relies
on the presence of default risk. If the government (or planner) could commit to repay, then dg/dA
would be equal to 0—because g = 1/ (1 + r*) regardless of the state in # = 1—and the equilibrium
allocation would be efficient.

Consider the case when the planner would like to borrow B > 0. Then, the sign of the second
term in 22 depends entirely on whether A improves or worsens borrowing terms. Esquivel (2023b)
proves that if traded and non-traded goods are complementary enough (i.e. n < 1) then the default
set is shrinking in A (dz* (x) /dA < 0).” This implies that borrowing terms improve with a larger

share of capital allocated to the traded sector:

4 _ &) W)
A" itr ar ! @)

where f is the PDF of z. Then, under the planner’s optimal allocation, the Euler equation of the
representative household would be:
(Fr — ) K

E Bu’(él)T <0, (24)

6Since all firms are competitive, these marginal products have the same form as the prices in the decentralized
economy, which allows for this compact and intuitive notation. Formally, the only price in the social planner’s problem
is g (see Appendix A for the formal derivation of this equation).

7See Appendix B for a simpler proof using the parametrization in this paper and a discussion of the intuition behind
the result. Note that the range of estimates for this elasticity is between 0.4 and 0.83, so this sufficient condition would
hold in any standard parametrization (see Stockman and Tesar (1995), Mendoza (2005), and Bianchi (2011)).

12



which, under strict inequality, implies that the efficient allocation cannot be implemented as a com-
petitive equilibrium because the households would reallocate capital to the non-traded sector due
to higher expected returns. Intuitively, the planner foregoes these higher returns in the non-traded
sector in order to have a higher ability to borrow in period 0O (g is increasing in A). Households do
not internalize this effect on the borrowing terms, so they choose to continue to allocate capital in

the non-traded sector until the expected returns are equated.

2.4 The Dutch disease

The sign of the second term in equation 22 implies that households overinvest in the non-traded
sector. The degree to which they do depends on the absolute magnitude of this term, which is
mostly driven by the planner’s desire to borrow B and by the sensitivity of borrowing terms to
A evaluated at the planner’s choices. In what follows, I consider a numerical example using the

following calibration of the two-period model, which takes standard values from the literature.
Table 1: Calibration of two-period model

Parameter Value Parameter Value Parameter  Value
c 2 B 0.93 o; 0.02
r 0.04 K 1.00 By 0.4
n 0.83 w 0.6 Yc,L 0.0
oy 0.33 do -0.85 Yc,H 1.00
or 0.33 dy 0.94 pPc.o = Pc,1 1.00

I assume that pco = pc;1 = 1 and define a commodity windfall as a situation in which yc o <
yc,1- Note that this is isomorphic to letting yc be constant and the price increase, what is relevant
is an increase in tradable resources that are available.

The commodity windfall has two opposing effects on the magnitude of the inefficiency. On one
hand, it increases the desire to borrow in order to smooth consumption. On the other, it reduces
default incentives, which reduces the magnitude of g;[‘{.g The graphs in Figure 1 show the schedule

of spreads (spr = 1/g(x) — 1 — r*) as a function of By and Aj, and illustrate how a commodity

windfall exacerbates the degree of inefficiency in the economy using the above calibration.

8This is not obvious because more commodities improve both the value of repayment and default. However, at the
cutoff z*, the marginal utility of tradable consumption is higher in repayment than it is in default, so the same increase
in yc increases the value of repayment more than it increases the value of default.
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Figure 1: Spreads schedule with and without commodity windfall
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The left panel plots the schedule of spreads as a function of B; evaluated at the efficient A. The right panel plots the
same schedule as a function of A evaluated at the efficient B|. The blue solid lines correspond to the case with no
commodity windfall and the red dotted lines correspond to the case with a commodity windfall. Black dots
correspond to the efficient allocations and the white dots correspond to the equilibrium allocations.

The left panel plots the schedule of spreads as a function of B evaluated at the efficient A. The
right panel plots the same schedule as a function of A evaluated at the efficient B. The blue solid
lines correspond to the case with no commodity windfall and the red dotted lines correspond to the
case with a commodity windfall. Black dots correspond to the efficient allocations and the white
dots correspond to the equilibrium allocations. The dots corresponding to the efficient allocation
are, thus, on the plotted spread schedule, while those corresponding to the equilibrium allocations
are away from it. The distance between black and white dots indicates how much households and
the planner disagree.

First, note that even absent the commodity windfall, the planner still has some desire to borrow
in order to smooth the payment of the legacy debt By. The lower two dots on the right panel show
how households choose a slightly lower A, which implies slightly higher spreads and lower-
than-efficient borrowing for the government. Second, for the case with a commodity windfall,
note that the spread schedule is shifted downward, which indicates an improved ability to borrow
in the economy. However, borrowing and A change to a degree such that spreads paid by the
economy are actually higher. On one hand, borrowing increases both due to a desire to smooth
and as a response to a more favorable price schedule. On the other, A decreases due to the classic
Dutch disease argument: the economy has more available tradable resources from commodities,

so it shifts production factors into the non-traded sector to increase consumption of the non-traded
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good. Finally, note that the distance between the black and white dots is larger with the commodity
windfall. This indicates a more severe disagreement between the planner and the decentralized
economy, which is the “disease” part of the Dutch disease in this environment. The following

section analyzes the Dutch disease in a quantitative infinite-horizon version of the model.

3 Quantitative analysis

The infinite-horizon version of the model falls into the class of models that follow Eaton and
Gersovitz (1981). I continue to make assumptions to rule out common sources of multiplicity
to keep the analysis focused on the role of sectoral capital allocations. However, there may be
a rich set of multiplicity of equilibria that could be worth exploring in future research (see Galli
(2021) for a discussion of multiplicity in default models with capital, and Cole and Kehoe (2000)
and Aguiar, Chatterjee, Cole, and Stangebye (2022) for discussions of multiplicity in models with

long-term debt).

3.1 Environment

This is an extension of the model from Section 2 to an infinite-horizon economy with long-term
debt, capital accumulation, and commodity windfalls. Any missing details are the same as in the
two-period version.

Preferences and technology.—Production technologies for the intermediate and final goods
remain the same. Preferences for the final good are now EoY';> o Bu(c;). There are two stocks of
capital, one for the non-traded sector Ky and one for the traded sector K7, each stock depreciates
at a rate 0. The final good is used for production and investment. Households produce their own
investment goods and pay capital adjustment costs W (k;;41,k;,) with i € {N,T}. Productivity
follows an AR(1) process z; = plogz;—1 + & with & ~ N (0, GZZ).

Commodity windfalls.—Households receive in each period income from the exploitation of a
perishable commodity good yc; = pcyc which can take one of two values y;, or yy with y; <yp.
For simplicity, I abstract from the interaction between exogenous shocks (such as changes in p¢
and the natural endowment to produce yc) and from the strategic exploitation and management

of reserves of natural resources (see Esquivel (2023a) and Hamann, Mendoza, and Restrepo-
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Echavarria (2023) for a exhaustive analysis of these interactions). The commodity endowment
follows a Markov chain with transition probabilities 7, ;, b, j € {L,H}.
Households.—Households own all firms and capital in the economy. In period ¢, the budget

constraint of a household is

¢+ Z (ih,t+\P(kh,t+17kh,t)> < Z rnikns +ye +11 + Gy (25)
h=N.T h=N.,T

where all prices, profits, and the government transfer G, depend on aggregate allocations and
whether the government is in good or bad financial standing and are defined in the same way as in
Subsection 2.1. Each period, households make individual consumption and investment decisions
to maximize their utility subject to their budget constraint. Households take all prices as given, as
well as all present and future government policies.

Government debt and default.—The government issues long-term debt and lacks commit-
ment to repay it. Debt matures at a rate y and pays a coupon k on the debt that has not yet matured.

The government budget constraint is:

G+ (y+Kk(1=7)Br =gt (Brs1— (1 —7) By) (26)

where ¢, is the market price of the government debt. As in the two-period model, the government
takes household’s behavior and the price schedule ¢ as given. If the government defaults then pro-
ductivity is zp (z) = z— max {O, doz+dy 22}, with dy < 0 < d1, and the government gets excluded
from financial markets for a random number of periods. The government gets readmitted with
probability 6 and all debt that was defaulted on is forgiven. During exclusion G; = 0.

Timing within a period.—At the beginning of a period all shocks are realized. Then, the
government observes the shocks, the aggregate capital stocks Ky ; and K7, and the current stock
of debt B, and decides whether to default or not. If the government does not default then it decides
how much debt to issue B, 1. Then, households observe B; | and all shocks and aggregate capital
allocations and make their investment and consumption decisions. Finally, lenders observe B, |

and aggregate investment and price the government debt.
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3.2 Recursive formulation and equilibrium

The aggregate state of the economy is now (s,x), where s = (z,y¢), x = (K,B), and K = (Ky,K7).
The individual state of a household is k = (ky, k7).

Households.—The value of a representative household in repayment is:

H" (5,k,x;G) = max {u(c)+BE[HP (5,K ,K')|d' = 1]+ BE[H" (K ,x';G) |d' = 0] }

C,INSIT on
subject to the household’s budget constraint 25 in repayment and the laws of motion of capital
K;=ij+ (1 —0)k;. The expectations are conditional on the government’s default decision in the
following period d’, which depends on the aggregate state then.” The representative household
understands G = ¢ (s,x') (B'— (1 —y)B) — (y+ k(1 — y)) B and has beliefs for the law of motion
of the aggregate state denoted by x' = I' Z (s,x;G) and beliefs about future government transfers
G' =T (s',x'). Denote the household’s policy function as k” (s, k, x; G).

The value of the household when the government is in the default state is:

HP (s,k,K) = max {u(c)+BOE[H" (s,K,(K',0);G)]+B(1-0)E[H” (s ,K,K')]} (28)

Cinyir K

subject to the household’s budget constraint in default and the laws of motion of capital. To ease
notation, I (correctly) assume that, upon reentry into financial markets, the government will not
default on O debt. The household’s beliefs for the law of motion of the aggregate state in this case
are X' = 'Y (5,K). Denote the policy function as kP (s, k, K).

Government.—At the beginning of a period in good standing the value of the government is:

_ D . P
G(s,x)—dlel}%ﬁ}{dG (s,K)+(1—d)G" (s,x)} (29)

where GP is the value of defaulting and G” is the value of repayment. Since the government is

. .* y./ ’xl _
?Formally, the continuation value is B ¥ ;cy ; 7/ f; be) HP (s' k' ,K")dF (|z) + fz( ) HP (s',k ,¥';G')dF (Z]z) |,
X - Zz

J
YcX
where z* denotes the cut-off productivity level under which the government would default given a future realization
for yc and the aggregate state x'.
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benevolent, the value of defaulting is the value of a representative household:
GP (s,K) = HP (s,K,K) (30)

where k = K since all households are identical. If the government decides to repay, then the value

is:

G (s,x) =r§?é<HP(s,K,x;G) (31)
s.t. G=q(s;xX)(B—(1—-7)B)—(y+x(1—7))B
K'=Q(s,x;G)

where Q is the government’s belief about how the aggregate stock of capital is going to evolve
given its choice for G and B'. In equilibrium, this will coincide with the representative household’s
policy function for capital. Denote the policy functions of the government as B (s,x) and G (s, x).
DEFINITION 4: (Recursive Competitive Equilibrium) A recursive competitive equilibrium is
policy functions for the households k” (s, k, x; G) and kP (s,k,K), policy functions for the govern-
ment B (s,x) and G (s,x), a price schedule g (s,x), beliefs for the households I'L; (s, x; G), ['% (s, x)
and I'D (s, K), and beliefs for the government © (s, x; G) such that: (i) given g, and the household’s
and government’s beliefs, the policy functions solve the household’s problem for any G and the

government’s problem; (ii) the beliefs are consistent:

% (s,x;G

) = (K (s,K,x;G) ,B(s,%)) (32)
I (5,x) = G (s,x) (33)
K)
;G)

I (s.K) =k (s, K., K) (34)

Q(s,x kP (s,K,x;G) (35)

, and (iii) the price schedule g satisfies the lenders’” no-arbitrage condition:

q(s,x’) _ Es’\s (1 _d)(’}/"}_l(l_'__rj/) (k+q(s',x")))] (36)
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where d’ and x”" are given by the government’s policy functions and the laws of motion of aggregate

capital.

3.3 Efficiency

As in the two-period model, I analyze the problem of a benevolent social planner to define effi-

ciency. The value of the central planner in good financial standing is:

V(s,x) = m;lx{dVD (s,K)+(1—a)VF (s,%)}

(37)

where d is the default decision and V? and V* are the value of defaulting and repaying, respec-

tively. The value of defaulting is

VP (s,K) :rr}gx{u (CD (s,K)) + BOE [V (S/, (K/;O))} +B(1-0)E [VD (Svi/)” (38)

st ot Y i <YP(sx)— ¥ ¥(K}K))
j=N.T J=N.T

Ki=ij+(1-0)K;
where aggregate production in default is

Y? (s,x) =Y (yn (20 (2), Kn) 37 (20 (2) ,KT) +¥C) -
and the policy function is K” (s,K). The value of repayment is:

VP (s,x) = ma/x{u(c) +BE[V (s,x)]}

c.X

st.oc+ Y i <YP(sxT)- Y ¥ (K)K;)
j=N,T J=N,T

Ki=ij+(1-90)K;

T =yc+4(s,x')[B'—(1—y)B] —(y+x(1—-7))B
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where aggregate production in repayment is
YP(S7X7T) :Y()’N(Z,KN)JT (ZuKT)+T) (41)

and g is the price schedule for the planner’s debt. Denote the policy function as £ (s,x). Lender’s
price the planner’s debt according to
By [(1-d) (r+ (1 -9 (£ +4(5,2"))]

g(s,x') = T (42)

where d’ and £ are the planner’s policies.

DEFINITION 5: (Efficient Allocations) Given a state (s,x), an allocation (I%;,,I%’T,B;’ ) is effi-
cient if it coincides with the planners policy functions.

Note that, unlike in the two-period model, the planner faces a different price schedule than the
government in the decentralized economy. This is because, since debt is long-term, the price of
debt today depends on future borrowing and investment decisions, which, as explained below, are
different in both cases.

The household’s Euler equations for capital in sector 7 € {N,T} in repayment is:

u' (&) qlli,r = BE; [Bu’ (&141) Ry y+1] (43)

where qf” =14+Y¥ (l}hJH,l}h’,) is the shadow price of capital 4 in period ¢, ¢; and ;1 are the

households consumption choices given the state at # and # + 1, and

Rps1 = Fpyp1+(1—98) 5121+1 + W5 (knsr2,knss1) (44)

is the net return to capital in sector s evaluated at the equilibrium allocations (denoted by the
“tildes”). The expectation is conditional on information at period ¢ and considers the government’s

default policy in 7 4 1. Similarly, assuming that g is differentiable, the corresponding Euler equa-
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tions from the planner’s problem in repayment are:

| 94(se,x41) (B — (1—7) By

u' (C) | dh — 9Ky, B = BE, [Bu (Crs1) Riys1] 45)

where 1/P, is the marginal product of tradable intermediates (akin to the price index of the final
good), C; and G, are the planner’s consumption choices given the state at 7 and 7 + 1, Iéhﬁl is the

net return to capital in sector & evaluated at the planner’s allocation (denoted by the “hats™), and

AG(st Rr+1)

9Kyt is the derivative of the price of the planner’s debt with respect to capital in sector 4. The
i+t

planner considers how the level of each stock of capital chosen for ¢ + 1 affects borrowing terms in
r.

From 43 we can derive the no-arbitrage condition for the households:

BE; [Bu (¢11) (Rrsy1 —Rnyi1)] = u' (&) [51]%,: - ‘ﬁv,z} (46)

which indicates that, absent adjustment costs, households choose their capital allocations in such a

way that expected returns are equalized. The corresponding equation from the planner’s perspec-

tive is:
BE, [ﬁu, (él-i-l) (R\T,H—l - IéN.,zH)] =u (ét) [‘ﬁ,z - 6?5(\77;] @7
1A an(st7xl+1) 8‘?(5t,xz+l) [é,+1 _(1_7’)31}
—Uu (C[) — —
IKr 41 IKN 141 P

which depends on how the sectoral allocation of capital affects borrowing terms.

The difference between ;Tq; and ;Tq;v is akin to g—/’{ in the two-period model, where capital was
fixed; indicating the total change in the price of the debt from shifting capital from the non-traded
to the traded sector (all else equal). The second term in the right-hand-side of equation 47 will be
negative if debt issuance is positive and if the price of the debt increases more with capital in the
traded sector than with capital in the non-traded sector. From these equations we can compute the

99

optimal tax (or subsidy, depending on the sign of 88_1?7 ~ Ry and on whether the planner would
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like to borrow or repay debt) to relative returns to capital in the non-traded sector:

(48)

where all “hat” variables correspond to the efficient allocation. I focus on this type of instrument
rather than on direct taxes/subsidies to capital in order to think of policies that indirectly distort the
relative returns to non-traded investment, such as exchange rate interventions and accumulation of
international reserves.

The remainder of this section explores the quantitative properties of § under a standard parametriza-
tion. I also explore how this disagreement evolves over the business cycle and during commodity

windfalls, which will suggest the direction for policy interventions.

3.4 Calibration

A period in the model corresponds to one quarter. I take most parameters from the literature,
which are summarized in Table 2. The main purpose of this exercise is not to match any particular
features of the data, but rather to illustrate how the theoretical results from the two-period model
continue to hold quantitatively in the richer infinite-horizon environment with standard parameter
values.

The risk-free interest rate is r* = 0.01, the CRRA parameter is o = 2, and the discount factor is
B = 0.98, which are standard values in business cycle and sovereign default studies. The elasticity
of substitution between traded and non-traded goods is 1 = 0.83 and the share of non-traded is
®; both of which I take from Bianchi (2011). The capital shares are oy = oy = 0.33, and the
parameters governing the stochastic process for productivity are p = 0.94 and o, = 0.027, which
are all standard values. I take the debt duration parameter ¥ = 0.05 and the coupon rate k = 0.03

from Chatterjee and Eyigungor (2012).
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Table 2: Infinite-horizon calibration

Parameter  Value Parameter Value
o 2 B 0.98
r 0.01 [0} 2.5
n 0.83 w 0.6
ay 0.33 ar 0.33
dy -0.21 di 0.42
p 0.94 o; 0.027
yc.L 0.11 YCc H 0.25
Pr(windfall)  0.05 windfall duration 16 quarters
Y 0.05 K 0.03

For commodity windfalls I consider data from the World Bank Commodity Price Data. Figure 2

shows price indices for three main commodity categories: energy, agriculture, and precious metals.
Figure 2: Primary commodities prices, quarterly indices
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Indices are the quarterly average from monthly data. Energy includes coal, crude oil, natural gas, and liquified natural
gas. Agriculture includes beverages, food, and raw materials. Precious metals includes gold, platinum, and silver.
The data for energy start in January, 1979.

I define the start of a commodity windfall as a quarter in which the index increase relative to
the previous 10 quarters is above the 95th percentile of such increases. Thus, I set the probability
of a commodity windfall to Pr(windfall) = 0.05. Similarly, I define the end of a windfall as the
quarter when the price index drops by at least half of the increase when the windfall started. This

gives an average duration of 16 quarters.
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3.5 Over-investment in non-traded goods

The quantitative version of the model allows for both stocks of capital to evolve endogenously.
Each type of capital has two effects on the price of the government debt. The first has to do with
the level of capital, which affects default incentives through the level of available resources in the
future and its implications for consumption possibilities in default and repayment. The second, is
the effect that the sectoral portfolio of capital has on default incentives. Figure 3 shows the price

of the planner’s debt as a function of both types of capital.
Figure 3: Price of the planner’s debt

as a function of kT as a function of kN
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In both panels the price schedule is evaluated at the mean productivity shock and low commodity endowment. The

left panel is evaluated at the steady state level of non-traded capital and the right panel is evaluated at the steady state
level of traded capital.

These figures suggest that, under the current calibration, § is more sensitive to the level of
capital for the traded good K7. This suggests that the second term in equation 45 is positive for
positive levels of debt issuance. That is, when the planner tries to issue additional debt, it faces
more favorable borrowing terms if it switches capital from the traded to the non-traded sector.
To make this point clearer and more comparable to Proposition 1, Figure 4 plots the price of the
planner’s debt as a function of the share of capital in the traded sector A for a fixed level of total

capital K = K7 + Ky. That is, it plots § (s, AK7, (1 — A) Ky, B) over different values of A.
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Figure 4: Price of planner’s debt as a function of capital portfolio
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The price schedule is evaluated at the mean productivity shock and low commodity endowment. The aggregate level
of capital K is the sum of steady-state levels for K7 and Ky.

The above Figures suggest that the second term in equation 47 is negative. Like in the two
period model, borrowing terms improve if, for a given level of total capital in the economy, a

bigger share of it is allocated to the traded sector. Then, from the planner’s Euler equations, we

have that ( ) )
Bu' (Civ1) 4 A
[, W (Rrs41—Rnyi1)| <0 (49)

under the efficient allocation if adjustment costs were zero. This implies that, as in the two-period
model, the planner chooses to forego additional returns (net of adjustment costs) in the non-traded
sector in order to be able to face more favorable borrowing terms. The households fail to internalize
this and, in general, invests more capital in the non-traded sector than what would be efficient.
Table 3 compares business cycle moments between the planner and the decentralized economy.
These are the average moments of 300 economies over 50 periods in their ergodic state. I only
consider economies that had not experienced a default event for at least 25 periods before t = 1, as

1s standard in the literature.
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Table 3: Business cycle moments
Planner Decentralized

r—r* 7.1% 12.3%
Pr (default) 1.5% 3.0%
Oc
o 1.2 1.33
o 3.8 4.1
Cor (%,gdp) -0.44 -0.45
Cor(r—r*,gdp)  -0.61 -0.32

These are the average moments of 300 economies over 50 periods in their ergodic state (I simulate each economy for
1050 periods and drop the first 1000). I only consider economies that had not experienced a default event for at least
25 periods.

In general, the government in the decentralized economy faces higher interest rate spreads and
defaults more frequently. This is a result of the disagreement in the Euler equations for capital
illustrated above. Consumption and investment are also more volatile in the decentralized econ-
omy. In both cases the current account and the spreads are counter-cyclical, as is standard in the
literature. However, spreads are more counter-cyclical for the planner, indicating that the planner
is more able to take advantage of low spreads during “good times” (i.e. in states where the default
probability is low). This is true, in general, when income in the near future is expected to be high

such as high realizations of productivity or during commodity windfalls.

3.6 The Dutch disease and optimal taxes

During persistent commodity windfalls (i.e. high yc which is expected to remain high), the Dutch
disease amplifies the degree of inefficiency in the economy through the same two forces from the
two-period model. The first is that a relatively impatient government (or planner) would like to
front-load some consumption from the expected higher commodity income in the future, which
increases the incentives to issue more debt. The second is the classic Dutch disease effect in which
high future traded income crowds capital out of the traded sector into the non-traded sector. This
is because the real exchange rate appreciates with high yc, which in turn increases the return to
capital in the non-traded sector through a higher relative price of non-traded goods. As in the
two-period model, the Dutch disease amplifies the disagreement between the government and the
households regarding the allocation of capital, hampering the government’s ability to optimally

increase borrowing.
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To illustrate this, I compute time series of the optimal tax from equation 48 and compare its
value during periods with low commodity income yc = yc,; and during commodity windfalls yc =
yc,u- Table 4 reports the optimal tax and default probabilities for the planner and the decentralized

economy, conditional on each level of commodity income.
Table 4: Optimal taxes with low and high yc
Yc=YcL Yc=YCH

average T* 2.4% 3.0%
Pr(default decentralized) 3.5% 1.5%
Pr(default planner) 2.6% 0.7%

I simulate 11,000 quarters and drop the first 1000. The left column averages each variable conditional on yc = yc 1.
and the right column conditons on yc = yc 4.

As expected, the optimal tax is, on average, higher during commodity windfalls. This shows
that, quantitatively, the intuition that the Dutch disease amplifies the inefficiency holds. Default
probabilities are lower with high commodity income in both the decentralized economy and for the
planner, however they are lower in general under the efficient allocation. Note that this result does
not rest on any discrepancy in preferences between the government, the planner, or households.
By assumption, the government is benevolent and the only difference between the government and

the planner is their ability to pin down the investment portfolio in the economy.

4 Empirical analysis

This section makes two empirical points, which support the main theoretical findings. The first
is that, in the long-run, resource-rich countries face more stringent borrowing terms (similar evi-
dence has been documented by Esquivel (2023a) and Hamann, Mendoza, and Restrepo-Echavarria
(2023)). The second point is that central banks accumulate more international reserves during
commodity windfalls in order to prevent over-appreciation of the real exchange rate. This is con-
sistent with the quantitative result from Section 3 that the optimal distortion between returns to
non-traded and to traded investment, 7*, is higher when commodity income is higher because a
real depreciation lowers returns to capital in the non-traded in the same way as the optimal tax

does.
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4.1 Data description

Unless indicated otherwise, all data are yearly and taken from The World Bank (2021) and the
International Monetary Fund (2021). I consider all countries with available data for the years
1979-2015.

I use two measures of default risk. The first is the interest rate spreads from JP Morgan’s
Emerging Markets Bonds Index (EMBI), which are widely used in the literature. These data are
available for 37 countries starting no earlier than 1993.'0 As an alternative measure, I use the
Institutional Investor Index (/11) to construct measures of spreads for other countries for which
sovereign bonds spread data are not available. The /1] is a measure of sovereign risk that was
published biannually by the Institutional Investor magazine between 1979 and 2015. It measures
country risk by aggregating into an index a collection of risk-related variables that are related to
investing in a foreign country, including political risk, exchange rate risk, economic risk, sovereign
risk and transfer risk. The /1] takes values between 0 and 100, where 100 indicates lowest risk
and O the most risk. To assess how the /1] explains sovereign spreads, I estimate the following
econometric model:

In (spreadm) =W+nIn(lll;)+ K+ W+ €, (50)

where k; are country fixed effects, y; are year fixed effects, I11;; is the average index for country i
in year ¢, and &;; is the error term.'! T then use equation (50) and /11 data to construct time-series
of spreads for all countries.

I use data on total natural resource rents as a fraction of GDP. Natural resource rents are cal-
culated as the difference between the price of a commodity and the average cost of producing it.
These unit rents are then multiplied by the physical quantities that countries extract to determine

the rents for each commodity. Total natural resource rents are the sum of oil rents, natural gas

10The 37 countries are: Argentina, Belize, Brazil, Bulgaria, Chile, China, Colombia, Dominican Republic, Ecuador,
Egypt, El Salvador, Gabon, Ghana, Hungary, Indonesia, Iraq, Jamaica, Kazakhstan, Republic of Korea, Lebanon,
Malaysia, Mexico, Pakistan, Panama, Peru, Philippines, Poland, Russian Federation, Serbia, South Africa, Sri Lanka,
Tunisia, Turkey, Ukraine, Uruguay, Venezuela, and Vietnam.

I'The estimated coefficients are

In (spread; ) = 7291 —1.9581n (111;,)

8.
(0.629)  (0.177)

where the numbers in parenthesis are clustered standard errors. The /11 is significant at the 0.01 level and the R? = 0.64.
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rents, coal rents, other mineral rents, and forest rents.

I use two measures of foreign debt: total external debt stocks and central government debt, both
as a fraction of GDP. The former includes both private and public debt, while the latter includes
only government debt but is available for a smaller set of countries. I use international reserves

excluding gold as a fraction of GDP and a measure of the real exchange rate described below.

4.2 Default risk and natural resources

First, to show the long-run relation between being a commodity exporter and spreads, I estimate

the following panel regression:

B debt; ,
siy = o+ BINR; + 2100 Ge L4 By100: VS

i 51
DP;, GDF, + U+ Uiy (5D

where subscripts i refer to countries and 7 to years, s;, are interest rate spreads, NR; is the average
natural resource rents as a percentage of GDP for country i over the available time period, y; are
year fixed effects, and u;; is the error term. Table 5 summarizes the estimation results for different

measures of spreads and government debt.

29



Table 5: Commodity exporters and default risk

(H (2) (3) 4)
EMBI EMBI Constructed EMBI  Constructed EMBI
Av (NR rents / GDP)  0.128%%* 0.137 0.208** 0.926%**
(0.0605) (0.125) (0.0804) (0.281)
Reserves / GDP -0.124%%*  _(0.132%%* -0.360%*%* -0.0853#**
(0.0375)  (0.0481) (0.0358) (0.0285)
Total Debt / GDP 0.0678* 0.167%**
(0.0332) (0.0237)
Gov Debt / GDP 0.0442%* 0.122%:%*
(0.0198) (0.0380)
Constant 4.330%*  3,882%%* 4.438% %% -5.040%*
(1.513) (0.627) (0.975) (1.829)
Year FE Yes Yes Yes Yes
Observations 520 246 2,645 1,033
Number of countries 43 31 105 84
R-squared 0.267 0.307 0.216 0.292

Robust standard errors in parenthesis based on Driscoll and Kraay (1998).
% p0.01, #* p<0.05, * p<0.1

The first row shows that the estimates of B; are positive and statistically different from 0 (except
for column (2), which has the least number of observations). The variable NR; is a country-specific
“shifter” scaled by the country’s relative dependence on natural resources. The positive sign of 3
indicates that countries for which natural resource rents are relatively large face higher default risk
for any given level of foreign debt and assets. The estimates in column (4) indicate that a 1 percent
higher share of rents from commodities on GDP implies that average government spreads are 92

basis points higher.

4.3 Real exchange rates and reserve accumulation

To explore the relation between accumulation of international reserves and commodity windfalls I

estimate the following regression:

reserves;; NR;;
In{ 100 ——— | = In{ 100 % —— K; ; 52
11( * GDP, ) Xo+ X1 n( *GDPi,t>+ i+ U+ Vi (52)
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where the dependent variable is the natural logarithm of international reserves as a percentage of
GDP, NR;; are rents from natural resources in country i in year ¢, k; are country fixed effects, u,

are year fixed effects, and v;, is the error term. Table 6 reports the estimated coefficients.
Table 6: Relation between reserves and commodity windfalls

()
Reserves
In (100 g ) 0.117%5%
(0.0333)
Constant 1.635%**
(0.0380)
Year FE Yes
Country FE Yes
Observations 5,044
Number of countries 160
R-squared 0.183

Robust standard errors in parenthesis based on Driscoll and Kraay (1998).
**k* p<0.01, ** p<0.05, * p<0.1

There is a significant positive relation between rents from natural resources and international
reserves, suggesting that, in the presence of commodity windfalls, central banks increase their
reserve accumulation. Finally, to analyze the effect that natural resources and reserve accumulation

have on real exchange rates, I estimate the following regression:

NR;;
GDP,'J

reservesi
GDP,;
9

In(reri;) = pln(reri;—1)+ ¢ (IOO* ) + oA 1 (100* ) + K+ U+ &y
(33)

where k; are country fixed effects, y, are year fixed effects, A; ;_1x; indicates the change of variable

x from ¢t — 1 to ¢, and rer; is the real exchange rate of country i in year ¢ vis-a-vis the US dollar.'?

Table 7 reports the estimated coefficients from equation (53).

e P . . .
121 compute rer;, = ”'P_US" where ¢;; is the nominal exchange rate (amount of currency from country i per US

It
dollar), Pys; is the US GDP deflator in year ¢ and P, is country i’s GDP deflator.
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Table 7: Effect of reserves and natural resources on the real exchange rate

6]

Real Exchange Rate
In (reri;—1) 0.909% 3
(0.0272)
(100 . %) -0.00597+*
(0.00284)
R 0.00203%*
(0.000833)
Constant 0.2807%**
(0.0945)
Year FE Yes
Country FE Yes
Observations 3,980
Number of countries 158
R-squared 0.919

Robust standard errors in parenthesis based on Driscoll and Kraay (1998).
% p<0.01, ** p<0.05, * p<0.1

The sign of ¢; < O indicates that the real exchange rate appreciates when rents from natural
resources increase. The sign of ¢, > 0 indicates that the real exchange rate depreciates when
reserve accumulation increases. Intuitively, the central bank increases the domestic demand for
foreign currency in order to limit the effects of higher supply from higher commodity exports.
This positive relation suggests that increasing the accumulation of international reserves tames the
appreciation of the real exchange rate during commodity windfalls, which in turn decreases the

distortion from the Dutch disease suggested by the model.

5 Conclusion

This paper presented an environment with production in traded and non-traded sectors in which, in
the presence of default risk, households allocate inefficiently high amounts of capital to the non-
traded sector. Misallocation of capital is a result of the private sector failing to internalize how
these decisions affect ex-post default incentives and ex-ante borrowing terms.

The degree of this inefficiency is proportional to both the desired borrowing level and to the

sensitivity of default incentives to the investment portfolio. During a persistent commodity wind-
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fall, borrowing increases in order to smooth consumption from higher future income. In addition,
more commodity income shifts capital from the traded to the non-traded sector, which is supported
by an appreciation of the real exchange rate. This Dutch disease effect amplifies the sectoral mis-
allocation of capital, which results in higher spreads and lower-than-efficient borrowing.
Sterilization policies such as accumulation of international reserves during commodity wind-
falls have effects that are consistent with optimal policy in the model: ex-post, they depreciate
the real exchange rate and reduce the realized return to capital in non-traded sectors; ex-ante they
reduce the incentives to overinvest in non-traded sectors, which reduces the capital misallocation
highlighted by the model. The empirical evidence supports the two main implications from the
model: (i) “resource-rich” economies face higher default risk, which is reflected in higher inter-
est rate spreads, and (ii) the accumulation of international reserves increases during commodity

windfalls, which depreciates the real exchange rate.
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A Euler equations for capital

A.1 Households

The problem of a representative household is:

2" (x1) 4
max/Z Bu (ch) dF (z)—i—/Z*(xl)ﬁu(q)dF (z)

Moz
st PPER =[P (1=40) + 2] k+ye, +117
Per = [ (1= M)+ b1 Rty +T1 — By

A1 =Ty (Bisyc,)

where the rental rates of capital are:

o zp(2) (MK +yc " oy —1
A= (ana-mae) @@ O-m8
(2 e B - g
2 = arzp (2) [MK) !
P = arz[A K]

and are taken as given by the household, as well as the prices:

= ol 1]
( o 72p(z AIK) +yc,1)'17
[

1—ozp(2) (1 —-A)R)™

(0] (1— )]1]"
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which all only depend on the aggregate state in period 1. The first-order condition of this problem

is:

Z*(-xl) , 1 ac]
0_/Z ' (cP) azldF / (e1) G5-dF ()
where
oI B
oA PD
oA P

do not depend on Ay, only on A,.

A.2 Social planner

The problem of the social planner is:

maxu (Co) + ﬁ u(CP)dF (z)+ B / C)dF (2)
A ’ B xl
using Leibniz integral rule we get that the first order condition for A is:

aco +ﬁ/ EdF +B/ aCPdF(z)zO

. . . ep P
It is easy to see from the firm’s problems in the decentralized equilibrium that ‘Z)LA

and 8(%3 = r?[;)rﬁ K. The derivative of consumption in period 0 with respect to A; is:
JdCy dY dq B
8A1 N aCT 8A1 !

— T
= —pr

X

where aa—fl is the derivative of the price of bonds with respect to A;. It is easy to see from equation

(16) that g is continuously differentiable over [z,Z] as long as zp is continuously differentiable over

z,Z] and F is smooth.
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B Capital allocation and default incentives

97" (x)
JA

PROPOSITION: If n < 1, then the default set is shrinking in A. That is, <0.

Proof: First, recall that zp is increasing, continuously differentiable, has %LZD <1,andlim, ,ozp(z) =
z. Also, by assumption there is a finite Z such that for z > Z the inequalities are strict. Note that
for any given x with B > 0, there is a z such that V (z,x) < VP (z,A). This is because as z — 0
the default cost to productivity vanishes, so total disposable income in default and repayment are
get arbitrarilly close but in repayment the government still has to pay B. By a similar argument,
there is some large 7 such that V (z,x) > VP (z,A). By the intermediate value theorem, there is a

7* (x) € (z,Z) such that VP (z*,x) = VP (z*, A). We can fully differentiate this equation with respect

to A and rearranging we get

VP )x) VP (x)x)

7" (x) IA IA
IA T W VP (54)
Z Z

where the numerator is the difference of marginal values of A in repayment and default and the
denominator is the difference between the marginal value of productivity in repayment and default.
The proof proceeds in two steps: the first shows that the denominator is positive and the second
that the numerator is also positive. Given that both numerator and denominator are positive, the
result follows.

Step I: For any € > 0 we have V* (z* (x) +&,x) > VP (z* (x) + €,x) (this follows from conti-

P (x) ) VP (2 (1))
€

nuity and monotonicity of «, all production functions, and of zp). Then Y

VP (@ (1) +£.0) VP (" (x).%)
€

>

and taking the limit as € — 0 we get avP(g’;(x) X aVD(g*Z(x) *)  The argu-
ment for € < 0 follows identically.

Step 2: Recall that VF (z,x) = u (Y (c§ (z,x) ,c% (z,x))) and VP (z,x) = u (Y (c§ (z,x) ,c2 (z,x)))
where consumption quantities of intermediates are as defined above in Subsection 2.1. Then, we

can write the two terms in the numerator of equation (54) as:

ovlt e [9YF Y oYt &
on = )[TanT_ﬂl—AaN} (55)
ovl oy [OYP YR oYl o
T ) |5 o= S ] °o
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where superscripts P and D in the right-hand-side indicate that the functions (or their derivatives)
are evaluated at the repayment and default state, respectively. Intuitively, the marginal value of A
(either in default or in repayment) is the marginal product of the additional unit of capital in the
traded sector minus the marginal product of the unit of capital that is withdrawn from the non-
traded sector. Now, note that at z* (x) we have Y = Y? = Y* by definition. Subtracting equations
(55) and (56) and rearranging terms we get:

L‘/P_ﬁ_ /(Y*){|:8YP¥_8YD D:| or -aYDD &YP P:l o }
aCT

A oA 9 T At aey™ " 9N T=A
1— 1—
vy d [(AY o (L) [pfamotar T (T @tay (g
= U _— — —_— A — —_ — P
c? ¢ CZT’ %D z* A cle cl’\), 1-A
>0 J >0if n<l1

(57)

where the crucial step for the second equality is to note that consumption of non-traded goods
equals production but consumption of traded goods does not. Note that since zj, < z* then cﬁ < cf],
so for Y2 = Y? it must be the case that cIT) > cITJ. Given this, we get that the first term in the bracket
of equation (57) is positive. The second term is also positive as long as 1 < 1.0

DISCUSSION: Intuitively, increasing A has two effects on default incentives. The first can
be thought of as the classic income effect, where having more capital installed in the traded sector
makes servicing the debt less painful. The second, a substitution effect, is more subtle and has to do
with how default affects the mix of intermediate goods that is consumed: the productivity penalty
reduces cy and reneging on the debt increases cr. Thus, the cost of defaulting has two components:
a direct one through lower ¢y and an indirect one through an unbalanced consumption bundle. If
intermediate goods are perfect substitutes, then the latter cost is absent and the former becomes
negligible as A increases. With high enough A, default incentives could be increasing in A. The
above result states that, as long as the elasticity of substitution is lower than 1, this does not happen

and default incentives are unambiguously decreasing in A.
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