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Abstract

How does financial integration impact capital accumulation when countries differ in the effi-
cacy of internal financial markets? We examine this question within a two-country incomplete-
markets model featuring a specific financial friction: agents face uninsurable idiosyncratic risk
in their investment, or entrepreneurial, opportunities. Under financial autarchy, the South (the
country with the least developed risk-sharing possibilities) features a higher precautionary mo-
tive for saving and a lower risk-free rate, but also a lower capital stock and lower output. Upon
financial integration,capital flies out of the poor, capital-scarce South, causing a prolonged deep
in domestic activity. At the same time, the rich, capital-abundant North runs large current-
account deficits and enjoys a prolong boom. However, these effects are more than reversed in the
long run: as time passes, capital starts flowing back into the South, eventually leading to higher
domestic activity than under autarchy. Taken together, these results help explain the emergence
of global imbalances while also providing a distinct policy lesson regarding the intertemporal

costs and benefits of financial integration.
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1 Introduction

The last two or three decades have been characterized by significant liberalization of international
capital flows. This, in turn, appears to have facilitated the rise of significant global imbalances—a
large foreign debt on the side of the United States along with vast currency reserves and big positive
holdings of US Treasury bills on the side of emerging countries such as China. Furthermore, whereas
the standard neoclassical paradigm predicts that capital should be flowing from the rich to the poor,
or from the least-growing to the fastest-growing countries, the empirical evidence often suggests the
opposite direction of capital flows (Gourinchas and Jeanne, 2006). These observations, and more
generally the themes of financial integration and global imbalances, have motivated a vast body
of theoretical and empirical research.! In this paper, we contribute to this growing literature by
studying the macroeconomic effects of financial globalization in the presence of a particular market
friction—namely uninsurable idiosyncratic risk in investment, or entrepreneurial, opportunities.

In this regard, our paper is closely connected to Mendoza, Quadrini, and Rios-Rull (2008), which
also studies how financial integration interacts with frictions in domestic risk sharing. However,
their work abstracts from capital accumulation and, in the tradition of Aiyagari (1994) and most
other Bewley-type macroeconomic models, focuses on idiosyncratic endowment or labor-income risk.
Instead, we shift focus to capital accumulation under idiosyncratic investment risk.

This shift of focus is motivated by two empirical considerations. First, Bewley-type models fea-
turing endowment or labor-income risk make the counterfactual prediction that the least financially
developed countries are the richest ones. This is because a stronger precautionary motive mani-
fests in higher capital accumulation. In contrast, our framework predicts that the least financial
developed countries are the poorest ones. This is because idiosyncratic investment risk introduces
a wedge between the marginal product of capital and the risk-free rate, thus breaking the tight
relation between the precautionary motive and capital accumulation. And second, there appear
to be significant idiosyncratic investment or entrepreneurial risks in all countries, and to be more
pronounced in the least developed ones. Our contribution is thus to study how such cross-country
differences in within-country risk sharing may matter for world-wide wealth inequality and for the

macroeconomic effects of capital-account liberalization.?

See, e.g., Aoki et al. (2005), Benigno, and Kiyotaki (2006), Blanchard, Giavazzi, and Sa (2005), Boyd and Smith
(1997), Broner and Ventura (2008), Caballero, Farhi, and Gourinchas (2008), Engel and Rogers (2006), Fogli and
Perri (2006), Gertler and Rogoff (1990), Gourinchas and Jeanne (2006), Gourinchas and Rey (2007), Hausmann and
Sturzenegger (2006), Hunt and Rebucci (2005), Lane and Milesi-Ferretti (2007), Kraay et al. (2006), McGrattan and
Prescott (2007), Mendoza, Quadrini, and Rios-Rull (2008, 2009), Obstefeld and Rogoff (2004), and Reinhart and
Rogoff (2004).

2By “capital account liberalization” or “financial integration” we mean a reform upon which certain financial
markets start clearing at the world level rather than at the country level; a more precise definition will be given once
we move into the model.



The key lessons of our theoretical investigation can be summarized as follows. When the South is
in financial autarchy, the domestic (risk-free) interest rate is depressed relative to the North because
of a strong precautionary demand for saving. Upon financial integration, some of the South’s
precautionary saving can find outlet in the North—thus giving rise to global imbalances and also
raising the interest rate in the South. This increase in the interest rate increases the opportunity
cost of capital, implying a reduction in investment and output in the South. However, as time
passes, agents in the South accumulate more wealth due to the higher safe returns they now enjoy
in the North. In the process, they become more willing (or able) to engage in risky entrepreneurial
activities or otherwise to invest in high-return, but risky, domestic investment opportunities. This
in turn opens the door to a “reversal of fortune” in the long run: while capital initially flows out of
the South, it starts flowing back after some transitional period, eventually leading to higher output,
wages, and consumption than under autarchy. Our paper therefore provides not only an explanation
of global imbalances, but also a distinct input to the ongoing debate on the costs and benefits of
capital account liberalization.

Preview of model. We conduct our theoretical investigation within a multi-country variant
of the Bewley-type model introduced in Angeletos (2007). Like other work based on Bewley-type
models, this framework deviates from the standard neoclassical growth paradigm by introducing
frictions in the ability of agents to share their idiosyncratic risks. However, while most Bewley-type
models typically focus on idiosyncratic labor-income risk (e.g., Aiyagari, 1994, Hugget, 1997, Krusell
and Smith, 1998), the focus here is on capital-income, or entrepreneurial, risk.

In particular, our model features two economies (countries), each of which is populated by a
continuum of households (families). Each family includes a worker and an entrepreneur. The worker
supplies his labor in the domestic labor market; the entrepreneur runs a family business that operates
a constant-returns-to-scale technology, employs labor from the domestic labor market, and uses the
capital stock owned by her family. Households can also save, or borrow, in a safe asset, but they
cannot invest directly in one another’s firms. Because our model abstracts from aggregate risk, this
safe asset can be interpreted either as a riskless bond or as public equity.® Furthermore, households
can diversify only a given fraction of the idiosyncratic shocks hitting their firms—this fraction can
be interpreted as a measure of the level of financial development in a country. In our baseline
specification, the two countries differ only in this measure: domestic risk-sharing possibilities are
better in the “North” than in the “South”. In an extension, the North has an advantage in supplying
the riskless asset. In either case, the key difference is that investment opportunities are riskier in

the South than in the North.

3More generally, both government bonds and a diversified portfolio of publicly-traded stocks are “safe” in the sense
that they are free from idiosyncratic risk.



Within the context of this model, we define “financial autarky” as the regime in which the market
for the safe asset has to clear on a country-wide level, and “financial integration” as the regime in
which this market has to clear on a world-wide level. We then start the two economies at the steady
state that obtains under the autarchic regime; we consider a reform that integrates the market for
the safe asset; and we study the transition of the two economies from their old (autarchic) steady
states to their new (integrated) steady state.

Preview of results. Under financial autarchy, the South necessarily features a higher demand
for the safe asset and a lower (risk-free) interest rate, due to the stronger precautionary motive
implied by the large amount of undiversifiable idiosyncratic risk. Despite its lower interest rate,
the South may also feature a lower capital stock than the North. This is because the idiosyncratic
risk introduces a wedge between the marginal product of capital and the interest rate. This wedge
defines the risk premium on entrepreneurial activity, and it is higher in the South than in the North,
reflecting the lower level of financial development in the South. It follows that, prior to financial
integration, the South identifies the poor country and the North identifies the rich country: the
South has a higher marginal product of capital, a lower capital-labor ratio, and a lower per-capita
levels of GDP and consumption.

Under the standard neoclassical paradigm, the higher marginal product of capital in the South
would lead to the prediction that financial integration will cause financial capital to fly out of
the North and into the South, until the gap between the two countries is eliminated (Lucas, 1990).
However, this is not the case in our context: financial integration requires equalization of the interest
rates (the return on financial capital), but this does not mean equalization of the marginal products
of physical capital, as long as idiosyncratic risk introduces a wedge between the safe and the risky
return. In particular, as long as idiosyncratic risk remains higher in the South, this wedge will
continue to be higher in the South, and hence the South will continue to have lower levels of capital,
GDP and consumption.

Instead, in our framework, because the South has a lower autarchic interest rate, the North
should start borrowing from the South upon financial integration. Indeed, we find that the North
runs large current account deficits and, symmetrically, the South accumulates a large positive foreign
asset position. This is due to the fact that the South has a higher precautionary demand for the
safe asset and/or the fact that the North has a higher supply of the safe asset. The first mechanism
is similar to the one in Mendoza et al. (2007); the second is reminiscent of Caballero et al. (2008).
Either way, if the North is interpreted as the United States, our result helps explain the emergence
of significant “global imbalances” like those observed in recent history.

Furthermore, because financial integration is bound to increase interest rates, and thereby also

increase the opportunity cost of capital in the South, the capital stock should be initially expected to



fall in the South. Indeed we find that, unless financial integration permits households in the South
to diversify a sufficiently big fraction of their idiosyncratic investment risks, the South experiences
a significant depression upon financial integration: the capital stock falls, driving down domestic
wages, GDP, and consumption. Conversely, the North experiences an investment boom.

Perhaps more surprisingly, we find that these effects can be more than reversed in the long run:
in the steady state that obtains under financial integration, the South enjoys a higher capital stock
and higher levels of wages, GDP and consumption than in its autarchic steady state, despite the
fact that it also faces a higher interest rate and therefore a higher cost of capital. This result rests
on the dynamics of the wedge between the marginal product of capital and the interest rate. In
our model, this wedge is a decreasing function of the level of domestic wealth, because more wealth
increases the willingness to take risk and hence reduces the risk premium on entrepreneurial activity.
In the sort run, wealth is nearly fixed and therefore this wedge is also nearly fixed. It follows that
the increase in the domestic interest rate upon financial integration is necessarily associated with an
increase in the domestic cost of capital, and hence with a reduction in the domestic capital stock,
as mentioned in the previous paragraph. In the long run, however, the level of domestic wealth is
variable. In particular, because the households in the South are now able to save abroad at higher
safe returns, they are also able to accumulate higher wealth in the long run. But as they accumulate
more wealth, they also require a lower risk premium on entrepreneurial activity. It follows that in
the long run the South experiences not only a positive foreign asset position, but also higher levels
of capital, wages, output and consumption than under autarchy.

At the same time, as long as entrepreneurial activity in the South remains more risky than in
the North, the level of capital, wages, and output remain lower in the South than in the North even
after financial integration. We infer that financial integration may reduce the gap between the rich
and the poor, but not necessarily eliminate it.

Finally, because the aforementioned transition in the South may feature a reallocation of capital
from safe but low-return activities to risky but high-return ones, measured TFP in the South
may increase along the transition. Conversely, the North may experience a drop in TFP (or a
lower growth rate than the South). Along with the property that the South runs current account
surpluses, while the North runs current account deficits, this implies our model predicts that capital
flows from the faster growing countries to the slower growing countries—a prediction that is the
opposite of the one made by the standard neoclassical paradigm and that helps resolve the empirical
puzzle documented by Gourinchas and Jeanne (2008).

Related literature. The literature that uses Bewley-type models to study the macroeconomic

implications of incomplete markets is quite extensive. Key references include, among many others,



Aiyagari (1994), Huggett (1997), Krusell and Smith (1998), and Rios-Rull (1995).# However, the
vast majority of this literature focuses on idiosyncratic labor-income risk, abstracting from idiosyn-
cratic investment, or capital-income, risk. The first papers to emphasize the distinct implications
of investment risk for aggregate saving within the context of the neoclassical growth model are An-
geletos and Calvet (2000, 2006) and Angeletos (2007). Other papers that feature the same theme,
but focus on different questions, include Angeletos and Panousi (2008), Basin, Benhabib and Zhu
(2009), Cagetti and De Nardi (2006), Covas (2006), Mall (2009), Meh and Quadrini (2006), and
Panousi (2009). The novelty of our paper compared to this earlier work is to study how cross-country
differences in the level of idiosyncratic investment risk impact global macroeconomic dynamics.

In so doing, our paper complements a growing literature that studies the macroeconomic impli-
cations of financial integration and the origins and consequences of “global imbalances”.® As already
mentioned, most closely related in this regard is the recent work by Mendoza, Quadrini, and Rios-
Rull (2008, 2009); see also Willen (2004) for an earlier take on related ideas. Like our paper, this
work focuses on the role of cross-country differences in the degree of internal risk-sharing and shows
how these differences can help explain significant and persistent global imbalances. However, unlike
our paper, this work rules out either endogenous capital accumulation or idiosyncratic investment
risk.% It is precisely the combination of these two features—endogenous capital accumulation and
idiosyncratic investment risk—that distinguishes our paper and that explains the novelty of our
results vis-a-vis this earlier, complementary work.

Our paper is also related to Caballero, Farhi, and Gourinchas (2008). In particular, in both
papers global imbalances are explained, in a certain sense, by a shortage of assets (stores of value)
in the South. But whereas that paper assumes that the South has a lower capacity in supplying any
asset, we only assume that the North has a comparative advantage in supplying the safe asset and/or
that the South has a stronger precautionary motive. Furthermore, there are a number of important
modeling differences: that paper considers an OLG setting which breaks Ricardian equivalence,
rules out idiosyncratic risk, and imposes an exogenous supply of physical capital. As a result, our
paper makes novel, and distinct, predictions about the consequences of financial integration on the
dynamics of capital accumulation.

Finally, our paper makes a broader contribution to the growth-and-development literature by

studying how cross-country differences in domestic financial development can explain wealth in-

“See Heathcote, Storesletten, and Violante (2008) and Krusell and Smith (2006) for eclectic reviews.

®See the references in footnote 1.

SMendoza et al. (2008) allow for a certain type of “investment risk”, but this is very different than the one
considered in our paper: the investment opportunity in Mendoza et at (2008) is an exogenous “Lucas tree”, so that,
unlike our paper, there is no endogenous capital accumulation. Mendoza et al. (2009), on the other hand, allow for
capital accumulation, but rule out idiosyncratic investment risk.



equality in the cross-section of countries. In particular, it highlights the importance of studying
the dynamic adjustment of the economy when debating the costs and benefits of capital-account
liberalization. In this regard, our work complements Aoki, Benigno and Kiyotaki (2009), who also

stress the same point, albeit within a different framework.

2 The basic model

Time is continuous, indexed by ¢ € [0,00). There is a single good, which can be used for either
consumption or investment purposes. There are two countries, indexed by j € {1,2}. Each country
is populated by a continuum of infinitely-lived households, indexed by ¢ and distributed uniformly
over [0, 1]. Each household includes a worker and a producer (“entrepreneur”). The worker supplies
his labor inelastically to the domestic labor market. The entrepreneur runs a privately-held firm
(“family business”). Each household can freely save or borrow in the riskless bond—up to a natural
borrowing constraint—and can accumulate physical capital within its own family business, but it
cannot invest in firms held by other households. Firms are hit by idiosyncratic shocks, which the
households cannot only partially diversify. Finally, to maintain tractability, we abstract from any
aggregate uncertainty.

Fix a household 7 in county j. The preferences of this household are given by a standard CRRA

specification:

11—y _ 1
c
B 1)

v

where ¢;j; is the household’s consumption flow at ¢, 3 > 0 is the discount rate, and v > 0 is the

Uij:/ e Plu(eijr) dt with  u(c) =
0

coefficient of relative risk aversion.
The financial wealth of this household, denoted by z;;;, is the sum of its holdings in private

capital, k;j;, and the riskless bond, b;j;:
Tije = Kije + bijt. (2)
The evolution of z;;; is given by the following budget constraint:
dxij = dmije + [Rebije + wje — cije]dt + dTj. (3)

Here, dm;j; is the household’s capital income (i.e., the profits from the private firm it owns), Rj; is
the interest rate on the riskless bond, wj; is the wage rate, ¢;;; is the household’s consumption, and
dT;j is a transfer that captures risk-sharing opportunities (to be defined later on).

Whereas the sequences of the interest rate and of the wage are deterministic (due to the absence



of aggregate risk), firm profits, and hence household capital income, are subject to undiversified
idiosyncratic risk:

dﬂ'ijt = [F(k‘ijt, nijt) — thnijt — 5k‘ijt]dt + Ujkiijtdzijt. (4)

Here, n;j; is the amount of labor the firm hires in the competitive labor market, 0 is the mean depre-
ciation rate, and F' is a constant-returns-to-scale neoclassical production function. For simplicity,
we assume a Cobb-Douglas specification: F(k,n) = k“n'~®, with a € (0,1).

Idiosyncratic risk is introduced through dz;j;, a standard Wiener process that is i.i.d. across
agents and time. Literally taken, dz;;; represents a stochastic depreciation, or productivity, shock.
However, we wish to interpret this shock more broadly as encompassing various sources of idiosyn-
cratic risk in the entrepreneurial activity and, more generally, in the returns to private investment.
For example, putting aside the details of how this would be modeled from first principles, we could
re-interpret this risk as idiosyncratic liquidation risk. Alternatively, this risk could represent some
form of idiosyncratic expropriation risk, caused by the inefficiency of legal and political institutions
in a country. In any case, what matters for our results is that dz;;; introduces idiosyncratic risk in
the return to investment. The scalar o; then parameterizes the level of this risk in country j.

Since risk is purely idiosyncratic, agents would be able to obtain full insurance against it if
financial markets were complete. A number of reasons—moral hazard, adverse selection, costly
state verification, inefficient legal and enforcement systems, or mere lack of sophistication—may
explain why this does not happen in the real world. In this paper, as in most other papers in the
Bewley tradition, we abstract from the deeper micro-foundations of incomplete markets. Instead,
we exogenously impose that the available risk-sharing possibilites are limited, and more severely so

in the South. We capture this by assuming that:
dTijt = —Ajojkijedzije, (5)

for some A\; € (0,1). This assumption can also be justified by introducing an exogenous asset
structure that permits agents to diversify only certain components of their idiosyncratic risk.”

Either way, the scalar \; measures the fraction of idiosyncratic risk that agents are able to diversify

"To see this, consider the following exercise. First, suppose that the idiosyncratic risk dz;;¢+ can be decomposed into
multiple components: dzij: = >, cs d%s,i5t, where the variables dzs,ijt, for all s € S, are standard Wiener processes,
independent from one another and i.i.d. across time and agents. Next, suppose that there exists an S;» C S such
that the following are true: for each s € S, there exists a risky financial asset whose return is perfectly correlated
with dzs,i;¢; and there exists no other risky asset. Under these assumptions, if we let agents trade these assets, then
the equilibrium price of these assets will be zero and the agents will choose their optimal portfolios of these assets
so as to diversify fully the shocks s € Sj’-, leaving themselves exposed only to the residual shocks in S. Indeed, the
return they enjoy from their optimal portfolio is dT;js = —kije Y c g d2s,i5¢- Our analysis could then proceed simply
by re-interpreting X; as the ratio of the number of the shocks in S} over the number of shocks in S.



in country j; this is what defines the level of financial development in our model.

Combining conditions (3)-(5), we get that the household budget reduces to:
drijs = dity + [Ribije + wje — cije)dt, (6)

where

drije = dmije — dTyje = [F(Kije, nije) — wjinije — 0kige]dt + (1 — Nj)ojkijedzije.

It is then evident that the quantity 6; = (1 — A\j)o; measures the amount of undiversifiable idiosyn-
cratic risk in country j. Without any loss of generality, we set 01 = 092 = ¢ and assume A1 > Ao
(equivalently, 61 < &2), so as to identify country 1 as the country with better risk sharing or more
developed financial markets. We henceforth refer to country 1 as the “North” or the “developed
economy”; and to country 2 as the “South” or the “developing economy”.

Let Y}, Cjt, Njt, Kjt, and Bj; denote the aggregate levels of output, consumption, employment,
capital, and bond holdings in country j at date ¢ (that is, the cross-sectional averages of y;j¢, ¢;j+ and
so on). We consider two scenarios. In the first, countries are in financial autarchy: the riskless bond
cannot move across borders. In the second, they are financially integrated: countries can borrow
and lend to one another. We define the corresponding equilibrium concepts as follows.

An autarchic equilibrium for country j, j € {1, 2}, is defined by a deterministic sequence of
country-specific interest rates, wages, and macroeconomic quantities, {Rj¢,wjt, Yji, Cji, K. jt}tE[O,oo)7
along with a collection of individual contingent plans, ({cijt, nijt, kijt, bijt }re[0,00) )ic[o,1], Such that the
following are true: (i) individual plans are optimal given the sequences of prices; (ii) macroeconomic
quantities are obtained by aggregating individual plans; (iii) labor and bond markets clear at the
country level, namely Nj; = 1 and Bj; = 0 for all j,¢.

An integrated equilibrium for the entire world is defined by a deterministic sequence of word-
wide interest rates, {R}ic[0,00), @ deterministic sequence of country-specific wages and macroeco-
nomic quantities, {wjs, Yj, Cj, K jt}te[o,oo)a along with a collection of individual contingent plans,
({cije> Mijts Kijes bije e(0,00) )ielo,1]> such that the following are true: (i) individual plans are optimal
given the sequences of prices; (ii) macroeconomic quantities are obtained by aggregating individual
plans; (iii) labor markets clear at the country level, namely Nj; = 1 for all j, ¢; (iv) the bond market

clears at the world level, namely By, + Bo: = 0 for all £.

3 Equilibrium

In this section, we first characterize the individual household’s problem for a given sequence of

prices. We then proceed to characterize the autarchic and integrated equilibria.



3.1 Individual behavior

Since employment is chosen after the capital stock has been installed and the idiosyncratic shock
has been observed, optimal employment maximizes profits state-by-state. Furthermore, by constant

returns to scale, optimal employment and profits are linear in own capital. We therefore have that:
Nijjt = ﬁjtkijt and dﬂ'ijt = fjtkijtdt + O'jkijtdzijt, (7)

where nj; = n(wj) = argmax,[F(1,n) —wjn] and 7 = 7(wj) = max, [F(1,n) —wjn] — 6. As
in Angeletos (2007), the key result here is that households face linear, albeit risky, returns to their
capital. This linearity, together with the homotheticity of preferences, ensures that the household’s
consumption-saving problem reduces to a tractable homothetic problem, much like in Samuelson’s
and Merton’s classic portfolio analysis. It then follows that the optimal policy rules are linear in

wealth, as shown in the next lemma.

Lemma 1. Let {wjt, Rjt}iefo,00) be equilibrium price sequences (with Ry = Ray = Ry if the world
is integrated) and let hj; = ftoo e Jo Rdeijsds denote the present discounted value of future labor

income (a.k.a. human capital). Then, optimal consumption, investment and bond holdings are given

by
cijt = mjt(Tije + hjt),  kijt = Gje(wije + hye), and  bije = (1 — ¢je)(wije + hjt) — hje,  (8)

where ¢j¢, the marginal propensity to invest in capital, is given by

Tt — Rjt

~2
Vo5

Pji = ) (9)

while mj¢, the marginal propensity to consume, satisfies the recursion

m; .
L =y + (0 — 1)y — 0B, (10)
my

with pjs = pjt — %’ygb?t&jz denoting the risk-adjusted return to saving, pjz = @475 + (1 — ¢ji) Ry the

mean return to saving, and 0 = 1/~ the elasticity of intertemporal substitution.

Condition (8) establishes the linearity of the optimal consumption c¢;j, capital k;j;, and bond
holding b;j¢ in financial wealth z;;. Condition (9) identifies the propensity to invest in the risky asset
as an increasing function of the risk premium p; = 7 — R; and a decreasing function of the coefficient
of relative risk aversion v and the amount of uninsurable risk 6; = (1 — Aj)o. Finally, condition

(10) is essentially the Euler condition: it describes the growth rate of the marginal propensity to

10



consume as a function of the anticipated path of risk-adjusted returns to saving. Whether higher
risk-adjusted returns increase or reduce the marginal propensity to consume depends on whether the
elasticity of intertemporal substitution 6 exceeds one; this is is due to the familiar tension between

the income and substitution effects implied by an increase in the rate of return.®

3.2 General equilibrium

Let f(K) = F(K,1) = K“ From Proposition 1, we have that the equilibrium values of the
propensity to invest and the risk-adjusted return to saving are given by ¢;; = ¢(Kj;, Ry, 5;) and
pjt = p(Kji, Ry, 55), where

(f'(K) =6 - R)

G?

(f'(K) -6 - R)®

¢(K7 R’ 6-) 275-2

and p(K,R,5)=R+

Furthermore, the equilibrium wage satisfies wj; = f(Kjt) — f'(Kj) Kt = (1 —«) f(Kjt). Using these
facts, aggregating the policy rules of the agents, and imposing market clearing for the risk-free bond,

we arrive at the following characterization of the general equilibrium of the economy.

Proposition 1. In either the autarchic or the integrated equilibrium, the aggregate dynamics of

country j satisfy the following ODE system:

Cji+ Kji + Bjy = f (Kj1) — 0Kji + Rj1 By (11)
C; X _

Cf;t =0(pjr — B) + 375505 (12)

Hjt = R Hj — (1 — ) f(Kj) (13)

Bji = (1 = ¢jt) (Kt + Bji) — ¢jeHje (14)

where ¢jv = ¢(Kji, Rjt,05) and pjr = p(KjRji,65). The autarchic equilibrium is then obtained by
letting R1y # Roy and requiring that, for each j, Rj; adjusts so that

By =0. (15)

In contrast, the integrated equilibrium is obtained by imposing Ri; = Roy = Ry and requiring that

8We have assumed expected utility, which imposes that the EIS coincides with the reciprocal of the coefficient
of relative risk aversion. However, we have introduced the different notation for the EIS, namely 6, in order to
accommodate an extension of our results to Epstein-Zin preference, which would allow the EIS to differ from the
reciprocal of the coefficient of relative risk aversion. In all that follows, the reader should interpret 6 as the elasticity of
intertemporal substitution and v as the coefficient of relative risk aversion, leaving open the possibility that 6 # 1/~.

11



R, adjusts so that
B+ By =0 (16)

This proposition has a simple interpretation. Condition (11) is the resource constraint of the
economy. Condition (12) is the aggregate Euler condition for the economy. Condition (13) is the law
of motion for human capital. Finally, condition (14) is the equilibrium level of aggregate holdings of
the riskless bond, or the net foreign asset position of the country. Once these conditions are combined
with the appropriate market-clearing condition for the bond market, the general equilibrium is
pinned down. Under financial autarchy, the domestic interest rate of each country must be such
that the net foreign asset position of that country is zero. When instead the two countries are
financially integrated, the world-wide interest rate must be such that the asset positions of the two
countries balance one another.

At this point, it is important to recognize how the presence of idiosyncratic risk impacts the
general-equilibrium system. When &; = 0, arbitrage imposes that R; = f/'(Kj;:) — 6 = pj¢ and the
Euler condition reduces to its familiar complete-markets version, %Z = 0 (R; — ). When instead
oj > 0, there are two important changes. First, the precautionary motive for saving introduces a
positive drift in consumption growth, represented by the term %’y&?qﬁ?t in the Euler condition (12).
Second, the fact that investment is subject to undiversifiable idiosyncratic risk introduces a wedge
between the risk-free rate and the marginal product of capital, so that Rj; < p;jr < f'(Kjt) —9d. The
first effect is shared by Aiyagari (1994), Hugget (1997), Krusell and Smith (1998), Mendoza et al
(2008, 2009) and may other Bewley-type models that feature only labor-income risk. The second

effect distinguishes the class of models that introduce capital-income risk and is key for the results
that follow.

4 Steady State

In this section we study the steady state of the two economies under the two cases of interest:
autarchy and financial integration. We start by deriving some results that apply to either case and
by identifying a wealth effect on investment that is crucial for our results. We then proceed to the

characterization of the autarchic and integrated steady states.
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4.1 Partial characterization and the wealth effect on investment

In steady state, the growth rate of aggregate consumption in each country must be zero. The Euler

condition (12) then reduces to the following:
pj=0— 555565 (17)

This condition simply requires that the risk-adjusted return to saving in country j be lower than

the discount rate as much as it takes for the associated negative intertemporal substitution effect to

just offset the positive precautionary motive. Using the facts that p; = R;+ ﬁui and ¢; = w% s
J J

where p1; = f'(Kj) — 0 — Rj is the risk premium, we can restate condition (17) as follows:

20752 (B — R;
J(K;) =6 = Ry + \/W (18)

We infer that this condition pins down the combinations of the domestic capital stock and the
interest rate that are consistent with stationarity of aggregate consumption—equivalently, with
stationarity of aggregate wealth—in country j.

For future reference, it is useful to note the following. If there were no idiosyncratic risk (o = 0),
then condition (18) would have reduced to the familiar condition f'(K) —§ = R, i.e. the marginal
product of capital would have been equated to the interest rate. Furthermore, this would have
implied that the capital stock is a decreasing function of the interest rate. Now, instead, we have
that the marginal product of capital exceeds the interest rate: f'(K)—§ > R. This is simply because
agents require a positive risk premium in order to be willing to hold capital. In addition, the steady
state value of this premium, which is given by the square-root term in (18), is decreasing in the
interest rate. This is because a higher interest rate permits the domestic agents to accumulate
more wealth in the long run. Indeed, for any given initial level of aggregate wealth, a higher
interest rate necessarily increases the mean return to saving and therefore also increases the level
of aggregate wealth in subsequent periods. It follows that the long-run level of aggregate wealth
also increases.” The accumulation of more wealth, in turn, increases agents’ willingness to take
risk—due to diminishing absolute risk aversion—and thereby reduces the premium they require in
order to hold any given amount of capital. Hence, the overall impact of the interest rate on capital
accumulation is now ambiguous: a higher interest rate may actually induce more investment in the
long run, due to the wealth effect on risk taking. This wealth and risk-taking effect plays a central

role in the results of our paper; we will revisit it shortly.

90f course, this statement is valid only for aggregates: the wealth of any particular individual could either increase
or fall, because of the presence of idiosyncratic risk.
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Going back to the determination of the steady state, we now note that, because the interest
and the wage are constant in steady state, the present value of labor income must also be constant,
which gives H; = (1 — a) f(K;)/R;. Using this into condition (14), we infer that aggregate bond
holdings—equivalently, the net foreign asset position—of country j must satisfy:

_ 19

B; = K, —

(1-a)f(K))
o '

R;

(19)

Combining this result with the one in condition (18), we reach the following lemma.

Lemma 2. (i) There exist continuous functions K,B : (0,3) x Ry — R such that, under either

autarchy or integration, the steady-state levels of aggregate capital and bond holdings satisfy
Kj :K(R]’,a’j) and Bj :B(Rj,&j)Kj (20)

These functions are defined by

1-¢(R,5) (1-a)f(K(R,0))

K(R,6)= ()" (R+pu(R,5)+06) and B(R,6) = S(R.5) RK(R.6)

where (R, &) = 2?1‘;2 (6—R) and ¢(R,0) = Ti?/‘(R’ 7).

(i1) %ﬁ’&) > 0 if and only if p(R,5) < %9, which in turn is true if and only if R > R(&),
where R(&) Ep - %%‘2 <R.

(ii1) % < 0 necessarily.

(iv) % > 0 necessarily.

(v)%>0ifand0nlyif]%>ﬂ, whereO<EEﬁ%<R.

Part (i) follows from conditions (18) and (19). The functions K and B give, respectively, the
domestic capital stock and the net foreign-asset position that are consistent with stationarity of
aggregate wealth when the interest rate is R and the level of risk is . These functions will turn
out to be particularly helpful in the characterization of the steady states.

Parts (ii) through (iv) then provide us with the comparative statics of these functions with
respect to the interest rate and the level of risk. Part (ii), in particular, establishes that the
steady-state capital stock is a U-shaped function of the interest rate. What lies behind this U-
shaped relation is our wealth-and-risk-taking effect: for sufficiently high R, this effect dominates
the familiar opportunity-cost effect, guaranteeing that a higher interest rate increases the capital
stock in the steady state. This result plays a crucial role in our subsequent analysis. Part (iv), then,

complements this result by showing that, as the interest rate increases, the propensity to save in
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the bond also increases: as the risk-free rate increases, saving in the riskless asset (bond) increases
relative to aggregate saving in the risky asset (capital).

Finally, parts (iii) and (v) establish that, for any given interest rate, an increase in the level
of risk necessarily reduces the steady-state capital stock, while it increases the propensity to save
in the bond as long as the interest-rate is not too low. These properties capture, respectively, the
risk-aversion and precautionary-saving effects of higher idiosyncratic risk.

Combined, these results facilitate the characterization of the autarchic and integrated steady
states. To sharpen this characterization, we now introduce the following assumption, which we will

invoke for a subset of our results.

Assumption 1. Suppose that either of the following conditions holds:

i \/2a6(1+9) s

% = Ov(a+0(2 — a)) 1—3?“t<1+0’

aut

where C

= 6Kj@“t/f(K]‘-Wt) 1s the autarchic steady-state saving rate of country j.

This assumption requires either (i) that the uninsurable idiosyncratic risk exceeds some minimal
level, or (ii) that the elasticity of intertemporal substitution is sufficiently high relative to the
autarchic propensity to invest. It can be shown that the former property implies the latter (see
Appendix). The advantage of the former, stronger, property is that it is stated in terms of purely
exogenous parameters, thus guaranteeing the existence of economies for which this assumption
holds. The advantage of the latter, weaker, property is that it can be assessed on the basis of
macroeconomic data. In particular, consider the following back of the envelope exercise. Using
US data, we can set o ~ .36 and s ~ .23 as empirically plausible values. It then follows that
this property is satisfied if 8 > .2. For countries with higher saving rates, this condition might
be satisfied for even lower values of 6. Since most estimates of 8, the elasticity of intertemporal
substitution, are above .5, and often close to 1, we conclude that Assumption 1 is a very plausible
benchmark. In any event, the role of this assumption is to guarantee that the autarchic steady
states lie in the increasing portion of the function K; that is, R;-Wt > R(&j) and therefore, by part
(ii) of Lemma 2, OK(R,5;)/0R > 0 for all R > R$"". In other words, Assumption 1 guarantees
that, in the neighborhood of the autarchic steady state, the wealth-and-risk-taking effect of a higher

interest rate dominates the standard opportunity-cost effect.

4.2 Autarchy

We are now ready to provide our first main result, the characterization of the autarchic steady state.
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Proposition 2. There always exists an autarchic steady state, it is unique, and it features the
following properties:

(i) The autarchic interest rates are given by R?“t, where R?“t solves B(R?“t, Gj) =0, and satisfy
R < R3" < R{™ < R,

where R is the complete-markets interest rate, R = f3.
(i) The autarchic capital stocks are given by K]‘-“‘t = K(R;?”t, ;). Furthermore, under Assump-
tion Al,
0< K" < K{"' < K,

where K is the complete-markets capital stock, defined by f'(K) = 3+ 4.
(iii) The autarchic consumption levels are given by C’]C-”‘t =f (Kj‘?“t) —5K;“t. Furthermore, under

Assumption Al,
0<C§™ <O < O,

where C' is the complete-markets consumption level, defined by C = f(K).

The existence and the uniqueness of the autarchic steady state follow from the continuity and
monotonicity of the function B with respect to R (which we established in Lemma 2), along with
appropriate limit properties (which we establish in the Appendix).

Part (i) characterizes the steady-state levels of the interest rate: it establishes that the interest
rate is lower than the discount rate in both countries, and more so in the South than in the North.
The first property, namely that the autarchic interest rates are lower than the discount rate, reflects
the presence of a precautionary motive for saving, much alike the one in Aiyagari (1994) and
Mendoza et al. (2008). The second property, that the interest rate in the South is lower than the
one in the North, is then a consequence of the fact that the precautionary motive is stronger in the
South, due to the higher level of idiosyncractic risk. Formally, this is captured by the monotonicity
of the function B with respect to o: the higher the level of undiversifiable idiosyncratic risk, the
higher the steady-state demand for the risk-free asset for any given R; but since the net supply of
this asset is zero when the economy is in autarchy, it must be that the autarchic interest rate is
lower the higher the o.

This result is also illustrated in Figure 1. The interest rate is on the horizontal axis. The blue
line is the curve B for the North; the green line is the curve B for the South. These curves can be
interpreted as the aggregate demand for the safe asset in each country (normalized, though, by the
corresponding capital stocks). Both curves are increasing in R, but the one for the South lies above

the one for the North, reflecting the stronger precautionary motive in the South. The autarchic
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steady-state interest rates are given by the intersections of the two curves with the horizontal zero
line. Clearly, the South has a lower autarchic interest rate, R§“* < R{“!.

Part (ii) characterizes the steady-state levels of the capital stock: it establishes, under Assump-
tion 1, that the capital stock is lower than its complete-markets counterpart in both countries, and
more so in the South than in the North. The first property, namely that the autarchic capital stocks
are lower than their complete-markets counterparts, revisits the key result in Angeletos (2006). As
mentioned in the Introduction, this is a core prediction that differentiates our framework from prior
work, including Aiyagari (1994), Krusell and Smith (1998), Medoza et al (2008, 2009), and most
other Bewley-type models where incomplete risk sharing is typically associated with higher capital
accumulation. Furthermore, this prediction is obviously more consistent with the data than the
alternative featured in the aforementioned class of models: our framework predicts that the least
financially developed countries are the poorest ones, not the richest ones.'®

The key for this difference is the type of risk featured in those models versus the type of risk in
our model. In those models, agents face only idiosyncratic labor-income risk. This risk introduces
a precautionary motive for saving, which reduces the interest rate, but does not break the equality
between the interest rate and the marginal product of capital. In contrast, our model features
entrepreneurial, or capital-income, risk. This risk introduces not only a precautionary motive, but
also a positive wedge between the interest rate and the marginal product of capital; this wedge is
the risk premium on private investment. It follows that, while incomplete risk-sharing necessarily
encourages more capital accumulation in Bewley models by reducing the interest rate, it can dis-
courage capital accumulation in our model by introducing the risk-premium wedge. The conditions
in Assumption Al then suffice for this wedge to dominate the reduction in the interest rate, thus
guaranteeing that the capital stock is lower than under complete markets. Finally, the result that
the autarchic capital stock is lower in the South than in the North reflects the fact that the wedge
is higher in the South. Formally, this last result follows combining the facts that o is higher in the
South, that R is lower in the South, that the function K is necessarily decreasing in o, and that,
under Assumption 1, this function is also increasing in R for all R > R;-”“t.

Finally, part (iii) characterizes the steady-state level of consumption: it establishes, under As-
sumption 1, that the aggregate level of consumption is lower than its complete-markets counterpart
in both countries, and more so in the South than in the North.

Combined, the above results show that, under autarchy, the South—the economy with more
severe financial frictions—features a lower risk-free rate, a higher marginal product of capital, and

lower levels of aggregate capital, wealth and consumption.

10This property is established above for the case of financial autarchy, but as we will see it extends also to the case
of financial integration.
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4.3 Financial Integration

We now proceed to our second main result, the characterization of the integrated steady state.

Proposition 3. An integrated steady state exists, and it necessarily features the following properties:
(i) The interest rate is given by R™, where R™ solves 2 jef1,2} B(R™,5;)K(R™, ;) = 0,
and satisfies
R§" < R™ < R{™ < B.

(ii) The capital stocks are given by K}”t = K(R", ;). Furthermore, under Assumption Al,
Kaut < Kint < Kint < Kaut
2 2 1 1
11 e foreign asset positions are given by B = nt K™ and satisfy
ii1) Th ' t 1) ' b B;"t B(R™ 5, ijt d sat
B’int >0> Bint
2 1

(iv) The consumption levels are given by C’;m = f(KJmt) + RmtB;-"t. Furthermore, under As-
sumption Al,
Cézut < C;nt < Cint < Cizut

Part (i) establishes that the interest rate in the integrated steady state falls between the two
autarchic values.

Part (ii) then establishes that the South has a higher capital stock than in autarchy. This is
a direct implication of our earlier result in Lemma 2 that the function K is increasing in R and
embodies the key prediction of our model for the long-run effects of financial integration: agents in
the South enjoy a higher capital stock in the integrated steady state because a prolonged access to
higher safe returns permits them to accumulate more wealth, and therefore to take more risk. The
converse is true for the North.

Part (iii) then states that in the integrated steady state the South is a net creditor, while the
North is a net debtor. As we will see in the next section, this steady-state position is attained
after a long transition throughout which the North runs persistent current-account deficits (and,
symmetrically, the South runs persistent current-account surpluses). This part thus contains the
explanation that our model offers for global imbalances.

Finally, part (iv) spells out the implications for aggregate consumption: the South enjoys a higher
level of consumption, both because it has accumulated more capital domestically and because it has

accumulated a positive position against the North.
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Parameters | Values
Preferences

16} 0.05

0 8

0 1
Technology

« 0.40

1) 0.10

Risk
01 0.10
09 0.40

Table 1. Benchmark Calibration Values.

5 Transitional dynamics

In this section we examine in more detail the dynamic responses of the two countries to the in-
tegration of their financial markets, starting an initial position that coincides with the autarchic
steady states. For this purpose, we henceforth focus on a specific numerical exercise. However, it is
important to keep in mind that the qualitative patterns we identify with this particular numerical

exercise are robust to a wide range of parameters values as long as Assumption Al is maintained.

5.1 Calibration

The two economies are parameterized by («, 3, 7, 0, 0, &1, 62), where « is the income share of
capital, § is the discount rate, v is the coefficient of relative risk aversion, ¢ is the depreciation rate,
and 0 is the elasticity of intertemporal substitution, and ¢; is the undiversifiable risk in country j.
Table 1 presents the parameter choices for the preferred parameterization of our model.

The time period is interpreted as one year. All the preference and technology parameters are
then broadly consistent with the macro and macro-finance literature. In particular, the discount
rate is 0 = 0.05. The elasticity of intertemporal substitution is # = 1, a value broadly consistent
with recent micro and macro estimates,'! while the coefficient of relative risk aversion is chosen to
be v = 8, a value commonly used in the macro-finance literature to help generate plausible risk
premia. Finally, the depreciation rate is 6 = 0.10 and the share of capital in production is a = 0.4.

We are then left with 1 and &2, the levels of undiversifiable idiosyncratic risk. Unfortunately,
there is no direct measure of the rate-of-return risk faced by the “typical” investor or entrepreneur,

even in the US economy. However, there are various indications that investment risks are significant.

'1See Angeletos (2007) for a more thorough discussion of the relevance of this parameter within the type of model
we have employed here, and also for references on the empirical estimates of this parameter.
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For instance, the probability that a privately held firm survives five years after entry is less than 40%.
Furthermore, even conditional on survival, the risks faced by entrepreneurs and private investors
appear to be very large: as Moskowitz and Vissing-Jorgensen (2002) document, not only is there a
dramatic cross-sectional variation in the returns to private equity, but also the volatility of the book
value of a (value-weighted) index of private firms is twice as large as that of the index of public
firms—one more indication that private equity is more risky than public equity. Note then that the
standard deviation of annual returns is about 15% per annum for the entire pool of public firms; it
is over 50% for a single public firm (which gives a measure of firm-specific risk); and it is about 40%
for a portfolio of the smallest public firms (which are likely to be similar to large private firms).
Given this suggestive evidence, and lacking any better alternative, we let the levels of undiver-
sifiable risk for the North and the South be, respectively, 61 = 0.10 and o = 0.40. If we think
of the North as the United States and the South as a developing economy, these values are not
implausible—one could even argue that they are rather conservative. In any event, the precise
values of these parameters are not essential for the qualitative patterns we identify below—all that

matter is that the North has a lower level of risk than the South.

5.2 Dynamic Responses

In this section we examine the entire impulse responses of both economies to financial integration.
Both economies start at their respective autarchic steady states. Subsequently, the economies
integrate their bond (financial) markets. We then track the entire transition of both economies
towards their new integrated steady state.

Tracking the transitional dynamics of incomplete-market models is often a daunting exercise.
This is not the case for our model, thank to the low dimensionality of the general equilibrium
system. In particular, note from Lemma 1 that, when the EIS is 6§ = 1, the marginal propensity
to consume out of total wealth reduces to mj;; = 8 for all j,¢. It then follows from Proposition
1 that the transitional dynamics of the world economy can be reduce to a simple system of four
first-order ODE’s in (X, Hjt)je{l’Q}, where Xj; = Kj; + Bj;. Our numerical algorithm then works
as follows. First, we solve for both the autarchic and the integrated steady-state aggregates. Next,
we numerically solve the aforementioned ODE system using the autarchic steady-state values of
capital, X0 = K;“‘t, as initial conditions and the integrated steady-state values of human wealth,
Hj”ﬂ as boundary conditions.

The dynamic path of the South is illustrated in Figure 2, and that of the North in Figure 3.
Time in years is on the horizontal axis, and levels of several variables are on the vertical axis. The

blue lines indicate the levels of the variables at the autarchic steady state. The red lines indicate
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the levels of the variables at the integrated steady state. The black lines show the dynamic response
of the variables.

Figure 2 shows that, immediately upon integration, the capital stock in the South falls below its
autarchic steady-state level. But after this initial fall, the capital stock starts recovering. In fact,
it is back to the autarchy level in about thirty years and it keeps increasing after that, eventually
asymptoting to the new, higher, integrated steady state. In other words, the South faces a bleak
picture in the short run, with a significant outflow of capital immediately after integration, but this
picture is reversed in the long run, as capital starts fly back into the country, eventually reaching
a higher level than under autarchy. In particular, the capital stock in the South falls by almost
7% immediately after integration, compared to its autarchic steady state. But, at the long-run
integrated steady state, the capital stock in the South has increased almost 18% above its autarchic
level. The same qualitative picture is true for the other aggregate variables, such as aggregate
output, consumption, and the wage. For example, aggregate output in the South falls by almost
3% in the short run, and it increases by almost 7% in the long run, compared to its autarchic value.

Figure 3 demonstrate the exact opposite picture for the North. Immediately upon integration,
the North experiences an inflow of capital, and capital remains above its autarchic level for about
a hundred years. However, in the long run, that is in about five hundred years, capital settles at an
integrated level lower than the autarchic one. The same is true for the other aggregate variables.
The interest rate jumps down from the autarchic steady state upon integration, and it settles at
an even lower level in the long run. Finally, in the long run the North ends up borrowing from the
South. In other words, the North experiences an initial period of prosperity, put in the long run this
picture is reversed. For example, capital in the North increases by about 3.5% upon integration,
but it falls by about 5% in the long-run steady state, compared to its autarchy level. And aggregate
output in the North increases by 1.5% upon integration, but it falls by 2% in the long run, compared
to autarchy.

The intuition behind these results is as follows. While in autarky, the South faces higher levels of
idiosyncratic risk and therefore features a higher demand for precautionary saving than the North.
This stronger precautionary motive keeps the domestic (risk-free) interest rate suppressed in the
South relative to the North. Upon integration, however, the precautionary savings of the South are
partly absorbed by the North, implying that the domestic interest rate has to increase in the South
(and decrease in the North). This in turn has very different implications for the macroeconomic
outcomes of the South depending on whether we look at the short or the long run. In the short
run, the increase in interest rates means an increase in the opportunity cost of capital, causing
a reduction in the capital stock of the South. In the long run, however, this increase in interest

rates permits the residents of the South to accumulate more wealth. As they do so, they become
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willing to undertake more investment risk, which explains why the capital stock recovers over time.
The fact that the capital stock eventually increases beyond its autarchic value then follows from
Proposition 3.

Finally, note that, along the transition to the new steady state, the South runs significant current
account surpluses, so that it keeps increasing its financial position abroad. Conversely, the North
runs significant current account deficits, eventually reaching a dramatic level of foreign debt, equal
to about 9 times its GDP. Clearly, this is the manifestation of the precautionary savings of the
South rushing for safety in the North.

Our findings thus provide an explanation of "global imbalances" that is similar to the one in
Mendoza et. al. (2008) in that it rests on the presence of a stronger precautionary motive in the
South than in the North. At the same time, our findings providing a novel perspective on the
ongoing debate on the cost and benefits of capital-market liberation. In particular, while many fear
that such a reform may cause an outflow of capital, here we find that this effect is indeed valid in
the short run, but we also find that this effect is reversed once enough time has passed.

At this point, it is also worthwhile noting that the magnitude of the effects depends critically on
the share of capital in production. Figure 4 shows the dynamic responses of the aggregate capital
stock in the two countries for a "broader" definition of the capital stock: all parameters are the
same as in the benchmark calibration, except for the income share of capital, which is now set at

a = 0.60.

6 Extension: Shortage of Safe Assets

In this section we consider a variant of our model that introduces a "storage technology", namely
a technology that provides the economy with a safe store of value—this technology has a lower
mean return than entrepreneurial activity, but entails no risk. We further assume that this storage
technology is better in the North than in the South. What we thus capture with this variant is the
idea that the less developed countries may have a relative shortage of safe assets, due to weaker
enforcement of property rights. As mentioned in the Introduction, this builds a bridge between our
paper and that of Caballero, Farhi and Gourinchas (2008).

To focus on this possibility, we now assume that the countries do not differ in the amount of risk
in their "entrepreneurial sector": &1 = &5. Instead, the North is now identified solely by its ability
to access a better storage technology. This storage technology can also be interpreted as a sector

in which all idiosyncratic risks are diversified—think of this as the "public equity sector".'? The

12However, see Panousi and Papanikolaou (2009) for some evidence that idiosyncratic risks are relevant for invest-
ment decisions even within the public-equity sector.
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production function in the storage technology has the form g;(Mj;) = A;_QM i

level of capital in the safe sector, and A; determines the size of the public or safe sector relative to the

where Mj; is the

size of the private or risky sector. Therefore total aggregate capital is K;;’tal = K+ Mj;, aggregate
financial wealth is X;; = Kj; + Mj; + Bjt, and aggregate wealth is Wj; = K3 + My + Bjy + Hj;.
The storage technology provides a safe asset in positive net supply in the autarchic economy, while
agents still have access to the bond, which is a safe asset in zero net supply in autarchy. The key
assumption here is that A; > As, meaning that the South can create safe assets at a lower efficiency
than the North.

Clearly, in equilibrium the risk-free rate must satisfy R; = g}(Mt) for country j. This pins
down the stock of safe assets in the South as an increasing function of the interest rate. The rest
of the equilibrium characterization then proceeds in similar lines as in our benchmark model. In
particular, the general-equilibrium dynamics under either autarchy or integration are given by the
following, which is a direct adaptation of Proposition 1 to the introduction of a storage technology
for each country. The analysis of such a variant, as well as the quantification of our mechanism, is

left for future work.

Proposition 4. In either the autarchic or the integrated equilibrium, the aggregate dynamics of

country j satisfy the following ODE system

Cjt + Kjt + th + Bjt =f (Kjt) — (5Kjt + 9; (th) — 5th + R Bj
Cjt

oA 122
Cijt_e(pjt_ﬁ)_‘_?ygjd)jt

Hjy = Ry Hj — (1 — @) f(Kj1)
Bji = (1 — ¢j¢)(Kjt + Bjt) — djeHjt

Rji = gi(Mjy)

where ¢j; = ¢(Kji, Rjt,75) and pjr = p(KjRji,65). The autarchic equilibrium is then obtained by
letting R1z # Roy and requiring that, for each j, Rj; adjusts so that

Bji = 0. (21)

In contrast, the integrated equilibrium is obtained by imposing Riy = Roy = Ry and requiring that
R, adjusts so that
Bit+ Byt =0 (22)
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Parameters | Values
Preferences
16} 0.05
0 8
0 1
Technology
« 0.40
1) 0.10
Aq 0.45
Ay 0
Risk
01 0.40
09 0.40

Table 2. Calibration Values with Storage Technology.

6.1 Calibration

The economies are now parameterized by (a, 3, v, d, 0, 61, 02, A1, Az). Table 2 presents our pa-
rameter choices. Here, most parameters are as in our benchmark model, except for the fact that
the level of idiosyncratic risk is now the same in both countries at 51 = &9 = 0.40. As anticipated,
we set the level of risk to be the same in both countries in order to isolate the impact of differences
in the capacity to produce safe assets. For simplicity, and without serious loss of generality, we set
Ao = 0, in which case My; = 0; that is, we take the extreme scenario where the South has no ability
to produce safe assets. Finally, we choose A; = 0.45, because this ensures that, at the autarchic
steady state, total capital in the North is allocated equally between the two sectors of production.
This choice is somewhat arbitrary but is motivated by the experience of the United States, where
about one half of the capital stock is owned by the private-equity sector and the other half by the

public-equity sector.

6.2 Dynamic Responses

We now consider the dynamic response of the two economies to financial integration, starting from
autarchy. The transitional dynamics once again reduce to a simple ODE system in (X14, Xo¢, Hit, Hat),
except that now X;; = Kj; + Mj; + Bj;. The dynamics of the South are presented in Figure 5, the
dynamics of the North in Figure 6. As before, time in years is on the horizontal axis, the blue lines
indicate the levels of the variables at the autarchic steady state, the red lines indicate the levels of

the variables at the integrated steady state, and the black lines show the dynamic response of the
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variables.!3

As in the baseline model, the North is richer than the South in autarchy, and features higher
interest rates. However, this is not anymore because the entrepreneurial sector is riskier in the
South—the entrepreneurial sectors have now been assumed to have the same risk in both economies.
Rather, it is because the safe asset is in positive supply in the North—this limits both the precau-
tionary pressures on domestic interest rates and the risk premium in the entrepreneurial sector. As
a result, relative to the South, the North has both a higher interest rate and a higher capital-labor
ratio in the entrepreneurial sector.

The dynamic responses upon financial integration then mimic those in the baseline model. Once
again, the short run looks bleak for the South, with an outflow of capital to the North. But as the
Southerners get richer over time by getting access to the safe assets of the North, they become more
willing to undertake risk, and they return to the South in order to take advantage of the higher
capital returns in the entrepreneurial sector there. Hence, in the long run the picture is reversed,
and the South ends up with a higher capital stock than it had under autarchy. The opposite is true
for the North.

Figures 5 and 6 present the dynamic responses of the North and the South, respectively. In
the short run, aggregate capital in the South drops by —4.3% whereas in the North it increases by
1.9%. In the long run, aggregate capital in the South increases by 10.8% whereas in the North it
drops by 2.6%.

Interestingly, the dynamic adjustment of the economies now also features changes in the measure
TFP, as capital gets reallocated between the two sectors within each country. In the North, aggregate
TFP, as measured by the Solow residual,'* falls by 2.3% between the autarchic and the integrated
steady state. If we had allowed for some storage in the South, the converse picture would emerge
for the measured TFP of this country: its Solow residual would grow between the autarchic and the
integrated steady states.

At the same time, it remains true, as in the baseline model, that the North runs current account
deficits, while the South runs current account surpluses. It follows that our model can solve the
empirical "puzzle" documented by Gourinchas and Jeanne (2008). This worked show that capital
appears to flow from countries that experience positive higher growth to countries that experience
lower productivity growth. While this fact is inconsistent with the standard neoclassical growth

paradigm, it is consistent with our model.

13Note that here aggregate capital is given by K;ft“l = Kjt + Mj;.
“With the amount of labor normalized to 1, the Solow residual is given by approximately SRi; = In(Yj:) —
Oél’l’L(Kjt —+ th).
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7 Conclusion

This paper studies the global macroeconomic implications of financial integration within a Bewley-
type model that feature idiosyncratic investment, or entrepreneurial risk. The key lessons we
obtained can be summarized as follows. When the South is in financial autarchy, the domestic
(risk-free) interest rate is depressed relative to the North because of a strong precautionary demand
for saving. Upon financial integration, some of the South’s precautionary saving can find outlet
in the North—thus giving rise to global imbalances and also raising the interest rate in the South.
This increase in the interest rate increases the opportunity cost of capital, implying a reduction in
investment and output in the South. However, as time passes, agents in the South accumulate more
wealth due to the higher safe returns they now enjoy in the North. In the process, they become
more willing (or able) to engage in risky entrepreneurial activities or otherwise to invest in high-
return, but risky, domestic investment opportunities. This in turn opens the door to a “reversal of
fortune” in the long run: while capital initially flows out of the South, it starts flowing back after
some transitional period, eventually leading to higher output, wages, and consumption than under
autarchy. Our paper therefore provides not only an explanation of global imbalances, but also a
distinct input to the ongoing debate on the costs and benefits of capital account liberalization.

Furthermore, because the aforementioned transition in the South may feature a reallocation
of capital from safe but low-return activities to risky but high-return ones, measured TFP in the
South may increase along the transition. Conversely, the North may experience a drop in TFP (or
a lower growth rate than the South). Along with the property that the South runs current account
surpluses, while the North runs current account deficits, this implies our model predicts that capital
flows from the faster growing countries to the slower growing countries—a prediction that is the
opposite of the one made by the standard neoclassical paradigm and that helps resolve the empirical
puzzle documented by Gourinchas and Jeanne (2008).

Underlying these results were a two key properties. First, a positive wedge was present between
the marginal product of capital and the risk-free rate. Second, this wedge was decreasing in wealth.
In our model, the first property was due to undiversified idiosyncratic risk and the second due
to deminishing absolute risk aversion. However, these properties may also emerge in models with
borrowing constraints: these models typically feature a positive wedge between the marginal product
of capital (internal returns) and the interest rate faced by savers (external returns), but this wedge
vanishes as wealth increases and the borrowing constraint is overcome. We thus conjecture that
similar results would obtain in a variant of our model that would introduce borrowing constraints

on investment /entrepreneurial activity.
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Appendix

Proof of Lemma 1 (individual policy rules). This result is essentially a variant of the Merton-

Samuelson optimal portfolio problem; see also Proposition 1 in Angeletos and Panousi (2009).

Proof of Proposition 1 (equilibrium dynamics). For simplicity, we drop the index j.
Since aggregate labor demand is fz ni = n(w;) K and aggregate labor supply is 1, the labor market
clears if and only if n(w;) K; = 1. It follows that the equilibrium wage satisfies w; = F, (K, 1) and,
similarly, the equilibrium mean return to capital satisfies 7, = F (K, 1) — 0. The bond market, on
the other hand, clears if and only if B; = 0, or equivalently (1 — ¢;)W; — H; = 0. Combining this
with Ky = ¢W; gives condition (17).

Combining the intertemporal government budget with the definition of human wealth, we get

Hy=h = /OO e It Ridi(y, — Gy)ds. (23)
t
Expressing this in recursive form gives condition (16).

Let py = ¢t + (1 — ¢¢) Ry denote the mean return to total saving. Aggregating the household
budgets gives W; = ptWy — Cy. Combining this with (16) and with K; + H; = W, we get that K, =
Wy — Hy = (pW, — Cy) — (ReHy — wy + Gy) . Using oWy = 7y Wy + Ry (1 — ¢y) Wy = 7K, + Ry Hy,
we get K; = 7 Ky +w; — Cy — Gy. Together with the fact, in equilibrium, 7 K; +w; = F (K, 1) — 0Ky,
this gives condition (14), the resource constraint.

Finally, using Cy = m;W;, and therefore C; /Cy =y /my + W, /Wt together with Wy = peWy —
Cy = (pt — my) Wy and (10), gives condition (12), the aggregate Euler condition.

Proof of Lemma 2. (i) The form of the function K is evident from condition (16), while the

form of the function B follows from condition (17).

1
(ii) Since K(R) = [W} “~ it follows that Kg has the same sign as ——(ug + 1). Since

a—1
w(R) = (foj (3 — R))Y?, we get that up = (—%%)1/2(5 — R)~Y/2. Using this, we have that
KR>0©R>5—%%E R(6) < B=R.

In addition, since W, = piWy — Cy = (pr — my) Wy, wealth stationarity requires p = m. Com-

bining this with the Euler equation in steady state, we get

TR (K) = 6~ B) ~ 05— B) = 0.

From this, and for steady-state capital to be lower than under complete markets, that is, for f/(K)—
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6 > (3, it has to be the case that

T o5 B) 03— R) <0,

which, since § — R > 0, gives 0 > ¢/(2 —¢) or ¢ <6/(0+1) .

1
(iii) Since K(R) = {W} “~' it follows that K has the same sign as —us. Since u(R) =

(fo; (3 — R))'/?, we get that ps = %(fo;)_lﬂ(ﬁ — R). Using this, we have that Kz < 0.

(iv) We have that

K(R)* 1= (R)

- S K. (24)

Consider the limits of B as R — 0" and R — ™. Note that u(0) = (2101%2 3)'/2 is finite and hence
both ¢(0) and K (0) are finite. It follows that

1 1
lim B(R)=—(1—a)K(0)* lim — —— +1)K(0) = —o0.
A B(R) = —(1 - a)K(0) RLH()1+R+((;5(O)+ )E(0) = —o0
. . -1 . .
Furthermore, 1(8) = 0, implying ¢ (5) = 0 and K(3) = Keomp = (') (0) is finite. It follows
that

i =—(1-« ol im L

Next, note that, from (24),

+ 1)K (B) = +oo.

OB K(R)®

1 !/
o= (-0 K(R) + ——K'(R). (25)

¢(R)

K'(R) 1} YR
¢ (R)?

1
Now note that, since K(R) = [W} “and ¢(R) = \/L(ﬁ — R), we have

v62(1+0)
B 1T R VS SN L
e K o 1f(R) R

where we suppress the dependence of K, u, and ¢ on R for notational simplicity. It follows that

0B 1-aRy+R-f(K) _762;/
OR a R2 w2

Since ¢/ (R) < 0 and R < f' (K (R)) for all R € (0, 3), we have that 0B/OR > 0 for all R € (0, 3).
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(v) Using the formulas for p(R) and ¢(R) from above, we get

=2 () =2 —1-(1-a)K" = ¢ 205 — ;
where ¢5 = —%(%)1/2 and pz = (%)1/2. Substituting this into g‘g’ > 0 yields
208(1 —a) _
R > et 02— a) =R<R=0.

Proof that the first part of Assumption 1 implies its second part. For simplicity, we

drop the index j. After some algebra using the definitions of R and R, we get

2a6(1+0)
Oy(a+6(2—a))

R<Red<

In this region of interest rates, Kr > 0, and therefore ¢ < 0/(1 + 6). Next, let f(K) = K,
f(K)=K*+ 6K, and s = 6K/f. We have that

¢ _H_ w _f(K)-[(K)K /K-
¢ K RK RK Iz

and therefore A A .
- ['K/f —0K/f a-—s

¢ 1-0K/f  1-s
For & very small, ¢ ~ =2, which implies that Kr > 0 < =5 < %9.

Proof of Proposition 2. (i) This part follows from the proof of Lemma 2, part (iii). The
limits of B(R), together with the continuity of B (R) in R, establish the existence of an R that
solves B(R) = 0. This is in fact the unique steady-state R, since Br > 0 always.

(ii) The equation B(R?“t,&j) = 0 is simply bond market clearing for each country. Under
Assumption 1, we are in the region where Bs > 0. From (1) we have that B = B/K = D. Using a
proof similar to that in Proposition 1(iv), we get that Dr < 0. Hence, B < 0. We also have that
Bs; = BrRs > 0, with Bg < 0. Therefore, it has to be that R < 0 in autarky. In other words,
Rt > Rgut,

(iii) Under Assumption 1, we are in the region where K > 0. Hence, the fact that R{“ > R
implies that K{ > K$“* > (0. Since consumption is increasing in capital, we also have that
cgut > ogut,
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Proof of Proposition 3. (i) Consider the function WB(R) defined by
WB(R) = B(R,51)K(R,51) + B(R,52)K(R, 52)

An integrated steady state is given by any solution to WB(R) = 0. Note that the function K is
always positively valued, while the function B can take both signs and is increasing in R and &.
Furthermore, recall that R$“ < R{“!. Whenever R < R$“(< R$“'), by the monotonicity of B
in R we have that B(R,52) < B(R3%,55) = 0 and B(R,51) < B(R$",59) = 0; it follows that
WB(R) < 0. Similarly, whenever R > R{“!, we have that WB(R) > 0. Along with the fact that
the function WB(R) is continuous in R, this implies that a solution R™ to WB(R) = 0 always

exists and it necessarily satisfies R% < R < Ryut,

(ii) Since Kz < 0, it follows that K" > Ki" Since Assumption Al ensures that Kg > 0, and

using (i), we get the desired result.

(iii) Under Assumption A1, we are in the area where Bs > 0, which implies that Bi" < Bt

and since the world bond market has to clear, this means that Bi'”t <0< B;”t.
(iv) This part follows directly from parts (ii) and (iii).

Proof of Proposition 4 (storage). This follows from a direct adaptation of Proposition 1,
replacing Bj; with Bj; + Mj; in all the conditions of this proposition and adding the new optimality
condition Rt = g;(Mjt).
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Figure 1: Awutarchic Steady States. The interest rate is on the horizontal axis. The blue line is the
function B(R) for the North. The green line is the function B(R) for the South. The intersection of the
B(R)-curves with the red zero line gives the autarchic interest rates, where R$% < R%ut,
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Figure 2: Dynamics of the South. Time in years is on the horizontal axis. The economies are integrated
at time zero. The blue line indicates the value of the variables in the autarchic steady state. The red line
indicates the value of the variables in the integrated steady state. The black line indicates the dynamic path
of the variables. Capital, output, consumption, and the wage are normalized by the corresponding autarchy
values of the North. The net foreign asset position is given as a fraction of GDP.
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Figure 3: Dynamics of North. Time in years is on the horizontal axis. The economies are integrated
at time zero. The blue line indicates the value of the variables in the autarchic steady state. The red line
indicates the value of the variables in the integrated steady state. The black line indicates the dynamic path
of the variables. Capital, output, consumption, and the wage are normalized by their corresponding autarchy
values. The net foreign asset position is given as a fraction of GDP.
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Figure 4: A broad definition of capital. This figure revisits the dynamic adjustment the North and
the South when o = 0.6. As in Figures 1 and 2, the economies are integrated at time zero the variables are
normalized by the Northern autarchic values.
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Figure 5: Shortage of safe assets in the South—the dynamics of the South. This figure revisits the
dynamic response of the South (as in figure 2) when the only difference between the two economies is that
the North has access to a better technology for producing safe assets.
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Figure 6: Shortage of safe assets in the South—the dynamics of the North. This figure revisits
the dynamic response of the North (as in figure 8) when the only difference between the two economies is
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that the North has access to a better technology for producing safe assets.
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