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Chapter 1

Introduction

This dissertation consists of four self-contained papers that deal with the implica-
tions of financial market imperfections and heterogeneity primarily within the class of
incomplete-markets models. The following review briefly relates this class of models to
the evolution of macroeconomic modeling and summarizes its main ideas. Subsequently,

the contributions of the four papers are described in more detail.

A brief history of macroeconomic modeling

The evolution of macroeconomic modeling is characterized by different waves of major
and minor changes of the predominant paradigm, reflecting the different views of com-
peting macroeconomic schools of thought.! Up to the late 70s, macroeconomic modeling
mainly finds its expression in large-scale macroeconometric models, following the Cowles
commission approach (cf. Heathcote et al. 2009). Macroeconometric models allow for a
very detailed description of different economic sectors and a large number of parameters
to estimate. The high flexibility of this approach has been exploited to build large-scale
models that have been used for simulation and forecasting purposes. Macroeconometric
models still play a role in today’s forecasting industry.

However, the high degree of freedom these models provide has not hidden the fact
that the underlying modeling strategy was mainly data-driven rather than based on
sound economic theory. The dissatisfaction with this approach amplified in the late
70s and found its climax in the famous Lucas critique and the rational expectations
revolution. Based on the work by Lucas, Sargent, Kydland and Prescott, the research
agenda of macroeconomics was then put forward to dynamic general equilibrium models
in which aggregate behavior is derived from optimal individual decision making (cf.
Heathcote et al. 2009). Since then, DSGE models have become one of the dominant
classes of models in modern macroeconomics. The possible applications of DSGE models

are broad and range from classical real business cycle applications, asset pricing, fiscal

!The following brief review can neither be seen as completely comprehensive nor as capturing all
strands of literature. Instead, it serves to provide a general overview of selected main developments
in macroeconomic modeling. A more detailed introduction can be found in Heathcote et al. (2009),
Guvenen (2011), and Quadrini (2011).
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policy to long-run economic growth. Furthermore, the incorporation of nominal frictions
bridges the gap towards traditional Keynesian theory and new Keynesian DSGE models
are widely used to analyze monetary policy. The ascendancy of DSGE models also finds
its roots in the development of numerical toolboxes, in particular Dynare, that allow
to handle even large-scale models. Nowadays, DSGE models are also a standard tool
for central banks and finance ministries. However, despite the widespread applications
and the introduction of various frictions, a certain aspect has initially attracted slightly
less attention within the standard framework: the role of financial markets and the
consequences of financial market imperfections. Apart from early work by Bernanke
and Gertler (1989), the common approach was to assume that financial markets are
complete so that financial market imperfections or financial frictions do not play a
crucial role (see, Quadrini 2011). The neglection of the financial channel seems less
surprising as it constitutes a natural implication of the representative-agent approach
that characterizes standard DSGE models. As emphasized by Quadrini (2011), there
is no reason to trade state-contingent financial claims if all agents are homogeneous.
Furthermore, the fact that some markets are missing may be irrelevant if agents choose
voluntarily not to trade in these markets as equilibrium prices perfectly cancel out aggre-
gate demand. Hence, the assumption of complete markets and the representative-agent
approach are closely tied and form two sides of the same coin. However, the interest in
understanding the implications of incomplete markets and heterogeneity found its way
along mainstream macroeconomic modeling. As Lucas (1992) puts it,2 "If the children
of Noah had been able and willing to pool risks, Arrow-Debreu style, among themselves
and their descendants, then the vast inequality we see today, within and across societies,
would not exist (...)". Hence, the assumption of complete markets was more and more
regarded as an unrealistic benchmark, mainly imposed to avoid model complexity rather
than reflecting fundamental economic principles. With increasing interest and among
different approaches, a new class of models therefore emerged that nowadays is called
'standard incomplete-markets models (SIM)’.2 The work on incomplete-markets models
at least dates back to Bewley (1983) and gained greater attention based on the work by
Huggett (1993) and Aiyagari (1994). Incomplete-markets models share a lot of features
with traditional macroeconomic models: i.) aggregate behavior is derived from opti-
mal individual decision making, 4i.) agents respond to exogenous shocks by adjusting
consumption, saving, and possibly labor supply, #ii.) prices adjust to equate aggregate
demand and supply. However, the core characteristics of incomplete-markets models lie
in the emphasis on individual specific shocks, i.e. idiosyncratic risk, and the relaxation
of the complete markets assumption. The presence of idiosyncratic shocks, for exam-
ple to individual labor productivity or more generally to income, induces heterogeneity

among agents and is closely linked to market incompleteness. If financial markets were

2This quote also appears in Heathcote et al. (2009).
3Ljungqvist and Sargent (2012) also give the name 'Bewley-type’ models. A different strand of
research, for example, focuses on overlapping generation models (see, Diamond 1965).
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complete, providing full insurance against idiosyncratic risk, individual choices would be
the same across all agents and the incomplete-market model essentially would boil down
to the standard representative-agent approach. Hence, incomplete-markets models pos-
sess a close connection between heterogeneity and market incompleteness. Of course,
various types of frictions have also been introduced in other types of models, leading
to different strands of research besides the standard incomplete-markets approach (cf.
Brunnermeier et al. 2012). However, incomplete-markets models explicitly emphasize
the importance of heterogeneity and thereby, offer a natural framework for analyzing
the implications of financial market incompleteness.

To gain deeper insight into the specific characteristics of the standard incomplete-
markets model, it is useful to separate between the individual and the aggregate level.
On the individual level, the main building block is the income fluctuation problem
(e.g., Heathcote et al. 2009). Each agent chooses an optimal consumption and saving
plan subject to idiosyncratic income shocks. Financial markets are incomplete so that
full insurance against idiosyncratic risk is not obtainable. Agents can only partially
self-insure against idiosyncratic risk by accumulating a stock of assets that pay out a
risk-free return. Furthermore, agents also face a borrowing constraint on assets, which
further restricts them in their ability to allocate resources over time. The assumption of
incomplete insurance markets and the presence of borrowing constraints are supported
by a number of reasons. First, the volume of state contingent contracts that is traded in
the real economy is limited and a large volume of financing is in the form of standard debt
contracts (e.g., Quadrini 2011). Furthermore, differences in the amount of idiosyncratic
risk also reflect differences in insurance opportunities provided by the financial sector,
which allows taking account of differences in financial development (e.g., Angeletos and
Calvet 2006). Finally, and most importantly, a number of reasons such as moral hazard,
limited commitment and limited enforcement, prevent an unlimited supply of financing
and the provision of a full set of individual state contingent claims (e.g., Zhang 1997,
Quadrini 2011). Hence, though more emphasis is put on understanding the consequences
of financial market imperfections rather than on why markets are incomplete, a number
of reasons support the standard incomplete-markets approach.

Turning from the individual level to the aggregate level, the next step is to describe
the behavior of a continuum of agents facing idiosyncratic risk. In representative-agent
models, the aggregation step is rather simple, based on the 'Big-K-little-k’ trick, indi-
vidual variables are simply replaced by aggregate variables (see, Ljungqvist and Sargent
2012). In incomplete-markets models, however, computing aggregate variables and the
stationary equilibrium of the economy are more complex tasks, requiring to determine
the entire wealth distribution of agents. The fact that the wealth distribution is non-
degenerated in incomplete-markets models follows from the presence of idiosyncratic
risk and market incompleteness. An agent’s current position in the wealth distribution
reflects the individual history of shocks and the agent’s adjustment in consumption and

saving. Though the wealth distribution is time-invariant in stationary equilibrium, the
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individual agent steadily travels through the state space, reflecting the recurrent appear-
ance of idiosyncratic shocks. The fact that solving incomplete-markets models is often
more demanding than solving representative-agent models also contributes to explain-
ing the dominance of the representative-agent approach. Increasing the number of state
variables in incomplete-markets models quickly leads to the curse of dimensionality and
solving large models becomes a time-consuming task. Furthermore, though progress
has been made, no standard numerical toolbox exists for solving incomplete-markets
models.? Standard solution algorithms for incomplete-markets models therefore use
global solution methods for the individual problem and rely on repeated updating of
equilibrium prices to determine the general equilibrium. Heer and Maussner (2009),
for example, provide a detailed description of commonly used numerical methods and
algorithms.

The goal of the incomplete-markets literature is not to just add complexity to
macroeconomic models. Instead, a large and fast growing literature shows the impor-
tance of incomplete markets and borrowing constraints for individual and aggregate be-
havior. An important motive that is commonly analyzed within the incomplete-markets
framework is the precautionary saving motive that refers to the change in individual
saving in response to the presence of uninsurable risk. In standard incomplete-markets
models with idiosyncratic income shocks and borrowing constraints on the household
side, agents engage in positive precautionary saving under mild conditions on prefer-

ences.5

That means, agents build up a buffer-stock of savings to protect themselves
against future income drops (e.g., Carroll 1997). Higher savings on the individual level
then translate into higher savings on the aggregate level so that the interest rate is lower
in stationary equilibrium than in the complete markets case (Huggett 1993). However,
it is important to note that the agent’s response to financial market imperfections can
vary with the underlying source of risk and the specification of borrowing constraints.
For example, capital risk or financing constraints on the production side may lead to
different implications for saving and investment than the standard incomplete-markets
approach (e.g., Gertler and Rogoff 1990, Angeletos 2007). This clearly increases the
flexibility of incomplete-markets models to explain various patterns, but also means
that understanding the overall implications of financial market imperfections becomes
a more complex task.”

A quite natural application of incomplete-markets models is to explain the evolution

and current state of income and wealth distributions. This topic has recently gained

“Winberry et al. (2016) developed a toolbox for solving incomplete-markets models in continuous
time. However, up to now, this toolbox has not reached a similar standing as Dynare for DSGE models.
For more recent progress to use standard toolboxes see Le Grand and Ragot (2017) and Boppart et al.
(2017).

5In case of stochastic fluctuations in income, the early literature shows that agents engage in positive
precautionary saving if the third derivative of the period utility function is positive (e.g. Sandmo
1970, Kimball 1990). This assumption can be relaxed even further if agents face occasionally binding
borrowing constraints.

5The effects of capital risk and financing constraints on the production side will play a crucial role
in Chapter 3 which focuses on financial integration.
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special interest based on the book by Piketty and Goldhammer (2014), but was also a
leading theme in earlier work (e.g., Cagetti and Nardi 2006). Current research especially
focuses on matching the upper tail of the wealth distribution to explain the observed
increase in top income dispersion (e.g., Nirei and Aoki 2016). Furthermore, incomplete-
markets models also contribute to understanding the effects of monetary and fiscal
policy, providing deeper insights beyond the complete-markets representative-agent ap-
proach. For example, in the presence of borrowing constraints and uninsurable risk,
Ricardian equivalence fails to hold and fiscal policies that are neutral under complete
markets may have substantial quantitative effects (e.g., Aiyagari and McGrattan 1998,
Heathcote 2005). The topic of fiscal policy and incomplete markets has gained special
interest after the recent financial crisis and has led to a renewed debate about the role
of public debt and debt policy.

Finally, understanding the individual specific welfare implications also plays an im-
portant role in heterogeneous-agents economies. In his influential work, Lucas (1987)
showed that for standard preferences, fluctuations in consumption have very little im-
pact on the welfare of a representative consumer. However, in heterogeneous-agents
economies, welfare effects may be substantially larger for some agents depending on
their position in the wealth distribution (e.g., Storesletten et al. 2001). Furthermore,
agents may also be affected very differently by certain types of policies. For example, the
process of financial integration may lead to very different effects for agents depending on
whether they derive income predominately from wages or interest payments. Hence, the
support for certain policies will differ between agents, which emphasizes the importance
of the distributional effects for policy considerations.

In summary, incomplete-markets models with heterogeneous agents nowadays play
an important role in macroeconomic modeling. However, though the literature in this
field grew rapidly, especially after the recent financial crisis, it is still in an early phase
and various topics, ranging from classical puzzles and paradoxes to recent patterns, are
yet to be explored. The aim of this dissertation is to contribute to this strand of research.
Though different topics are covered by the four papers, they are strongly linked by the
following underlying aims: understanding the implications of financial market imperfec-
tions and heterogeneity for individual and aggregate behavior, explaining patterns that
cannot be fully explained by standard theory, and analyzing the corresponding welfare

and policy implications.

Contributions of the dissertation

The first paper (Chapter 2) and second paper (Chapter 3) both deal with the topic of
financial integration. Specifically, these papers emphasize the importance of distribu-
tional effects and financial market imperfections for explaining the pattern of interna-
tional capital flows. The model considered in the first paper is not yet an incomplete-
markets model, but bridges the gap by introducing heterogeneity in an otherwise neo-
classical growth model. The second paper then considers a comprehensive incomplete-
markets model with uninsurable risks and different types of financing constraints. In

the following, I describe the two papers in greater detail.
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The first paper, Opposition to Capital Market Opening, which is joint work with
Philipp Engler, deals with the topic of financial integration. The integration of financial
markets has long been regarded as a panacea for economic development by mainstream
economists: Free capital flows would allow an efficient global allocation of savings,
thereby amplifying economic growth and increasing welfare. These benefits should be
particularly large for developing countries and standard theory predicts huge ’downhill’
flows of capital, i.e. from rich to poor countries to close the gap in domestic returns.
However, the literature of the past years has shown that these predictions did not
materialize in a significant and robust order of magnitude. In particular, Lucas (1990)
showed that capital flows to developing countries were much too low to fit into the
picture of standard theory. Furthermore, as shown by Schularick (2006), the puzzle of
low capital flows has not vanished over time as capital flows to developing countries in
the recent period of financial integration have been even lower than in the period before
World War L.

In this paper we add to the theoretical debate about potential causes of low capital
flows to developing countries. We focus on the distributional effects of financial market
integration and show that it might not be surprising at all that poor countries do not
opt for large inflows of foreign capital because owners of the domestic capital stock
take a massive hit to their income. In an otherwise standard neoclassical growth model
of a small and developing country, we implement a heterogeneous-agent approach and
look at the polar case of concentration of the domestic capital stock in the hands of
capital owners. They derive income from the returns to their stock of capital only,
while workers derive only wage income. We show in a benchmark calibration that
capital owners suffer a permanent decrease in consumption of 42 percent under financial
integration due to lower returns while only workers gain 8 percent of consumption due
to higher wages. These huge gross impacts contrast with the small positive net effect
found in a neoclassical representative agent model by Gourinchas and Jeanne (2006).
Our estimates thus suggest that transfers from winners to losers of financial integration
have to be huge and may be hard to achieve in any political process. But if capital
owners are not compensated, they have a strong incentive to oppose an opening of
capital markets and their losses provide a measure of their willingness to pay to reach
that aim. Therefore, our quantitative results, which predict large losses, indicate a
strong political relevance of the distributional effects which cannot be identified by just
looking at the small net effects.

The results of the first paper show that the size of distributional effects may con-
tribute to explain why the magnitude of capital flows to poor countries does not fit into
the picture of standard theory. However, the counter-intuitive behavior of international
capital flows has become even more puzzling in recent years. Prasad et al. (2006, 2007)
show that since the end of the 20th century, the average income of countries running cur-
rent account surpluses has fallen below the average income of countries running current
account deficits, implying that capital nowadays even flows from poor to rich countries.

In other words, we observe a ’second generation’ of the Lucas paradox. Furthermore,
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domestic economic development in the light of capital outflows also challenges conven-
tional wisdom. Prasad et al. (2006, 2007) find periods of capital outflows from high-
growth nonindustrial countries and Sandri (2010) notes improvements in the current
accounts of developing countries during periods of high per capita income growth. To
explain these patterns, the literature has moved beyond the predictions of the friction-
less neoclassical model and emphasizes the importance of financial market imperfections
in the form of borrowing constraints and uninsurable idiosyncratic risks. As pointed out
by Mendoza et al. (2009a), countries still differ significantly in their level of financial
development despite the persistent increase in the volume of cross-border capital flows.
However, the questions whether and under what conditions the presence of uninsurable
risks and borrowing constraints contributes to explain the empirical findings have not
been completely resolved yet. In fact, the literature shows that the results are extremely
diverse and strongly vary with the underlying source of risk, the exact specification of
borrowing constraints and further model assumptions. Hence, while progress has been
made to understand some of the individual effects, we are still lacking a clear understand-
ing of the rich interactional effects and therefore, of the joint overall effect of financial
market imperfections on the process of financial integration. The paper presented in
Chapter 3, Idiosyncratic Risk, Borrowing Constraints and Financial Integration, which
is joined work with Maik Heinemann, aims at filling this remaining gap. Motivated by
the mixed results from the literature, we employ an incomplete-markets model in which
entrepreneurs face capital risk, receive riskless wage income and also face income risk
due to risky profits. Moreover, borrowing constraints simultaneously impede consump-
tion smoothing and limit the access to external funds for scaling up production. To
keep track of the individual effects, we consider different scenarios, increasing the model
complexity step by step. We find that in the presence of uninsurable risk only and for
plausible parameter restrictions, it is in fact the initially poor country that builds up
a positive net foreign asset position under financial integration and that an increase in
the interest rate leads to higher levels of capital and output in the integrated steady
state. However, we also find that tight borrowing constraints and high persistence of
shocks strongly affect the model predictions and lead to significantly tighter parameter
restrictions to explain the empirical facts. In particular, we find that in times of strong
turmoil in financial markets, with an almost collapsing lending channel, the model pre-
dictions drastically change and indicate that financial integration may easily become
an impediment for domestic economic development. Hence, as an overall result, we
can conclude that a very careful consideration of the country specific characteristics is
needed in order to fully understand the implications of financial integration. Even if two
countries are characterized by a similar level of financial development, the implications
of financial integration may be very different, depending on the dominant source of risk,
the exact specification of borrowing constraints and the persistence of risk. This paper
provides a basis for understanding these specific differences in financial market perfor-

mance. Furthermore, we compare the welfare implications under the different model
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predictions and identify those members of society who are most likely to either win or
lose from financial integration.

Taking stock, the first two papers show how the evolution of macroeconomic mod-
eling contributes to explaining the puzzling behavior of international capital flows and
domestic economic development. In the first paper, we emphasized the importance
of the distributional effects for explaining low capital flows to developing countries as
domestic capital owners take a massive hit to their income. However, introducing hetero-
geneity alone does not explain the reverse of capital flows, with poor countries building
up a positive net foreign asset position. Therefore, the literature has considered the
implications of financial market imperfections where heterogeneity endogenously arises
from market incompleteness. In the second paper, we discussed the conditions under
which financial market imperfections contribute to explaining the empirical pattern in
a comprehensive incomplete-markets model. With these insights, we leave the topic of
financial integration.

The third paper (Chapter 4) and the fourth paper (Chapter 5) both remain within
the incomplete-markets framework but consider two different topics. The third paper
deals with the implications of incomplete information and the fourth paper considers
the financing of government spending. In the following, I describe the two papers in
greater detail.

The third paper, Incomplete Information, Financial Market Imperfections, and Ag-
gregate Saving, investigates the importance of incomplete information about idiosyn-
cratic income shocks within the incomplete-markets framework. Thereby, the paper
links the existence of financial frictions to the existence of informational frictions and
contributes to the strand of literature casting doubt on the optimistic view that agents
are able to observe and to distinguish each type of income shock. As Goodfriend (1992)
and Pischke (1995) point out, not all information is instantaneously available and col-
lecting information is costly. Therefore, agents may not be able or willing to attribute
each change in income to the respective underlying income shock. The literature in this
field shows that understanding the agent’s information set is not only important for
explaining the individual behavior, but also takes a big step towards understanding the
observed pattern of aggregate variables. Pischke (1995) and Ludvigson and Michaelides
(2001) for instance show that the agent’s inability to distinguish between individual and
aggregate income shocks contributes to explaining the excess smoothness and sensitiv-
ity of aggregate consumption. In this paper, I too find a strong impact of incomplete
information; however, the focus is more directed towards the interaction between incom-
plete information and financial market imperfections and the joint impact on aggregate
saving.

The model I consider is an Aiyagari-type heterogeneous-agents, incomplete-markets
model (see, Aiyagari 1994). Agents are subject to two types of productivity shocks,
which expose each of them to an uninsurable income risk. Under the common assump-

tion of complete information, agents can distinguish between shocks, whereas under
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incomplete information, agents cannot distinguish the two components. In the latter
case, agents have to use a simpler, single-shock model to predict future productivity
growth. I find that in this setting, incomplete information does not only have a strong
quantitative effect on aggregate saving, but also a qualitatively ambiguous effect. De-
pendent on the interest rate level and, thereby, dependent on the strength of the financial
frictions, aggregate savings may be around 25 percent lower but also up to 40 percent
higher under incomplete information than in the complete information case. An imme-
diate implication of these high numbers is that estimating the agents’ saving behavior
becomes a more complex task: Depending on whether the interest rate is rather high or
low, aggregate savings may be considerably under- but also considerably overestimated
under the common assumption of complete information.

I show that the ambiguous behavior of aggregate saving can be traced back to
the interplay of incomplete information and the financial market imperfections. The
no-borrowing constraint breaks the symmetry in the agent’s saving behavior based on
a good or bad shock, and agents save more based on a good shock under complete
information. Furthermore, the observation of larger aggregate asset holdings under
incomplete information can be explained by the interplay of incomplete information and
the income risk. I isolate the income-risk channel and show that agents have a higher
precautionary saving demand under incomplete information. All in all, the results show
that incomplete information plays a complex role within the incomplete-markets model
framework and is more than just another source of risk.

In the fourth paper, Financing of Government Spending in an Incomplete-Markets
Model: The Role of Public Debt, which is joint work with Maik Heinemann, we consider
the implications of debt policy in an incomplete-markets model. The role of public debt
and the design of debt policy have regained a lot of interest after the recent financial
crisis and special emphasis has been placed on the interplay of debt policy and financial
market imperfections. Since the work by Woodford (1990), Aiyagari and McGrattan
(1998) and Flodén (2001), it has been known that public debt plays a special role in
the presence of borrowing constraints and uninsurable idiosyncratic risk. However, the
recent literature shows a remarkable debate on whether the positive or the negative
effects of a high level of public debt finally prevail. This applies to both the long-run
and the transitional dynamics of public debt (e.g., Dyrda and Pedroni 2016, Rohrs and
Winter 2016, 2017).

In this paper, we contribute to the ongoing debate by studying the role of debt
policy regarding the financing of government spending in an incomplete-markets model.
In particular, we analyze the influence of different types of fiscal rules on the response
of key macroeconomic variables to a government spending shock. The fiscal rule is
called debt-intensive if public debt strongly increases in the first periods following the
increase in government spending and the fiscal rule is called non-debt-intensive if it
keeps the primary deficit small. Note that in the complete-markets case, the economy’s

response to the government spending shock does not depend on the underlying fiscal
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rule. However, in the presence of borrowing constraints and uninsurable idiosyncratic
risk, we observe significant differences in the responses of consumption, leisure, capital
and output between the two fiscal rules. In particular, we find that the debt-intensive
fiscal rule contributes to stabilizing consumption and leisure in the first periods following
the change in government spending, whereas the non-debt-intensive fiscal rule leads to
a faster recovery of consumption, leisure, capital and output in later periods. Hence,
the possible benefits of raising the level of public debt in the first periods come along
with lower consumption and leisure in later periods.

To understand the observed impact of public debt, we have to consider the interplay
of public debt and financial market imperfections. In the presence of borrowing con-
straints and uninsurable risk, Ricardian equivalence fails to hold and agents with low
financial wealth respond differently to a change in either the lump-sum tax or in public
debt. Compared to a tax increase that leads to an unavoidable negative wealth effect,
an increase in public debt allows borrowing constrained agents to mitigate the negative
effect on consumption. This explains the more moderate drop in aggregate consumption
and leisure under the debt-intensive fiscal rule in the first periods after the change in
government spending. However, in later periods, taxes have to also increase under the
debt-intensive fiscal rule. Furthermore, the sluggish increase in aggregate saving leads
to a higher interest rate and, thereby, to a lower capital stock along the adjustment
path. Both effects contribute to explaining why the recovery of consumption, leisure,
capital and output is slower under the debt-intensive fiscal rule.

The observed differences in the adjustment paths of aggregate variables do not offer
a simple answer to the question of which type of fiscal rule maximizes aggregate welfare.
On the one hand, agents may prefer the debt-intensive fiscal rule due to its stabilizing
effect on consumption and leisure in the first periods of transition. On the other hand,
agents may also prefer the non-debt-intensive fiscal rule due to the faster recovery of
consumption, leisure, capital and output in later periods of transition. Comparing the
aggregate welfare effects between the two fiscal rules, we find that aggregate welfare
is higher under the debt-intensive fiscal rule than under the non-debt-intensive fiscal
rule. Although the differences in aggregate welfare remain quantitatively rather small,
this result indicates that a temporary strong increase in public debt in response to the
increase in government spending may be justified on the grounds of optimal debt policy.
Hence, from a political economy perspective, our results provide some rationale for the
observed pattern of public debt. Furthermore, we find that the individual welfare gain is
particularly high for wealth-poor agents with low productivity who suffer most from the
financial market imperfections. This result highlights the importance of the individual

effects for understanding the role of debt policy.



Chapter 2

Opposition to Capital Market
Opening!

Abstract

We employ a neoclassical growth model of a developing country to assess the impact
of financial liberalization on capital owners’ and workers’ consumption and welfare. We
find in a baseline calibration for an average non-OECD country that capital owners
suffer a 42 percent reduction in permanent consumption because financial integration
leads to lower returns while workers gain 8 percent of permanent consumption due
to higher wages. These huge gross impacts contrast with the small positive net effect
found in a neoclassical representative agent model by Gourinchas and Jeanne (2006). We
further show that the result for capital owners is insensitive to enhanced productivity
catch-up processes induced by capital inflows. Our findings can help to explain why
poorer countries tend to be less financially open as capital owners’ losses are largest for
countries with the lowest capital stocks, generating strong opposition to capital market

opening.

!This paper was written in collaboration with Philipp Engler. Comments by Moritz Schularick,
Thomas Steger, Dominic Quint, Christoph Grofle Steffen and Wolfgang Strehl are gratefully acknowl-
edged.
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2.1 Introduction

The international integration of financial markets has long been regarded as a panacea
for economic development by mainstream economists. In an often-cited paper, Fischer
et al. (1998) summarized one of the main hopes associated with cross-border capital flows
between economically developed and economically less developed countries: Free capital
flows would allow an efficient global allocation of savings, thereby amplifying economic
growth and increasing welfare. Another potential benefit is a reduction of consumption
volatility because of better diversified portfolio holdings that reduce exposure to country
or industry specific shocks (see, Eichengreen et al. 1998). These benefits should be
particularly large for developing countries and standard theory predicts huge ’downhill’
flows of capital, i.e. from rich to poor countries, in order to close the gap between
domestic returns.

However, the fast growing literature of the past few years has shown that these
predictions did not materialize in a significant and robust order of magnitude. Kose
et al. (2003), for example, show that the ratio of consumption growth volatility to income
growth volatility remained flat for low income developing countries. Even more striking
is the finding that the size of capital flows from rich to poor countries dramatically fails
to fit into the picture of standard theory: In his famous article, Lucas (1990) showed that
capital flows to developing countries were much too low; a puzzle that has not vanished
over time. As shown by Schularick (2006), capital flows to developing countries in the
recent period of financial integration were even lower than in the period before World
War 1.2

In this paper we add to the theoretical debate about potential causes of the last of
these stylized facts, the low inflow of capital to developing countries. We focus on the
distributional effects of financial market integration and show that it might not be sur-
prising at all that poor countries do not opt for large inflows of foreign capital because
owners of the domestic capital stock take a massive hit to their income. In an otherwise
standard neoclassical growth model of a small and developing country, we implement
a heterogeneous-agent approach and look at the polar case of concentration of the do-
mestic capital stock in the hands of capital owners. They derive income only from the
returns to their stock of capital while workers only derive wage income. We show in a
benchmark calibration that capital owners suffer a permanent decrease in consumption
of 42 percent under financial integration due to lower returns while only workers gain
8 percent of consumption due to higher wages. These massive losses for capital owners
imply that consequences for policies with respect to capital flows are to be expected.
Even though Pareto improvements are possible if re-distributional institutions are in
place, the huge amount of transfers that are necessary to leave no one worse off seems

simply too big to achieve for most countries. Therefore, opposition to capital inflows is

2Prasad et al. (2006) show that since the end of the twentieth century, capital even tends to flow
uphill’, i.e. from poor to rich countries.
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likely to be pervasive on the side of capital owners and this opposition can be expected
to be particularly strong in the poorest countries since capital owners’ losses are the

bigger the poorer the country is.

Figure 2.1: Capital Market Openness and GDP per Capita (PPP)
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An indication that such concerns are indeed relevant is that the strongest restrictions
to capital flows can be found among the poorest countries. Figure 2.1 shows the Chinn-
Ito index of capital market openness® and the respective GDP per capita (PPP) for 170
countries in 2008.* This index increases with the degree of openness and one can see that
the severest restrictions can be found among the countries with less than US-$ 16000
per capita GDP. Above this threshold there are hardly any countries in the lower part
of this graph. Consequently, even though there is an overall tendency towards financial
integration, we still observe a number of poor countries with tight capital controls.?

Our analysis of the distributional effects of financial integration closely relates to the
literature on the political issues of capital flows and capital controls. Alfaro (2004) shows
in an overlapping generation model that in a capital-importing country, old people who
only receive capital income would vote against capital account liberalization while young
people would prefer to remove capital flow barriers. Pinto (2005) finds similar results by
looking at the influence of FDI: Labor favors foreign direct investment while capital suf-

fers from the downward pressure on the interest rate.> Furthermore, Aizenman (2005)

3The Chinn-Ito index measures the extensity of capital controls and is based on information from
the IMF’s Annual Report on Exchange Arrangements and Exchange Restrictions (see Chinn and Ito
2008 for details).

4These are all countries for which both variables are available. For GDP data, we use the World
Bank’s World Development Indicators €& Global Development Finance database.

5Our results also contribute to explain the findings of Reinhardt et al. (2010) that in countries with
a closed capital account, there is no systematic relationship between net capital flows and the level of
development.

5See also Pinto and Pinto (2008) for a sectoral analysis.
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shows that FDI in terms of 'green-field’ investments may also have a negative impact
on the capitalists’ welfare by reducing the return on domestic capital. However, this
literature did not calculate the size of the distributional effects of capital market inte-
gration, which we believe is crucial for political economy considerations. This becomes
most clear from comparing our results to the standard representative agent approach
analyzed by Gourinchas and Jeanne (2006) (G&J in what follows). G&J show that in
the neoclassical growth model with a single representative agent, the net welfare gain
of a capital scarce country is only 1.7% of permanent consumption even though the
domestic capital stock more than doubles under financial integration. This is in sharp
contrast to the large gross effects we observe for the two groups of agents, indicating a
strong political relevance of the distributional effects of financial integration that cannot
be identified by just looking at the small net effects. Simply, if capital owners are not
compensated, they have a strong incentive to prevent an opening of capital markets and
the size of their losses provide a measure of their willingness to pay to reach that aim.

The remainder of this paper is organized in the following way. Section 2.2 presents
the model with two types of agents, capital owners and workers. Section 2.3 describes
the impact of financial openness on consumption and welfare and discusses the impact
of a productivity catch-up process, which may be induced by financial inflows. Section

2.4 concludes.

2.2 The model

We consider a small economy that is populated by two types of agents, capital owners
and workers. Without loss of generality, we normalize the population of capital owners
to one and assume a number of L identical workers. Therefore, the ratio of capital
owners to workers is given by n = 1/L which, by assumption, is constant over time.
The capital owner does not work but receives income from the return to his stock of
capital. Workers supply their labor to a domestic firm and receive wage income only.
In order to analyze the effects of foreign capital inflows, we compare two cases,
financial autarky and financial integration. Under financial autarky, there are no inter-
national capital flows and the development of the domestic capital stock is completely
determined by the capital owner’s savings. Under financial integration, the capital
owner is allowed to freely trade a riskless bond on the international capital market

given the world interest rate R*.

2.2.1 Financial autarky

Production
In the economy, a single final good is produced by a representative firm, employing

the input factors capital and labor. Technology is given by a Cobb-Douglas production
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function of the form
Yi = Ke(AL)' ™, (2.1)

where Y; is the output of the single good, A; is a labor-augmenting measure of produc-
tivity, K3 is the capital stock, and L; denotes labor. Following G&J, we assume that
labor productivity grows at constant rate, g > 0, which is the same for all countries.”
In order to ensure stationarity in the presence of productivity growth, we normalize
variables by labor productivity. Output per effective labor input is thus given by
~ Y; ~

= = k¥ 2.2
Yt AtLt to ( )

where the tilde on top of the variables indicates the normalization. Factor markets are
perfectly competitive so that labor and capital are paid according to their marginal

products

Y (2.3)
w = Al —a)k”, (2.4)

where 0 is the constant depreciation rate.

Workers
Workers have preferences over consumption and maximize discounted lifetime utility.
Preferences regarding momentary consumption are described by the log-function, so

that the representative worker’s objective function is given by
o
Up =Y _B'In(c}). (2.5)
t=0

¢’ denotes the worker’s consumption and [ is the constant discount factor. Workers
face the budget constraint
¢ = wy, (2.6)

where w; is the wage rate. The worker’s optimization problem is the same under finan-
cial autarky and financial integration and simply means that the level of consumption

in each period is equal to the level of wage income.

Capital Owners
Capital owners have the same preferences regarding momentary consumption as workers.

The representative capital owner’s objective function is given by

U. = i B In(cf), (2.7)

t=0

where ¢f denotes the capital owner’s consumption. Under financial autarky, capital is

"In the next section, we also consider the case of changes in productivity induced by financial
integration.



Chapter 2. Opposition to Capital Market Opening 16

the only asset available in the economy so that the capital owner’s budget constraint is
given by
¢f + ki = Riks, (2.8)

where Ry = (1 + r4) is the domestic gross interest rate. The capital owner maximizes
(2.7) subject to the constraint in (2.8). From the first-order conditions we get the Euler
equation .

i1 = mﬁRtHEﬁ (2.9)

where the tilde indicates normalization with productivity, i.e. ¢ = ¢f/A;. Given log-
utility, we can solve analytically for the optimal policy functions for normalized con-

sumption and capital®

~ 1 ~
ki, = mﬁRtkf (2.10)
& = (1-B)RikS. (2.11)

Equation (2.11) shows that the capital owner consumes a constant fraction of income

in each period.

Stationary equilibrium
As it is well-known from the standard neoclassical growth model, the economy under
financial autarky converges toward a steady state where the interest rate satisfies the

following condition

1
R—-19 (2.12)
p
The steady state interest rate then pins down the corresponding capital stock per effi-
cient unit of labor? )
~ R*—1+44§\a—1
k* = <+> . (2.13)
o

2.2.2 Financial integration

We now consider the case of financial integration where cross-border capital flows are
unrestricted. In contrast to the case of financial autarky, the domestic capital owner is
now allowed to trade a bond given the world interest rate R*. Following G&J, we assume
that the world interest rate is equal to the steady state interest rate under financial
autarky given in (2.12). This ensures stationarity under financial integration and, as
shown below, that the steady state capital stock per efficient unit of labor is the same
as in the long-run equilibrium under financial autarky (see, Barro and Sala-i-Martin
2004). Hence, financial integration only acts as an accelerator of domestic economic

development.

8See Appendix A.1.
9The normalized capital stock per capital owner is given by k*¢ = %k*.
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The opportunity to lend and borrow on the international level means that the do-
mestic capital owner has to decide on capital and bond holdings. Since we consider the
case of an initially poor country that accumulates a negative net foreign asset position
under financial integration, implying capital flows from rich to poor, we define df as the
capital owner’s net debt to foreigners. The capital owner’s budget constraint is then
given by

cf + ki + R = Rk +dj ;. (2.14)

The problem of the representative capital owner under financial integration is to maxi-
mize (2.7) subject to the budget constraint in (2.14). From the corresponding first-order

conditions we obtain the two Euler equations

1
Ciy1 = mﬁRtHE{ (2.15)

and .
Ci1 = HBR*E? (2.16)

Equation (2.15) is the Euler equation with respect to capital and equation (2.16) is
the Euler equation with respect to bond holdings. Combining the two equations yields
the important result R° = Ry,1, which can be seen as the no-arbitrage condition of
free capital flows.!® The no-arbitrage condition means that capital and bonds have to
yield the same return in equilibrium since both are perfect substitutes from the agent’s
perspective. Furthermore, the no-arbitrage condition implies that the capital stock
per efficient unit of labor under financial integration immediately jumps to its long-
run level given in (2.13) regardless of the preferences of the domestic capital owner.
In other words, we observe that the poor country accumulates a negative net foreign
asset position under financial integration and that the domestic capital stock increases
significantly. Finally, by defining a; = k; — d; as the capital owner’s net assets, we can
solve for the optimal policy functions for normalized asset holdings and consumption

under financial integration. For ¢t > 0 we have !

~ 1 *=C
g1 mﬁR ay (2.17)
¢ = (1-p)R*a;. (2.18)

Given that R* equals the common long-run steady state interest rate, consumption and

savings immediately grow at rate g under financial integration.

19The properties of the production function ensure this interior solution.
"1n period 0 we have a§ = ﬁBROES, ¢ = (1 — B)Roa§ with a§ = k§ and Ry given (see Appendix
A.2. for details).
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2.3 Effects of financial integration

We now employ the model to quantify the effects of financial integration. After an
outline of the calibration, we start with the discussion of the welfare implications for
the two groups of agents. For this, we consider two metrics of welfare. First, we
compute the change in consumption that is needed to bring welfare under autarky to
its level under financial integration in each period. That allows us to demonstrate the
effects of financial integration over time. Second, we compute the permanent change in
consumption that brings welfare under autarky to its level under financial integration.
This allows us to summarize the overall effect of capital mobility in terms of average

consumption change.

2.3.1 Calibration

Regarding the model parameter values, {3, a,d, g}, we stay close to the calibration of
G&J in order to facilitate a direct comparison (see Table 2.1). The discount factor, 3,
is set to 0.96 and « is set to 0.3, implying a labor income share of 0.7. The depreciation
rate, 0, equals 6 percent and the growth rate of productivity, g, is equal to 1.2 percent.

These values lead to a long-run interest rate of R* = 1.0542.

Table 2.1: Parameter Values

Parameter Value
discount factor 15} 0.96
curvature of production « 0.3
depreciation rate ) 0.06
growth rate of productivity g 0.012

In addition to the parameter values, we also have to define the initial level of the
capital stock under financial autarky. This value is important since it determines the
initial gap in interest rates that is closed under financial integration. We follow Gé&J
who calculate the initial capital stock using data of 82 non-OECD countries in the year
1995. They find that the population-weighted average capital stock equals 41 percent
of the capital stock that is reached in the long-run equilibrium.'?> That means the
average non-OECD country starts with less than half of the capital stock per worker
that is reached immediately under financial integration. We use this as the benchmark
specification, but also provide a sensitivity analysis with respect to changes in the initial

conditions.

128 pecifically, G&J calculate a population-weighted average capital-to-output ratio of 1.4. The corre-

sponding initial capital stock ratio then follows from the following formula, ko /k* = (:B;ZE ) e 0.41
with k¥ /y™ = 2.63.
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2.3.2 Capital owners

The sign of the effect of financial integration for domestic capital owners is easily ex-
plained. Once trading barriers are removed, the poor country builds up a negative
foreign asset position and the domestic capital stock increases until the domestic inter-
est rate equals the world interest rate. Hence, interest rates equalize under financial
integration so that there exist no arbitrage opportunities in equilibrium. But without
opportunities for arbitrage profits, the only effect on the capital owner’s income is the
negative effect of the increased capital stock on the interest rate, leading to a process
of lower consumption and savings that accumulates over time. Hence, domestic capital
owners in the developing country will be worse off in the case of financial integration
due to the downward adjustment of the interest rate.

To see this effect more clearly, we calculate the percentage change in consumption,
pg, that is required to equalize welfare under financial autarky and financial integration

in each period. Formally, uf is given by

pi=—7 — 1, (2.19)
where ¢f4, (¢§) denotes the capital owner’s consumption under autarky (integration).
By forward iteration of the Euler equations, we can use the fact that ¢f4 = (1 —
B)B =g Rik§™, o7 = (1— B)B" (R*)" Rok§! and k§* = k!, which allows us to express
ui as the ratio of the cumulative interest rates under financial integration and financial
autarky
(R
a H§':1 R;

Equation (2.20) highlights that the effects of financial integration for the domestic cap-

C

I 1. (2.20)

ital owner can be traced back to the differences in interest rates. In period 0, there is
no difference in consumption. However, in the following periods, the negative effects of
financial integration for the capital owner’s income take place and cause the consump-
tion gap to increase over time. This follows from the fact that the interest rate under
financial autarky is higher than under financial integration as long as the economy under
autarky is on its transition path with a lower capital stock but with a higher domestic
return. This process continues until the economy under financial autarky reaches the
long-run equilibrium where the interest rate is the same as under financial integration.
Furthermore, equation (2.20) also shows that losses are larger when the initial capital
stock is low because the larger is the gap between interest rates under financial autarky
and financial integration.

Based on the theoretical discussion of the effects, we now quantify them. Figure 2.2
shows the results for the typical non-OECD country that starts with an initial capital
stock ratio of less than 50 percent. Since we know that consumption under autarky will
be higher than under financial integration, Figure 2.2 shows the decrease in consumption

under autarky that equalizes welfare under autarky and integration.



Chapter 2. Opposition to Capital Market Opening 20

Figure 2.2: Capital Owner’s Consumption Loss (in %)
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As explained above, no reduction in consumption is needed in period 0. However,
in the first period after financial integration, the required percentage decrease in con-
sumption that is needed to avoid a loss in welfare under integration relative to autarky
is roughly 8 percent. In the following periods, the gap further increases, albeit at a
decreasing rate. The highest value is reached in the steady state and equals 55 percent.
Hence, financial integration may have a very strong negative effect for capital owners
in a typical non-OECD country.

We now turn to our second metric of welfare and calculate, in the same vein as G&J,
the permanent change in consumption, y., which equalizes welfare under autarky and

financial integration. Formally, u. solves

S B In(et — pecgt) = U (2.21)
t=0
which finally leads to
e = 1—exp((1 — B) (UL — UM)). (2.22)

This expression has the advantage of summarizing the overall effect of financial integra-
tion in terms of a single indicator. For the average non-OECD country, we find that p.
is equal to 42 percent. This means that in a typical developing country, a permanent
reduction of the representative capital owner’s consumption of 42 percent is needed to
equalize welfare under autarky and integration. In other words, domestic capital owners
would spend roughly half of their consumption in order to avoid the removal of capital
control barriers.

Finally, we want to illustrate the sensitivity of this result with respect to changes in
the initial capital stock ratio. Figure 2.3 presents realizations of . for different capital
stock ratios, starting with the ratio of the poorest countries in the sample of non-OECD

countries and ending with the ratio of the richest countries.
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Figure 2.3: Capital Owner’s Permanent Consumption Loss (in %)
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Note: Figure 2.3 shows the capital owner’s permanent consumption loss after liberalization, p.,
as a function of the initial capital stock ratio (relative to steady state).

Figure 2.3 shows that for the poorest countries, the permanent change in consump-
tion is equal to 57 percent. pu. then falls to its lowest value of 16 percent which is the
loss for domestic capital owners in a country starting with a relative capital stock of
75 percent. For the poorest countries, these losses to capital owners constitute a huge

obstacle to financial market opening policies.

2.3.3 Workers

The winners of free cross-border capital flows are workers. They benefit from the higher
stock of capital which raises the wage rate above the level under financial autarky.
Since workers consume their entire wage income, we can express the required change in

consumption under autarky as
I kI o
=2t 1 = (é) ~1, (2.23)

where &/ (k{*) denotes capital per worker under integration (autarky).

Equation (2.23) shows that workers especially benefit in the first period after finan-
cial integration where the difference in capital stocks between autarky and integration
is particularly high. However, in the following periods, the capital stock under autarky
converges to its level under financial integration, implying the differences in consump-
tion to decrease. In the steady state, where capital stocks are equal under autarky and
integration, the consumption gap is zero.

Figure 2.4 shows the effects for the typical non-OECD country. The difference in
consumption for workers is the highest in the first period after financial integration,
reaching a maximum of around 27 percent. Thereafter, the economy under autarky

closes the gap to the steady state in which the economy under financial integration
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Figure 2.4: Worker’s Consumption Gain (in %)
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already is. Ten periods after financial market opening, the difference is about 11 percent
while in the steady state, of course, the gap is zero. The comparison between these
results and those of the capitalist shows the different dynamics caused by financial
integration: While the workers’ gain becomes smaller over time the capital owners’ loss
increases.

In the next step, we calculate the permanent increase in consumption under autarky,
L, Which equalizes welfare under both scenarios. Since workers gain in the case of free

capital flows we can write
o0
S B (A + ) = UL, (2.24)
t=0

which finally leads to
= exp((1— B)(UL - U)) - 1. (2.25)

For the typical non-OECD country, the percentage permanent increase in consumption
is 8 percent, which is significantly lower than the value of the capital owner’s loss.

Finally, Figure 2.5 shows the sensitivity of u, with respect to variations in the
initial capital stock ratio under financial autarky. For the poorest countries, we observe
a permanent change in consumption of 11.2 percent while it reduces to 2.6 percent for
the richest.

The simulation results of the capital owner’s loss and the worker’s gain show that
financial integration may have an enormous influence on consumption and, thereby, on
welfare. The effects are drastically larger than in the homogenous agent approach of
G&J where the permanent consumption gain is just 1.74 %. This comparison illustrates
that even if the average net effect may be rather small, financial integration can create

substantial gross effects.
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Figure 2.5: Worker’s Permanent Consumption Gain (in %)
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Note: Figure 2.5 shows the worker’s permanent consumption gain after liberalization, pu., as a
function of the initial capital stock ratio (relative to steady state).

2.3.4 Could a productivity catch-up process help the capital owners?

Apart from the direct effect on capital flows, financial integration is also associated
with a positive impact on productivity, reflecting the transfer of knowledge between
economically developed and economically less developed countries (e.g., Hoxha et al.
2009).'3 In their analysis, G&J address the question of how an increase in productivity
affects the average welfare effect of financial integration. They find that in contrast
to pure capital flows, the welfare effects caused by a productivity catch-up process
are dramatically larger. For example, a typical developing country that starts with a
technological level of roughly one quarter relative to the US gains 61 percent in terms of
permanent consumption if financial integration leads to a reduction of the productivity
gap of 25 percent. This clearly shows that a productivity catch-up process may dominate
the effects of even large capital inflows.

Turning to our analysis, we are especially interested in the question whether such a
process could help to reduce the capital owner’s loss. We know from the previous discus-
sion that capital owners suffer from the lower interest rate under financial integration.
An increase in productivity seems therefore beneficial by increasing the domestic return
to capital. However, the crucial point is that under financial integration the no-arbitrage
condition

Rij1 = R (2.26)

still holds in equilibrium. Since the world interest rate is not affected by a change in
the level of domestic productivity, the initial increase in the domestic interest rate is
thus completely offset by a corresponding increase in the capital stock which brings

the interest rate down to the world interest rate. Consequently, we may observe larger

13See also Borensztein et al. (1998) and Baldwin et al. (2005) for a positive impact and Carkovic and
Levine (2005) for a negative impact.
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capital inflows, but domestic capital owners do not earn a higher return relative to the
case where productivity remains unaffected.

We can thus state a very strong result: A productivity catch-up process which may
be caused by financial integration does not offset the consumption and welfare losses of
the domestic capital owners. For policymakers, this implies that no significant reduction

in the capital owner’s effort to defend capital control barriers can be expected.!?

2.4 Concluding remarks

The principal aim of this paper is to show that financial integration may have significant
effects on consumption and welfare for different groups of society. One of our main
findings is the dramatic loss of 42% of permanent consumption for domestic capital
owners, contrasting with the relatively small net effects of free cross-border capital
flows.

Of course, the complete polarization we present in our model is a very strong as-
sumption, just like the one of a perfectly homogenous agent in the standard approach,
but it emphasizes the importance of distributional effects and demonstrates the limited
power of financial integration to increase overall welfare. Therefore, it adds to the de-
bate about why financial integration has not yet delivered the main promises associated
with it. We are aware of a trend towards more financial market opening (see, Mendoza
et al. 2009a), but as Figure 2.1 has shown, there is still a number of poor countries with
tight capital controls.

The simplicity of our framework makes it vulnerable to the critique of a too speedy
rate of convergence which is a well-known weakness of standard neoclassical growth
models (e.g., Hoxha et al. 2009; Barro and Sala-i-Martin 2004). Hoxha et al. (2009)
estimate the implied autarky path of convergence from actual data and show that av-
erage welfare gains are substantially bigger if the speed of convergence is calibrated
more realistically. Things would also change in our model if we assumed a slower rate
of convergence, which would increase the worker’s gain and reduce the capital owner’s
relative loss in the first periods. However, in the long-run, results would be the same
and the order of magnitude of our results clearly shows that the distributional effects
of financial integration play an important role in the ongoing debate on the effects of
cross-border capital flows.

Another important point is that our approach provides a rationale for why many
countries do not benefit from productivity catch-up processes. Productivity growth,
which is regarded as one of the main sources of economic growth (see, Hall and Jones
1999), does not offset the negative effect of financial integration on capital owner’s

consumption. Thus, the incentive to oppose a capital market opening is not eliminated.

H0Of course, domestic workers will benefit from these catch-up effects due to the increase in the wage
rate w1 = A1(1 — a)k®.
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Institutions to redistribute the gains in net production which arise due to financial
integration could solve the capital owner’s problem, but their implementation may be
hard to achieve in any political process. Furthermore, as shown by Prasad et al. (2006),
nowadays there is even a tendency of capital to flow from poor to rich countries which
may again affect the distributional effects of financial integration. Understanding this
new pattern seems therefore important to fully understand the implications of capital

account liberalization. We leave this for future research.
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2.5 Appendix

A.1. Financial autarky

Solving the capital owner’s budget constraint in (2.8) forward and employing the transver-

sality condition yields

kS = i <Hct+> : (2.27)

i—o \Lj=o Ri+;
Combining this with the forward iterated Euler equation (expressed in terms of per-

capita consumption)

i
i = B 1] Revsets (2.28)
j=1

we get the following expression for the capital stock

50 (At (2.29

i=0 [Tj=o0 Be+;
Simplifying the terms in (2.29) and normalizing by labor productivity finally yields
@ = /3>Rt%§ (2:30)

A.2. Financial integration

The stock of the domestic capital owner’s assets under financial integration, af = kf —df,
can be determined in an analogous way as the capital stock under autarky. Us-

ing the optlmahty condition Ry;y; = R* V& > 1 and the no-Ponzi game condition

hmT_>oo ngl) =0 we get

Z (Rt (R ) . (2.32)

Using the forward iterated Euler equation ¢f,; = ' (R*)" ¢ yields

ay = 3 W) . 2.33
' §< (R*)" Ry (2.33)

Finally, normalizing by labor productivity, we get V¢ > 0

& = (1-B)RE (2.34)
aiy1 = 753«*%7 (2.35)

1+g
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and for t =0
& = (1 — B)Rok§ (2.36)
1 -
a] = ——PBRokg. 2.37
@1=7 T gﬁ 0k ( )



Chapter 3

Idiosyncratic Risk, Borrowing

Constraints and Financial

Ilrltegration1

Abstract

This paper examines under which conditions the puzzling observation of capital flows
from poor to rich countries and accompanying changes in domestic economic develop-
ment can be explained by the presence of financial market imperfections. Motivated
by the mixed results from the literature, we employ an incomplete-markets model in
which entrepreneurs face capital risk, earn risky profits and receive riskless wage in-
come. Moreover, borrowing constraints simultaneously impede consumption smoothing
and limit the access to external funds for scaling up production. We find that in the
presence of uninsurable risk only and for plausible parameter values, capital does flow
from poor to rich countries and that an increase in the interest rate leads to higher
levels of capital and output in the steady state under financial integration. However, we
also find that tight borrowing constraints and high persistence of shocks strongly affect
the model predictions and lead to significantly tighter parameter restrictions. With
these findings we contribute to the ongoing debate on the consequences of financial

integration.

!This paper was written in collaboration with Maik Heinemann. The authors would like to especially
thank Christiane Clemens, Marius Clemens, Ulrich Eydam, Frank Heinemann, Jean Imbs, Vahagn
Jerbashian, Tom Krebs, Wolfgang Strehl and Lutz Weinke for valuable comments and suggestions.
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3.1 Introduction

The topic of international integration has clearly gained in importance over the last
decades. Among others, Prasad et al. (2006, 2007) and Mendoza et al. (2009a) doc-
ument a persistent increase in the volume of cross-border capital flows, which reflects
the profound developments in the process of financial integration. However, existing
discrepancies between the observed pattern on the one hand and the predictions from
standard theory on the other hand have not been wiped away by the larger amount of
capital flows and further, striking observations have emerged over time. In this respect,
the so-called "Lucas paradox’ is one of the most prominent examples. In his influential
paper, Lucas (1990) points to the fact that the share of capital flowing from rich to
poor countries is significantly smaller compared to the predictions of the frictionless,
neoclassical model. In recent times, this paradox has even intensified. Prasad et al.
(2006, 2007) show that since the end of the 20th century, the average income of coun-
tries running current account surpluses has fallen below the average income of countries
running current account deficits, implying that capital nowadays even flows from poor
to rich countries.

In addition to the Lucas paradox, domestic economic development in the light of
capital outflows challenges conventional wisdom. While the neoclassical model predicts
a decrease of the domestic capital stock and output if the interest rate increases under
financial integration, triggering capital outflows, Prasad et al. (2006, 2007) find periods
of capital outflows from high-growth nonindustrial countries. Similarly, Sandri (2010)
notes improvements in the current accounts of developing countries during periods of
high per capita income growth. Finally, Gourinchas and Jeanne (2013) find a nega-
tive correlation between total factor productivity growth and net capital inflows for
developing countries, which they call the ’allocation puzzle’

The obvious failure of standard theory to explain the empirical pattern has given rise
to a voluminous literature, seeking for explanations beyond the common assumptions
of the frictionless, neoclassical model. Recently, special attention has been paid to the
influence of financial market imperfections in the form of borrowing constraints or the
presence of uninsurable idiosyncratic risks following from incomplete insurance markets.
As pointed out by Mendoza et al. (2009a), countries still differ significantly in their level
of financial development despite the persistent increase in the volume of cross-border
capital flows. However, the questions whether and under what conditions the presence of
uninsurable risks and borrowing constraints contributes to explain the empirical findings
have not been completely resolved yet. In fact, the literature shows that the results are
extremely diverse and strongly vary with the underlying source of risk (capital vs. income
risk), the exact specification of borrowing constraints (household vs. production side),
and further model assumptions. Hence, while progress has been made to understand
some of the individual effects, we are still lacking a clear understanding of the rich

interactional effects of the different types of financing constraints and risky income
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components and therefore, of the joint overall effect of financial market imperfections
on the process of financial integration. This, however, is important as the simultaneous
presence of risks and different types of financing constraints can hardly be rejected
based on available measures of financial market development. In this paper, we aim
at filling this remaining gap in the literature. Our work relates to the line of research
of Gertler and Rogoff (1990), Matsuyama (2005), Aoki et al. (2009), Buera and Shin
(2009), Mendoza et al. (2009a,b), Sandri (2010), Angeletos and Panousi (2011), Song
et al. (2011), Clemens and Heinemann (2013) and von Hagen and Zhang (2014).

The model we consider is an incomplete-markets model with two sectors of produc-
tion and heterogeneous entrepreneurs. The model captures essential features from the
related literature while providing a richer representation of the different effects of unin-
surable risk and financing constraints. The model structure can be outlined as follows.
In the final good sector, a homogenous good is produced under perfect competition
with intermediate goods and labor as input factors. In the intermediate goods sector,
firms operate under monopolistic competition and each firm, producing a single inter-
mediate good, is owned and managed by one entrepreneur. The economy is populated
by a continuum [0,1] of infinitely-lived households. Each household consists of one en-
trepreneur and is endowed with one unit of labor that is supplied inelastically to the
perfectly competitive labor market. Entrepreneurs can invest in the own firm and can
trade a riskless bond subject to a borrowing constraint. Idiosyncratic risk is introduced
by stochastic fluctuations in the entrepreneur’s productivity, capturing different kinds
of business risk. The chosen model structure guarantees the existence of capital risk
since investment has to be chosen before the idiosyncratic shock is realized, of a risky
income component since profits fluctuate as well, and of a riskless income component
given by the riskless wage income. Moreover, the borrowing constraints entrepreneurs
face simultaneously impede consumption smoothing and restrict the access to external
funds for scaling up individual production.

Contrary to main parts of the literature, we do not aim for a specific calibration
strategy, but focus on understanding the possibly different model implications. From an
economic point of view, we analyze the macroeconomic effects that have to be expected
if financial integration takes place between countries that differ in the level of financial
development, i.e. in the amount of risk that remains with the entrepreneurs and in the
tightness of the borrowing constraint. From a more technical point of view, we show un-
der which conditions, i.e. under which restrictions on the model parameters, the presence
of uninsurable risks and borrowing constraints contributes to explaining the empirical
findings and how these conditions may change with different model assumptions.

In order to keep track of the individual effects, we consider different scenarios, in-
creasing the model complexity step by step. First, we consider a baseline scenario that
focuses on the effects of the uninsurable capital risk, the risky profits and the riskless
wage income. We find that in the baseline scenario, the model is in principle capable of

contributing to explaining the empirical findings, but may also come to very different
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conclusions. In particular, by comparing the steady state under financial autarky vis-
a-vis financial integration, we find that it is in fact the financially less developed and
initially poor country that builds up a positive net foreign asset position under financial
integration and that the domestic capital stock and output may increase despite an
increase of the interest rate.? However, we also find that the results may be exactly
reverse; the outcome strongly varies with the underlying parametrization. Therefore,
in a second step, we derive two rules of thumb that describe the parameter restrictions
with high accuracy. In line with Angeletos (2007) and Angeletos and Panousi (2011),
our two rules show that the elasticity of intertemporal substitution (EIS) has to exceed
a certain threshold level in order to explain the empirical findings. For our baseline sce-
nario, we find that the parameter restrictions remain moderate and are easily satisfied
by empirically plausible values of the elasticity of intertemporal substitution. In other
words, in the baseline scenario, we find a quite robust pattern of international capital
flows from poor to rich countries.

In the second scenario, we increase the tightness of the debt limit, which means that
borrowing constraints occasionally bind. On the one hand, borrowing constraints make
it more difficult for agents to smooth consumption and lead to an increase in aggregate
demand for the safe asset. On the other hand, borrowing constraints restrict the access
to external funds for scaling up production and, even if not currently binding, discourage
risky investment. The latter effects dampen the upward trend of the aggregate capital
stock associated with lower interest rates and mean that the overall effect of borrowing
constraints is generally ambiguous. However, we find that the saving effect is the domi-
nant effect and that tighter borrowing constraints lead to tighter parameter restrictions,
i.e. tighter restrictions on the elasticity of intertemporal substitution, compared to the
first scenario. In particular, we find that in times of strong turmoil in financial markets,
with an almost collapsing lending channel, the parameter restrictions become too tight
in order to be satisfied by empirically plausible values. Put differently, we find that in
the presence of severe borrowing constraints, financial integration may easily become
an impediment for domestic economic development.

In the third and final scenario, we increase the persistence of shocks while keeping the
unconditional variance at a constant level. A higher persistence of shocks increases the
demand for the riskless asset and therefore amplifies the effects of the financial market
imperfections. In almost all exercises we find that a higher persistence of shocks again
leads to tighter parameter restrictions compared to the first two scenarios. This espe-
cially applies to moderate levels of the borrowing constraint. Hence, as an overall result,
we find that with increasing model complexity, it becomes more difficult to contribute to
explain the empirical pattern solely with the difference in financial development. From
a more economic perspective, our results show that in the presence of different types

of financing constraints and persistent risks, the response of international capital flows

2In the following, we also refer to the steady state under financial autarky (integration) as the
autarchic (integrated) steady state.
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becomes more volatile and strongly reacts to even small deteriorations in financial mar-
ket performance. This may also affect the society’s support for financial liberalization,
which we will discuss in more detail when analyzing the welfare implications.

The remainder of this paper is organized as follows. Section 3.2 provides a brief re-
view of the relevant literature. Section 3.3 describes the model and Section 3.4 describes
the benchmark parametrization. Section 3.5 introduces the different scenarios that com-
pare the steady state under financial autarky vis-a-vis financial integration. Section 3.6
presents more details on transitory dynamics and discusses the welfare implications.

Section 3.7 concludes. The appendix collects relevant proofs.

3.2 Literature review

The overview summarizes some of the opposing results arising due to variations in
the source of the underlying risk and in the specification of borrowing constraints. We
consider implications from both, closed- and open-economy settings. For a more detailed
discussion of financial market imperfections and macroeconomic performance see, for
example, Brunnermeier et al. (2012) or Gourinchas and Rey (2013).

Large parts of the analysis of financial market imperfections and financial integra-
tion build on the class of heterogeneous-agents, incomplete-markets models. In the
standard incomplete-markets model, agents have to decide on an optimal consumption
and savings path but face stochastic fluctuations in the income process.?> The set of
instruments to insure against income risk is restricted to a riskless asset and agents can
only borrow up to an exogenous debt limit. Due to the presence of uninsurable income
risk and borrowing constraints, agents engage in precautionary saving, which finally
leads to a lower interest rate in the autarchic steady state (see Huggett 1993, Aiyagari
1994).

Mendoza et al. (2009b) study the welfare implications of financial integration in the
presence of uninsurable income risk and borrowing constraints.* Differences in the level
of financial development between countries are captured by differences in the tightness of
the borrowing constraint. Mendoza et al. (2009b) show that if financial integration takes
place, it is the financially less developed country that accumulates a positive net foreign
asset position. However, since uninsurable income risk and borrowing constraints on
the household side do not break the equality between the interest rate and the marginal
product of capital, the financially less developed country is actually the rich country
in terms of output under financial autarky, which means that capital flows from the
rich to the poor country under financial integration. Mendoza et al. (2009b) assume
exogenous differences in productivity levels between countries, which circumvent this
result. However, these differences do not arise endogenously from the differences in

financial market performance.

3See Heathcote et al. (2009) or Ljungqvist and Sargent (2012).
4See also Mendoza et al. (2009a) where investment risk is additionally included but without aggregate
capital accumulation.
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Contrary to the assumption of fluctuations in labor income, Angeletos (2007) em-
phasizes the importance of rate-of-return or capital risk and augments the neoclassical
growth model to study the macroeconomic consequences of market incompleteness.?®
Angeletos (2007) shows that in the presence of capital risk, the financially less developed
country may also be the initially poor country under financial autarky. The fundamen-
tal difference compared to income risk is that capital risk also affects the demand for
investment, thereby breaking the equality between the interest rate and the marginal
product of capital. Consequently, as Angeletos and Panousi (2011) show, capital may
flow from the financially less developed and initially poor country to the financially
more developed and initially rich country under financial integration. However, as em-
phasized by Angeletos and Panousi (2011), even in the presence of capital risk, the deep
structural model parameters have to satisfy certain conditions in order to explain the
empirical findings.

Our approach most closely relates to Angeletos (2007) and Angeletos and Panousi
(2011) by sharing the feature that entrepreneurs face capital risk and receive riskless
wage income. However, entrepreneurs in our model also earn risky profits and we
consider the case with occasionally binding borrowing constraints and with persistent
effects of shocks. As we will show, these features may strongly affect the results from
the baseline scenario.

Level effects of uninsurable investment risk in a closed-economy setting are also
studied by Covas (2006) and Meh and Quadrini (2006). Meh and Quadrini (2006)
consider different risk-sharing environments and find that the capital stock is lower if
markets are incomplete. In contrast, Covas (2006) finds that the capital stock is higher
under incomplete markets and shows that tighter borrowing constraints may further
increase the difference between the complete and the incomplete markets case. Covas
(2006), however, abstracts from any type of riskless income component beyond the safe
asset.”

Finally, our approach also relates to the literature that focuses on the effects of
financing constraints on the production side of the economy, e.g., Gertler and Rogoff
(1990), Boyd and Smith (1997), Matsuyama (2005), Aoki et al. (2009), Buera and
Shin (2009), Song et al. (2011), Benhima (2013), Clemens and Heinemann (2013), von
Hagen and Zhang (2014), and Bacchetta and Benhima (2015).8 As shown by Buera
and Shin (2009) and Clemens and Heinemann (2010, 2013), financing constraints on

the production side may help to overcome the result that the financially less developed

5See Phelps (1962) and Levhari and Srinivasan (1969) for early discussions of the saving effect of
risky returns and Sandmo (1970) for a comparison with income risk.

5See also Angeletos and Calvet (2005, 2006) for a discussion with CARA preferences and endowment
risk.

"See also Covas and Fujita (2011) for a discussion of idiosyncratic and aggregate risk and Goldberg
(2013) for a discussion of a credit crunch.

8von Hagen and Zhang (2014) additionally distinguish between financial capital and foreign direct
investments and von Hagen and Zhang (2011) compare the effects of limited commitment and incomplete
markets.
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country is also the rich country in traditional incomplete-markets models.? Furthermore,
in the presence of financing constraints, domestic output may increase under financial
integration despite an increase of the interest rate. In our model, tight borrowing
constraints also restrict the access to external financing, but increase the demand for
the riskless asset as well. As we will show, this combination may lead to very different

implications compared to an isolated consideration of financing constraints.

3.3 The model

We analyze the implications of financial liberalization in an incomplete-markets economy
with two sectors of production and heterogeneous entrepreneurs. The economy structure
can be outlined as follows.

Time is discrete and indexed by ¢ € [0,...,00]. In the final good sector, a large
number of perfectly competitive firms produce a homogeneous good, which can be used
for consumption and investment. Input factors are intermediate goods and labor. In
the intermediate goods sector, firms operate under monopolistic competition and each
firm, producing a single intermediate good, is owned and managed by one entrepreneur.

The economy is populated by a continuum [0,1] of infinitely-lived households. Each
household consists of one entrepreneur and is endowed with one unit of labor sup-
plied inelastically to the perfectly competitive labor market. Since we assume perfect
consumption sharing on the household level, we refer to the household and to the en-
trepreneur interchangeably. The entrepreneur invests in the own firm and can trade
a riskless bond subject to a borrowing constraint. Idiosyncratic risk is introduced by
stochastic fluctuations in the entrepreneur’s productivity; a shortcut to capture different
kinds of business risk. The model structure leads to the existence of capital risk since
investment has to be chosen before the idiosyncratic shock is realized, of risky profits,
and of a riskless income component given by the riskless wage income. Markets are
incomplete so that full insurance against idiosyncratic risk is not obtainable. Further-
more, the borrowing constraints entrepreneurs face on bond holdings simultaneously
impede consumption smoothing and restrict the access to external funds for scaling up
individual production.

Under financial autarky, the bond market has to clear on the country-wide level,
whereas under financial integration, bonds can be traded on the international level. We
assume that the small economy we consider only differs with respect to the level of
financial development from the rest of the world. In the baseline scenario, the level
of financial development is determined by the amount of risk that cannot be insured
through financial markets, and thus, remains with the entrepreneurs. In the second

scenario, the level of financial development is also determined by the tightness of the

9See also Buera and Shin (2011) for a discussion of the effects of increasing shock persistence, Buera
et al. (2011) for a multi-sector analysis and Buera and Shin (2013).



Chapter 3. Idiosyncratic Risk, Borrowing Constraints and Financial Integration 35

borrowing constraint.'® Depending on the scenario, a lower level of financial develop-
ment means a larger amount of risk remaining with the entrepreneurs and/or a more
tight debt limit. Note that we assume that financial integration takes place without
financial development and that agents cannot simply bypass the domestic borrowing

restrictions under financial integration.

3.3.1 Final good sector

In the final good sector of the small economy, the representative firm produces the
homogenous good, Y;, under perfect competition. Input factors are labor, L;, and
intermediate goods, x;,7 € [0,1]. Production takes place according to the following

generalized production function

1
m:Lkﬂ/aﬁﬁ, 0<a<l. (3.1)
0
Since « is assumed to be less than one, intermediate goods are close but imperfect
substitutes. The profit of the representative firm is given by
F 1 .
Ht == }/t - tht - /0 PitZit dl, (32)

where p;; denotes the price of intermediate good ¢ and where the price of the final good
is normalized to unity. Optimization yields the standard result that each input factor

is paid according to its marginal product

Y,
wy = u—wif (3.3)
pir = azd LI (3.4)

3.3.2 Household sector

Each household has preferences over consumption and maximizes discounted expected

lifetime utility

%fiﬁU@g (3.5)

t=0
Ey is the expectation operator conditional on information at date t =0, and 0 < 5 < 1
is the discount factor. Preferences regarding momentary consumption are standard and

display constant relative risk aversion

1—
< p>0,p#l
In(c) p=1.

Ule) = (3.6)

19See Angeletos and Calvet (2006) and Angeletos and Panousi (2011) for a more detailed discussion
of modeling financial markets.
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The risky technology available to produce the intermediate good is given by

xit = Ok, (3.7)

where k;; denotes the capital stock and 6;; denotes the entrepreneur’s stochastic pro-
ductivity. 6;; is assumed to be uncorrelated across agents but may be correlated over

time. The household’s budget constraint is given by

Eits1 + bits1 + cit = pirxie + (1 — 6) kit + Rebir + wy, (3.8)

where b;; 41 denotes investment in the safe asset, Ry = (1 + r;) is the gross riskless
interest rate, w; is the wage rate, and p;x;; describes the income part from selling
the intermediate good at chosen price p;;. The monopolistic optimization problem the
household solves in each period is simple in this case since the capital stock is already
installed at the beginning of period t. Consequently, the amount of the intermediate
good produced and sold to the final good sector in period ¢ is fixed after the realization
of the individual productivity shock is observed. Using the demand function in (3.4)
and using (3.7) we can express p;;Ti; as pitTit = af/tgitkg with 0, = 65 and L, = Ltl_a.

The budget constraint then reduces to
Kit41 + bitp1 + it = aitgitkiofg + (1 = )kit + Rebit + wy. (3.9)

The representation in (3.9) indicates that the household essentially solves a consump-
tion/savings problem as well as a portfolio choice problem between a riskless asset and a
risky asset. To see the latter more clearly, note that we can decompose the household’s
income part from production, ait@tkﬁ, into its two components capital income and
profits. This separation follows from the fact that capital is the crucial input factor in
production and that profits arise due to the monopolistic structure in the intermediate
goods sector. Capital income is given by r] k;; where the net return, rj;, measures the
contribution of an additional marginal unit of capital, i.e. rj, = azit@tkg_l. The net
return will show up in the Euler equation for capital holdings in period t+1 and is risky
because it depends on the entrepreneur’s productivity which is subject to idiosyncratic
shocks. The residual term are profits that follow from the monopolistic structure in the
intermediate goods sector. Profits are given by m;; = (1 — a)al_/tgitkf; and shrink to
zero if intermediate goods become perfect substitutes, which can be seen from the fact
that m;; — 0 if @« — 1. Furthermore, profits are risky as well since they also depend on
the entrepreneur’s stochastic productivity. Using this separation of capital income and

profits, the household’s budget constraint can finally be written as
Kit41 + bit1 + cit = Rizkit + mir + Ribie + wy, (3.10)

where R, = (1 — + r},) is the gross return of capital. The representation in (3.10)
highlights that the household essentially solves a portfolio choice problem between a
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riskless asset (bond) and a risky asset (capital). Furthermore, it shows that, in terms of
Sandmo (1970), entrepreneurs do not only face capital risk but also income risk where
the latter is induced by the existence of risky profits. Clearly, capital and income risk
in our model are not independent because both, the risky return and profits, depend
on the same stochastic process. However, this separation plays an important role later
on since only capital risk in addition to the borrowing constraint also affects the house-
hold’s investment decisions, whereas income risk only leads to precautionary saving.

This will become more clear from the household’s first-order conditions.

Let the household’s period ¢ net worth, w;;, be defined as w;; = Ry, kit + i+ Rybir+w;.

Furthermore, let Vt(wt,gt) be the associated optimal value function. Then, the single

household’s optimization problem can be specified in terms of the following program?!!
Vi(ws, 0) =  max {U(Ct) +BE [W+1(wt+1,§t+1) \@] } (3.11)
ct,be41,ke41
st. b1+ ki1 = we (312)
kiy1r > 0 (3.13)
biyr > —b. (3.14)

The constraint in (3.14) is the borrowing constraint the household faces on the safe
asset. The tightness of the borrowing constraint is determined by the debt limit, b.
A lower value of b means a lower amount the household can borrow to either smooth
consumption or to scale up individual production.

The first-order conditions of the individual problem are given by

U'lcit) = BRe1 B [U'(citr1)] + i (3.15)
U'lcit) = BE [Riy,U'(cie1)] (3.16)

where \;; is the nonnegative Lagrange multiplier associated with the borrowing con-
straint and where Rj;,; = 1 — o+ a2l_/t+1§,-t+1kf;ﬁ is the gross return of capital in
period ¢ + 1. Combining the two equations yields

Cov(U'(cit11), R;t+1) Ait

+ . 3.17
E.U'(cit+1) BEU (it41) (3.17)

Equation (3.17) shows that the presence of uninsurable capital risk and potentially

EiRjy oy — Ry = —

binding borrowing constraints drives a wedge between the expected return of capi-

tal and the riskless interest rate. The first term on the right-hand side describes the

"The subscript i is dropped in this definition for notational ease. Note that the time subscript
attached to the value function indicates that the household’s program is not only defined at steady
states.



Chapter 3. Idiosyncratic Risk, Borrowing Constraints and Financial Integration 38

risk premium the household demands for bearing the uninsurable capital risk. Since
Cov(U'(cit41), Rj, 1) is negative, this expression is positive. The second term on the
right-hand side additionally appears if the borrowing constraint binds in period . Since
Ait is nonnegative, both terms positively contribute to the wedge and will play a key
role in the further analysis.

Definition 1 below summarizes the equilibrium under financial autarky and financial
integration from the perspective of the small economy. Under financial autarky, the
bond market has to clear on the country-wide level, whereas under financial integration
bonds can be traded on the international level. Note that the time index indicates that
the equilibrium is not only defined at steady states where aggregate prices are constant

over time, but also takes account of transitory dynamics.

Definition 1 Given the initial distribution of households, ¥o(w, ), a general competi-
tive equilibrium under financial autarky is defined by

a) a sequence of policy functions {ct(w,g),kt+1(w,§),bt+1(w,§)}io, b) a sequence of
value functions {V}(w,g)}io, ¢) a sequence of prices {Ry,wy,pi(i)}5oy, and d) a se-

quence of distributions {\Ilt(w, 5)}:;, such that, for all t

1. The policy functions described above solve the household’s decision problem.
2. Intermediate goods and labor are paid according to their marginal product.

3. Aggregate quantities of consumption, capital, labor and bonds are the aggregation
of individual quantities. For given prices markets clear, especially By = 0 and
L;=1.

4. The sequence of distributions is consistent with the initial distribution, the policy

functions and the stochastic process for productivity.

A competitive equilibrium under financial integration is defined in a similar fashion.
However, bonds can be traded on the international level given the world interest rate

R*.'2 B, then represents the net foreign asset position of the small economy.

3.4 Parametrization

In this section, we describe the benchmark parametrization, identify the financial pa-
rameters of the model and explain the differences between the three scenarios. In total,
we have to assign seven parameter values, {a, B, p,0,b, pa, 0’}. We mainly choose stan-
dard values that are commonly considered in the literature.

In accordance with our discussion in the previous section, ¢ and b are the formaliza-

tion of a country’s level of financial development. ¢ measures the level of uninsurable

12Note that the interest rate under financial integration is determined by the large and financially
more developed country that represents the rest of the word. Hence, interest rate differentials between
countries under financial autarky are endogenously explained by differences in financial development.
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risk and is defined as the standard deviation of In(#). We directly target the properties
of § = 6“ since it shows up as the relevant term in the household’s budget constraint.
As generally shown by Angeletos and Calvet (2006), a higher value of o means a higher
portion of risk that cannot be insured through financial markets and thus, remains with
the entrepreneurs.'® The debt limit, b, defines the tightness of the borrowing constraint.
A more tight borrowing constraint means a stronger impediment for entrepreneurs to
either smooth consumption or to scale up individual production. A higher amount of
risk remaining with the entrepreneurs and/or a more tight borrowing constraint means
a lower level of financial development.

In each scenario, we consider the same values of {a, 3, p,d,0} for our small and
financially less developed benchmark economy. The parameter values are standard and
commonly considered in the literature. The discount factor, 5, is set to 0.96 and «
is set to 0.4, implying a labor income share of 0.6. The elasticity of intertemporal
substitution, ¥ = 1/p, is set to 2/3 which means that the parameter of relative risk
aversion, p, equals 1.5. The depreciation rate, J, is set to a standard value of 0.08. In

general, the productivity process is first-order Markov and defined as

2
1110,54.1 = —1fp0%+p91n9t+6t+1, GNN(O,O'E), (318)

where pg is the serial correlation parameter and where the specification of the constant

term in (3.18) leads to the normalization E(f) = 1. o2 is adjusted accordingly to
ensure that o is equal to 0.4 which is comparable to Covas (2006), Angeletos (2007) and
Angeletos and Panousi (2011).

The three scenarios only differ with respect to the values of pg and b. In the baseline
scenario, we focus on uninsurable risk only, assuming away tight borrowing constraints
and persistent effects of shocks. That means, pg controlling the persistence of shocks is
set to zero and b is equal to the Natural Debt Limit (NDL) defined as the maximum
amount of repayable debt that is consistent with nonnegative consumption.'® Differ-
ences in financial development between countries in the baseline scenario are solely
captured by differences in the level of uninsurable risk. In the second scenario, we in-
crease the tightness of the borrowing constraint and in the third scenario, we increase
the persistence of shocks. Table 3.1 below summarizes the benchmark parameter values

that are equal in all three scenarios.

13See also Corneli (2009) and Angeletos and Panousi (2011).
MSince zi; = Oirkis is close to zero for bad realizations of 0i+, we define the NDL in steady state as
NDL =w/(R-1).
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Table 3.1: Benchmark Parameter Values

Parameter Value
discount factor I3 0.96
curvature of production (final good sector) o 0.4
depreciation rate 1) 0.08
elasticity of intertemporal substitution v=1/p 2/3
standard deviation of In(f) o 0.4

3.5 Results

3.5.1 Overview

In this section, we describe our three scenarios. In the baseline scenario, we focus on
uninsurable risk, in the second scenario we increase the tightness of the borrowing con-
straint, and in the third scenario we additionally allow for persistent effects of shocks.
Apart from these differences, however, the focus remains the same and relates to the
questions of interest, i.e. explaining the direction of international capital flows and ac-
companying changes in domestic economic development. In particular, we are interested
in two main features a model should have in order to contribute to explaining the em-
pirical pattern. First, the financially less developed country should not only display a
lower interest rate in the initial equilibrium under financial autarky, but also lower levels
of capital and output, i.e. it should also be the economically less developed country.
This result ensures that when financial integration takes place, it is in fact the initially
poor country that builds up a positive net foreign asset position, which explains the
Lucas paradox. Second, the increase in the interest rate from the perspective of the
financially less developed country should lead to a higher aggregate capital stock and a
higher output level in the steady state under financial integration rather than to lower
levels as predicted by standard theory. This result ensures that, at least from a steady
state comparison, we observe a positive correlation between economic growth, higher
interest rates and capital outflows. We will analyze under which conditions the presence
of uninsurable risk and borrowing constraints contributes to explaining these findings
and how the conditions may change with different model assumptions. In the baseline
scenario, where our model closely relates to Angeletos and Panousi (2011), we derive

two rules of thumb that describe the parameter restrictions with high accuracy.



Chapter 3. Idiosyncratic Risk, Borrowing Constraints and Financial Integration 41

3.5.2 Scenario 1: Uninsurable risk

Figure 3.1 shows the main results for our baseline scenario. The solid blue lines in
Figure 3.1 show the long-run relationship between selected macroeconomic variables and
the interest rate for our small and financially less developed benchmark economy. The
steady state under financial autarky, where the bond market has to clear on the country-
wide level, is indicated by point A and the steady state under financial integration, where
bonds can be traded on the international level, is indicated by point I. The horizontal
and vertical dashed lines in Figure 3.1 indicate the autarchic steady state of the large and
financially more developed country that represents the rest of the world. Entrepreneurs
in the financially more developed country face a lower level of uninsurable risk (o = 0.2)
which reflects the superior insurance opportunities provided by the financial sector.
Since the financially more developed country is assumed to be sufficiently large, it

determines the interest rate under financial integration (R™ = 1.04163).

Figure 3.1: Main Results Baseline Scenario
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Note: Point A shows the autarchic steady state of the financially less developed benchmark
economy and point I shows the steady state under financial integration. The horizontal and
vertical dashed lines show the autarchic steady state of the large and financially more developed
country representing the rest of the world. Point A’ and A” show two possible alternative
equilibria for the financially less developed country that, in a similar fashion, are obtained
under different parametrizations.
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Inspecting Figure 3.1 leads to a number of interesting results. First, Figure 3.1 shows
that an equilibrium like point A is exactly the starting point that is needed in order
to explain the empirical findings. Point A means that our financially less developed
benchmark economy does not only display a lower interest rate in the initial equilib-
rium under financial autarky, but also lower levels of the domestic capital stock and
output, i.e. it is also the economically less developed country. This can be seen from
comparing the position of point A (autarchic steady state financially less developed
country) with the positions of the horizontal and vertical dashed lines (autarchic steady
state financially more developed country). The lower interest rate in the financially less
developed country can be traced back to the higher level of risk that entrepreneurs have
to bear. The higher level of risk leads to a higher precautionary saving demand for the
riskless asset, which forces the interest rate to fall in order to clear the bond market
under financial autarky. This risk-induced saving effect is well-known in the literature
and occurs under both capital and income risk (see Aiyagari 1994; Angeletos 2007).
However, the lower capital stock and the lower output level observed in the financially
less developed country crucially depend on the existence of capital risk (see Angeletos
2007). As Equation (3.17) in Section 3.3 shows, capital risk drives a wedge between the
expected return of the risky asset and the riskless interest rate since the entrepreneurs
demand a risk premium if full insurance is not provided. This wedge makes it possible
to observe a lower interest rate and a lower capital stock in the financially less developed
country. This result is exactly what is needed in order to explain the Lucas paradox,
i.e. the fact that it is the initially poor country that accumulates a positive net foreign
asset position so that capital flows from the poor to the rich country under financial
integration. To see this more clearly, consider a financial market liberalization reform
that removes the trading barriers between the two countries after both countries have
reached the autarchic steady state. The financially less developed country will converge
to its new steady state under financial integration that is indicated by point I in Figure
3.1. Inspecting the position of point I in the lower panel shows that the financially less
developed country features a positive net foreign asset position in the integrated steady
state, implying that capital flows from the less to the financially more developed coun-
try under financial integration.'® This result is driven by the fact that the interest rate
increases from the perspective of the financially less developed country. The interest
rate increases because it is determined by the financially more developed country that
displays a higher interest rate in the autarchic steady state due to the lower level of

risk.'® Consequently, since capital flows from the financially less developed to the finan-

15The general pattern of transitory dynamics presented in Section 3.6 shows that the evolution of
the net foreign asset position towards the integrated steady state is a gradual and monotone process.
In particular, in all exercises considered, we find that the financially less developed country facing
an increase in the interest rate under financial integration runs a persistent series of current account
surpluses along the transition path. See also Angeletos and Panousi (2011).

16Tn a two-country framework with similar weight on each country, one would expect that the common
interest rate under financial integration settles at a level between both autarchic steady state interest
rates. However, qualitatively, the effect that the interest rate increases from the perspective of the



Chapter 3. Idiosyncratic Risk, Borrowing Constraints and Financial Integration 43

cially more developed country under financial integration, the financially less developed
country has to be the initially poor country in order to explain that capital does indeed
flow from the poor to the rich country. That is exactly the case in the initial equilibrium
indicated by point A.

The second important property that can be inferred from point A refers to the
consequences of financial integration for domestic economic development. Although
the riskless bond is the only asset that is traded on the international level, the change
in the interest rate also affects the domestic capital stock and output. According to
standard theory, the increase in the interest rate from the perspective of the financially
less developed country should lead to a lower capital stock and a lower output level
in the integrated steady state. This follows from the usual opportunity-cost effect
stating that investing in one asset becomes less attractive if the return of the other
asset increases. However, the upper panels in Figure 3.1 show that the financially
less developed country displays a higher capital stock and a higher output level in the
integrated steady state (point I) compared to the autarchic steady state (point A). This
can be seen from the fact that point A is located on the increasing part of the long-run
capital and output functions, i.e. on the increasing part of the blue lines. The result
that the capital stock and output may increase with the interest rate is driven by a
second effect that exists in the presence of capital risk and that relates to the agents’
willingness to take risk (see Angeletos and Panousi 2011). Due to diminishing absolute
risk aversion, entrepreneurs are willing to increase investment in the risky asset, i.e. to
build up the capital stock, when they become richer. Since entrepreneurs become richer
under financial integration by building up their positive net foreign asset position, the
wealth effect stimulates capital accumulation when the interest rate increases above its
autarchic steady state level. Though the accumulation of wealth is a gradual process,
which means that the capital stock may initially fall during the transition, the wealth
effect may finally dominate the opportunity-cost effect so that the capital stock and
output are higher in the integrated steady state.!” That is exactly the case when
starting from an equilibrium like point A.

In summary, the effects of uninsurable capital risk that are described by Angeletos
and Panousi (2011) may also be preserved in the presence of income risk that is induced
by the existence of risky profits in our model. However, as indicated by point A’ and A”
in Figure 3.1, the model predictions in the baseline scenario may also be quite different.
First, assume that the autarchic steady state of the financially less developed country
is given by point A’ rather than by point A. We will show in the next section that such
an equilibrium exists under different parametrizations.!® Point A’ in the upper panels

in Figure 3.1 means that a small increase in the interest rate leads to a lower long-run

financially less developed country remains the same as in our exercise.

17See Section 3.6 for a discussion of the transitory dynamics.

!8Note that the blue lines in Figure 3.1 themselves change with different parameter values. However,
the main characteristics we refer to, i.e. the U-shaped form and the fact that the blue line may lie below
the horizontal dashed line, are preserved.
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capital stock and a lower long-run output level, because in the close neighborhood of
point A’ the opportunity-cost effect dominates the wealth effect. Consequently, an
equilibrium like A’ means that the model fails to explain a boost in long-run domestic
economic development from the perspective of the financially less developed country.
Furthermore, point A” shows that the model may even fail to explain the Lucas paradox.
This follows from the fact that in point A” the financially less developed country is the
initially rich country under financial autarky, which means that capital flows from the
rich to the poor country under financial integration.

Given these opposing outcomes, how can we find the conditions under which the
model is capable of contributing to explaining the empirical findings and under which
the model may fail? In principle, this is a cumbersome task since the model has no
closed-form solution and numerous simulations have to be conducted. However, we
partly overcome this problem by deriving two rules of thumb that explain the required
parameter restrictions with high accuracy.!® We will present the two rules in the next

section.

Two rules of thumb

The first rule of thumb relates to the Lucas paradox. The rule describes the condi-
tion guaranteeing that the financially less developed country is also the initially poor
country in the autarchic steady state so that it is in fact the initially poor country that
accumulates a positive net foreign asset position under financial integration. According
to Figure 3.1, the first rule may lead to an equilibrium like point A but does not yet
rule out an equilibrium like point A’ Therefore, we derive a second rule that describes
the condition guaranteeing that the long-run domestic capital stock and long-run out-
put necessarily increase with the interest rate. If this condition is satisfied, then the
financially less developed country is not only the poor country in the autarchic steady
state, but an increase in the interest rate implied by financial integration also leads to
a higher capital stock and higher output in the integrated steady state. In order to
derive our first rule, we assume that entrepreneurs in the financially more developed
country can completely insure against idiosyncratic risk, i.e. markets in the financially
more developed country are assumed to be complete. However, as shown in Appendix
B, the complete markets assumption is not restrictive in this case so that both rules can
also be applied to the general case where entrepreneurs in both countries suffer from

incomplete markets as in Figure 3.1. In short, our two rules can be stated as follows.

19WWe refer to our rules as rules of thumb since their derivation is partly based on a model comparison.
See Appendix A for details.
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Rule of Thumb 1 In the autarchic steady state, levels of the aggregate capital stock
and output are lower in the economy with incomplete markets than in the case of com-

plete markets if and only if

g/bf ~ a—é%
Y*

where production is approximated by Y* = (K*).

Rule of Thumb 2 Based on the autarchic steady state of the economy with incomplete
markets, the long-run capital stock and long-run output necessarily increase with any

increase of the interest rate if and only if

~ Y
9 >1¢$ ¢;‘1175alg, (3.20)
— - Y *

where production is approximated by Y* = (K*).

In both rules, K* denotes the aggregate capital stock and Y* denotes aggregate output,
and both are evaluated at the autarchic steady state. We provide a detailed description
of how to derive the two rules in Appendix A. The general idea is to start with a
simpler two-period model version and to use the results provided by Angeletos (2007)
and Angeletos and Panousi (2011) in order to understand how the condition changes
between the two-period model and the infinite-horizon model.

What does the first rule of thumb show us? The first rule shows that the structural
parameters of the model have to satisfy a certain condition in order to guarantee that
the financially less developed country is also the initially poor country in the autarchic
steady state. More specifically, the first rule shows that the elasticity of intertemporal
substitution, ¥, has to exceed a certain threshold level. The fact that the elasticity of
intertemporal substitution is a key parameter of the model is well-known from Ak-type
models that capture the effects of uninsurable capital risk.?® Intuitively, the presence
of capital risk leads to a lower risk-adjusted return and agents’ response to this change
crucially depends on their attitude towards intertemporal substitution. In fact, our
model comes close to an Ak-model if « is close to unity and our first rule of thumb
confirms the well-known result that the elasticity of intertemporal substitution has to
be greater than unity in order to ensure that a lower level of financial development also
leads to a lower level of economic development (c.f., Weil 1990; Obstfeld 1994). However,
if « is less than unity, two additional effects exist in our model. First, entrepreneurs
earn riskless wage income and second, they also face income risk due to the existence of
risky profits. The income risk tends to tighten the parameter restrictions by increasing

the precautionary demand for saving. In contrast, the riskless wage income tends to

29The fact that the elasticity of intertemporal substitution rather than the parameter of relative
risk aversion is the key parameter of the model is also discussed intensively by Angeletos (2007) and
Angeletos and Panousi (2011).
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loosen the parameter restrictions by reducing the percentage drop of consumption in
times when the risky asset pays off poorly, thereby weakening the need for precautionary
savings. In order to assess the overall effect, and to evaluate the performance of our
first rule, we can compute the final threshold level for the elasticity of intertemporal
substitution.?! Table 3.2 shows the results for our financially less developed benchmark
economy. The numbers in the second column are the predicted threshold levels that
are derived from our first rule and the numbers in the third column are the actual
threshold levels that are derived from simulations. The numbers in parentheses indicate

the prediction errors.

Table 3.2: Under-accumulation of Capital: Threshold Levels

Depreciation rate  First rule of thumb  Model solutions

0.001 0.244 0.238
(0.006)

0.04 0.125 0.122
(0.003)

0.08 0.083 0.076
(0.007)

Table 3.2 shows two main results. First, the second column shows that our first
rule is able to predict the actual threshold levels with high accuracy. This follows from
the fact that the prediction errors that are reported in the second column are rather
small. Further simulations suggest that this result is also robust to changes in « and in
the discount factor 5. Second, and equally important, the third column shows that the
threshold level for the elasticity of intertemporal substitution is very low for plausible
values of the depreciation rate, which is generally in line with Angeletos (2007). For
6 = 0.08, a value of the elasticity of intertemporal substitution slightly larger than
0.076 is already sufficient to ensure that the financially less developed country is the
initially poor country in the autarchic steady state and that capital flows from the poor
to the rich country under financial integration.?> This means that even in the presence
of income risk, the combination of uninsurable capital risk and riskless wage income
explains the Lucas paradox quite well. Introducing capital risk makes it possible to
observe a lower capital stock and a lower interest rate in the financially less developed

country and the riskless wage income ensures that the restrictions on the structural

2! According to our first rule, we compute the values of ¥ satisfying ¥ = (;5\/ (2 - r})\), i.e. condition
(3.19) holds with equality. For these critical values, the capital stock should be exactly the same under
complete and incomplete markets. Larger values of ¥ then lead to ¥ > a/ (2- 3), such that, according
to our first rule, the capital stock and output should be lower in the economy suffering from incomplete
markets.

22In terms of the parameter of relative risk aversion, p, we obtain the restriction p < 13.
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parameters are quite loose. Even if we reduce the share of the riskless wage income to
0.4, the threshold level for the elasticity of intertemporal substitution does not exceed
0.15 in case the depreciation rate equals 8 percent. Since large parts of the empirical
literature suggest a value of the elasticity of intertemporal substitution close to unity
(see Angeletos 2007), the parameter restrictions remain very moderate.

Next, we consider how the restrictions on the elasticity of intertemporal substitution
change if we additionally demand that the long-run capital stock and long-run output
necessarily increase with the interest rate. If this condition holds, then the financially
less developed country is not only the poor country in the autarchic steady state but
an increase in the interest rate implied by financial integration also leads to a higher
capital stock and a higher output level in the integrated steady state. Inspecting the
second rule in (3.20) shows that the threshold level for the elasticity of intertemporal
substitution will most probably increase compared to our first rule. This result is
intuitive since the second condition rules out an equilibrium like point A’ in Figure 3.1,
which is more restrictive than what is required under our first rule. In order to assess
the overall effect, we compute the corresponding threshold levels for the elasticity of
intertemporal substitution that are predicted by our second rule and that are obtained
from simulations. The results appear in Table 3.3, and numbers in parentheses indicate

the prediction errors.

Table 3.3: Long-run Effects Capital and Output: Threshold Levels

Depreciation rate  Second rule of thumb Model solutions

0.001 0.645 0.556
(0.089)

0.04 0.287 0.286
(0.001)

0.08 0.184 0.182
(0.002)

First, we observe that the prediction errors reported in the second column are again
rather small. Consequently, also our second rule is able to describe the properties of
the model with high accuracy. Second, the numbers in the third column confirm the
conjecture that the threshold level is higher compared to our first rule. For 6 = 0.08,
the threshold level more than doubles from 0.08 to 0.18. However, since the threshold
level is still below 0.2, and large parts of the empirical literature suggest a value of
the elasticity of intertemporal substitution close to unity, we can conclude that in the
baseline scenario, an equilibrium like point A in Figure 3.1 is in fact the most likely
outcome for a broad range of plausible parameter values. Nevertheless, it is important

to know that the empirical estimates of the elasticity of intertemporal substitution are
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far from being uniform. Dacy and Hasanov (2011), for example, find a much smaller
value of the elasticity of intertemporal substitution of around 0.2. Their finding raises
the issue of how the parameter restrictions may change when tight borrowing constraints
and persistent effects of shocks are taken into account. We address these issues in the

next sections.

3.5.3 Scenario 2: Borrowing constraints

In the second scenario, we relax the assumption that entrepreneurs may in principle
borrow up to the Natural Debt Limit (NDL) and consider more tight borrowing con-
straints. As it can already be inferred from the first-order conditions derived in Section
3.3, borrowing constraints affect entrepreneurs in two different ways. Since, in bad
times, agents need to borrow to finance both, consumption and the capital stock of the
individual firm, borrowing constraints impede consumption smoothing and limit the
access to external funds for scaling up individual production. Since the corresponding
effects tend to work in opposite directions as discussed below, the ultimate effect of bor-
rowing constraints is generally ambiguous and borrowing constraints may either tighten
or weaken the parameter restrictions compared to the baseline scenario.

Figure 3.2 provides first insight into the effects of borrowing constraints. Similar
to Figure 3.1, the blue lines show the long-run relationship between selected macroe-
conomic variables and the interest rate for the financially less developed benchmark
economy. The steady state under financial autarky is indicated by point A and the
steady state under financial integration is indicated by point I. However, different from
the baseline scenario, entrepreneurs in the benchmark economy considered here face a
borrowing limit of b = 1.2, which roughly corresponds to the average net income in the
steady state under financial autarky.?3

At first view, Figure 3.2 shows that the main characteristics of the baseline scenario
carry over to the case where borrowing constraints play a significant role. In particular,
we observe that it is still possible to obtain an equilibrium like point A in Figure 3.2 that
leads to the same implications as in the baseline scenario, i.e. of capital flowing from
poor to rich countries and a boost in long-run domestic economic development despite
an increase of the interest rate. However, Figure 3.2 also shows that there are some
differences compared to the baseline scenario that reflect the saving and investment
effect of borrowing constraints. We investigate these differences in the following.

The saving effect of borrowing constraints refers to the households’ demand for the
riskless asset and can be inferred from the lower panel in Figure 3.2. In particular,
by comparing the position of point A with the corresponding position in the baseline
scenario, we find that the autarchic steady state interest rate in our financially less
developed benchmark economy decreases with tight borrowing constraints. Though

the difference is quantitatively moderate, the lower interest rate indicates that tighter

23 Huggett (1993) suggests a debt limit of one year’s average endowment to be reasonable.
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Figure 3.2: Aggregate Results: Borrowing Constraints
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Note: Point A shows the autarchic steady state of the financially less developed benchmark
economy and point I shows the steady state under financial integration. Compared to the
baseline scenario, entrepreneurs in the benchmark economy considered here face a borrowing
limit of b = 1.2. The horizontal and vertical dashed lines show the autarchic steady state of
the large and financially more developed country that represents the rest of the world. The
financially more developed country is identical to the baseline scenario.

borrowing constraints lead to a higher aggregate demand for the riskless asset.?* The
higher aggregate demand for the riskless asset can be explained by two effects of bor-
rowing constraints on the individual level. In a mechanical way, borrowing constraints
reduce the supply of the riskless asset on the individual level by limiting the amount
households can borrow. Furthermore, households who are currently not constrained but
whose level of net worth is rather low save more compared to the case where only the
NDL is imposed. This higher individual demand for the riskless asset mainly follows
from a stronger necessity to self-insure against the idiosyncratic risk. Since both, the
lower supply and the higher demand on the individual level, lead to an increased de-

mand for the riskless asset on the aggregate level, the interest rate has to decrease with

24In the baseline scenario, the autarchic steady state interest rate in the financially less developed
benchmark economy is equal to 4.15%. If the debt limit is equal to b = 1.2, the interest rate decreases
to 4.04%.
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tighter borrowing constraints in order to clear the bond market under financial autarky.
The observed saving effect of borrowing constraints is similar to standard incomplete-
markets models, in which tight borrowing constraints also lead to a lower interest rate
in the autarchic steady state (e.g., Huggett 1993). Furthermore, if a lower interest rate
is the only effect of borrowing constraints, we can expect that tighter borrowing con-
straints lead to tighter parameter restrictions compared to the baseline scenario. To
see this more clearly, note that a lower interest rate level pushes the location of the
corresponding autarchic steady state capital stock to the left on the long-run capital
function, i.e. to the left on the blue line in the upper left panel of Figure 3.2. Conse-
quently, it becomes less likely that the financially less developed country ends up being
the poor country under financial autarky, which is crucial to explain that it is the poor
country accumulating a positive net foreign asset position under financial integration.
Moreover, it becomes also less likely that the autarchic steady state capital stock of
the financially less developed country is located on the increasing part of the long-run
capital function so that financial integration necessarily leads to a boost in long-run
domestic economic development. Hence, if the only effect of borrowing constraints is to
lead to a lower interest rate, we can expect that tighter borrowing constraints lead to
tighter parameter restrictions in order to maintain an equilibrium like point A. However,
in our case, borrowing constraints also affect entrepreneurs’ investment decisions, which
changes the relation between aggregate capital accumulation and the interest rate. We
analyze this effect in the following.

One of the main changes in the relation between aggregate capital accumulation and
the interest rate that is implied by borrowing constraints can be seen with the help of
the following example. In the baseline scenario, the capital stock in the financially less
developed country reaches the same level as in the financially more developed country if
the interest rate is equal to 3.68%. However, if we introduce tight borrowing constraints,
the financially less developed country remains the poor country until the interest rate
decreases by more than 8%. This can be seen in Figure 3.2 by the intersection point
of the blue line and the dashed horizontal line. Consequently, we observe that tight
borrowing constraints dampen aggregate capital accumulation so that a lower interest
rate under tight borrowing constraints does not necessarily mean a higher aggregate
capital stock. From this we can conclude that the investment effect of borrowing con-
straints weakens or even outweighs the saving effect of borrowing constraints: Even if
the interest rate is lower in the steady state under financial autarky, the financially less
developed country may still be the poor country under financial autarky and the capital
stock may still be located on the increasing part of the long-run capital function. In
other words, borrowing constraints do not necessarily lead to tighter parameter restric-
tions compared to the baseline scenario since the saving and investment effect work in
opposite directions. The reason behind this opposing effect of capital accumulation can
be seen again most clearly on the individual level. Since borrowing constraints do not

only affect consumption smoothing, but also limit the options to scale up individual pro-
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duction, entrepreneurs who are currently constrained invest less compared to the case
where only the NDL is imposed. Furthermore, entrepreneurs who are currently not con-
strained but whose level of net worth is rather low, choose a lower capital stock as well.
Intuitively, the riskless asset is more suitable than the risky asset to transfer resources
to those states where the borrowing constraint may become binding and entrepreneurs

are willing to adjust their portfolio in favor of the riskless asset.?®

Consequently, invest-
ment levels are lower in case of tight borrowing constraints, either because borrowing
constraints are binding today or are expected to become binding in the near future.

In sum, what can be inferred from Figure 3.2 are two opposing effects of borrow-
ing constraints. On the one hand, borrowing constraints lead to a lower interest rate
in the autarchic steady state compared to the case where only the NDL is imposed.
On the other hand, borrowing constraints also affect investment and a lower interest
rate does not necessarily mean a relatively higher capital stock. Therefore, the overall
effect of borrowing constraints is generally ambiguous and borrowing constraints may
either tighten or weaken the parameter restrictions compared to the baseline scenario.
In order to assess the overall effect, we consider several debt limits and compare the

corresponding threshold levels for the elasticity of intertemporal substitution.

Table 3.4: Under-accumulation of Capital - Borrowing Constraints

Debt Limit Threshold Level
NDL 0.076
twice average net income 0.111
average net income 0.154
20 percent of average net income 0.417

Table 3.4 shows the results that again refer to the Lucas paradox. Specifically, Table
3.4 shows the threshold levels the elasticity of intertemporal substitution has to exceed
in order to ensure that the financially less developed benchmark economy is also the
poor economy in the autarchic steady state compared to the financially more developed
economy where markets are assumed to be complete. The threshold level in the first
row of Table 3.4 is known from the baseline scenario, while the other threshold levels
refer to more tight borrowing constraints. The tightest borrowing constraint in Table
3.4 means that agents can only borrow up to approximately 20 percent of the average
net income in the autarchic steady state.

Though the discussion above has shown that the overall effect of borrowing con-
straints is generally ambiguous, Table 3.4 shows that the threshold level monotonically
increases with the tightness of the borrowing constraint. That means, we find that the

saving effect of borrowing constraints dominates the investment effect so that tighter

25 Angeletos and Panousi (2011) also briefly mention this effect of borrowing constraints, but bor-
rowing constraints do not play any role in their theoretical model.
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borrowing constraints lead to tighter parameter restrictions in order to explain the Lu-
cas paradox.?® Compared to the baseline scenario, the threshold level is twice as large
if the debt limit is equal to the average net income in the autarchic steady state and be-
comes roughly 5 times larger when entrepreneurs can only borrow up to approximately
20 percent of the average net income in the autarchic steady state.?” Similarly, by set-
ting « to 0.6, we find that the threshold level monotonically increases from 0.147 when
only the NDL is imposed to 0.455 when the debt limit corresponds to 20 percent of the
average net income in the autarchic steady state. However, are these results just driven
by the fact that markets are assumed to be complete in the financially more developed

country?

Figure 3.3: Threshold Levels, Changes in Risk and Debt Limits
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Figure 3.3 shows that this is not the case and that the same pattern also occurs if
entrepreneurs in both countries suffer from uninsurable risk and borrowing constraints.
The left panel of Figure 3.3 shows the relationship between the elasticity of intertempo-
ral substitution and the corresponding autarchic steady state capital stock for several
combinations of uninsurable risk and borrowing constraints. The key insight is that
the intersection point of any two lines determines the threshold level the elasticity of
intertemporal substitution has to exceed in order to ensure that the financially less de-
veloped country is also the poor country in the autarchic steady state. For example,
Figure 3.3 shows that the elasticity of intertemporal substitution has to be larger than
0.2 in order to ensure that the financially less developed country represented by the blue
line displays a lower capital stock compared to the financially more developed country
represented by the red line. Comparing the green and the blue line shows that the
corresponding threshold level is even around 0.9. Recall that in the baseline scenario,

a value of the elasticity of intertemporal substitution slightly larger than 0.076 already

26The observation of tighter parameter restrictions is in line with Covas (2006).
2TIf the borrowing limit is approximately equal to 10 percent of the average net income in the
autarchic steady state, the threshold level is even around 0.8.



Chapter 3. Idiosyncratic Risk, Borrowing Constraints and Financial Integration 53

ensures that the financially less developed country is the poor country in the autarchic
steady state so that capital flows from the poor to the rich country under financial
integration. Hence, we find that borrowing constraints may lead to significantly tighter
parameter restrictions in order to explain the Lucas paradox.

Next, we consider how borrowing constraints affect the parameter restrictions from
the baseline scenario if we additionally demand that the long-run domestic capital stock

and long-run output necessarily increase with the interest rate.

Table 3.5: Long-run Effects Capital and Output - Borrowing Constraints

Debt Limit Threshold Level
NDL 0.182
twice average net income 0.435
average net income 0.556
20 percent of average net income 2.5

Table 3.5 shows the corresponding threshold levels for the financially less developed
benchmark economy. If the elasticity of intertemporal substitution is larger than the
threshold level, the financially less developed benchmark economy is not only the poor
economy in the autarchic steady state, but the increase in the interest rate implied by
financial integration also necessarily leads to a higher capital stock and a higher output
level in the integrated steady state. Based on the same borrowing limits considered
before, we observe that the threshold level monotonically increases with the tightness
of the borrowing constraint. In particular, we find that for the tightest debt limit
presented in Table 3.5, the elasticity of intertemporal substitution has to be larger than
2.5, which constitutes a drastic increase compared to the baseline scenario. Hence,
borrowing constraints may also lead to significantly tighter parameter restrictions in
order to explain higher levels of capital and output in the integrated steady state.?®

In summary, our results show that if borrowing constraints do not only affect the
production side of the economy, but also affect households through the consumer credit
channel, we observe stronger parameter restrictions compared to the baseline scenario.
Whether these restrictions may turn out to be too strong depends on the question of
interest and the tightness of the borrowing constraint. By exclusively focusing on the
Lucas paradox, uninsurable risk and borrowing constraints may still explain capital
flows from poor to rich countries as long as the borrowing constraints are not too tight
in both countries. For example, the point at which the blue line and the red line in-
tersect in Figure 3.3 shows that the threshold level for the elasticity of intertemporal

substitution remains around 0.2. However, as the green line shows, the threshold level

28Gimilarly, if we set o to 0.6, we find that the threshold level monotonically increases from 0.385
when only the NDL is imposed to 2.5 when the debt limit approximately equals 20 percent of the average
net income in the autarchic steady state.
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easily rises to 0.9 or higher when borrowing constraints become very tight. Turning to
the question of higher levels of capital and output in the integrated steady state, we
observe a similar effect of borrowing constraints. When only the NDL is imposed, a
value of the elasticity of intertemporal substitution slightly larger than 0.182 already
ensures that the financially less developed economy necessarily features higher levels
of capital and output in the integrated steady state compared to the autarchic steady
state. However, Table 3.5 shows that the threshold level already increases to 0.56 if
entrepreneurs face a debt limit approximately equal to the average net income in the
autarchic steady state. Tighter debt limits may even require that the elasticity of in-
tertemporal substitution is larger than 2 and, thus, at least twice as large as suggested
by main parts of the empirical literature. Hence, we can conclude that especially very
tight borrowing constraints strongly affect the parameter restrictions to explain the
observed pattern of international capital flows and accompanying changes in domestic
economic development. From a slightly different perspective, our results show that if
borrowing constraints are very tight in financially less developed countries, it becomes
less likely that these countries experience an increase in capital and output under finan-
cial integration. Hence, understanding the effects of borrowing constraints is crucial for

understanding the implications of financial integration.

3.5.4 Scenario 3: Persistence of shocks

In the last scenario, we focus on the effects associated with changes in the properties
of the underlying productivity process. So far, productivity is described by a sim-
ple i.i.d. shock and current levels of the individual return and of profits do not affect
entrepreneurs’ expectations regarding future developments. However, though this as-
sumption is widely used for analytical reasons, the empirical literature emphasizes the
existence of substantial persistence in labor earnings risk and in business income risk.
For example, Storesletten et al. (2004) analyze the properties of labor earnings and find
idiosyncratic risk to be highly persistent with an annual autocorrelation coefficient of
0.95. Similarly, DeBacker et al. (2012) find strong persistence in business income risk
from privately held businesses.

In order to take account of the empirical facts, we relax the assumption of pg = 0 in
the following and allow shocks to have persistent effects. We are especially interested
in the question of how a higher level of persistence affects the parameter restrictions
from the previous scenarios. Therefore, we consider several levels of the persistence
parameter, pg, and compute the corresponding threshold levels for the elasticity of
intertemporal substitution. We show the results first and then provide some intuition.

Table 3.6 shows the results that again refer to the Lucas paradox. Specifically, Table
3.6 shows the threshold levels the elasticity of intertemporal substitution has to exceed
in order to ensure that the financially less developed benchmark economy is also the

poor economy in the autarchic steady state compared to the financially more developed
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Table 3.6: Under-accumulation of Capital - Persistence

Persistence parameter (py) Threshold Level
0 0.076
0.3 0.110
0.5 0.159
0.7 0.278

country where markets are assumed to be complete. The threshold level in the first
row of Table 3.6 refers to the baseline scenario, while the other threshold levels refer to
higher levels of the persistence parameter. The highest level of pg is equal to 0.7 and
leads to substantial persistence of productivity shocks.

Inspecting the results in Table 3.6 shows that a higher level of persistence leads to
a higher threshold level for the elasticity of intertemporal substitution. In other words,
we observe that a higher level of persistence leads to tighter parameter restrictions in
order to explain the Lucas paradox. Compared to the baseline scenario, the threshold
level doubles if py is equal to 0.5 and becomes more than three times larger if pg is equal
to 0.7. Although the increase remains moderate in absolute terms, the strong relative
increase of the threshold level indicates a strong impact of persistent effects of shocks.

In order to understand the above results, it is useful to consider the saving effect
associated with a higher level of the persistence parameter. Similar to tighter borrowing
constraints, a higher level of persistence leads to a higher demand for the riskless asset
in the financially less developed benchmark economy. This follows from the fact that
a higher level of py means that recovering from bad shocks takes longer and agents try
to protect themselves by increasing their financial wealth. However, since the bond
market has to clear on the country-wide level under financial autarky, the interest rate
decreases in the financially less developed country. The lower interest rate then finally
stimulates capital accumulation so that tighter parameter restrictions are needed in
order to ensure that the financially less developed country remains the poor country
under financial autarky. Hence, similar to the case of tight borrowing constraints,
the saving effect of a higher level of persistence leads to tighter parameter restrictions
in order to explain the Lucas paradox. Furthermore, the effects become even more
pronounced if we consider the joint impact of persistence and borrowing constraints. For
example, in the previous scenario, the threshold level for the elasticity of intertemporal
substitution is equal to 0.15 if entrepreneurs face a debt limit equal to the average
net income in the autarchic steady state. However, if we set py to 0.7, the threshold
level more than doubles and equals 0.37. Hence, a higher level of persistence strongly
interacts with the effects of financial market imperfections and leads to tight parameter
restrictions even at moderate levels of the borrowing constraint. The result of tighter

parameter restrictions is also in line with the intuition that the average agent, who does
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not hold bonds in equilibrium under financial autarky, increases his investment in the
risky asset in order to account for the higher precautionary saving demand (see, Covas
2006).

Finally, we address the question of how a higher level of persistence affects the
parameter restrictions if we additionally demand that the long-run capital stock and
long-run output necessarily increase with the interest rate. If this condition is satisfied,
then the financially less developed country is not only the poor country under financial
autarky, but the increase in the interest rate implied by financial integration also leads

to a higher capital stock and higher output in the integrated steady state.

Table 3.7: Long-run Effects Capital and Output - Persistence

Persistence Parameter (py) Threshold Level
0 0.182
0.3 0.278
0.5 0.417
0.7 0.625

Table 3.7 shows the results for the financially less developed benchmark economy.
Based on the same values of py considered before, we observe that the threshold level
for the elasticity of intertemporal substitution increases with the level of persistence.
If py is equal to 0.5, the elasticity of intertemporal substitution has to be larger than
0.4 to ensure that the financially less developed country features a higher capital stock
and higher output in the integrated steady state. The threshold level associated with
po = 0.7 is even equal to 0.625 and highlights the strong impact of persistent effects of
shocks. Recall that, in the baseline scenario, a value of the elasticity of intertemporal
substitution slightly larger than 0.182 already ensures that financial integration leads
to a boost in long-run domestic economic development from the perspective of the
financially less developed country.

In summary, our results from the second and third scenario show that both bor-
rowing constraints and persistent effects of shocks may strongly affect the parameter
restrictions that are required in order to explain the Lucas paradox and a boost in
long-run domestic economic development. Though not all combinations of borrowing
constraints and persistence reverse the results from the baseline scenario, we observe
significantly tighter parameter restrictions at very tight borrowing constraints and at
high levels of persistence. Therefore, our results show that in a quantitative application,
a more careful consideration of the country-specific characteristics is needed in order
to assess the implications of financial integration. These stronger requirements are not
well understood from an isolated consideration of capital risk that underestimates the
existence of tight parameter restrictions. With these results at hand, we conclude the

discussion of our three scenarios.
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3.6 Transitory dynamics and welfare implications

In this section, we briefly consider the transitory dynamics between steady states from
the perspective of the financially less developed country. First, it remains to show that
the accumulation of financial wealth is a gradual and monotone process that also shapes
the short-run dynamics of other variables towards the integrated steady state. Second,
we want to assess the welfare implications of financial integration, which requires to

take account of the entire transition path.

3.6.1 Transitory dynamics

Figure 3.4: Transitory Dynamics, First Exercise
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Note: Figure 3.4 shows the transitory dynamics for the first exercise in which financial integra-
tion leads to higher levels of capital, output and the wage in the steady state under financial
integration. The steady state under financial integration, relative to financial autarky, is indi-
cated by the solid black lines.

Figure 3.4 shows the adjustment paths of selected macroeconomic variables between
the steady state under financial autarky and financial integration from the perspective

of the financially less developed country. Entrepreneurs in the economy considered here
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face a debt limit equal to the average net income in the autarchic steady state, o is
equal to 0.4, py is equal to 0.7 and the other parameter values are identical to the
baseline scenario. Note that for these parameter values, we know that they satisfy the
above derived parameter restrictions. Apart from the net foreign asset position, the
dynamics of aggregate variables over time are shown as percentage deviations from the
corresponding autarchic steady state level. The net foreign asset position is measured
relatively to the initial output level.

The interest rate under financial integration is determined by the large and finan-
cially more developed country that represents the rest of the world. We assume that
entrepreneurs in the financially more developed country can borrow up to roughly twice
the average net income in the autarchic steady state, which leads to a 5.7 percent higher
net interest rate compared to the financially less developed country. When barriers to
trading the riskless asset are removed this gap is closed immediately.

The lower right panel of Figure 3.4 shows that the financially less developed country
immediately starts to accumulate a positive net foreign asset position once trading
barriers are removed. The monotone increase of the net foreign asset position means
that the financially less developed country runs a series of current account surpluses
along the transition path and finally reaches its long-run asset position.?? As mentioned
earlier, this pattern is not specific to the exercise considered here, but generally arises
if financial integration is associated with an increase of the interest rate. Hence, the
direction of international capital flows between countries can directly be inferred from
the initial differential in interest rates.

The dynamics of the net foreign asset position also influence the short-run dynamics
of the domestic aggregate capital stock. When trading barriers are removed, the capital
stock of the financially less developed country initially falls below its autarchic steady
state level but immediately starts to recover. Since the elasticity of intertemporal sub-
stitution is just large enough to ensure that the long-run capital stock increases with
the interest rate, the capital stock eventually reaches its higher level in the steady state
under financial integration. The observed short-run behavior of the aggregate capital
stock is similar to Angeletos and Panousi (2011) and is driven by the different timing
of the opportunity-cost and the wealth effect. The higher interest rate under finan-
cial integration immediately reduces entrepreneurs’ incentive to invest in the own firm,
while the accumulation of wealth, stimulating investment in the following periods, is
a gradual process. The fact that the adjustment of the capital stock takes some time
is known from the related literature (e.g., Angeletos and Panousi 2011; Clemens and
Heinemann 2013) and shows that the potential benefits of financial integration do not
occur instantaneously.

Finally, output and the wage rate largely follow the adjustment path of the aggregate

capital stock, but both variables return to their autarchic steady state levels somewhat

2°Note that the considered example serves to show the general pattern and does not target a specific
asset-to-GDP ratio.
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faster. The faster recovery is driven by the improvement in production efficiency that
is implied by the process of financial integration. Specifically, the accumulation of
wealth under financial integration helps entrepreneurs to partly overcome the borrowing
constraint and also reduces the differences in the risk premium implied by uninsurable
capital risk. In other words, we observe that financial integration leads to an increase
in total factor productivity.3°

In order to facilitate the understanding of the following welfare analysis, we also
briefly consider a second exercise in which financial integration leads to a lower long-
run capital stock and a lower output level. We obtain such a long-run development by
reducing the elasticity of intertemporal substitution from 0.67 to 0.25. Figure 3.5 shows

the corresponding results.

Figure 3.5: Transitory Dynamics, Second Exercise
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Note: Figure 3.5 shows the transitory dynamics for the second exercise in which financial in-
tegration leads to lower levels of capital, output and the wage compared to the situation of
financial autarky. The steady state under financial integration, relative to financial autarky, is
indicated by the solid black lines.

308ee also Buera and Shin (2009) and Clemens and Heinemann (2013) for a discussion of financial
integration and productivity.
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The key difference compared to the first exercise is that now, the wealth effect associ-
ated with a higher interest rate is not strong enough to finally outweigh the opportunity-
cost effect. Consequently, from the perspective of the financially less developed country,
the increase of the interest rate under financial integration does not lead to a boost
in long-run domestic development. Instead, Figure 3.5 shows that the capital stock,
output and the wage rate remain permanently below their autarchic steady state levels
once the barriers to trading the riskless asset are removed. Since this development is
quite different compared to the first exercise where the wage, capital and output reach
higher levels in the integrated steady state, we will compare the corresponding welfare

implications.

3.6.2 Welfare implications

We measure the individual welfare effect of financial integration as the proportional
change in consumption that is required to leave each household indifferent between
financial autarky and financial integration. Our measure takes account of the transition
path between the two steady states. Formally, for each household with net worth,
w, and productivity, 5, the individual welfare effect, g(w,é), measures the change in
consumption that equates the value functions under financial autarky and financial

integration, i.e. g(w,#) solves

(14 9.0) "= V(w0 / Vw.d), (3.21)

where V4 (w, #) and V! (w, ) are the value functions under financial autarky and finan-
cial integration, respectively.3! A positive value of g reflects a welfare gain of financial
integration compared to the situation of remaining in the steady state under financial
autarky.

Figure 3.6 shows the results for our first exercise in which financial integration
leads to higher levels of capital and output in the integrated steady state. Specifically,
Figure 3.6 shows the individual welfare effect of financial integration for households with
average productivity but with different levels of net worth defining the household’s total
income. We observe that households with low net worth experience a welfare loss under
financial integration while households with high net worth experience a welfare gain.
Quantitatively, the welfare loss for poor households remains moderate with roughly
0.05 percent of consumption, whereas welfare gains are much more pronounced for
households with high net worth. In short, Figure 3.6 shows that the poor lose while
the rich win from a financial market liberalization reform. This result also applies to
other productivity levels and is in line with Mendoza et al. (2009b), Angeletos and
Panousi (2011), and depending on the tightness of the credit constraint, Clemens and
Heinemann (2013).

3n the case of log-utility, (3.21) reads 1 + g(w,g) = exp((1 - B)(V!(w, 5) - VAw, 9~)))



Chapter 3. Idiosyncratic Risk, Borrowing Constraints and Financial Integration 61

Figure 3.6: Individual Welfare Effects, First Exercise
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In order to understand the above results, it is useful to firstly consider the interest
rate effect of financial integration for poor households. In the first exercise, the interest
rate increases from the perspective of the financially less developed country once trading
barriers are removed. The higher interest rate is beneficial for savers but simultaneously
means an increase in the cost of borrowing. Since the poorest households borrow a
substantial amount under financial autarky, they strongly suffer from the higher interest
rate under financial integration and hence, experience a welfare loss.

Moving to higher levels of net worth, financial integration turns out to be beneficial.
According to Figure 3.6, households with a net worth larger than 1.1 are better off
in the case of financial integration. This result is remarkable since not all households
are savers and gain from the higher interest rate. In fact, up to a level of net worth
equal to 2.65, households still borrow, albeit at a decreasing rate. Consequently, the
welfare gains of these households must be crucially influenced by the dynamics of the
wage, eventually reaching higher levels under financial integration than under financial
autarky. This result becomes more evident if we consider our second exercise in which
financial integration leads to lower levels of the capital stock, output and the wage
compared to the situation of financial autarky. The corresponding welfare effects are
presented in Figure 3.7 and, again, refer to households with average productivity.
Although a one-to-one comparison of individual numbers between the two exercises is
restricted due to the change in the elasticity of intertemporal substitution, we observe
some interesting differences between the groups of agents who gain from financial inte-
gration. First, Figure 3.7 shows that households in the second exercise have to be about
four times richer in order to benefit from financial integration. Moreover, we do not
observe households who borrow in the autarchic steady state and gain from financial
integration, but we do observe households who save and lose from financial integration.
This follows from the fact that in the second exercise, households with a net worth

larger than 2.86 already become savers, whereas a positive welfare effect of financial
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Figure 3.7: Individual Welfare Effects, Second Exercise
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integration is only associated with a net worth larger than 4. Hence, in the second exer-
cise, only households who save a substantial amount benefit from financial integration
while in the first exercise, where output and the wage reach higher levels under financial
integration, a larger group of agents experience a welfare gain. Consequently, we can
conclude that the effects of financial integration on domestic economic development are
not only of interest to describe the empirical pattern, but also may have significant
welfare implications, at least for some members of society.

Finally, we compute the aggregate welfare effect of financial integration to answer
the question whether the individual welfare gains or losses dominate on the aggregate
level. Following Mendoza et al. (2009b), we compute the aggregate welfare effect, G,

according to

(1+G)1*P:/5Vf(w,§)x1;f‘(w,§) / /5‘/‘4(@),5)\11‘4(00,5), (3.22)

where U4 (w, 5) is the stationary distribution over households under financial autarky.
G can be interpreted as the required proportional change in consumption that makes
a utilitarian welfare planner indifferent between financial autarky and financial market
liberalization. In our first exercise, we find an aggregate welfare gain for the financially
less developed country of 0.13 percent of consumption, while in our second exercise, we
find an aggregate welfare loss for the financially less developed country of 0.11 percent of
consumption. In other words, we find an aggregate welfare gain when the capital stock,
output and the wage reach higher levels under financial integration while we observe
an aggregate welfare loss when financial integration leads to permanently lower levels
of the capital stock, output and the wage. Although we do not want to claim that the
differences in aggregate welfare between the two exercises are completely determined by
the observed differences in output and the wage, our results are clearly in line with the
related literature. Angeletos and Panousi (2011), for example, find a positive aggregate

welfare effect if financial integration leads to a boost in domestic economic development,
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whereas Mendoza et al. (2009b) find a negative aggregate welfare effect if financial inte-
gration impedes domestic economic development. Hence, understanding the conditions
under which financial integration stimulates domestic economic development is impor-

tant for understanding the welfare implications of financial integration.

3.7 Concluding remarks

In this paper, we examined under which conditions the observed pattern of international
capital flows and accompanying changes in domestic economic development can be ex-
plained by the presence of uninsurable idiosyncratic risks and borrowing constraints.
Motivated by the mixed results from the literature, we employed a heterogeneous-agent
model that does not only encompass capital risk and a riskless income component, but
also income risk due to the existence of risky profits. Furthermore, borrowing constraints
simultaneously impede consumption smoothing and restrict the access to external funds
for scaling up individual production. We considered different scenarios, increasing the
model complexity step by step. In the baseline scenario, we focused on the effects of
the capital risk, the risky profits, and the riskless wage income. We found that in the
baseline scenario, the restrictions on the model parameters that are required to explain
capital flows from poor to rich countries and a boost in long-run domestic economic
development are moderate and easily satisfied by empirically plausible parameter val-
ues. As in Angeletos and Panousi (2011), we emphasized the combination of capital
risk and the riskless wage income. Introducing capital risk makes it possible to observe
a lower capital stock and a lower interest rate in the financially less developed country
and the riskless wage income ensures that the parameter restriction remain quite loose.
This combination works quite well even in the presence of income risk that leads to
additional precautionary savings. We derived our results with the help of two rules of
thumb that describe the underlying parameter restrictions with high accuracy and that
can also be applied to other types of models considered in the literature.

In the second scenario, we considered the case with tight borrowing constraints.
On the one hand, borrowing constraints make it more difficult for agents to smooth
consumption and lead to an increase in aggregate demand for the safe asset. On the
other hand, borrowing constraints restrict the access to external funds for scaling up
production and, even if not currently binding, discourage risky investment. However, we
find that the saving effect is the dominant effect and that tighter borrowing constraints
lead to tighter parameter restrictions compared to the baseline scenario. In particular,
we find that in times of strong turmoil in financial markets, with an almost collapsing
lending channel, the model predictions change drastically and indicate that financial
integration may easily become an impediment for domestic economic development. This
result is not only important for explaining the empirical pattern, but also has significant
welfare implications, at least for those members of society who do not benefit from an

increase of the interest rate under financial integration.
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In the third and final scenario, we increased the persistence of shocks. A higher
level of persistence increases the demand for the riskless asset and therefore, amplifies
the effects of the financial market imperfections. In almost all exercises, we find that
a higher persistence of shocks again leads to tighter parameter restrictions compared
to the first two scenarios. This especially applies to moderate levels of the borrowing
constraint. Hence, as an overall result, we can conclude that a very careful consider-
ation of the country specific characteristics is needed in order to fully understand the
implications of financial integration. Even if two countries are characterized by a similar
level of financial development, the implications of financial integration may be very dif-
ferent, depending on the dominant source of risk, the exact specification of borrowing
constraints or the persistence of risk. This paper provides a basis for understanding
these specific differences in financial market performance.

There are several interesting ways in which the current analysis could be extended
with regard to future research. For example, we do not assume that the process of fi-
nancial liberalization is accompanied by improvements in financial market performance,
resulting in less tight borrowing constraints or better insurance opportunities.®? Such
improvements seem likely to occur once countries get access to the advanced financial
instruments provided by developed countries. Allowing for this interplay of financial
market performance and financial integration may relax the required parameter restric-
tions and, thereby, may further improve the ability of incomplete-markets models to
explain the empirical pattern. Furthermore, improvements in financial market perfor-
mance may increase the political support for financial liberalization among the popu-
lation, thereby reducing the need for implementing redistribution measures. We leave

investigating this channel for future research.

32Pinancial market liberalization may also be accompanied by other types of reforms. See Buera and
Shin (2009) for a discussion.
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3.8 Appendix

3.8.1 Appendix A. Derivation of the two rules of thumb

In order to derive our two rules of thumb, we proceed along the following steps. First,
we simplify our model by reducing the time horizon to two periods and by assuming
that all households start with the same level of net worth. The first simplification re-
lates to the discussion of Krusell and Smith (2006), emphasizing the usefulness of the
two-period setup for conducting pilot studies within the class of incomplete-markets
models. The second simplification means that choices of capital and bonds are identi-
cal across all households so that aggregation is easily obtained. Within the simplified
framework, we compare the outcome under incomplete markets and complete markets
and derive the condition guaranteeing that the capital stock and output are lower in
the incomplete markets case. Subsequently, we derive a corresponding condition for a
simplified model version sharing the main features of Angeletos (2007) and Angeletos
and Panousi (2011), i.e. capital risk and riskless wage income, but no further risky in-
come component.?? Based on the comparison of the two conditions and the conditions
described in Angeletos (2007) and Angeletos and Panousi (2011), we finally derive the

two rules of thumb that refer to the steady state of the underlying infinite-horizon model.
Step 1. Two-period model - incomplete markets

The simplified household’s optimization problem under incomplete markets is given by

Ct,krtrj»??gﬂrl Ul(er) + BEU (cit41) (3.23)
st.ce = wy— ki1 — b (3.24)

Cit+1 = Wit+1 (3.25)

Wit41 = b1 Rip1 + ki1 Ry + Wi + T, (3.26)

where the subscript ¢ is dropped whenever optimal choices are the same across house-
holds. By assumption, w; is equal across all households, whereas the individual level
of net worth in the final period ¢t + 1 depends on the realization of the idiosyncratic
shock. The decomposition of wj;11 is in line with the expression in (3.10) and again
shows the existence of capital risk and profits constituting a risky income component.
The risky return is given by Rj,,; =1 -0 + a2§it+1kfﬂr_11 and risky profits are given by
i1 = (1 — a)agit+1k?+1, exploiting the fact that L;y; = 1 holds in equilibrium.

33The specification of investment risk in Angeletos and Panousi (2011) slightly differs from Angeletos
(2007), but the main results we refer to are comparable. See also Angeletos and Panousi (2009).
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The first-order conditions are given by

U'(ct) BRi 1 E[U' (cit1)] (3.27)
Ulet) = BER; U (citr1)], (3.28)

where (3.27) is the Euler equation for bond holdings and (3.28) is the Euler equation
for capital. Note that, since the optimal choice of risky investment is the same across
all households, k11 denotes the individual as well as the aggregate capital stock. Using
this result and the fact that £ (5) = 1, the expression for the wage reduces to w1 =
(1—-a)kg, ;. Finally, since market clearing of the bond market implies fol bit1di = 0 and
bty is the same across all households, the capital Euler equation becomes a function of

k11 alone

Ulwe = ke1) = BER 4 U' (ke Riy g + Wi + i) (3.29)

Step 2. Two-period model - complete markets

In the complete markets case, households can completely insure against idiosyncratic
risk. That means, instead of earning a risky return and risky profits as under incomplete
markets, households receive the expected value of the risky return and of risky profits in
each state in period t+ 1. This follows from the fact that the risk is purely idiosyncratic
and complete markets allow for perfect risk pooling. Hence, the optimal choice of capital

under complete markets is without risk and the capital Euler equation is given by
U'we = ke1) = BELRY U (ke B[R] + wepr + Ey[meia]), (3.30)

where the subscript ¢ attached to the return and to profits is dropped in order to empha-
size that the expected value of the return and of profits is identical across all households,
ie. Ey[Rj, ] = E¢[R},,] and Ey[mit 1] = Ei[miy1]. Equation (3.30) highlights the fact
that the complete markets case corresponds to a deterministic setting where the risk-
less return and riskless profits are equal to their expected values. In other words, the
comparison of the optimal choice of capital between (3.29) and (3.30) corresponds to

the discussion of how agents respond to the introduction of risk.
Step 3. Comparing the Euler equations
In order to simplify the comparison between (3.29) and (3.30), the right-hand side

of (3.29) is approximated using a second-order Taylor expansion around the point
(Ey[Ry, 1], Et[mi41]).3 For small risks, (3.29) simplifies to

31See Baiardi et al. (2014) for a related analysis.
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Ullwe = k1) = B E [RI4]U'() (3.31)
1

t 3 BB [Ri ] U™ () Ky + 2U"() K] U%ng (3.32)

t 5 BB R U)o, (333

+ BIE R4 U"() ki + UC) oRy, mis (3.34)

with (1) = (k1 B[Ry ] + wip1 + Ei[mega]). 0']2%;~+1 is the conditional variance of the

return, o2 is the conditional co-

Tt4+1

is the conditional variance of profits and ogy .,

variance between the two. The term on the right-hand side in (3.31) is equal to the
corresponding expression under complete markets in (3.30), and the additional terms in
(3.32)-(3.34) capture the influence of risk. Based on this representation, the following
relation between the optimal choice of k1 under complete and incomplete markets can

be derived.

Lemma 1 Let ki,y denote the solution in the incomplete markets case. Then, the
capital stock is the same under complete and incomplete markets if and only if the
additional terms in (3.82)-(8.34) evaluated at ki, sum up to zero. Moreover, the capital
stock in the incomplete markets case is lower (larger) than in the complete markets case
if and only if the additional terms in (3.82)-(8.84) evaluated at ki, sum up to a value

strictly lower (larger) than zero.

Proof of Lemma 1. For notational ease, we introduce the following definitions

flher1) = U'lwr = kiga) (3.35)
9(key1) = BEJIRILU() (3.36)
M) = 5 81 Rl U0 R + 20" O kel oby, (330)

1 T
+§ B Ey [Rt+1] u”() 0-72rt+1
15 By Ry U"() i + U] 0 mons

with (-) = (ki1 B[Ry ] +wip1 + Ei[mq1]) and where it is explicitly indicated that
all functions depend on k;y;. Then, (3.31)-(3.34) can be paraphrased as

J(ke1) = g(ker1) + h(kegr), (3.38)

whereas in the complete markets case, according to (3.30) we have

[(kis1) = g(kisa). (3.39)

Let ki, ; denote the solution in the incomplete and Et.l,_]_ denote the solution in the
complete markets case.
If A(kf, 1) = 0 then f(k, ) = g(kf,,). Since kyyq satisfies f(kiy1) = g(key1) as well, it
follows that kj, | = [y
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If h(kf, 1) <O then f(ki,,) < g(kf ;). Since f(k;;1) is continuous and strictly increas-
ing in kyy1 and g(key1) is continuous and strictly decreasing in kyy1, it follows that
f(kip) < g(kiyy) and f(kit1) = g(key1) implies ki < kiya.

If h(kf 1) > 0 then f(ki,,) > g(kf, ;). Since f(ki4+1) is continuous and strictly increas-

ing in kyy1 and g(kiy1) is continuous and strictly decreasing in ki1, it follows that
(k1) > g(kiyy) and f(kiv1) = g(ket1) implies 7y > k.

The other way around it follows from kj | = Kiy1 that h(k} 1) = 0 since f(kf ) =
9(kii)- R
If kf; < ki1, it follows that f(kj ;) < g(ki,,) since f(kiy1) is continuous and
strictly increasing in ki1, g(kiy1) is continuous and strictly decreasing in ki1 and
f(kis1) = g(ker1). Consequently, since ki, satisfies f(k{ 1) = g(ki 1) + h(k{), it
follows that h(ky, ) < 0.
If kfy > Eis1, it follows that f(kip) > g(kf,) since f(kiy1) is continuous and
strictly increasing in kiy1, g(kiy1) is continuous and strictly decreasing in k;y1 and
f(kis1) = g(ker1). Consequently, since ki, satisfies f(k{ 1) = g(ki 1) + h(k{), it
follows that h(ky, ;) > 0.  End of proof.

Before we proceed with the derivation of our final rule, we can use the expressions in
(3.32)-(3.34) to briefly discuss the differences in the influence of the underlying sources
of risk. Initially, we focus exclusively on the effect of income risk being captured by
the expression in (3.33). In our model, income risk is implied by the existence of
risky profits but the same expression also occurs if, for simplicity, w1 is treated as a
stochastic endowment component with variance 072” ., According to (3.33) and Lemma
1, the well-known result applies that uninsurable income risk generates precautionary
savings and, consequently, leads to over-accumulation of capital if U"”'(-) > 0 (see e.g.,
Leland 1968; Kimball 1990). Since this condition holds in our case, uninsurable income
risk alone would necessarily lead to larger levels of capital and output in the financially
less developed country with incomplete markets.

Next, we focus exclusively on capital risk so that only (3.32) shows up in the in-
complete markets case and the model economy becomes closely related to Levhari and
Srinivasan (1969) and Sandmo (1970).3° Inspecting (3.32) shows that the ultimate ef-
fect of uninsurable capital risk on the choice of k;11 is ambiguous. On the one hand, a
precautionary saving effect exists as well, but on the other hand, the term 2U"(-) k¢11
is negative if agents are risk-averse.30 Intuitively, and in contrast to income risk, agents
can reduce the extent to which their resources are exposed to potential losses by con-
suming more and saving less in the case where risk is associated with risky returns.
Consequently, capital risk leads to lower levels of capital and output in the economy

with incomplete markets if the latter effect dominates.

35See also Rothschild and Stiglitz (1971) and for a separate analysis of both types of risk see Eeck-
houdt and Schlesinger (2008).

361n general, the sign of 2U”(-) ki1 also depends on whether agents are savers (ki+1 > 0) or
borrowers (k:+1 < 0). In our case, however, only k:+1 > 0 is relevant.
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Finally, we assume that both types of risk exist simultaneously and if ORy, 7o # 0,
all terms in (3.32)-(3.34) show up in the approximation. In general, the appearance of
the covariance in (3.34) implies another ambiguous effect on the choice of ki1 and the
sign of the covariance reflects the extent to which the risky asset can be used to hedge
against the underlying income risk.3” In our model, ORy w1 is positive and second

moments, evaluated at kf, ;, are given by

2 4 20—2 2
O—RZ‘+1 = (k;(-i-l) o 0—’9\;+1 (340)
2 _ 2 2 2 2
2 = (10 e(k)" ol
3 2a0—1 _2
O’R’tr+17l't+1 = (1 - Oé)Oé (kz—&-l) “ O-bvt+1a

where 02 denotes the variance of ;1.

t+1
Based on the expressions in (3.40) and Lemma 1 we can now derive the final condition
guaranteeing that the capital stock and output are lower under incomplete markets
than under complete markets. Specifically, according to Lemma 1, the capital stock

and output are lower under incomplete markets than under complete markets if and

only if
[Ey [R:+1] UW(') (k;tk+1)2 + 2 U”(‘) k?+1]044(k2k+1)2a7205't+1 (3.41)
FE (R} 3] U () (1 = a)’a?(kfy0) 0%
2By [Ri) U”() ki + UO)(1 = a)a (ki) lo2 <0,

where (-) = (ki Ey[Ri} ] + wien + Eifmega]).
Since kf,; > 0, getting rid of o?(k; +1)20‘0§v > 0 and collecting terms yields
t+1

Ey :+1]U”'(-)[042—|—1—2044—@24—204—2042] + 2U"(')(kf+1)_1[042—|—04—a2] <0, (3.42)

and finally
B lUU/(')
aU"(+)

Applying U"(x) = —pz=P~1 and U"(x) = p(p + 1)z="~2 leads to

(Be[Ritqki1q) <2 (3.43)

Lol ki BB
v a ki EyRy ] + w1 + Eymig]

<2, (3.44)

where ¢ is the elasticity of intertemporal substitution (¢ = 1/p). Since production of
the final good simplifies to Y% | = (kf1)® and K} | = fol ki di =k}, we get w11 +
BRIk + Bylmia] = Vi + (1= 0) Ky and kjy By[Ri] = oY, + (1-0)Kfy,.
Plugging these expressions into (3.44) leads to the following final condition:

3"For a more rigorous and simultaneous treatment of both types of risk in cases where income and
the return are exogenously given, see Li (2012) and Baiardi et al. (2014).
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Lemma 2 Levels of the aggregate capital stock and output are lower in the economy

with incomplete markets compared to the complete markets case if and only if 38

(1 6) gt

9> 2 6= iy (3.45)
2-¢ 1+ (1 —0)35
t+1

where production simplifies to Y% | = (Kf ).

Step 4. A two-period model version of Angeletos (2007) and Angeletos and
Panousi (2011)

In this step, we derive a respective condition for the case when the two-period model
shares the main features of Angeletos (2007) and Angeletos and Panousi (2011).3° Com-
parable to our model economy, each household owns a private firm, receives riskless wage
income by supplying one unit of labor, and freely trades a riskless bond. However, no
intermediate goods sector exists, but all firms produce the same final good using cap-
ital and labor as inputs. Each firm owner invests capital, and optimal employment is
chosen after the capital stock has been installed and the contemporaneous idiosyncratic
shock has been observed. Assuming that individual production in period t + 1 takes
place according to yir11 = 05 1 k§ Hlilt;al, capital income becomes linear in the capi-
tal stock. With In(f) ~ N(—0?/2,0?) and identical initial conditions, the household’s

maximization problem under incomplete markets reads

max  Ul(er) + BEU (citv1) (3.46)
ct,ki41,be41

s.t. Ct = Wt — ]{Zt+1 — bt+1 (3 47)

Cit+1 = Wit41 (3.48)

Witp1 = b1 Rt + M1 + wepr + (1 — 0) ke, (3.49)

where the subscript ¢ is dropped whenever optimal choices are the same across all
households. 4 is the depreciation rate, k; 1 and b;y1 denote risky and riskless investment,

respectively, and w1 is the wage rate. m;y1 is defined as

_ -
Tit41 = Max 01 kialiy T — werilier, (3.50)
it+1

where optimal employment maximizes ;11 state by state, leading to
1

lipy1 = (&)t_ﬁ)g Oit1+1ke1. Using this result, wiy1 simplifies to

Wit41 = b1 Rep1 + k1 Ry g + wigt, (3.51)

38Note that the condition described in (3.45) is defined for the interesting case of (2 — ¢) > 0.
39Regarding Angeletos (2007), we refer to the model without extensions (p.5f.).
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11—«

where R}, ;1 =1 -0+ 01 (;};"i ) % s the risky return. Hence, in this case, house-

holds only face capital risk where capital income, ki1 RJ;, ¢, is linear in the individual

capital stock.
Bond market clearing implies fol bi+1di = by1 = 0 so that the capital Euler equation

in the incomplete markets case is given by

U'(wi — k1) = BE R U (ke Ry 1 + wig)). (3.52)

Since labor market clearing implies fol lity1di = 1, we finally get w1 = (1 — a)kf ;.
In the complete markets case, households completely insure against the idiosyncratic
risk and receive the expected value of the risky return in each state in period t+ 1. The

resulting capital Euler equation under complete markets is thus given by
U'(wt = ki) = BER{ VU (ki1 B[Ry 1] + wirn), (3.53)

where the subscript ¢ attached to the return is dropped in order to emphasize that the
expected value of the individual return is identical across all households, i.e. Ey[R}; ;] =
Ey Ry ]

Since only capital risk exists in the incomplete markets case, the right-hand side
of equation (3.52) is approximated using a second-order Taylor expansion around the
point (E;[Rf,]). For small risks this leads to

Ullwe = kes1) = B Ey [Ri1) U'() (3.54)
1 T
T3 BB R U™ () Ky + 2U"() k] U?%;‘Hv (3.55)
with () = k‘t+1Et[RI+1] + Wit1-
Let k7, | denote the solution in the incomplete markets case. By analogy with Lemma

1, the capital stock and output are lower in the incomplete compared to the complete

markets case if and only if

[Ee [Ria] U"() (kf1)* + 20" () kip] U?%;'H <0. (3.56)
Since O-%%L—lk;i_l > 0, this simplifies to

U (-
U
Applying U"(x) = —pz=P~1 and U"(x) = p(p + 1)x="~2 leads to

1 Ei[Ria]ki

Sl
(19 )Et[RIH]kz{H + Wi

<2, (3.58)

where ¥ is the elasticity of intertemporal substitution (9 = 1/p). Since aggregate
production simplifies to Y ; = (kf,;)* and K}, = fol ki, di = kf,, it follows that
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ERy ki = (1= 6Ky + oYy, and Ey[Ri ki + wir = (1= 6) Ky + Y.
Plugging these expressions into (3.58) yields the following final condition:

Lemma 3 In the simplified two-period model sharing the main features of Angeletos
(2007) and Angeletos and Panousi (2011), levels of the aggregate capital stock and
output are lower in the economy with incomplete markets compared to the complete

markets case if and only if

K*
a4+ (1—0)3+H
9 > K= L (3.59)
2—kK 14 (1 —0)phet

t+1

where aggregate production simplifies to Y = (K[ 1)“.

Comparing our condition in (3.45) with the condition in (3.59) shows that both
share a similar structure, but ¢ and k differ from each other when § < 1. That means,
in the relevant case without complete depreciation, the conditions to observe a lower
capital stock and a lower output level in the financially less developed country differ

between the models.
Step 5. The first rule of thumb

While the analysis so far has focused on the simplified model structure, the next step
compares the results described in Lemma 3 with the condition explaining the behavior
of aggregate variables in the autarchic steady state of the underlying infinite-horizon
model. According to Angeletos (2007, p.11), and assuming the same Cobb-Douglas
specification on the individual level as in the simplified two-period model version, the

following condition applies for plausible parameter values:

In the model considered by Angeletos (2007), autarchic steady state levels of the capital
stock and output are lower in the economy with incomplete markets than in the case of

complete markets if and only if

K o — 0K
9 Ry —— - ,
> 5= R e (3.60)

where Y* = (K*)® in case of a Cobb-Douglas specification.

Even though condition (3.60) refers to the steady state of the infinite-horizon model,
whereas condition (3.59) explains the influence of uninsurable capital risk in the simpli-
fied two-period model, they share a similar structure.?® The only significant difference,
which appears in the expressions of x and K, indicates a different role played by the

depreciation rate §. The difference, however, seems intuitively plausible due to the

40TIn Angeletos (2007), capital risk also includes depreciation risk. However, taking account of this
feature in the two-period version does not change the condition in (3.59). Consequently, the implications
derived from comparing (3.59) with (3.45) and (3.59) with (3.60) also remain unaffected.
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different nature of the steady state and of the final period in the two-period model.
In the two-period model, aggregate consumption in the final period equals aggregate
production and x is equal to « if capital completely depreciates. The corresponding
wage share equals (1 — «) and the income share of capital is equal to a. To obtain the
same relation in the steady state of the infinite-horizon model and to get the same value
of K, the depreciation rate has to converge to zero so that no additional resources are
needed to keep the aggregate capital stock at its steady state level. Hence, the "natural”
counterpart of § = 1 in the two-period model is the case of 6 = 0 in the steady state of
the infinite-horizon model.

Since the comparison of (3.59) with (3.60) shows how the condition changes between
the simplified two-period model and the underlying infinite-horizon model, we can use
this information to finally derive our first rule of thumb. In the last step, we simply
derive a new variable, (;AS, such that the difference between $ and ¢ in (3.45) reflects the
observed difference between % in (3.60) and x in (3.59). Roughly speaking, we simply
replace the term (1 —0) in (3.45) with its counterpart —d. Applying this last step leads
to our first rule of thumb described in (3.19).

Step 6. The second rule of thumb

The derivation of the second rule builds on Angeletos and Panousi (2011) and the above
described results. According to Figure 3.1, the second rule describes the condition
guaranteeing that the long-run capital stock and long-run output necessarily increase
with the interest rate. In the model considered by Angeletos and Panousi (2011), the
following condition ensures that in the neighborhood of the autarchic steady state, the

wealth effect of a higher interest rate dominates the opportunity-cost effect:!

R a— 65
v > — Ry — Y 3.61
1—-% " 1—(55* (3.61)

where Y* = (K*)* in case of a Cobb-Douglas specification.

Comparing the condition in (3.60) with the condition in (3.61) shows that both share
a similar structure. The only difference is that in the denominator of the first term
in (3.60) there appears a ’2’, whereas in (3.61) there appears a '1’. Hence, we can use
this similarity of the two conditions in order to derive our second rule. Specifically, we
simply adjust our first rule in (3.19) to match the observed difference between (3.60)
and (3.61). Applying this step leads to our second rule of thumb that is described in
(3.20).

41We slightly change the presentation compared to Angeletos and Panousi (2011, p.874) to facilitate
the further discussion.
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3.8.2 Appendix B. Baseline scenario: The general case

Figure 3.8: Threshold Level of the Elasticity of Intertemporal Substitution: The General
Case
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Figure 3.8 shows the general case for the baseline scenario where entrepreneurs in both
countries suffer from uninsurable risk. The left panel of Figure 3.8 shows the relationship
between the elasticity of intertemporal substitution, ¥, and the corresponding capital
stock in the steady state under financial autarky for three economies that only differ
in the level of uninsurable risk. The black line refers to the complete markets case, the
red line refers to the economy with ¢ = 0.2 and the blue line refers to the benchmark
economy with ¢ = 0.4. Apart from the differences in the level of uninsurable risk, the
economies are identical to the benchmark economy.

The dashed vertical line in the left panel of Figure 3.8 shows the threshold level
for the elasticity of intertemporal substitution predicted by our first rule of thumb.
According to our first rule, the capital stock in the steady state under financial autarky
should be lower in the benchmark economy than in the economy with complete markets
if ¥ exceeds that threshold level. The actual threshold level, in turn, is determined by
the intersection point of the blue line and the black complete markets line. As Figure
3.8 shows, our first rule of thumb is able to predict the actual threshold level with high
accuracy.

The key insight from the left panel of Figure 3.8 is that the intersection point of
the blue line and the red line, which determines the threshold level for the elasticity of
intertemporal substitution in the general case where entrepreneurs in both economies
suffer from uninsurable risk, is almost identical to the threshold level that is determined
by the intersection point of the blue line and the black complete markets line. From
this it follows that the predictions of our first rule of thumb that are derived under
the assumption that markets are complete in the financially more developed country

also carry over to the general case with frictions in both countries. In particular, in all
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cases considered, we find that if the elasticity of intertemporal substitution exceeds the
threshold level that is predicted by our first rule, the financially less developed country
features a lower capital stock and a lower output level in the autarchic steady state
compared to any financially more developed country, and not only compared to the

ideal case of complete markets.

3.8.3 Appendix C. Computational issues

Steady state, financial autarky

1. We start with an initial guess for the wage and for the interest rate.

2. We place a grid over the state space of net worth with more grid points be-
ing allocated to lower levels of net worth. The productivity process described
in (3.18) is approximated by a five-state Markov chain using the method of
Rouwenhorst (1995).

3. We compute the policy functions for consumption, capital holdings and bond hold-

ings by value function iteration. Between grid points, we use linear interpolation.

4. The stationary distribution of households is computed using the policy functions
and the transition matrix of the productivity process. Aggregate quantities are

calculated by adding up weighted individual demands.

5. Within a first loop, the guess for the wage, and within a second loop, the guess
for the interest rate are updated. The procedure is repeated until the market
clearing conditions (labor and bond market) are satisfied, except for a tolerably

small approximation error.

Steady state, financial integration

The procedure to compute the long-run equilibrium under financial integration
for the small and financially less developed country is similar to the steps out-
lined above. However, bonds can be traded on the international level given a
fixed interest rate that is determined by the large and financially more developed

country.

Transitional Equilibrium

1. In a first step, we solve for the initial (autarchic) and the final (integrated) steady

state, following the steps outlined above.

2. The number of transition periods, T, is chosen. T is set sufficiently large to ensure

that the integrated steady state is, approximately, reached in T periods.
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3. Based on an initial guess for the time path of the wage rate, the sequence of
policy functions is computed by iterating backwards in time, starting from period
t=T-—1.

4. The sequence of distributions is computed by moving forward in time, starting

from the initial autarchic steady state. Aggregate quantities are calculated.

5. The initial guess for the time path of the wage rate is updated and the procedure
is repeated from step 3 until the labor market clearing condition is satisfied at

each point in time, except for a tolerably small approximation error.



Chapter 4

Incomplete Information,
Financial Market Imperfections,

and Aggregate Saving!

Abstract

This paper examines the effects of incomplete information about idiosyncratic shocks
in a heterogeneous-agents, incomplete-markets model. Agents in the economy are sub-
ject to permanent and transitory productivity shocks but cannot distinguish the two
components due to a limited information set. We find that incomplete information does
not only have a strong quantitative effect on aggregate saving, but also a qualitatively
ambiguous effect that varies with the interest rate. At low interest rates, aggregate asset
holdings of the population are larger under complete information, whereas at higher in-
terest rates, aggregate asset holdings are larger under incomplete information. We show
that the ambiguous behavior of aggregate saving can be traced back to the interplay
of incomplete information and the financial market imperfections. The no-borrowing
constraint breaks the symmetry in the agent’s saving behavior based on a good or bad
shock, whereas the income risk leads to a higher precautionary saving demand under
incomplete information. In general equilibrium, we find that the aggregate capital stock

is higher under incomplete information under plausible parametrizations.

' especially thank Maik Heinemann for his inspiration, valuable comments and suggestions. I also
thank Michael Burda, Ulrich Eydam, Janine Hart and Lutz Weinke for their helpful comments and
advice.
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4.1 Introduction

This paper investigates the importance of incomplete information about idiosyncratic
shocks in a heterogeneous-agents, incomplete-markets model.? Agents in the economy
are subject to two types of productivity shocks but cannot distinguish the two compo-
nents due to a limited information set. We are especially interested in the question of
how incomplete information affects aggregate saving with a special focus lying on the
interplay of incomplete information and financial market imperfections. Our analysis
takes account of incomplete insurance markets and borrowing constraints and covers a
partial as well as a general equilibrium perspective. We find that in this setting, incom-
plete information does not only have a strong quantitative effect on aggregate saving
but also a qualitatively ambiguous effect. Dependent on the interest rate level and,
thereby, dependent on the strength of the financial frictions, aggregate savings may be
around 25 percent lower but also up to 40 percent higher under incomplete information
than in the complete information case. These strong quantitative and qualitative effects
broaden the view that incomplete information has a solely monotone effect on aggregate
saving.

Our analysis contributes to the large and long-standing literature that casts doubt on
the common assumption of complete information, i.e. that agents are able to observe and
to distinguish each type of income shock. As already pointed out by Goodfriend (1992)
and Pischke (1995), not all information is instantaneously available and collecting infor-
mation is costly. Therefore, agents may not be able or willing to attribute each change
in income to the respective underlying income shock. The literature in this field shows
that understanding the agent’s information set is not only important for explaining
individual behavior, but also takes a big step towards understanding the observed pat-
tern of aggregate variables. Pischke (1995) and Ludvigson and Michaelides (2001) for
instance show that the agent’s inability to distinguish between individual and aggregate
income shocks contributes to explaining the excess smoothness and sensitivity of aggre-
gate consumption. In this paper, we too find a strong impact of incomplete information;
however, our focus is more directed towards the interaction between incomplete infor-
mation and financial market imperfections and the joint impact on aggregate saving.

The model we consider is an Aiyagari-type heterogeneous-agents, incomplete-markets
model (see Aiyagari 1994). Agents in the economy are subject to idiosyncratic labor
productivity shocks, which expose each of them to an uninsurable income risk. Agents
can only partially self-insure against the income risk by accumulating a stock of assets
that pay out a risk-free return. Furthermore, asset holdings are bounded from below
by a no-borrowing constraint. As it is well-known, these assumptions lead agents into
precautionary saving. Regarding the properties of the individual productivity process,

we follow the work by Kuhn (2013) and assume that agents are subject to two types of

2See Heathcote et al. (2009) for a comprehensive overview of incomplete-markets models and
Ljungqvist and Sargent (2012) for a textbook treatment.
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productivity shocks: permanent and transitory shocks.® This specification is in line with
several studies confirming that earnings risk exhibits both a permanent and a transitory
component (e.g., MaCurdy 1982; Meghir and Pistaferri 2004; Blundell et al. 2008). Un-
der the common assumption of complete information the agent can distinguish between
permanent and transitory income shocks, whereas under incomplete information the
agent cannot distinguish the two components. The limited information set reflects the
fact that collecting information is costly and that not all information is instantaneously
available. Given that the agent cannot distinguish between permanent and transitory
shocks under incomplete information, the agent has to use a simpler, single-shock model
to predict future productivity growth. Technically, and in line with Pischke (1995) and
Ludvigson and Michaelides (2001), the process of productivity growth under incomplete
information looks just like an MA(1) process to the agent and the agent uses the MA(1)
representation to predict future developments. However, what is even more important
to note is that due to the limited information set under incomplete information, the
agent underestimates the effect of a permanent shock and overestimates the effect of a
transitory shock. This property crucially drives the differences in saving between the
complete and the incomplete information case.

To fully assess the effects of incomplete information, we compare the aggregate sav-
ing behavior of the population under complete and incomplete information from both,
a partial and a general equilibrium perspective. In general equilibrium, the labor mar-
ket clears and the aggregate supply of capital equals the aggregate demand for capital.
In partial equilibrium, the interest rate and the wage rate are treated as free parame-
ters. We find that the effect of incomplete information on aggregate saving is not only
quantitatively substantial, but also qualitatively ambiguous and varies with level of the
interest rate. At low interest rates, aggregate asset holdings are larger under complete
information, whereas at higher interest rates, closer to the general equilibrium outcome,
aggregate asset holdings are larger under incomplete information. An immediate impli-
cation of this result is that the choice of the interest rate level in a partial equilibrium
application or, similarly, the choice between the partial and the general equilibrium
framework becomes a critical factor: Depending on whether the interest rate is rather
high or low, aggregate savings may be considerably under- but also considerably over-
estimated under the common assumption of complete information.

To better understand the ambiguous effects, we then compare aggregate asset hold-
ings under complete and incomplete information at different levels of cash-on-hand.*
The level of cash-on-hand is of particular interest because it indicates how strongly
the agents are affected by the financial market imperfections. If the agents are suffi-

ciently rich, they are less concerned about the no-borrowing constraint and the missing

3Permanent income shocks also play a crucial role in, e.g., Deaton (1991), Constantinides and Duffie
(1996), Carroll (1997, 2009, 2011), and Szeidl (2013). Kuhn (2013), however, proves the existence of a
recursive competitive equilibrium in an Aiyagari-type economy with permanent and transitory income
shocks.

4Cash-on-hand is defined as the sum of the current wage income and current financial wealth.
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insurance markets since their future income is mainly derived from riskless asset hold-
ings. With decreasing levels of wealth, however, the influence of the no-borrowing
constraint and the labor income risk increases. By focusing on variables normalized by
labor productivity, we show that the observation of larger aggregate asset holdings un-
der complete information can be explained by the interplay of incomplete information
and the no-borrowing constraint. The no-borrowing constraint breaks the symmetry
in the agent’s saving behavior based on a good or bad shock, and agents save more
based on a good shock under complete information. Furthermore, we find that the
observation of larger aggregate asset holdings under incomplete information can be ex-
plained by the interplay of incomplete information and the income risk. We isolate the
income-risk channel and show that agents have a higher precautionary saving demand
under incomplete information. Finally, we find that if cash-on-hand becomes extremely
high, no systematic difference exists in aggregate saving between the complete and the
incomplete information case. This result emphasizes that the interplay of incomplete
information and financial market imperfections, rather than the assumption of incom-
plete information alone, drives the observed differences between the complete and the
incomplete information case.

Finally, we test the robustness of the results with respect to different parametriza-
tions. We find that the ambiguous behavior of aggregate saving is preserved under
different assumptions concerning the ratio of the permanent and the transitory shock,
and the parameter of relative risk aversion. Furthermore, in all cases considered, we
find that in general equilibrium, the aggregate capital stock remains to be higher un-
der incomplete information. In this respect, incomplete information may contribute
to improve the outcome of standard incomplete-markets models. As pointed out by
Aiyagari (1994), the increase in aggregate saving that can be generated in a standard
incomplete-markets model with complete information is rather moderate for plausible
parametrizations.® In our model, however, we find that due to the higher precaution-
ary saving demand, aggregate asset holdings are larger under incomplete information
than under complete information in general equilibrium and at interest rates in the
close neighborhood. Therefore, incomplete information may explain a high saving rate
without requiring a particularly high variance of the structural shocks, a result which
is broadly in line with Wang (2004) and Luo et al. (2015).

As mentioned above, there is a large and still growing literature that deals with the
implications of informational frictions. The assumption that agents cannot distinguish
income shocks by type has been applied in several studies to explain the empirical
pattern of aggregate consumption. Pischke (1995) considers the idea in a model in
which agents behave in accordance with the permanent income hypothesis. Assuming
that agents cannot distinguish between individual and aggregate income shocks, Pischke

(1995) finds that incomplete information contributes to explain the observed smoothness

5Guvenen and Smith (2014) further show that the amount of risk commonly assumed in calibrated
macroeconomic models with incomplete markets is too large compared to the data.
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and volatility of aggregate consumption.® Ludvigson and Michaelides (2001) study the
informational setup of Pischke (1995) in a model with buffer-stock behavior. They
find that only the incomplete-information version of the buffer-stock model is capable
of simultaneously producing some smoothing of aggregate consumption and a robust
correlation between consumption growth and lagged income growth. In this paper, we
consider a similar approach of modeling incomplete information as Pischke (1995) and
Ludvigson and Michaelides (2001). However, we focus on the interplay of incomplete
information and financial market imperfections and the joint influence on aggregate
saving.

Our paper also relates to the work by Wang (2004) and Luo et al. (2015). Wang
(2004) considers a model in which the agent’s exogenous labor income is subject to
shocks with different degrees of persistence and volatility. The agent does not observe
the different shocks directly and the Kalman filter is used to estimate the individual
components. By assuming away binding borrowing constraints and due to constant
absolute risk averse utility, Wang (2004) shows analytically that the agent’s demand
for saving is higher when the agent takes the effects of estimation risk into account.
Luo et al. (2015) extend the analysis of Wang (2004) by introducing robustness and by
studying the general equilibrium effects in a Huggett-type economy (see, Huggett 1993).
Our approach differs from Wang (2004) and Luo et al. (2015) in that we assume constant
relative risk averse utility, include borrowing constraints, and consider an Aiyagari-type
economy with production. While aggregate savings may be larger under incomplete
information in our model as well, we also show that the results may be reversed due to
the presence of the no-borrowing constraint.

Finally, there are also a number of papers that focus on advance information in
contrast to the assumption of incomplete information (e.g., Kaplan and Violante 2010;
Guvenen and Smith 2014; Singh and Stoltenberg 2017). Singh and Stoltenberg (2017),
for instance, consider a model with limited commitment and study the influence of
informative signals on consumption risk sharing. In this paper, however, we follow the
opposite route and focus on the effects of incomplete information on aggregate saving
within the standard incomplete-markets model framework.

The remainder of this paper is organized as follows. Section 4.2 introduces the
model. Section 4.3 describes the benchmark parametrization. Section 4.4 shows the
effects of incomplete information from a partial and a general equilibrium perspective

and provides some robustness considerations. Section 4.5 concludes.

5See also Hryshko (2014) for a related analysis with negatively correlated permanent and transitory
income shocks and Demery and Duck (2000) for an empirical investigation.
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4.2 The model

We consider an incomplete-markets model with aggregate production and incomplete
information about idiosyncratic income shocks. The model structure can be outlined as
follows. Time is discrete and indexed by t € [0, 1, ...,00]. The economy is populated by
a continuum [0, 1] of agents, indexed by i. Agents have preferences over consumption
and maximize discounted expected lifetime utility. Agents can save using an asset that
pays out a risk-free return, but no further insurance against income risk is provided.
Furthermore, following the standard approach in the literature, we assume that asset
holdings are bounded from below (e.g., Huggett 1993; Aiyagari 1994). We impose the
no-borrowing constraint a;41 > 0, where a;:4+1 denotes individual asset holdings.

In addition to receiving income from savings, agents also receive labor income by sup-
plying one unit of labor inelastically to the competitive labor market. Agents, however,
differ with respect to the realization of idiosyncratic shocks to the labor productivity
which expose each of them to an uninsurable income risk. Following Kuhn (2013), we
assume that agents are subject to both permanent and transitory shocks. This specifica-
tion is in line with several studies showing that earnings risk exhibits both a permanent
and a transitory component (e.g., Meghir and Pistaferri 2004; Blundell et al. 2008).
The key feature of the model is that agents under complete information can distin-
guish between permanent and transitory shocks, whereas under incomplete information
agents cannot distinguish the two components. In the latter case, changes in log labor
productivity look just like an MA(1) process to the agent and the agent uses the MA(1)
representation to predict future developments. We will explain the differences in the
information sets in more detail below.

As a technical aside, note that the presence of permanent income shocks generally
means that the cross-sectional variance increases over time. To keep the distribution
of the economy nevertheless stationary, we follow Constantinides and Duffie (1996) and
Kuhn (2013) and assume that every agent faces a positive probability of death in every
period.” An agent who dies is then replaced by a newborn agent whose initial labor pro-
ductivity is normalized to unity. This random reset event prevents labor productivity
from growing without bounds in the economy. Also note that the assumption of a posi-
tive probability of death requires the redistribution of the financial wealth of agents who
die. Following Constantinides and Duffie (1996), we introduce a simple bequest scheme
and allocate current resources to the next generation of newborn agents. Specifically,
we assume that a newborn agent receives the current average asset holdings of the last
generation. This simple bequest scheme facilitates the partial equilibrium analysis that

accompanies our discussion of the general equilibrium.®

"Following Kuhn (2013), an intuitive interpretation is an economy with different labor market
cohorts. Every period, new workers enter the labor market while some current workers randomly drop
out. Hence, death should not necessarily be associated with physical death, which provides us with
some flexibility regarding the parametrization of the model.

8Note that for our considered parametrizations, we do not observe larger problems arising from the
fact that the distribution from which the endowment of the newborn agent is drawn is not exogenously
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The individual problem
Agents in the economy have preferences over consumption and maximize discounted

expected lifetime utility. Formally, the objective function of each agent 7 is given by
Oo ~
Eo | A1 =) U(ea)| (4.1)
t=0

where ¢;; denotes consumption, Ej is the expectation operator conditional on informa-
tion at date t = 0, 0 < 8 < 1 is the discount factor, and x is the constant probability
of death. Following Kuhn (2013), we assume that at the end of period ¢, every agent
draws a survival shock, ¢;+1, from a binomial distribution. A draw of ¢y411 = 1 is
associated with survival from period ¢ to period ¢ + 1.

The agent’s preferences regarding momentary consumption are standard and display

constant relative risk aversion

= p>0.p#1

Ule) = (4.2)
In(c) p=1.
The agent’s budget constraint is given by
Cit + ait+1 = R ai +w my, (4.3)

where a;;+ denotes asset holdings at the beginning of period ¢, m;; denotes labor produc-
tivity, R = (1 +r) is the gross interest rate, and w is the wage rate. Since no risk exists
on the aggregate level, the wage and the interest rate are constant in the stationary
equilibrium.

As outlined above, agents experience permanent and transitory shocks to the labor
productivity. The process of labor productivity, m;;, can thus be written as the prod-
uct of a permanent component, modeled as a random walk in logs, and a transitory
component, modeled as a white noise process. That means, permanent shocks lead to a
permanent change in labor productivity, whereas transitory shocks are assumed to have

a pure one-period effect. Formally, labor productivity is given by

mit+1 = Yit+1Tit+1 (4'4)
id

Yitr1 = Vit €xXP (Nit+1) n < N(0, 02) (4.5)
id

Tit4+1 = €XP (9it+1) < N(Ov 03), (4'6)

where 17 denotes the permanent and € denotes the transitory shock.

fixed under the proposed bequest scheme. See Kuhn (2013) for a more detailed discussion.
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To simplify the above expressions, we can combine the three equations to obtain the

stationary process of individual labor productivity growth
A In miti1 = Nit1 + Oier1 — Oir. (4.7)

Note that the process shown in (4.7) highlights the differences between the two types of
idiosyncratic shocks. While the transitory shock only leads to a one-period change in
labor productivity, the effect of the permanent shock lasts over the subsequent periods.

Based on the process in (4.7), we can now discuss the differences between the com-
plete and the incomplete information case. Under complete information, the agent
knows the structure of the process in (4.7) and can distinguish between permanent and
transitory shocks. That means, the agent can use the actual income process to pre-
dict future developments. This is the common assumption in the incomplete-markets
literature. Now, consider again the process in (4.7), but assume that the agent only
observes changes in labor productivity but cannot distinguish between the individual
components. The limited information set reflects the fact that not all information is
instantaneously available and that collecting information is costly (cf. Goodfriend 1992;
Pischke 1995). Given that the agent cannot distinguish between permanent and tran-
sitory shocks under incomplete information, the process of productivity growth to her
looks just like a moving-average process of order one.? Intuitively, this follows from
the fact that the agent under incomplete information has to use a simpler, single-shock
model to predict future productivity growth. To see this more formally, note that due
to stationarity, the process of productivity growth also has a single Wold representation

of the form

A In mypr1 = Y(L)uipy1, (4.8)

where (L) is the lag polynomial. Since the autocovariance function of A In mj41
truncates after the first lag as implied by (4.7), the lag polynomial reduces to (L) =
1 + oL, which defines the MA(1) process. Of course, the shocks under incomplete
information are actually driven by the innovations to the permanent and the transitory
component, but since the agent cannot distinguish them under incomplete information,
the best the agent can do is to recognize that the unobserved components model in
(4.7) has an MA(1) representation. Thus, the observable process under incomplete

information can be written as
A In mipr1 = Uir41 + Yuie, (4.9)

where 1) is the MA parameter and o2 denotes the variance of the compound shock

u. The values of ¢ and o2 follow from the properties of the process in (4.7) and are

90ur approach of modeling incomplete information, in the spirit of Muth (1960), closely relates to
Pischke (1995) and Ludvigson and Michaelides (2001), with the difference being that we focus on purely
idiosyncratic income shocks. See also Deaton (1991) for a related discussion.
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obtained from matching the autocovariances between (4.7) and (4.9). Defining the ratio
q = 0p/o, we get op = —0g/¢ and ¢ = (—(2+ q) + V@? +4q)/2 as the invertible
solution.

The MA(1) process in (4.9) indicates the differences in the agent’s expectations regard-
ing future developments compared to the complete information case. Since -1 < ¥ < 0
for plausible values of ¢, the agent assumes that every shock in period t has a persis-
tent but not a completely permanent effect. This is an intuitive result; since the agent
cannot distinguish between permanent and transitory shocks under incomplete informa-
tion, the agent simply assumes that every shock lies in between a pure permanent and a
pure transitory shock. The expected persistence is determined by the value of v, which
in turn depends on the ratio ¢. That means, the agent under incomplete information
underestimates the effect of a purely permanent shock and overestimates the effect of a
purely transitory shock. This observation will be important in explaining the differences
in aggregate saving between the complete and the incomplete information case.

In summary, the agent under complete information solves the following decision

problem
0 ~
max Ey Zﬁt(l —)'U (cir) (4.10)
{Cit,llit+1} =0
sit. ¢+ a1 = Rag + wmy (4.11)
Ajt+1 > 0 (4.12)
M1 = Mt exXp(Nit+1 + Oirr1 — Oir) (4.13)
a0, 150, 02‘0 given. (4.14)
Under incomplete information, the agent’s decision problem is given by
> ~
max Ey Z B — x)'U (cir) (4.15)
{cit,ait+1} =0

s.t. ¢y + apy1 = Ray +wmy
ajty1 >0
Mitr1 = Mig exXp(Uit+1 + Vi)

@30, M0, Uj0 GLUEN.

Comparing the two programs shows that the only difference lies in the specification
of the labor productivity process. While the agent under complete information derives
her optimal policy functions for consumption and asset holdings based on the process
in (4.13), the agent under incomplete information derives her optimal policy functions

based on the process in (4.18).
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Production
Production in the economy takes place under perfect competition. The representative
firm produces the single final good according to a standard Cobb-Douglas production
function

Y; = KPL, (4.20)

where K; denotes the aggregate capital stock and L; denotes labor in productivity units,
i.e. the inelastic labor supply multiplied by labor productivity and aggregated over all
agents. The firm chooses K, L to maximize profits. The first-order conditions are given
by

r o= « <K>(a1) -9 (4.21)

w = (11—« (Iz)a, (4.22)

where 9§ is the constant depreciation rate. Since the first-order conditions have to hold

in equilibrium, we can express the wage rate as a function of the interest rate

e

w:(l—a)< a )l_a. (4.23)

r+9

General equilibrium
Definition 2 below summarizes the stationary general equilibrium in the economy under
complete and under incomplete information. In the partial equilibrium analysis, we

treat the wage and the interest rate as free parameters.

Definition 2 A stationary competitive general equilibrium under complete information
is defined as:

1. Given equilibrium prices w* and r*, the policy functions for consumption and asset

holdings solve the agent’s optimization problem in (4.10)-(4.14).

2. Given equilibrium prices w* and r*, the firm’s demand for capital and labor solve
(4.21)-(4.22).

3. Markets clear at equilibrium prices w* and r*. The firm’s demand for capital equals
the aggregate capital supply of agents and the firm’s demand for labor equals the
aggregate effective labor supply of agents.

4. The stationary distribution of agents over individual asset holdings, labor pro-
ductivity and the current transitory shock is the fized point of the law of motion
which is consistent with the agent’s policy functions, equilibrium prices and the

endowment scheme for newborn agents.

A stationary competitive general equilibrium under incomplete information is similarly
defined. However, the agent’s policy functions for consumption and asset holdings solve
the optimization problem in (4.15)-(4.19).
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4.3 Parametrization and solution

As it is well-known from incomplete-markets models, the properties of the model can be
evaluated only numerically. For our benchmark economy, we mainly choose standard
parameter values which are commonly considered in the related incomplete-markets

literature. In Section 4.4.3, we then provide some robustness considerations.

Production
Production in the economy takes place according to a standard Cobb-Douglas produc-
tion function with capital share equal to «. In line with the empirical evidence, we set

a to 0.36. The depreciation rate, 9, is set to a standard value of 10 percent.

Income process and Probability of Death

The two parameters of the underlying productivity process are the standard deviation
of the permanent and the standard deviation of the transitory shock. These parameters
also define the properties of the MA(1) model. In line with Carroll (1997) and Kaplan
and Violante (2010), we set the standard deviation of the permanent shock, oy, to 0.1.
The standard deviation of the transitory shock, oy, however, is more controversial. Ka-
plan and Violante (2010), for instance, suggest a value around 0.22, whereas Ludvigson
and Michaelides (2001) consider a value of 0.1. For our benchmark economy we choose
a value in between those numbers and set oy to 0.14. In Section 4.4.3 we also consider
the case with g9 = 0.1. Note that the productivity process, combined with the posi-
tive probability of death, leads to some interesting implications and restrictions on the
model parameters. Recall that an agent who dies is replaced by a newborn agent at the
same index with initial labor productivity normalized to unity. Thus, the combined law

of motion for productivity can be written as

air1mye  with prob. 1 —x
Mitp1 = ¢ ¢ (4.24)
1 with prob. x,

where ;141 = exp(Mit4+1 + Oit+1 — 0ir). The process shown in (4.24) is generally known
as stochastic multiplicative process with reset events (e.g., Manrubia and Zanette 1999;
Nirei and Aoki 2016). According to Manrubia and Zanette (1999), this process exhibits
a stationary power-law probability distribution and drawing from Nirei and Aoki (2016),

the corresponding Pareto exponent, A, is determined by
(1-x)E(a}) = 1. (4.25)

The existence of a power-law distribution nicely relates the assumption of permanent
income shocks to the current debate on the income and wealth distribution which,
from a theoretical perspective at least, is mainly based on models featuring uninsurable

capital risk (see, Nirei and Aoki 2016). Although a detailed discussion of similarities
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and differences between our model and models featuring capital risk is beyond the
scope of this paper, we have to account for the implied parameter restrictions. Solving
analytically for A and imposing the restriction A > 1 to ensure that the mean remains

finite leads to the condition

—21In(1 —
M > 1. (4.26)
o, + 20
Given our choices of 0, and 09 mentioned above, we set the probability of death, x,
to 3.5 percent, which satisfies the condition in (4.26). The value of x is slightly larger

but still comparable to the 2.9 percent considered by Kuhn (2013).

Preferences

The objective function of the agent depends on three parameters, the parameter of rel-
ative risk aversion, p, the discount factor, /3, and the probability of death, y. Given our
choice for y mentioned above, we set /3 to 0.9948, so that the effective discount factor,
B = B(1—x), is equal to 0.96. Finally, and in line with Aiyagari (1994) and Krusell and
Smith (1997), we set the parameter of relative risk aversion equal to unity (log-utility).
In Section 4.4.3 we also consider the case with p = 2. Table 4.1 below summarizes the

benchmark parameter values.

Table 4.1: Benchmark Parameter Values

Parameter Value
curvature of production a 0.36
depreciation rate 1) 0.1
discount factor B 0.9948
parameter of relative risk aversion p 1
standard deviation permanent shock oy 0.1
standard deviation transitory shock o 0.14
probability of death X 0.035

4.3.1 Computational methods

The goal of the next section is to analyze the aggregate saving behavior under complete
and incomplete information. Since we want to compare a number of stationary solutions
(partial and general equilibrium), it is useful to firstly reduce the computational burden

by slightly reformulating the agent’s optimization problem. In a first step, we introduce
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the variable cash-on-hand, z;;, which summarizes the agent’s total resources, i.e. we
define cash-on-hand as z;; = Ra;: +wm;:. The agent’s budget constraint then simplifies
to

Cit + Qitr1 = Tit. (4.27)

In a second step and similar to King et al. (1988), Deaton (1991), and Kuhn (2008),
we normalize variables by labor productivity. Normalized cash-on-hand, for instance, is
defined as Tj; = x;¢/mjs, where the “on top of the variables indicates the normalization.
Given this transformation, we then compute the agent’s optimal policy functions by
iterating on the first-order conditions associated with the agent’s optimization prob-
lem.!®  Specifically, the policy function for normalized consumption under complete

information, &(%, 6), is computed by finding the fixed point to the following equation!!
_1
&(#,0) = min {z (Bt = )RE, [(exp(nf +0' —0))™" &&,0)~")) ,,} . (4.28)

Equation (4.28) shows that consumption is equal to cash-on-hand if the no-borrowing
constraint becomes binding and is otherwise determined by the standard, albeit nor-
malized, Euler equation. Note that in both cases, normalized cash-on-hand evolves

according to the following law of motion

= f
~exp(n/ + 6 —0)

(T —¢) +w. (4.29)

Under incomplete information, we apply a similar transformation, taking into account
the difference in the observed productivity process. The policy function for normalized
consumption is a function of normalized cash-on-hand, z, and the compound shock,
u, which reflects the differences in the information sets, i.e. ¢(Z,u). With the policy
functions at hand, we then simulate the economy under complete and incomplete infor-
mation to obtain the long-run stationary aggregate asset holdings. For this, we follow
the simulations steps described by Aiyagari (1994) and Kuhn (2008). First, we use
the policy functions under complete and incomplete information to simulate the indi-
vidual consumption and saving behavior for a large number of households and for a
large number of periods. Second, we discard the first periods and average over several
observations of the cross-sectional asset distribution to obtain the long-run aggregate
asset holdings. We find that in all simulations, a total number of 15000 periods and of
100000 households leads to robust results.

10See Deaton (1991) and Kuhn (2013) for an extensive discussion of the approach of iterating on the
Euler equation.

11We omit subscript t for all variables in the current period and we let the prime denote the value
of variables one period ahead.
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4.4 Results

This section shows the main results and is divided into three parts. First, we compare
the aggregate saving behavior under complete and incomplete information from a partial
and a general equilibrium perspective. Second, we untangle the underlying effects by
exploiting the observed variation in the level of cash-on-hand. Finally, we discuss the

robustness of our main results with respect to different parametrizations.

4.4.1 Aggregate saving under complete and incomplete information

Figure 4.1: Aggregate Saving and Capital Demand
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Figure 4.1 shows the aggregate saving behavior under complete and incomplete infor-
mation for our benchmark economy. The blue line, labeled CI (Complete Information),
shows the stationary aggregate asset holdings of the population under the common as-
sumption of complete information and the red line, labeled II (Incomplete Information),
shows the stationary aggregate asset holdings of the population under the assumption
of incomplete information. We obtain the two saving functions by computing the long-
run aggregate asset holdings at different interest rates and corresponding wage rates.
The black line, labeled D, shows the firm’s demand for capital. The capital demand
curve can be derived analytically from the firm’s profit maximization problem, taking
into account that the stationary aggregate labor supply in the economy is equal to 1.18.
The intersection point of the CI and the D curve determines the stationary general
equilibrium under complete information and the intersection point of the II and the D

curve determines the stationary general equilibrium under incomplete information. In
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general equilibrium, the labor market clears and the aggregate supply of capital equals
the firm’s demand for capital. If the interest rate does not lead to market clearing, we
interpret the results in terms of a stationary partial equilibrium with an exogenously
fixed interest rate and an exogenously determined income process. The partial equi-
librium framework is commonly considered in the consumption literature (e.g., Deaton
1991; Ludvigson and Michaelides 2001) and therefore is essential to our analysis.

At first view, Figure 4.1 shows that the aggregate saving behavior under complete
information, i.e. the CI curve, is generally in line with what is known from traditional
incomplete-markets models.!> We observe that for our benchmark parametrization,
aggregate asset holdings remain at a rather low level if the interest rate stays below
3.5 percent, but significantly increase if the interest rate gets closer to the rate of time
preferences, i.e. if S(1 4 r) gets close to 1. The increase in aggregate saving reflects the
well-known result that agents are willing to build up a buffer-stock of saving in order
to protect themselves against the underlying income risk.

Turning to the II curve in Figure 4.1 firstly shows that the general shape of the
aggregate saving function is preserved under the assumption of incomplete information.
Similar to the complete information case, we observe that aggregate asset holdings re-
main at a low level if the interest rate stays below 3.5 percent, but significantly increase
at higher interest rates. However, despite these similarities, Figure 4.1 also shows that
there are some profound differences between the complete and the incomplete infor-
mation case. At low interest rates, we observe that the CI curve lies above the II
curve, which means that aggregate asset holdings are larger under complete informa-
tion, whereas at high interest rates, the II curve lies above the CI curve, which means
that aggregate asset holdings are larger under incomplete information. Hence, incom-
plete information has an effect on aggregate saving and even more, the effect tends to
be ambiguous. Quantitatively, the differences between the complete and the incomplete
information case are substantial. For instance, if we consider an interest rate of 2.66
percent in our benchmark economy, aggregate asset holdings are around 30 percent
higher under complete information than under incomplete information. In contrast, if
we consider an interest rate of 3.85 percent, aggregate asset holdings are around 40
percent higher under incomplete information than under complete information. An im-
mediate implication of these high numbers is that the choice of the interest rate level
in a partial equilibrium application, or similarly, the choice between the partial and the
general equilibrium framework, becomes a critical factor: Depending on whether the
interest rate is rather high or low, aggregate savings may be considerably under- but
also considerably overestimated under the common assumption of complete information.
Note that both, the low and the high interest rate case are of relevance when related
to the consumption and saving literature. Ludvigson and Michaelides (2001), for in-

stance, consider an interest rate of 2 percent in their buffer-stock model of saving with

12Gee Aiyagari (1994) for a discussion of persistent, but transitory shocks and Kuhn (2013) for a
discussion of permanent shocks.
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indistinguishable aggregate and idiosyncratic income shocks.'® According to Figure 4.1,
this relates to the case where aggregate asset holdings are larger under complete infor-
mation. In contrast, when focusing on interest rate levels that are closer to the general
equilibrium outcome of an economy with aggregate production, Figure 4.1 indicates that
it seems more likely to observe that aggregate asset holdings are larger under incomplete
information. In sum, the ambiguous effect of incomplete information makes estimating
the agents’ saving behavior a more complex task.

Finally, having a closer look at the general equilibrium outcome, we observe that the
difference in the aggregate capital stock between the complete and the incomplete in-
formation case remains quantitatively rather moderate. This result, however, is mainly
driven by the flat capital demand curve and much larger differences arise in the close
neighborhood. As described above, aggregate savings are around 40 percent higher un-
der incomplete information than under complete information if we fix the interest rate
at 3.85 percent, which is a value in between the general equilibrium under complete and
incomplete information. In this perspective, incomplete information may contribute to
explaining a high saving rate without requiring a particularly high variance of the un-
derlying structural shocks. As pointed out by Aiyagari (1994), the increase in aggregate
saving that can be generated in a standard incomplete-markets model with complete
information is in contrast rather low. However, before we can elaborate on this result,

we firstly have to understand the ambiguous behavior of aggregate saving.

4.4.2 Untangling the effects

To better understand the effects of incomplete information, we now consider the results
presented in Figure 4.1 from a slightly different angle. In particular, while Figure 4.1
compares aggregate asset holdings under complete and incomplete information at dif-
ferent levels of the interest rate, we now compare aggregate asset holdings at different
levels of cash-on-hand.'* The idea underlying this change in perspective is based on the
following two observations. First, Figure 4.1 shows that there is a strong co-movement
between changes in the interest rate level and in the level of cash-on-hand. This simply
follows from the fact that cash-on-hand itself is mainly determined by asset holdings.
We can infer from Figure 4.1 that a stationary equilibrium given a low interest rate
also means a low average level of cash-on-hand due to low average asset holdings. With
increasing interest rates, however, aggregate asset holdings increase and thereby the
average level of cash-on-hand. This applies to both, the complete and the incomplete
information case. Second, and even more important, the level of cash-on-hand is of par-
ticular interest because it shows more clearly how strongly the agents are affected by

the financial market imperfections, i.e. by the no-borrowing constraint and the missing

3L udvigson and Michaelides (2001) refer to an impatience condition that influences the choice of
the interest rate level.

14Recall from Section 4.3.1 that cash-on-hand defines the agent’s resources, i.e. financial wealth plus
labor income.



Chapter 4. Incomplete Information, Financial Market Imperfections... 93

insurance markets. When the agents are sufficiently rich, they are less concerned about
the no-borrowing constraint and the missing insurance markets since their future income
is mainly derived from riskless asset holdings. With decreasing levels of cash-on-hand,
however, the influence of the borrowing constraint and the missing insurance markets
increases. In order to exploit this variation in the influence of the financial market
imperfections, we compute the difference in aggregate asset holdings between the com-
plete and the incomplete information case at different levels of cash-on-hand. For this,
we firstly use the agent’s optimal policy functions to compute individual decisions at
different levels of normalized cash-on-hand and then we aggregate the individual de-
cisions.’®> Note that due to the normalization of the policy functions, the obtained
variables are also normalized variables, i.e. normalized by labor productivity. Neverthe-
less, we observe that the results presented in Figure 4.2 possess the same characteristics

as observed in Figure 4.1. We investigate them in the following.

Figure 4.2: Differences in Asset Holdings
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Note: Figure 4.2 shows the difference in aggregate normalized asset holdings between the com-
plete and the incomplete information case at different levels of normalized cash-on-hand. A
positive number means that aggregate normalized asset holdings are larger under complete in-
formation, whereas a negative number means that aggregate normalized asset holdings are larger
under incomplete information.

First, Figure 4.2 shows that at very low levels of normalized cash-on-hand aggregate
normalized asset holdings are larger under complete information than under incomplete
information. This result is in line with Figure 4.1, showing that aggregate asset hold-
ings are larger under complete information if the interest rate and thereby, the average

level of cash-on-hand are relatively low. We will show that this result can be explained

15See the Appendix for details.
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by the interplay of incomplete information and the no-borrowing constraint, with the
no-borrowing constraint breaking the symmetry in the agent’s saving behavior. Second,
Figure 4.2 shows that with increasing normalized cash-on-hand, aggregate normalized
asset holdings become larger under incomplete information than under complete infor-
mation. This result is also in line with the behavior of aggregate saving observed in
Figure 4.1 and we will show that it can be explained by the interplay of incomplete
information and the income risk, leading to a higher precautionary saving demand un-
der incomplete information. Finally, Figure 4.2 also shows that at very high levels of
normalized cash-on-hand, the differences in aggregate saving between the complete and
the incomplete information case steadily decline. Although we do not observe such high
levels of cash-on-hand in Figure 4.1, the third result is quite interesting and is thus
considered first.

The result that the differences in aggregate saving at very high levels of cash-on-
hand steadily decline is of interest because it highlights the importance of the financial
market imperfections for understanding the effects of incomplete information.'® Recall
from above that the main effect of a very high level of cash-on-hand is that agents are less
concerned about the presence of the no-borrowing constraint and the missing insurance
markets. Hence, what Figure 4.2 shows is that when financial market imperfections do
not play a crucial role, there is no systematic difference in aggregate saving between
the complete and the incomplete information case. Of course, this result does not mean
that agents stop making forecast errors under incomplete information, but it means
that when agents become relatively rich and the policy functions become sufficiently
linear, the individual errors tend to cancel out. In other words, we can conclude that
the differences in aggregate asset holdings that arise at lower levels of cash-on-hand are
driven by the interplay of incomplete information and financial market imperfections
rather than by the assumption of incomplete information alone.

With this result at hand, we now consider the first-mentioned observation from Fig-
ure 4.2 that aggregate normalized asset holdings are larger under complete information
than under incomplete information when the level of normalized cash-on-hand is very
low. To understand this outcome, we turn to the individual level and directly com-
pare the policy functions for normalized asset holdings under complete and incomplete
information at the lowest level of normalized cash-on-hand.!'” Recall that, apart from
cash-on-hand, the policy function under complete information also depends on the tran-
sitory shock, 6, whereas the policy function under incomplete information depends on
the compound shock, u. The difference arises from the limited information set under
incomplete information. Exploiting this variation and understanding the interplay with

the borrowing constraint is the aim of the exercise presented in Figure 4.3.

16We also considered even higher levels of normalized cash-on-hand than presented in Figure 4.2,
confirming the result that the difference in aggregate normalized asset holdings between the complete
and the incomplete information case steadily approaches zero.

1"The lowest value of normalized cash-on-hand in Figure 4.2 is equal to 1.095.
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Figure 4.3: Normalized Asset Holdings under the Borrowing Constraint
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The blue line in Figure 4.3, labeled CI, shows normalized asset holdings under com-
plete information for different realizations of the transitory shock, #, and the red line,
labeled II, shows normalized asset holdings under incomplete information for different
realizations of the compound shock, u. Although we cannot think of a particular re-
alization of the transitory shock, 6, leading to the same realization of the compound
shock, u, we can think of different agents under complete and incomplete information
observing a shock of similar size. Keeping that in mind, Figure 4.3 shows that based on a
good shock greater than zero, agents save more under complete information than under
incomplete information. This reflects the differences in the information sets between the
complete and the incomplete information case. Applied to a bad shock less than zero,
we would expect that agents save less under complete information than under incom-
plete information to maintain the symmetry in the saving behavior. Figure 4.3 confirms
this line of reasoning, but only for negative shocks that are close to zero. At very bad
shocks, however, we observe that the no-borrowing constraint becomes binding. The
fact that the no-borrowing constraint becomes binding follows from the fact that we
consider the lowest level of normalized cash-on-hand and contributes to explaining why
asset holdings are larger under complete information on the aggregate level. Due to the
presence of the no-borrowing constraint, agents receiving a bad shock under complete
information cannot borrow more than agents receiving a bad shock under incomplete
information. But since, based on a good shock, agents save more under complete in-
formation than under incomplete information, it follows that aggregate asset holdings
are larger under complete information than under incomplete information. In simple
terms, the no-borrowing constraint breaks the symmetry in the agents’ saving behavior
based on a good or bad shock. Since the no-borrowing constraint plays a particularly

important role at low levels of cash-on-hand, either because it is currently binding or
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is expected to bind in the near future, we can conclude that the observation of larger
aggregate asset holdings under complete information in Figure 4.1 and in Figure 4.2 can
be explained by the described interplay of incomplete information and the no-borrowing
constraint.

Finally, we consider the last observation from Figure 4.2 that aggregate normalized
asset holdings are larger under incomplete information than under complete information
when the level of normalized cash-on-hand is neither very low nor very high. An intuitive
explanation for this result already follows from the meaning of cash-on-hand being
neither very low nor very high. Not very low means that the no-borrowing constraint
does not play a crucial role, whereas not very high means that the agents are still
concerned about the fluctuations in labor income. Hence, the dominant channel that
remains in this case is the income risk channel, which indicates that agents have a
higher precautionary saving demand under incomplete information.!® A more formal
statement for this result can be made by noticing that the variance of the compound
shock, u, is greater than the sum of the variances of the transitory shock, 6, and the
permanent shock, 7. This relation holds because the parameter values are determined by
matching the unconditional autocovariances between (4.7) and (4.9). For our benchmark
parametrization we get that (7,27 —|—O'g is equal to 0.03, whereas o2 is equal to 0.04. Hence,
from the agents’ perspective, the variance of the uninsurable income shock is greater
under incomplete information, which means that agents accumulate more savings in
order to cope with the higher uninsurable income risk.

As a final exercise, we can briefly consider a simpler, two-period model version
to highlight the above result. The two-period model has the advantage that we can
completely eliminate the influence of the no-borrowing constraint by setting the initial
level of normalized cash-on-hand sufficiently high so that the no-borrowing constraint
does not bind. Figure 4.4 shows the results for the two-period model.™

The blue line, labeled CI, shows aggregate normalized asset holdings under complete
information and the red line, labeled II, shows aggregate normalized asset holdings
under incomplete information. The black line in Figure 4.4, called the risk-neutral line,
shows aggregate normalized asset holdings under the assumption that agents do not
respond to the income risk, which means that agents do not engage in precautionary
saving. The risk-neutral line is derived from a first-order approximation of the Euler
equation.?’ Note that the fact that the risk-neutral line refers to both the complete and
the incomplete information case again shows that there is no systematic difference in

aggregate saving when financial market imperfections do not play a crucial role.

18See also Wang (2004), who finds that the agent’s precautionary saving demand is higher when the
agent takes the effects of estimation risk into account.

9Note that we set o, to 0.14 and og to 0.196 in the two-period model. The higher standard deviations
are only used to highlight the effects, but do not affect the general pattern. In particular, we get the
same ratio ¢ = o2 /o = 0.51 as for our benchmark values of o, and oy.

20 Specifically, we derive the risk-neutral line by replacing the expression E,U /(Cit+1) on the right-hand
side of the Euler equation with the first-order approximation U’ (E¢[cit+1])-
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Figure 4.4: Aggregate Normalized Asset Holdings - Two-Period Model
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Inspecting the positions of the three lines in Figure 4.4 shows that the blue and the
red line lie above the risk-neutral line at all levels of normalized cash-on-hand. This
is precisely the precautionary saving effect, meaning that the agents save more when
they do care about the income risk.?! However, what is even more important is that
the increase in aggregate saving is greater under incomplete information than under
complete information. This follows from the fact that the red line also lies above the
blue line at all levels of normalized cash-on-hand. This difference is of particular interest
because it confirms the conclusion that the observation of larger aggregate normalized
asset holdings under incomplete information can be explained by a higher precautionary
saving demand.

In summary, we find that the observed ambiguous behavior of aggregate saving
between the complete and the incomplete information case can be traced back to the
interplay of incomplete information and the financial market imperfections. The no-
borrowing constraint breaks the symmetry in the agent’s saving behavior and favors the
observation of larger aggregate asset holdings under complete information, whereas the
interplay of incomplete information and the income risk leads to a higher precautionary
saving demand under incomplete information. With these results at hand, we discuss
the robustness of our main results and especially of the general equilibrium outcome in

the next section.

2See Leland (1968) for an extensive discussion of precautionary saving.
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4.4.3 Sensitivity analysis

In this section, we return to our main results that are presented in Figure 4.1 and test
the model performance with respect to different parametrizations. In particular, we
consider a different ratio of the variances of the permanent and the transitory shock
and we increase the parameter of relative risk aversion. As the main result, we find that
the general pattern remains unaffected; the ambiguous behavior of aggregate saving
between the complete and the incomplete information case is preserved and the capital
stock remains to be higher in the general equilibrium under incomplete information.
In the first exercise, we consider the case where the ratio ¢ = 0,27 / 03 is exactly equal
to unity. That means, shocks become equally likely to be either permanent or transitory,
which makes them even less informative for the agent under incomplete information.
To obtain ¢ = 1, we follow Ludvigson and Michaelides (2001) and reduce the standard
deviation of the transitory shock, oy, from 0.14 to 0.1. Figure 4.5 shows the results
for ¢ = 1. The blue line, labeled CI, shows aggregate asset holdings under complete
information and the red line, labeled 11, shows aggregate asset holdings under incomplete

information. The black line, labeled D, shows the firm’s demand for capital.

Figure 4.5: Aggregate Saving and Capital Demand: ¢ = 1
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At first view, Figure 4.5 shows that the change in the ratio of the variances does not
affect the general pattern. Similar to our benchmark economy, we observe that aggre-
gate asset holdings are larger under complete information as long as the interest rate
stays below 3.6 percent, but increase more strongly under incomplete information at

higher levels of the interest rate. The latter result then also implies that the aggregate
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capital stock in general equilibrium is higher under incomplete information. Note that
the observed robustness of the general equilibrium outcome is also in line with our
previous analysis. As shown in Figure 4.2, aggregate asset holdings are larger under
complete information only if cash-on-hand remains at a very low level. This, however, is
unlikely to happen in general equilibrium because the supply of capital has to equal the
firm’s demand for capital. That means, the market clearing condition simply prevents
that aggregate savings and thereby, the average level of cash-on-hand, remain at a very
low level. Consequently, in all cases considered, we find that the aggregate capital stock
is higher under incomplete information in general equilibrium. Finally, Figure 4.5 also
shows that the differences in aggregate saving between the complete and the incom-
plete information case remain quantitatively substantial at various levels of the interest
rate. For instance, if we fix the interest rate at 3.85 percent, aggregate asset holdings
are around 27 percent higher under incomplete information than under complete infor-
mation. Furthermore, if we consider an interest rate of 2.66 percent, aggregate asset
holdings are around 40 percent higher under complete information than under incom-
plete information. These numbers are in line with our benchmark economy and again,

highlight the strong influence of incomplete information on aggregate saving.

Figure 4.6: Aggregate Saving and Capital Demand: p=2, ¢ =1
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In the second exercise, we consider the effects associated with a higher value of
the parameter of relative risk aversion. Specifically, we increase p from 1 to 2, while
keeping the ratio g at the new value of 1. Figure 4.6 shows the results. At first, we

observe that the higher value of p leads to a lower interest rate level at which the saving
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functions under complete and incomplete information intersect. The interest rate is
approximately equal to 1.9 percent, which is a significantly lower value compared to
Figure 4.1 or Figure 4.5. This effect is driven by the fact that aggregate savings already
increase significantly at lower levels of the interest rate due to the higher value of p.
Apart from this change, however, Figure 4.6 also shows that the general pattern remains
the same as in all previous exercises. At low interest rates, aggregate asset holdings are
larger under complete information, whereas at higher interest rates aggregate asset
holdings are larger under incomplete information. Finally, in the general equilibrium,

the aggregate capital stock is higher under incomplete information.

4.5 Concluding remarks

In this paper, we have examined the effects of incomplete information about idiosyn-
cratic shocks in a heterogeneous-agents, incomplete-markets model. Agents in the
economy are subject to permanent and transitory productivity shocks, but cannot dis-
tinguish the two components due to a limited information set. We have considered both,
a partial and a general equilibrium perspective, to fully understand how incomplete in-
formation affects aggregate saving.

Our results showed that incomplete information has an ambiguous effect on aggre-
gate saving when compared to the common assumption of complete information. Solving
for the stationary aggregate asset holdings at different interest rates, we found that in-
complete information leads to lower aggregate asset holdings compared to the complete
information case when the interest rate is rather low, but leads to larger aggregate asset
holdings compared to the complete information case when the interest rate is rather
high. In general equilibrium we found that the aggregate capital stock is higher under
incomplete information for plausible parametrizations.

To understand the ambiguous results, we then studied the differences in aggre-
gate asset holdings at different levels of cash-on-hand. We found that a central role is
played by the interplay of incomplete information and financial market imperfections.
While the no-borrowing constraint breaks the symmetry in the agent’s saving behavior
and favors the accumulation of higher savings under complete information, the inter-
play of incomplete information and the income risk leads to a higher precautionary
saving demand under incomplete information. All in all, our results show that incom-
plete information plays a complex role within the incomplete-markets model framework.
The differences in aggregate saving compared to the complete information case are not
only quantitatively substantial, but are also qualitatively ambiguous and vary with the
strength of the different types of financial market imperfections. Therefore, we can
expect that incomplete information also plays an important role in other applications
that follow from our analysis. For example, consider the business cycle implications.
Since we have shown that incomplete information has a strong impact on aggregate sav-

ing in stationary equilibrium, we can certainly expect that incomplete information also
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has a strong impact on aggregate saving over the business cycle where the fraction of
borrowing-constrained agents varies over time. Since transitional dynamics are generally
more complex, it is important to know that incomplete information leads to ambiguous
effects and is more than just another source of risk. Furthermore, we have shown that
the effects of incomplete information strongly depend on the level of financial devel-
opment. Since there is still substantial variation in the level of financial development
between countries (e.g., Mendoza et al. 2009a), incomplete information may contribute
to explain country-specific differences in consumption and savings and, thereby, maybe
even the observed pattern of international capital flows. We leave investigating these

research questions to future research.
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4.6 Appendix

Figure 4.2: Computations

To compute the difference in aggregate saving between the complete and the incomplete
information case at different levels of (normalized) cash-on-hand, we proceed along the
following steps. First, we compute the agent’s optimal policy function for normalized
consumption under complete information.?? The policy function is a function of nor-
malized cash-on-hand and of the transitory shock. Then, starting at the lowest level of
normalized cash-on-hand, we multiply the optimal consumption level associated with a
particular realization of the transitory shock with the probability that this shock occurs
and sum over all probability-weighted consumption levels.?? Since the probability of ob-
serving a particular shock determines the share of agents actually receiving that shock
in a sufficiently large economy, this number gives us information about the aggregate
normalized consumption level given that all agents are currently associated with the
lowest level of normalized cash-on-hand. We repeat this calculation at different levels
of normalized cash-on-hand and repeat the whole procedure for the incomplete infor-
mation case, taking into account the difference in the observed productivity process.
Based on these calculations, we then compute the differences in aggregate normalized
asset holdings between the complete and the incomplete information case. The final

results appear in Figure 4.2.

22VWe set the net interest rate at 3.85 percent, which is slightly larger than the interest rate in general
equilibrium under incomplete information and slightly lower than the interest rate in general equilibrium
under complete information.

%Gince we use a discrete approximation of the shocks in the numerical procedure, we describe our
calculations based on discrete realizations of the shocks.
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Incomplete-Markets Model: The
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Abstract

We use a heterogeneous-agents, incomplete-markets model to analyze the influence of
different types of fiscal rules on the response of key macroeconomic variables to a gov-
ernment spending shock. In particular, we distinguish between a debt-intensive fiscal
rule that leads to a strong temporary increase in public debt and a non-debt-intensive
rule that keeps the primary deficit small. We find that the debt-intensive fiscal rule
contributes to stabilizing consumption and leisure in the first periods following the in-
crease in government spending, whereas the non-debt-intensive fiscal rule leads to a
faster recovery of consumption, leisure, capital and output in later periods. The ob-
served differences can be traced back to the different responses of wealth-poor agents
who are affected most by the financial market imperfections. Regarding optimal debt
policy, we find that the debt-intensive fiscal rule leads to the largest aggregate welfare
benefit and that the individual welfare gain is particularly high for wealth-poor agents
with low productivity. With these findings we contribute to the renewed debate on debt

policy and financial market imperfections.

!This paper was written in collaboration with Maik Heinemann. We especially thank Rainald Borck,
Atanas Christev, Ulrich Eydam, Frank Heinemann and William Peterman for valuable comments and
suggestions.
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5.1 Introduction

In the aftermath of the 2008-09 financial crisis, fiscal policy in general and debt policy
in particular have regained a lot of interest among the political and the academic pro-
fession. The sharp increase of debt-to-GDP ratios observed in the US economy and
most of the European countries has led to a renewed debate about the role of public
debt and about the question to what extent a high level of public debt can be justified
on the grounds of optimal debt policy. Notably and certainly based on the observed
turmoil in financial markets, special emphasis in this respect has been placed on the
influence of financial market imperfections such as borrowing constraints or the pres-
ence of uninsurable idiosyncratic risk. Since the work by Woodford (1990), Aiyagari
and McGrattan (1998) and Flodén (2001), it has been known that public debt plays
a special role in the presence of borrowing constraints and uninsurable idiosyncratic
risk that goes beyond the classical tax-smoothing argument. Given a constant level of
government spending, a higher level of public debt effectively relaxes the borrowing con-
straint, thereby increasing the flexibility of the private sector to respond to variations
in income and spending opportunities. Aiyagari and McGrattan (1998) conclude from
a calibrated incomplete-markets model that the liquidity effect of public debt justifies
a positive and pronounced level of public debt in the long-run equilibrium.

However, a series of recent studies comes to the conclusion that the negative effects
associated with a high level of public debt may also play a more dominant role, which
drastically changes the view on optimal debt policy. Vogel (2014), Dyrda and Pedroni
(2016) and Rohrs and Winter (2016), among others, reconsider the role of public debt
within the incomplete-markets model framework and find that the optimal long-run level
is negative rather than positive. Rohrs and Winter (2016) emphasize that a stronger
influence of the crowding out effect of public debt is crucial for explaining their re-
sults.? A higher level of public debt increases the interest rate, thereby crowding out
private capital and lowering output and consumption. Furthermore, the recent litera-
ture also puts larger emphasis on transitory dynamics and shows that, once they are
accounted for, optimal debt policy becomes even less clear.> Dyrda and Pedroni (2016)
find that implementing the policy that maximizes welfare in the long-run equilibrium
leads to a welfare loss of 6.4% once transitory effects are accounted for. Similarly,
Rohrs and Winter (2017) find that the transitional welfare costs associated with reduc-
ing government debt more than offset the long-run benefits. As it stands, the role
of public debt and its interplay with financial market imperfections is far from being

ultimately resolved.

2Desbonnet and Kankanamge (2016) show that different assumptions on long-term growth may
also affect the sign of the optimal level of debt. Peterman and Sager (2017) emphasize the influence of
introducing a life cycle.

3See also Desbonnet and Weitzenblum (2012) for a discussion of transitory dynamics given a positive
optimal long-run level of public debt.
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In this paper, we contribute to the ongoing debate on public debt by studying its role in a
heterogeneous-agents, incomplete-markets model. Similar to Dyrda and Pedroni (2016)
and Rohrs and Winter (2017), we emphasize the importance of transitory dynamics
and the associated welfare effects. However, we deviate from the main line of the
aforementioned literature that mainly assumes a constant level of government spending
when deriving optimal debt policy. In this paper, we allow for changes in government
spending and focus on the optimal time paths of public debt and taxes following a
government spending shock.* Thereby, we take account of the fact that fiscal policy in
many countries is not only characterized by periods of constant government spending,
but also by episodes of substantial expansion. Mountford and Uhlig (2009), for example,
identify a series of substantial positive government spending shocks in the US economy.”
Changes in government spending and thereby the question of financing have become an
even more important issue after the recent financial crisis when many countries have
launched a substantial fiscal stimulus package. Thus, we are especially interested in the
questions of how debt policy in the presence of financial market imperfections affects the
response of the economy to a government spending shock, whether a temporary strong
increase in public debt can be justified on the grounds of optimal debt policy and how
the individual welfare gains and losses are distributed among the population.

We follow the work by Aiyagari and McGrattan (1998) and Flodén (2001) and con-
sider a heterogeneous-agents, incomplete-markets model with a government sector. The
government raises taxes and issues debt securities to finance the expenditures on gov-
ernment consumption. The economy is populated by a continuum of agents who choose
an optimal consumption, saving and working plan subject to idiosyncratic labor income
shocks and a borrowing constraint. Agents are ex-ante identical but differ in financial
wealth over time due to the incomplete insurance markets. The model is calibrated
to capture key characteristics of the US economy following the work by Trabandt and
Uhlig (2011), Dyrda and Pedroni (2016) and Réhrs and Winter (2017). Starting from
the steady state equilibrium of the economy, we consider the following fiscal policy sce-
nario. The government announces a temporary increase in government spending, which
eventually requires a corresponding increase in lump-sum taxation. However, following
a simple fiscal rule, the government is allowed to temporarily increase the level of public
debt. The only restriction we impose is that public debt follows a stable difference
equation in each period and finally returns to the initial steady state level.

To assess the impact of debt policy, we compare the response of the economy to the
government spending shock under different parametrizations of the fiscal rule. The fiscal
rule is called debt-intensive if public debt strongly increases in the first periods following
the increase in government spending. The fiscal rule is called non-debt-intensive if the

primary deficit remains rather small in all periods. Note that in the absence of financial

“See the end of this section for further literature.
®Alesina and Ardagna (2010) consider a broader set of OECD countries and point to more than 90
periods of fiscal stimuli.
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market imperfections, i.e. in the complete-markets case, the economy’s response to the
government spending shock does not depend on the underlying fiscal rule. However, in
the presence of borrowing constraints and uninsurable idiosyncratic risk, we observe sig-
nificant differences in the responses of consumption, leisure, capital and output between
the two fiscal rules. On impact and in the first periods of transition, the drop in con-
sumption and leisure is more moderate under the debt-intensive fiscal rule than under
the non-debt-intensive fiscal rule. As time passes, however, the pattern changes. The
recovery of consumption, leisure, capital and output is slower under the debt-intensive
fiscal rule than under the non-debt-intensive fiscal rule. Hence, the possible benefits of
raising the level of public debt in the first periods come along with lower consumption
and leisure in later periods.

To understand the observed impact of debt policy, we have to consider the inter-
play of public debt and financial market imperfections. In the presence of borrowing
constraints and uninsurable idiosyncratic risk, Ricardian equivalence® fails to hold and
agents with low financial wealth respond differently to a change in either the lump-sum
tax or in public debt. Compared to a tax increase that leads to an unavoidable neg-
ative wealth effect, an increase in public debt allows borrowing-constrained agents to
mitigate the negative effect on consumption. This explains the more moderate drop
in aggregate consumption and leisure under the debt-intensive fiscal rule in the first
periods of transition. However, in later periods, taxes have to increase even under the
debt-intensive fiscal rule. Furthermore, the sluggish increase in aggregate saving leads to
a higher interest rate and, thereby, to a lower capital stock along the adjustment path.
Both effects contribute to explain why the recovery of consumption, leisure, capital and
output is slower under the debt-intensive fiscal rule.

The observed differences in the adjustment paths of aggregate variables do not offer
a simple answer to the question of which type of fiscal rule maximizes aggregate welfare.
On the one hand, agents may prefer the debt-intensive fiscal rule due to its stabilizing
effect on consumption and leisure in the first periods of transition. On the other hand,
agents may also prefer the non-debt-intensive fiscal rule due to the faster recovery of
consumption, leisure, capital and output in later periods of transition. Comparing the
aggregate welfare effects between the two fiscal rules, we find that aggregate welfare
is higher under the debt-intensive fiscal rule than under the non-debt-intensive fiscal
rule. Although the differences in aggregate welfare remain quantitatively rather small,
this result indicates that a temporary strong increase in public debt in response to the
increase in government spending may be justified on the grounds of optimal debt policy.
Finally, we also study the individual welfare effects in greater detail to identify those
members of society who benefit most from implementing the debt-intensive fiscal rule.
We find that the individual welfare gain is particularly high for wealth-poor agents
with low productivity, who suffer most from the missing insurance markets and the

borrowing constraints. This result is in line with the observed differences in aggregate

5See Barro (1974) on the Ricardian equivalence theorem.
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consumption and again, highlights the importance of financial market imperfections for
understanding the role of public debt.

Our findings contribute to the renewed debate on optimal debt policy and finan-
cial market imperfections. In addition to the aforementioned literature, there are
a few papers focusing on related fiscal policy experiments in heterogeneous-agents,
incomplete-markets economies.” Heathcote (2005) considers a temporary tax cut in
a heterogeneous-agents model with stochastic taxes. He finds that the boost to con-
sumption is larger and that the investment stimulus is smaller when financial markets
are incomplete. In line with our findings, Heathcote (2005) emphasizes the importance
of borrowing-constrained agents in explaining the results. Kaplan and Violante (2014)
develop a model with a low-return liquid asset and a high-return illiquid asset and study
the 2001 tax rebate episode. They find that the consumption responses are in line with
the empirical evidence and are of larger magnitude compared to the standard one-asset
case.

Challe and Ragot (2011) and Brinca et al. (2016) study the responses of consumption
and output to a government spending shock. Challe and Ragot (2011) consider an ana-
lytically tractable liquidity-constrained economy and find that a debt-financed increase
in government spending may lead to an increase in private consumption due to the lig-
uidity effect of public debt. We find, however, that under more standard assumptions on
labor supply and capital accumulation, private consumption is more likely to decrease
in response to the government spending shock.® Brinca et al. (2016) study the effects
of wealth inequality on the magnitude of fiscal multipliers in an OLG model. They
find that the fiscal multiplier is highly sensitive to the fraction of borrowing-constrained
agents and to the average level of wealth. Our results contribute to the findings of
Brinca et al. (2016) by showing that, in the presence of financial market imperfections,
the fiscal multiplier is also quite sensitive to the time paths of the lump-sum tax and
public debt. In particular, we find that the fiscal output multiplier is smaller under
the debt-intensive fiscal rule than under the non-debt-intensive fiscal rule. The differ-
ences arise from the different response of wealth-poor agents to a change in either the
lump-sum tax or in government debt.

Finally, in two recent studies, Angeletos et al. (2016) and Le Grand and Ragot
(2017) consider the Ramsey problem of optimal taxation and liquidity provision in
the presence of idiosyncratic risk and borrowing constraints. Angeletos et al. (2016)
highlight that issuing more public debt eases the underlying financial friction, but also
tightens the government budget by raising the interest rate on public debt. Le Grand

"See also Oh and Reis (2012) for a discussion of optimal transfers and Viegas and Ribeiro (2013)
for an assessment of two Dutch fiscal adjustment episodes. Furthermore, our work also relates to the
literature on optimal taxation in representative-agent economies including, among others, Barro (1979),
Lucas and Stokey (1983), Aiyagari et al. (2002) and Bhandari et al. (2017). While this literature
highlights the importance of tax smoothing and insurance against aggregate shocks, it mainly neglects
the influence of uninsurable idiosyncratic risk and borrowing constraints.

8Furthermore, Challe and Ragot (2011) do not assess the welfare implications of different types of
fiscal rules.
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and Ragot (2017) develop a truncation theory for incomplete-markets economies with
aggregate shocks. Applied to a technology shock, Le Grand and Ragot (2017) find that
public debt optimally decreases, whereas capital taxes increase on impact. Compared
to our work, both papers share the advantage of providing analytical results on optimal
debt policy. However, compared to Angeletos et al. (2016), our approach allows for
more flexible and standard assumptions on preferences and heterogeneity. Furthermore,
capital accumulation plays a central role in our model.” Compared to Le Grand and
Ragot (2017), we focus on a government spending shock and the impact of changes in
the time path of public debt.!?

The remainder of this paper is organized as follows. Section 5.2 introduces the
model. Section 5.3 describes the calibration strategy. Section 5.4 presents the fiscal
policy experiment, discusses the welfare implications and provides some robustness con-

siderations. Section 5.5 concludes.

5.2 The model

5.2.1 Overview

To analyze the influence of debt policy in the presence of financial market imperfections,
we follow the work by Aiyagari and McGrattan (1998) and Flodén (2001) and consider
a heterogeneous-agents, incomplete-markets model with a government sector. Time is
discrete and indexed by ¢ € [0,1,...,00]. The economy is populated by a continuum
[0, 1] of agents, indexed by i. Agents choose an optimal consumption, saving and work-
ing plan subject to idiosyncratic labor productivity shocks and a borrowing constraint.
Agents are ex-ante identical but differ in financial wealth over time as financial mar-
kets are incomplete with respect to the idiosyncratic income shocks. Production in the
economy takes place under perfect competition. Firms own a constant-returns-to-scale
technology that uses capital and labor to produce one homogenous good each period.
The homogenous good can be used for private consumption, government consumption
and investment. The government in the economy finances its expenditures on con-
sumption and debt repayment by a lump-sum tax and the issuance of new bonds. We
assume that the government follows a simple fiscal rule to determine the time paths of
public debt and taxes. The fiscal rule strongly simplifies the computation of the transi-
tion dynamics while still providing substantial variation in the response of public debt.
Note that if financial markets are assumed to be complete, the model boils down to a
deterministic variant of a standard RBC model in which Ricardian equivalence holds.
This relation allows us to highlight the importance of financial market imperfections for

understanding the role of public debt.!!

9See Angeletos et al. (2013) for a discussion of collateral constraints on the production side.

10T a former version of the paper, Le Grand and Ragot also briefly consider a government spending
shock, but use a more specific model setup.

HFurthermore, our results also directly relate to the discussion of wealth inequality, financial market
imperfections and fiscal multipliers launched by Brinca et al. (2016).
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5.2.2 The individual problem

Agents in the economy have preferences over consumption and hours worked and maxi-
mize discounted expected lifetime utility. Formally, the objective function of each agent

1 is given by

E() [i BtU(Cit, nlt)] s (5.1)
t=0

where ¢;; denotes consumption, n;; denotes hours worked, Ej is the expectation operator
conditional on information at date ¢t = 0, and 0 < 8 < 1 is the discount factor. The

momentary utility function, U(c, n), takes the following form
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U(e,n) (5.2)

=1 .
where p is the parameter of relative risk aversion, ~ is the Frisch elasticity of labor
supply, and x is the weight on the disutility of labor. The specification of the utility
function is quite standard and in line with the related literature (e.g., Brinca et al.
2016).

At the beginning of each period, agents receive idiosyncratic shocks to their labor
productivity. Markets are incomplete so that perfect insurance is not obtainable. Agents
can only partially self-insure against idiosyncratic risk by accumulating a stock of assets
that pay out a risk-free return. Asset holdings consist of private capital, which the
agent rents to the representative firm, government bonds and bonds that are issued
by borrowing agents. Since all assets yield the same return in equilibrium, we do not
separate them on the individual level and denote the agent’s overall asset holdings by
a;t. When the agent becomes a net borrower, a;; becomes negative. In addition to
facing incomplete insurance markets, agents also face a borrowing limit on assets that
further restricts them in their ability to smooth consumption over time. Asset holdings
are bounded from below by the constraint a;;11 > b, where b denotes the exogenous
borrowing limit. We set the value of b in the next section in accordance with the Survey
of Consumer Finances.

Let Vi(a¢, e¢) be the optimal value function for an agent with asset holdings a; and
log labor productivity e;.'? Then the agent’s optimization problem can be specified in

terms of the following program

Vi(at,er) = max {U(ct,nt) + BE [Vira(ar1, erv1) |ed b (5.3)
Ct,at+1,N¢t

sit. cg+a1 = Rpap +wpexp(ey)ny — Ty (5.4)

QAt41 Z B (55

g > 0, 0< n <1, (5.6)

2The index ¢ is dropped for notational ease.
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where Ry = (1+41) is the gross risk-free interest rate, wy is the wage rate, and T} denotes
the lump-sum tax. The time subscript attached to the value function indicates that the
agent’s problem is time-dependent because public debt and taxes as well as aggregate

prices {wy,r} temporarily change in response to the government spending shock.

5.2.3 Firms

Production in the economy takes place under perfect competition. The representative

firm produces final output according to a standard Cobb-Douglas production function
Y, = KN}, (5.7)

where K; denotes the aggregate capital stock and Ny denotes labor in productivity units,
i.e. the elastic labor supply multiplied by labor productivity and aggregated over all
agents. The firm chooses K}, N; to maximize profits. The first-order conditions are

given by

K\ (e—1)
ry = 04<NZ> -9 (5.8)

w = (1-a) (ﬁ)a (5.9)

where ¢ is the constant depreciation rate. Since the first-order conditions have to hold

in equilibrium, we can express the wage rate as a function of the interest rate

w = (1-a) (rt‘ié)la‘*. (5.10)

5.2.4 The government

The government finances its expenditures on consumption and debt repayment by tax
revenues and the issuance of new bonds. Formally, the government budget constraint
is given by

Gy + RBy = Byy1 + T3, (5.11)

where Gy denotes expenditures on government consumption, B; denotes public debt at
the beginning of period ¢t and T; is the lump-sum tax. In line with the related literature,

we assume that the lump-sum tax evolves according to the following simple fiscal rule!?
T, =T+ 6 (Bii - B), (5.12)

where T is the lump-sum tax in steady state, B is the level of public debt in steady
state and ¢ is the fiscal policy parameter. Put into words, the fiscal rule says that taxes

in period t respond to changes in public debt with strength captured by the policy

13See Uhlig (2010), Challe and Ragot (2011), and Drautzburg and Uhlig (2015).
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parameter ¢. To assess the implications for the time path of public debt, we combine
(5.11) and (5.12) to obtain the following difference equation

1 1
By q, (5.13)

By =C+
t+1 114 1+ o

where C' = (1/(1 + ¢))(¢ B —T). Equation (5.13) shows that public debt will remain
stationary as long as the policy parameter ¢ exceeds the net interest rate 7,.'* This
condition is relatively easy to satisfy by imposing an adequate lower bound on ¢. If
stationarity is ensured, then changes in ¢ allow us to model substantial variation in
the time path of public debt in order to depict different regimes of debt policy. In
particular, equation (5.13) leads to a quite natural distinction between what we call
a debt-intensive and a non-debt-intensive fiscal rule. According to equation (5.13), if
¢ is less than unity, then the increase in public debt in response to the government
spending shock is stronger than the increase in taxes. This leads to an adjustment path
with a temporary strong increase in public debt and a limited impact response of taxes.
Although real world systems are more complex than our fiscal rule, this pattern is in
line with the empirical evidence.'® In what follows, we call a fiscal rule with ¢ < 1
debt-intensive to account for the substantial increase in public debt. Conversely, if ¢ is
greater than unity, then the primary budget deficit remains rather small in all periods.
This leads to an adjustment path where taxes move closely with government spending
while public debt quickly returns to its initial value. Accordingly, we call a fiscal rule
with ¢ > 1 non-debt-intensive.

Figure 5.1 provides an example of the two regimes of debt policy under the two fiscal
rules. The left panel shows the case of a debt-intensive fiscal rule with ¢ equal to 0.2, and
the right panel shows the case of a non-debt-intensive fiscal rule with ¢ equal to 2. In line
with the empirical evidence, we assume that the underlying government spending shock
exhibits some persistence but dies out after a couple of periods.'® As outlined above,
the left panel shows that the debt-intensive fiscal rule means a very strong increase in
public debt in response to the government spending shock and a limited impact response
of taxes. In particular, we observe that the increase in public debt in the first periods is
much stronger than the increase in taxes. Consequently, it takes a considerable amount
of time for public debt to return to the initial level. In contrast, the right panel shows
that the non-debt-intensive fiscal rule only leads to a small increase in public debt while
taxes move closely with government spending. Consequently, public debt returns much
faster to the initial level than it is observed in the left panel. Hence, Figure 5.1 confirms

that reasonable changes in the fiscal policy parameter allow us to model substantial

14We demand that ¢ exceeds the net interest rate in each period to rule out any cycles of increasing
public debt and increasing interest rates that may arise under weaker restrictions. In terms of Leeper
(1991), we focus on passive fiscal policy only.

Y5Blanchard and Perotti (2002), for example, document a limited impact response of taxes.

'6The initial increase in government spending equals 5 percent of steady state output of the bench-
mark economy as specified in the next section.
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Figure 5.1: Differences in Public Debt and Taxes
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Note: Figure 5.1 shows the adjustment path for public debt (beginning of period t) and for the
lump-sum tax under different parametrizations of the fiscal rule. The left (right) panel shows
the case of ¢ = 0.2 (¢ = 2). The interest rate is kept fixed at 3 percent.

variation in the response of public debt. In our fiscal policy scenario described after the
next section, we will exploit the variation between the two fiscal rules to analyze the
economy’s response to the government spending shock. As benchmark parametrization
of the debt-intensive fiscal rule, we follow the example shown in the left panel of Figure
5.1 and set ¢ equal to 0.2. This value satisfies the condition that public debt still follows
a stable difference equation in each period and finally returns to the initial steady state
level. Equally important, the value captures the limited impact response of taxes quite
well. Blanchard and Perotti (2002), for example, study the responses of output and
taxes to a government spending shock in a VAR model. Their results indicate that net
taxes increase on impact by approximately 0.13 dollars when government spending rises
by one dollar. When combining equation (5.12) and (5.13), we get that for ¢ equal
to 0.2, taxes increase on impact by 0.166 dollars, which is fairly close to the empirical
value. As benchmark parametrization of the non-debt-intensive fiscal rule, we follow
the example shown in the right panel of Figure 5.1 and set ¢ equal to 2. As described
above, this allows us to contrast the empirically plausible pattern generated by the debt-
intensive fiscal rule with the alternative regime of keeping the primary deficit small.'”

Definition 3 below summarizes the general equilibrium in this economy.

"We allow for a slight increase in public debt even under the non-debt-intensive fiscal rule to show
that our results do not require a too extreme time path of taxes. Nevertheless, in Section 5.4.3, we also
consider the case where taxes move one-to-one with government spending.
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Definition 3 Given the initial distribution of agents over asset holdings and labor pro-
ductivity, Vo(a,e), a general competitive equilibrium is defined by

a) a sequence of policy functions {ci(a, e),n(a, e), arp1(a, )}, b) a sequence of value
functions {Vi(a,e)};2, ¢) a sequence of prices {ry,wi}oy, d) a sequence of policies
{G, T, Biy1 )12, and e) a sequence of distributions {W;(a,e)}y2,, such that, for all t

1. The policy functions described above solve the agent’s optimization problem in

(5.3)-(5.6).
2. The firm’s demand for capital and labor solve (5.8)-(5.9).

3. Aggregate quantities of consumption, labor, capital and government bonds are the
aggregation of individual quantities. Markets clear for given prices, especially
K+ By = A; and Nf = N{.

4. Tazes and public debt evolve according to (5.12)-(5.13).

5. The sequence of distributions is consistent with the initial distribution, the agent’s

policy functions and the stochastic process for productivity.

5.3 Calibration

We calibrate the initial steady state equilibrium of the model economy to replicate key
properties of the US economy relevant for our fiscal policy scenario. The considered
time period is from 1995 to 2007 in order to capture pre-crisis developments. Regarding
the capital-to-output ratio and the investment-to-output ratio, we use the numbers pro-
vided by Dyrda and Pedroni (2016) based on data from the NIPA tables. The tightness
of the borrowing constraint is set in accordance with the Survey of Consumer Finances
(SCF) evaluated by Wolff (2010). The debt-to-output ratio and the expenditure-to-
output ratio are taken from Trabandt and Uhlig (2011). Table 5.1 below summarizes

the target values and chosen parameter values.

Preferences. The objective function of the agent depends on four parameters, the
parameter of relative risk aversion, p, the Frisch elasticity of labor supply, v, the weight
on the disutility of labor, x, and the discount factor, 8. We set the parameter of relative
risk aversion and the Frisch elasticity of labor supply in accordance with the literature.
The parameter of relative risk aversion is set at 1.5 and the Frisch elasticity is set at
0.82. Although there is still a considerable debate about the Frisch elasticity in the
literature, a value of around one is considered as an empirically plausible benchmark
specification (e.g., Brinca et al. 2016, Dyrda and Pedroni 2016, Réhrs and Winter 2017).
The weight on the disutility of labor is chosen to generate an empirically plausible al-

location of time endowment between work and leisure. In the stationary equilibrium,
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average hours worked is close to 0.33 so that approximately 1/3 of time endowment is
devoted to working. For the discount factor, (3, we target a capital-to-output ratio of
2.72.

Borrowing Constraint and Income Process. The tightness of the borrowing con-
straint is set in accordance with the Survey of Consumer Finances (several years) evalu-
ated by Wolff (2010). We discipline the borrowing constraint to generate an empirically
plausible share of agents with zero or negative asset holdings in the stationary equilib-
rium. According to Wolff (2010), the average share of households with zero or negative
net worth for the period from 1995 to 2007 equals 18 percent. The level of b we choose
matches this number relatively well, while also ensuring that the borrowing constraint
remains sufficiently tight.

The stochastic process for log labor productivity, e;, is modeled as an AR(1) process

with autocorrelation coefficient p. and standard deviation of the idiosyncratic shocks o,
et+1 = pe €t +Mev1, 1~ N(0, 02)- (5.14)

In line with the estimation results from Storesletten et al. (2004), we set p. at 0.9
and o at 0.19. In the numerical procedure used to solve the model, we approximate
the stochastic process in (5.14) with a five-state Markov chain following the method
proposed by Rouwenhorst (1995).18 As a robustness exercise, we also consider a more
flexible approach and set the transition probabilities individually.'® This allows us to
model a higher level of wealth inequality in the steady state equilibrium. However, we
find that our main results are quite robust to changes in the specification of the labor
productivity process. In particular, we find that increasing the level of wealth inequality
does not change the result whether the debt-intensive or the non-debt-intensive fiscal

rule has the largest aggregate welfare benefit.

Technology and Fiscal Policy. Production in the economy takes place under a
standard Cobb-Douglas production function with capital share equal to «. In line with
the empirical evidence, we set « at 0.36. For the depreciation rate, 4, we target an
investment-to-output ratio of 0.27.

Regarding the level of public debt and government expenditures in steady state,
we use the numbers provided by Trabandt and Uhlig (2011). According to Trabandt
and Uhlig (2011), the average debt-to-output ratio for the period from 1995 to 2007 is
equal to 0.63 and the expenditure-to-output ratio is equal to 0.18. Both numbers are
frequently used in the literature as reasonable initial values for conducting fiscal policy

experiments.

18We also slightly adjust the obtained values such that E[(exp(e)] = 1.
9We mainly follow the approach by Réhrs and Winter (2017). See Section 5.4.3 for details.
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Table 5.1: Parameter Values of the Benchmark Economy

Parameter Value Target Data Model
parameter of relative risk aversion P 1.5 - - -
Frisch elasticity vy 0.82 - - -
weight on disutility of labor X 22 avg. hours worked 0.33 0.35
discount factor B 0.954 capital/output 2.72 2.71
curvature of production « 0.36 - - _
depreciation rate 1) 0.10 investment /output 0.27 0.27
AR(1) coefficient Pe 0.9 - - -
standard deviation of shocks o 0.19 - - -
debt limit b -0.15 frac. agents a <0 0.18 0.163
gov. expenditures to output G/Y 0.18 - - -
lump-sum tax to output T/Y 0.20 public debt/output  0.63 0.63

5.4 Results

This section is divided into three parts. First, we describe our fiscal policy scenario that
focuses on the influence of debt policy on macroeconomic activity following a temporary
spending shock. Second, we examine the welfare implications and derive optimal debt
policy. In the last part, we discuss the robustness of our main results with respect to

changes in the benchmark calibration, including changes in the income process.

5.4.1 Impulse responses

To understand the impact of debt policy on the economy’s response to a government
spending shock, we consider the following fiscal policy scenario. Initially, the bench-
mark economy, as specified in the previous section, stays in the stationary equilibrium.
The interest rate in steady state is equal to 3.27 percent, output is equal to 0.60 and
the capital-to-output ratio is equal to 2.71. Then, the government undertakes an unan-
ticipated increase in government spending.?’ Following Challe and Ragot (2011), we

assume that the increase in period t=0 is equivalent to 5 percent of steady state output.

2In other words, we consider a so-called "MIT shock", i.e. an unexpected deviation of the economy
from the steady state equilibrium. See Boppart et al. (2017) on how MIT shocks can be used to
compute equilibria in heterogeneous-agent models in which aggregate shocks are expected to have non-
zero variances.
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In the following periods, government expenditures gradually return to the initial steady
state level that is finally reached after 7 periods. Once the change in government spend-
ing is announced, the government has to decide on the fiscal rule to determine the time
paths of public debt and taxes. Since we are mainly interested in comparing the effects
of a strong and a weak increase in public debt, we consider the two fiscal rules that
have been introduced in Figure 5.1. The debt-intensive fiscal rule with ¢ = 0.2 leads
to a strong increase in public debt in response to the change in government spending,
whereas the non-debt-intensive fiscal rule with ¢ = 2 keeps the primary deficit small.
Note that we assume that agents can foresee the time paths of public debt and taxes
under both fiscal rules. The perfect foresight assumption simplifies the computation
of the transition dynamics and is commonly used in the incomplete-markets literature
(e.g., Brinca et al. 2016).2!

Figure 5.2 shows the economy’s response to the government spending shock under the
two fiscal rules. The red lines in Figure 5.2 indicate the debt-intensive fiscal rule and the
blue lines indicate the non-debt-intensive fiscal rule. Apart from government spending,
changes in aggregate variables over time are expressed as percentage deviations from
the corresponding steady state level. Changes in government spending are measured
relatively to the steady state output level.

At first view, Figure 5.2 shows that the responses of private consumption, hours
worked, capital and output look qualitatively similar under both fiscal rules and that
they are in line with what is known from a standard representative-agent, complete-
markets model.?? Consumption and capital fall in response to the government spending
shock, whereas hours worked and output increase on impact.?? The observed pattern
follows from the fact that the increase in government spending ultimately means an
increase in taxation under both fiscal rules. However, the above result does not mean
that debt policy has no influence on the economy. What Figure 5.2 actually shows is
that the two fiscal rules lead to significant quantitative differences in the adjustment
paths of aggregate variables. These differences that would not appear in the complete-
markets setup because Ricardian equivalence holds, establish a role for public debt in
the presence of financial market imperfections. We investigate these differences in the
following.

Regarding private consumption, we observe that the debt-intensive fiscal rule pro-
vides a stabilizing effect in the first periods following the change in government spending.
This follows from the observation that in the first periods consumption losses are smaller
under the debt-intensive fiscal rule than under the non-debt-intensive fiscal rule. The

stabilizing effect is quantitatively strongest in the initial period in which the fall in

21See the Appendix for further details on the numerical procedures.

228¢e, for example, Uhlig (2010) on the fiscal multiplier in an RBC model.

23We are aware of the fact that there is still an ongoing debate about the response of private con-
sumption to a government spending shock, reflecting the different views of neoclassical and Keynesian
theory (e.g., Challe and Ragot 2011). However, in this paper and in line with the related literature, we
focus on the financing side of government spending, not on the desired effects of spending per se.
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Figure 5.2: Impulse Responses (debt-intensive (red) / non-debt-intensive (blue))

(a) Consumption (b) Hours Worked

O F T T T T T T T T T T

3
35
35
(9) Tax and Government Spending (h) Public Debt
T T T T T T 20 T T T T T T
40t 1
: 15¢
30t -—- Gov. Spending | |
101
5.
0 1

0 b 0 &5 10 15 20 25 3 b



Chapter 5. Financing of Government Spending in an Incomplete-Markets Model... 118

consumption is approximately 7 percent lower under the debt-intensive fiscal rule than
under the non-debt-intensive rule. However, we also observe that the pattern changes
along the transition path. In particular, we observe that the recovery of consumption
is slower under the debt-intensive fiscal rule than under the non-debt-intensive fiscal
rule. That means the smaller losses in consumption in the first periods under the debt-
intensive fiscal rule come at the price of higher losses in later periods. Regarding hours
worked, we observe a similar effect of debt policy. In the first periods following the
change in government spending, the increase in hours worked is more moderate under
the debt-intensive fiscal rule than under the non-debt-intensive fiscal rule. However,
despite the lower initial increase, hours worked return to the initial steady state level
under the debt-intensive fiscal rule more slowly. Thus, the debt-intensive fiscal rule has
a stabilizing effect on consumption and leisure in the first periods of transition, whereas
the non-debt-intensive fiscal rule leads to a faster recovery of consumption and leisure
in later periods of transition.

To better understand the differences in consumption and hours worked, we have
to consider the interplay of public debt and financial market imperfections. For this
it is useful to focus on the initial period in which the change in government spending
takes place and in which government expenditures take the highest value. Under the
debt-intensive fiscal rule we observe a stronger increase in public debt in response to
the increase in government spending, whereas under the non-debt-intensive fiscal rule
we observe a stronger increase in the lump-sum tax. If Ricardian equivalence holds,
this different effect of the debt-intensive and the non-debt-intensive fiscal rule does
not matter for the response of private consumption. Agents under the debt-intensive
fiscal rule understand that taxes are bound to increase in the future and they are
willing to cut back consumption and to increase savings, meeting the higher supply
of government bonds. Consequently, if Ricardian equivalence holds, the response of
agents to the government spending shock does not depend on the underlying fiscal
rule. However, as it is well-known, when financial market imperfections come into play,
agents become restricted in their options to allocate resources over time. This especially
holds true for wealth-poor agents who are particularly exposed to the income risk, with
the borrowing constraint currently binding or expected to become binding in the near
future. Consequently, in the presence of financial market imperfections, the response
of wealth-poor agents to the government spending shock does depend on the change in
current income and, thereby, on the underlying fiscal rule. Figure 5.3(a) shows this effect
in greater detail. Figure 5.3(a) compares the change in individual consumption in the
first period in which the increase in government spending takes place between the debt-
intensive and the non-debt-intensive fiscal rule. We keep the interest rate and wage rate
fixed at steady state levels to abstract from general equilibrium effects. In line with the
reasoning outlined above, Figure 5.3(a) shows that the response of wealth-poor agents
to the government spending shock differs between the two fiscal rules. In particular,

we observe that wealth-poor agents under the debt-intensive fiscal rule do not cut back
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consumption at the same rate as they are forced to under the non-debt-intensive fiscal
rule due to the increase in the lump-sum tax. This is precisely the described stabilizing
effect of the debt-intensive fiscal rule, meaning that the debt-intensive fiscal rule allows
wealth-poor agents to mitigate the loss in consumption. Finally, Figure 5.3 also shows
that the differences in consumption and labor supply vanish at higher levels of financial
wealth. Hence, rich agents behave more in line with Ricardian Equivalence, which
confirms the conclusion that the observed differences in aggregate consumption and
hours worked arise from the different response of wealth-poor agents and, thereby, from

the interplay of debt policy and financial market imperfections.

Figure 5.3: Differences in Consumption and Labor Supply
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Note: Figure 5.3 shows the change in consumption and labor supply of agents with low produc-
tivity in the first period in which government expenditures take the highest value. Changes are
expressed as percentage deviations from the initial steady state level. The red (blue) line shows
the case of the (non-) debt-intensive fiscal rule with ¢ = 0.2 (¢ = 2). Note that the interest rate
and wage rate are kept fixed at steady state levels.

With the above insight into the effects on consumption and hours worked, we return
to Figure 5.2 to examine the differences in capital and output in more detail. As
Figure 5.2(c) shows, the debt-intensive fiscal rule leads to a lower capital stock along
the adjustment path compared to the non-debt-intensive fiscal rule. Different from the
effects on consumption and hours worked that means both, a larger decline of capital
in the first periods and a slower recovery of capital in later periods under the debt-
intensive fiscal rule. Quantitatively, the differences in capital between the two fiscal
rules become substantial along the transition path. Under the debt-intensive fiscal rule,
the capital stock falls by 2.5 percent before finally recovering, whereas under the non-
debt-intensive fiscal rule the capital stock only falls by 2.1 percent. That means the
debt-intensive fiscal rule leads to a 19 percent larger drop in the capital stock compared

to the non-debt-intensive fiscal rule. The differences in capital between the two fiscal
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rules are best understood by considering the adjustment path of the interest rate and
with it, the supply of government bonds. Naturally, the debt-intensive fiscal rule leads
to a higher supply of government bonds along the adjustment path, which requires a
stronger stimulus to aggregate saving. Based on the described unwillingness of wealth-
poor agents to reduce consumption, this means that the interest rate has to increase to
higher levels under the debt-intensive fiscal rule. The higher interest rate finally means
that demand for capital is lower under the debt-intensive fiscal rule.?* This crowding
out effect of public debt has been of particular interest within the recent incomplete-
markets literature (e.g., Rohrs and Winter 2017) and is also an important channel in
our fiscal policy scenario.

Finally, it is worth considering the differences in output between the two fiscal rules
in greater detail. As Figure 5.2(d) shows, the debt-intensive fiscal rule leads to a lower
increase in output in the first periods of transition and a stronger decrease in output in
later periods of transition compared to the non-debt-intensive fiscal rule. That means
the debt-intensive fiscal rule leads to a smaller fiscal output multiplier. Technically, the
smaller output multiplier observed under the debt-intensive fiscal rule is driven by the
lower increase in hours worked and the stronger drop in the capital stock. As described
above, the differences in hours worked and capital between the two fiscal rules arise from
the different responses of wealth-poor agents to a change in either the lump-sum tax
or in government debt. By addressing the influence of debt policy on fiscal multipliers,
our results also relate to the recent findings of Brinca et al. (2016). Brinca et al. (2016)
show in an incomplete-markets OLG model that the fiscal multiplier is highly sensitive
to the fraction of borrowing-constrained agents and to the average level of wealth.
Our results relate by showing that the presence of borrowing-constrained agents also
makes the fiscal multiplier quite sensitive to the time paths of the lump-sum tax and
public debt. In particular, we observe that the impact multiplier is around 13 percent
higher under the non-debt-intensive fiscal rule than under the debt-intensive fiscal rule.
Of course, the magnitude of fiscal multipliers also depends on other factors like, for
example, the existence of distortionary taxes. However, our results show that when
focusing exclusively on the interplay of debt policy and financial market imperfections,
a fiscal rule that leads to a temporary strong increase in public debt tends to reduce
the expansion of output.

In summary, our results show that changes in debt policy have a significant impact
on the responses of consumption, leisure, capital and output to the positive government
spending shock. As a rule of thumb, it can be said that if the government allows for a
temporary strong increase in public debt, i.e. implements a debt-intensive fiscal rule, we
observe a stabilizing effect on consumption and leisure in the first periods following the
change in government spending. In contrast, if the government keeps the primary deficit

small, i.e. implements a non-debt-intensive fiscal rule, we observe a faster recovery of

2 Furthermore, as recently emphasized by Angeletos et al. (2013) and Angeletos et al. (2016), a
higher interest rate also means an increase in the tax burden of servicing the outstanding debt.
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consumption and leisure in later periods. Furthermore, if the government keeps the
primary deficit small, we observe a larger fiscal output multiplier. In the next section,
we address the question how the differences in debt policy affect aggregate and individual

welfare.

5.4.2 Welfare and optimal policy

The observed differences in the adjustment paths of aggregate variables do not offer a
simple answer to the question of which type of fiscal rule maximizes aggregate welfare.
On the one hand, agents may prefer a debt-intensive fiscal rule that leads to a temporary
strong increase in public debt in response to the increase in government spending and
that has a stabilizing effect on consumption and leisure in the first periods of transition.
On the other hand, agents may also prefer a non-debt-intensive fiscal rule that keeps
the primary deficit small and leads to a faster recovery of consumption and leisure in
later periods of transition. To assess the welfare consequences, we compute for both
fiscal rules the change in aggregate welfare between the case when the economy remains
in the stationary equilibrium and the case when the government spending shock occurs
at t=0. We also report welfare changes at later points in time along the transition
to gain more information about the temporal pattern. Note however, that the overall
welfare effect is measured at period t=0 and takes account of the entire transition path.

Formally, we define a change in aggregate welfare, AW, according to

_ fa,e ‘/t(a7e>qjt(aae) «100
faﬁ Vis(a,e)¥ss(a,e) ’

AW, = (1 (5.15)
where Vi(a,e) is the optimal value function at time ¢ and ¥y(a,e) is the distribution
of agents over asset holdings and productivity at time t given that the government
spending shock occurs at t=0. Vis(a,e) and Uys(a, €) are the optimal value function and
distribution, respectively given that the economy remains in the stationary equilibrium.

Figure 5.4 shows the results for the two fiscal rules in our benchmark economy. First,
we observe that an increase in government spending leads to an aggregate welfare loss
irrespective of the underlying fiscal rule. This result is not surprising since aggregate
consumption decreases and the average fraction of time devoted to working increases in
response to the government spending shock. More importantly, however, when taking
account of the entire transition path at t=0, we observe that the drop in aggregate
welfare is more moderate under the debt-intensive fiscal rule than under the non-debt-
intensive fiscal rule. In other words, we find that implementing the debt-intensive
fiscal rule leads to a larger aggregate welfare benefit than implementing the non-debt-
intensive fiscal rule. Quantitatively, the difference in aggregate welfare between the two
fiscal rules remains rather moderate. If we take account of the entire transition path,

the difference in aggregate welfare between the two fiscal rules means a difference in
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Figure 5.4: Aggregate Welfare Effects
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permanent consumption of around 0.1 percent.?® The small quantitative effect reflects
the fact that both fiscal rules provide their benefits that pay off at different points in
time along the transition path. However, despite the small quantitative effect, we can
conclude that agents prefer the debt-intensive fiscal rule on the aggregate level.

Having found that aggregate welfare is higher under the debt-intensive fiscal rule, we
next address the question how the individual welfare gains of implementing the debt-
intensive fiscal rule are distributed among the population. Since agents are affected
differently by changes in debt policy, dependent on the level of financial wealth and
of labor productivity, agents will also benefit differently from implementing the debt-
intensive fiscal rule. To assess the individual welfare effects, we compute the change
in individual welfare between the debt-intensive and the non-debt-intensive fiscal rule,
taking into account the entire transition path. Formally, we define a change in individual
welfare, Aw(a, e), according to

B VP(a, e)
Aw(a,e) = <1 - VNDm,e)> * 100, (5.16)

where VP (a,e) and VNP (a, e) are the optimal value functions under the debt-intensive
fiscal rule and the non-debt-intensive fiscal rule, respectively. A positive number means

that implementing the debt-intensive fiscal rule leads to a welfare gain.

25To translate the difference in aggregate welfare between the two fiscal rules into differences in
permanent consumption, we consider the following calculations. First, we compute the constant con-
sumption level equal for each agent, cq4, that leads to the same aggregate welfare as observed under the
debt-intensive fiscal rule. Formally, ¢4 solves cq = [(1—)(1—p)W4]*1=?) where Wy denotes aggregate
welfare under the debt-intensive fiscal rule. Following the same steps, we then compute the constant
consumption level equal for each agent, c,q, that leads to the same aggregate welfare as observed under
the non-debt-intensive fiscal rule. By taking the difference between c,q and cq4, we get an estimate of
how much permanent consumption differs between the two fiscal rules.
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Figure 5.5: Individual Welfare Effects
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Figure 5.5 shows the results for agents with low and high labor productivity. First,

we observe that the individual welfare gain of implementing the debt-intensive fiscal
rule is especially high for wealth-poor agents with low productivity. This result confirms
the intuition that agents who suffer most from the financial market imperfections also
benefit most from the stabilizing effect of the debt-intensive fiscal rule. Wealth-poor
agents with high productivity also experience a welfare gain, but the differences are
quantitatively smaller. Agents with high productivity are slightly less affected by the
borrowing constraint and, thus, benefit less from the debt-intensive fiscal rule. Moving
to higher levels of financial wealth, Figure 5.5 shows that also rich agents prefer the
debt-intensive fiscal rule to the non-debt-intensive fiscal rule. This result may seem
surprising as rich agents behave in line with Ricardian equivalence and, thus, should be
indifferent between the two fiscal rules. However, rich agents benefit from the fact that
the interest rate has to increase to higher levels under the debt-intensive fiscal rule due
to the sluggish increase in aggregate saving. That means rich agents benefit from the
interest rate effect of the debt-intensive fiscal rule. Finally, Figure 5.5 also shows that
the debt-intensive fiscal rule does not lead to a welfare gain for all members of society.
Agents who are neither very poor nor very rich but have a low level of productivity
experience a small welfare loss under the debt-intensive fiscal rule. Agents who are
neither very poor nor very rich do not particularly benefit from either the stabilizing
or the interest rate effect of the debt-intensive fiscal rule, but strongly suffer from the
larger drop of the wage rate under the debt-intensive fiscal rule. Hence, while the
interest rate effect of the debt-intensive fiscal rule leads to a welfare gain for rich agents,
the associated wage effect leads to a welfare loss for agents with moderate wealth. The
fact that not all agents may benefit from the debt-intensive fiscal rule naturally raises
the question which type of fiscal rule has the greater political support, i.e. which type
of fiscal rule is preferred by more than 50 percent of the population. Although the

results in Figure 5.5 point in favor of the debt-intensive fiscal rule, the outcome may be
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reverse if the majority of agents turns out to be neither too poor nor too rich in order to
benefit from the debt-intensive fiscal rule. Computing the individual welfare effects for
all agents, we find that around 68 percent of the population experience a welfare gain
under the debt-intensive fiscal rule while around 32 percent of the population experience
a small welfare loss. Although the share of agents experiencing a small welfare loss is
not nil, we can conclude that the vast majority of agents prefers the debt-intensive fiscal
rule to be implemented. Among the biggest winners are the wealth-poor agents with
low productivity who benefit most from the stabilizing effect of the debt-intensive fiscal
rule.

In summary, our results show that when isolating the interplay of debt policy and
financial market imperfections, a temporary strong increase in public debt in response
to the increase in government spending can be justified on the grounds of optimal
debt policy. The debt-intensive fiscal rule leads to a larger aggregate welfare benefit
compared to the non-debt-intensive fiscal rule, and also means an individual welfare
gain for the vast majority of agents. Furthermore, as Figure 5.6 shows, the benchmark
parametrization of the debt-intensive fiscal rule with ¢ = 0.2 is also preferred to any
other parametrization of the debt-intensive fiscal rule with a higher value of ¢. From
this perspective, our results provide some rationale for the observed pattern of public
debt.

Having established the above results, it also seems interesting to briefly compare
them to the related literature in this field. Though different fiscal policy experiments
have been considered, the observed support for the debt-intensive fiscal rule seems to
form a common pattern. For example, Réhrs and Winter (2017) consider the transition
path between two stationary equilibria where the latter is associated with a lower level
of public debt. The authors show that optimal fiscal policy means that the required
increase in taxes should be smooth in the beginning of the transition, getting more pro-
nounced only in later periods. Although we consider a different fiscal policy experiment,
our debt-intensive fiscal rule plays a very similar role by allowing for a smooth increase
in taxes in the first periods of transition, thereby providing a stabilizing effect for poor
agents with low financial wealth. This motive becomes even more clear from the work
of Heathcote (2005) who considers a temporary tax cut financed by higher public debt.
Heathcote (2005) shows that the implied increase in private consumption under this
policy is particularly strong for wealth-poor agents at the borrowing constraint. Fi-
nally, Desbonnet and Weitzenblum (2012) show that when transitional dynamics are
taken into account, the optimal level of public debt may be higher than in a pure steady
state comparison. What connects these different experiments is that they emphasize the
short-run impact of public debt, acting as stabilizer for poor agents who are affected
most by the financial market imperfections. Furthermore, the results show that the
short-run effects of public debt may be very different from the optimal long-run level of

public debt.?6 However, what is also a common feature is that there exists a trade-off

26This becomes most clear from the fact that the optimal long-run level of public debt that is derived
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between the different regimes of debt policy. This follows from the fact that higher
public debt today means a pronounced increase in taxes in later periods of transition.
As we have shown, the differences in aggregate welfare between the debt-intensive and
the non-debt-intensive fiscal rule are quantitatively rather small, reflecting the fact that
both policies provide their benefits. Hence, small changes in the valuation of the two
fiscal rules may lead to big changes regarding the optimal time paths of public debt and
taxes. We share this result with the related literature showing that optimal debt policy
in incomplete-markets models can vary strongly and is closely tied to the underlying
model assumptions. To address this issue, we provide some robustness considerations

in the next section.

Figure 5.6: Aggregate Welfare and Debt-Intensive Fiscal Rule
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Note: Figure 5.6 shows the change in aggregate welfare between the case where the economy
remains in the stationary equilibrium and the case where the government spending shock occurs
in period t=0 for different parametrizations of the debt-intensive fiscal rule. The results show
that aggregate welfare decreases with higher values of ¢ as the welfare loss associated with the
government spending shock increases.

5.4.3 Sensitivity analysis

To assess the robustness of the results, we repeat our fiscal policy experiment for differ-
ent model specifications and parametrizations. First, we modify the stochastic process
for labor productivity along the lines of Réhrs and Winter (2017), which leads to higher
wealth inequality in the stationary equilibrium. Second, we allow for more pronounced
differences in the time paths of public debt and taxes and, third, we consider a higher
level of the discount factor. As a main result, we find that our policy implications
remain qualitatively robust; a strong temporary increase in public debt in response to

the government spending shock still leads to the largest aggregate welfare benefit.?”

from a steady state comparison is negative in our benchmark economy as in Rohrs and Winter (2017).
Hence, the support for the debt-intensive fiscal rule is not driven by preferences for a higher long-run
level of public debt.

2TWe also considered higher initial debt-to-output ratios (100%, 120%) and find that the aggregate
welfare effects remain robust. Furthermore, we also find that the aggregate welfare effects are robust
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Income process and wealth inequality

As emphasized by Réhrs and Winter (2017), changes in the wealth and earnings dis-
tribution may have a strong impact on the optimal quantity of public debt. Rohrs
and Winter (2017) verify this effect with respect to the long-run equilibrium and the
adjustment path given a constant level of government spending. In our first exercise,
we want to test whether changes in the wealth distribution also have a strong impact
on the optimal time paths of public debt and taxes following a government spending
shock. For this, we largely adopt the specification of the labor productivity process
proposed by Rohrs and Winter (2017). The vector of productivity states, s, and the

corresponding transition matrix, II, are shown below.

0.940 0.040 0.020 0.000
0.034 0.816 0.150 0.000
0.001 0.080 0.908 0.011
0.100 0.015 0.060 0.825

s=[0.32, 0.6, 1.2, 8], = (5.17)

Compared to our benchmark AR(1) process, the productivity process in (5.17) is
characterized by a larger difference between the lowest and highest state of productivity
and a higher probability of moving from the highest state today to the lowest state
tomorrow. These two features generate a strong saving motive even for wealth-rich
agents, which crucially drives the unequal distribution of financial wealth. As Table
5.2 shows, the top 20 percent of the population in the stationary equilibrium own more
than 85 percent of total wealth, whereas the poorest 40 percent of the population own
less than 1 percent of total wealth. Compared to our benchmark economy this means a
higher concentration of financial wealth in the top quintile and a larger share of agents
who have hardly any resources to buffer a change in current income. The latter result is
especially important for our fiscal policy scenario since it means a larger share of agents

who are affected by the borrowing constraint.

Table 5.2: Stationary Distribution of Financial Wealth

Bottom 40.0%  3rd 20.0% 2nd 20.0%  Top 20.0%

Financial Wealth (%) 0.11% 4.52% 8.72% 86.65%

Figure 5.7(c) and Figure 5.7(d), respectively show the responses of private consump-
tion and hours worked to the government spending shock under the new productivity

process.?® We observe that, despite the changes in the wealth distribution, the general

to the introduction of a proportional labor income tax in replacement of the lump-sum tax. However,
since we are mainly interested in the interplay of debt policy and financial market imperfections, we
stick to the lump-sum tax approach and focus on the robustness exercises outlined above.

28 Note that we leave other parameter values unchanged to facilitate the comparison with the bench-
mark economy.
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pattern remains largely the same as in the benchmark economy. The debt-intensive
fiscal rule provides a stabilizing effect on consumption and leisure in the first periods
following the change in government spending, whereas the non-debt-intensive fiscal rule
leads to a faster recovery of consumption and leisure in later periods. Quantitatively,
however, the differences between the two fiscal rules become more pronounced compared
to the benchmark economy. For instance, the drop in consumption in the initial period
is around 16 percent lower under the debt-intensive fiscal rule than under the non-debt-
intensive fiscal rule. In the benchmark economy, the difference is quantitatively smaller
and equals 7 percent. The stronger quantitative effect reflects the fact that the fraction
of borrowing-constrained agents increases under the new productivity process, which

amplifies the influence of debt policy.

Figure 5.7: Alternative Productivity Process
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Note: Panel (a)-(d) show the adjustment paths of public debt, taxes, private consumption
and hours worked, respectively for the productivity process in (5.17). Panel (e) shows the
corresponding aggregate welfare effects that are computed according to equation (5.15).
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Figure 5.7(e) shows the corresponding aggregate welfare effects that are computed
according to equation (5.15). Similar to the responses of consumption and hours worked,
we observe that the aggregate welfare effects are qualitatively robust to the change in
the productivity process. Specifically, when taking into account the entire transition
path at t=0, aggregate welfare remains to be higher under the debt-intensive fiscal rule.
Quantitatively, the difference in aggregate welfare between the two fiscal rules becomes
more pronounced compared to the benchmark economy. Under the new productivity
process, the difference in aggregate welfare between the two fiscal rules means a differ-
ence in permanent consumption of around 0.3 percent. In the benchmark economy, the
difference is quantitatively smaller and equals 0.1 percent. Thus, we find that changes
in the wealth distribution have an effect on the optimal time paths of public debt and
taxes, but they do not change the general pattern. In particular, we do not find evidence
that higher wealth inequality tends to reduce the optimal level of public debt. If at all,
we find stronger support for the debt-intensive fiscal rule which reflects the fact that a

larger share of agents benefits from the stabilizing effect of the debt-intensive fiscal rule.

Fiscal rules

The second exercise aims at showing that the derived welfare effects are not tied to
the functional form of the underlying fiscal rule and persist under more pronounced
differences in the time paths of public debt and taxes. For this, we modify the non-
debt-intensive fiscal rule to capture the extreme case of taxes moving one-to-one with
changes in government spending while public debt remains at the initial steady state
level.?? The debt-intensive fiscal rule is modified to capture the other extreme case
where taxes barely move in the first periods of transition. Note that this specification
of the debt-intensive fiscal rule violates the restriction that public debt follows a stable
difference equation for these first periods.

Figure 5.8(c) and Figure 5.8(d), respectively show the responses of private consump-
tion and hours worked to the government spending shock under the two modified fiscal
rules. Similar to the previous exercise, we observe that the general pattern remains
largely unaffected, but the differences between the two fiscal rules are more pronounced
compared to the benchmark economy. For instance, the drop in consumption in the
initial period is 15 percent lower under the debt-intensive fiscal rule than under the
non-debt-intensive fiscal rule. In the benchmark economy, the difference is quantita-
tively smaller and equals 7 percent. The stronger quantitative effect is not surprising
in this case as the two fiscal rules strongly amplify the influence of debt policy.

Figure 5.8(e) shows that the robust behavior of consumption and hours worked also
carry over to the aggregate welfare effects. When taking account of the entire transition
path at t=0, aggregate welfare remains to be higher under the debt-intensive fiscal
rule. Furthermore, we observe that the aggregate welfare gain of implementing the

debt-intensive fiscal rule increases compared to the benchmark economy. The stronger

29This outcome is, approximately, obtained when ¢ becomes extremely large, approaching infinity.
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Figure 5.8: Modified Fiscal Rules
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Note: Panel (a)-(d) show the adjustment paths of public debt, taxes, private consumption and
hours worked, respectively for the two modified fiscal rules. Panel (e) shows the aggregate
welfare effects that are computed according to equation (5.15).

support for the debt-intensive fiscal rule reflects the increased benefits of raising the
level of public debt. In sum, we find that our policy implications are robust to more
pronounced differences in the time paths of public debt and taxes and, thus, are not

tied to the specific form of the underlying fiscal rule.

Discount factor

In the last exercise, we test the robustness of the aggregate welfare effects with respect
to an increase in the discount factor, 8. A higher value of 5 means a higher weight of
future periods in the agent’s utility function. This case is of interest as it may shift the
results in favor of the non-debt-intensive fiscal rule whose benefits especially pay off in

later periods of transition. Compared to our benchmark economy, we increase § from
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Figure 5.9: Increase in 8
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Note: Panel (a)-(d) show the adjustment paths of public debt, taxes, private consumption and
hours worked, respectively for the higher value of 8. Panel (e) shows the aggregate welfare
effects that are computed according to equation (5.15).

0.954 to 0.98. The other parameter values are kept at their benchmark levels.

Figure 5.9(e) shows that the higher value of 8 in fact brings the two fiscal rules
closer together. Compared to the benchmark economy, the difference in permanent
consumption between the two fiscal rules is cut by more than half. However, we also
observe that the balancing effect is not strong enough to change the well-known pattern.
As in all previous exercises, we observe that agents still prefer the debt-intensive fiscal

rule on the aggregate level.
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5.5 Concluding remarks

In this paper we employed a heterogeneous-agents, incomplete-markets model, which we
calibrated to match key characteristics of the US economy. We used the model to analyze
the influence of debt policy on the economy’s response to an increase in government
spending. We found that a debt-intensive fiscal rule that leads to a temporary strong
increase in public debt has a stabilizing effect on consumption and leisure in the first
periods following the change in government spending. In contrast, a non-debt-intensive
fiscal rule that keeps the primary deficit small leads to a faster recovery of consumption,
leisure, capital and output in later periods of transition. The observed differences in
the adjustment paths of aggregate variables can be traced back to the different response
of wealth-poor agents to a change in either the lump-sum tax or in government debt.
We also studied the individual and aggregate welfare effects to determine the optimal
fiscal rule and to identify those members of society who benefit most from implementing
the optimal fiscal rule. We found that the debt-intensive fiscal rule leads to the largest
aggregate welfare benefit and receives support from the vast majority of agents, the
benefits being particularly high for wealth-poor agents with low productivity. Thus,
from a political economy perspective, our results provide some rationale for the observed
pattern of public debt. However, one has to also bear in mind that there are a number of
factors that counteract a too optimistic view of high public debt. First, the differences
in aggregate welfare between the fiscal rules are quantitatively rather small. Hence,
if other elements that are commonly associated with a high level of public debt, e.g.
an increase in the default risk, play a dominant role, the benefits of implementing the
debt-intensive fiscal rule may be overturned. Second, there is a conflict between two
potential targets of fiscal policy. While the debt-intensive fiscal rule in our benchmark
economy leads to the larger aggregate welfare benefit, the non-debt-intensive fiscal rule
leads to the larger fiscal output multiplier. Dependent on the weight of each target,
a more balanced time path of public debt and of taxes may be preferable. Finally,
our model economy shows a rather simple structure with respect to the available tax
instruments. While the simple framework allows us to highlight the interplay of debt
policy and financial market imperfections, it certainly does not cover all aspects that
may influence the design of optimal debt policy. As the related literature shows, optimal
debt policy in heterogeneous-agents economies can vary greatly. Nevertheless, despite
all these limitations and cautious interpretations, our results show that when isolating
the interplay of debt policy and financial market imperfections, a temporary increase in
public debt in response to an increase in government spending may be justified on the

grounds of optimal debt policy.
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5.6 Appendix

Numerical Methods

Solving the model requires to compute the initial stationary equilibrium and the ad-
justment paths of aggregate variables following the government spending shock. We
use standard methods for both parts. To compute the stationary equilibrium, we start
with an initial guess of the interest rate and wage rate. Next, we place a grid over
the state space of current asset holdings with more grid points being allocated to lower
levels of financial wealth. The agent’s policy functions for consumption, next period’s
asset holdings and labor supply are computed by Euler equation based policy function
iteration.?? With the policy functions at hand, we compute the invariant distribution
of agents over asset holdings and productivity to obtain the new values of aggregate
variables. Finally, we update the guess of the interest rate and wage rate and repeat the
procedure until markets clear, except for a tolerably small approximation error. Once
the stationary equilibrium has been recovered, we can compute the economy’s response
to the government spending shock. For this, we firstly specify the government spending
shock and choose the number of transition periods, T. We set T sufficiently large to
allow the economy to return to the steady state equilibrium in T periods. Next, we
make an initial guess for the time paths of the interest rate and wage rate and compute
the sequence of policy functions by iterating backwards in time, starting from period
t = T-1. The sequence of distributions and of aggregate variables are computed by
moving forward in time. Finally, the initial guess for the time paths of the interest rate
and wage rate are updated and the procedure is repeated until markets clear at each

point in time, except for a tolerably small approximation error.

30See Coleman (1990) and Deaton (1991) for an exposition of the approach of iterating on the Euler
equation.
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