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Abstract of Dissertation

Essays on the Effects of Macroeconomic Volatility

This dissertation consists of three essays of how macroeconomic fluctuations affect
the welfare and financial deepening, evaluating the cyclical response of fiscal policy
from the expenditure side. The first chapter analyzes the welfare cost of macroeco-
nomic (real) volatility in term of the equivalent variation of per-capita annual con-
sumption for developed countries and one representative developing region (Latin
America). In an influential set of lectures, Lucas argues that the welfare cost associ-
ated with the business cycle in United States has been negligible in the post-WWII
era. As a corollary of his finding, policies more countercyclical, than those already
applied would be unnecessary. Although most developing countries register higher
macroeconomic volatility in terms of GDP and consumption per capita, there are few
studies that estimate and compare the welfare consequences of real volatility in these
economies. Starting with the Lucas framework, 1 provide a quantitative assessment
of the welfare cost of macroeconomic fluctuations for developed and Latin American
countries. Two alternative models are evaluated across countries: the first one allows
for a stochastic trend in the consumption process, while the second one is a general
equilibrium model with uninsurable idiosyncratic labor risk. Through the second al-
ternative specification, I find non-negligible welfare costs of more than two-orders of
magnitude higher than those estimated with the Lucas model.

Since the high macroeconomic volatility is a well-known phenomenon in most de-
veloping countries, many empirical and theoretical works identify the shallow finan-
cial system as the source of output volatility, resulting in inefficient risk-sharing and
credit misallocation. Other studies, however, emphasize that patterns of production
and the lack of technological diversification are responsible for the high and persistent

volatility, but without considering that volatility originating in the real sector may
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hinder the development of financial system. To explore this possible interaction, in
Chapter 2, I develop a general equilibrium framework to explain the channels through
which high and persistent macroeconomic volatility can affect financial deepening, by
focusing on the exogenous shocks from the real sector. I find that the volatility of
total factor productivity (TFP) shocks does not translate one-to-one to a change in
output volatility, because of adjustments to investment in capital accumulation in-
duced by changes in the risk premium. This response of the risk premium to TFP
shocks explains why real volatility can hinder financial deepening. Consequently, a
reduction in the aggregate volatility may increase the country’s financial deepening.
From this perspective, a shallow financial system can thus be a by-product of the
high and persistent macroeconomic volatility.

Promoting more resilient output sectors requires time and resources, in the mean-
time, policy makers should focus on reducing macroeconomic fluctuations to trigger
its beneficial effects on financial development. Given the policy challenges, in Chapter
3, the cyclical properties of government expenditures are assessed in both developing
and industrial countries for the period 1970-2014. In most developing regions, fiscal
policy, from the expenditure side, has been mainly procyclical during the period, while
acylical or countercyclical in industrial countries. However, it is possible to identify a
breaking point (year) after which the fiscal policy has become more acyclical, or even
countercyclical. For developing Asia this year is 1999, while 2002 and 2005 for Sub-
Saharan-African and Latin American countries respectively. Asymmetric behaviors
of fiscal policy are also registered during the business cycle in all regions. Finally,
there is evidence that fiscal policy tends to be more procyclical with low financial

openness and acyclical the higher is the access to external borrowing.
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Introduction

As is well documented, most emerging and developing countries exhibit higher and
more persistent output volatility than developed (industrial) economies. In this dis-
sertation, I explore the different consequences of high and persistent macroeconomic
volatility: from its welfare cost to its relatively unexplored link to shallow financial
systems, including an assessment of the fiscal policy response from the expenditure
side. Throughout this dissertation, the terms business cycle, macroeconomic volatil-
ity, and aggregate risk are used interchangeably.

Lucas (1987) argues that the welfare gain from eliminating macroeconomic fluc-
tuations are negligible, thus policies more countercyclical, than those already applied
would not bring additional benefits. Since his seminal work, a large literature has ana-
lyzed the welfare effect of macroeconomic (real) fluctuations for the US economy with
different specifications and assumptions. Although most developing countries register
higher macroeconomic volatility in terms of GDP and consumption per capita, there
are few studies that estimate and compare the welfare consequences of business cycles
in these economies.

In Chapter 1, I resume the discussion of how important is the welfare effect
of reducing, or eliminating, the macroeconomic volatility. Different frameworks are
calibrated not only for developed countries, but also for Latin American economies,
as a representative developing region. I find that the welfare cost of real volatility
is always small in the Lucas framework, no matter how volatile the economy is.
Therefore, two alternative models are evaluated across countries: the first one allows
for a stochastic trend in the consumption process, while the second one is a general
equilibrium model with an uninsurable idiosyncratic risk that follows the Krebs (2003)
model. As a result, welfare cost of more of more than two-order of magnitude higher

than in Lucas model are estimated with the general equilibrium framework.



Typically, the relationship between financial deepening and macroeconomic volatil-
ity is often analyzed as a unidirectional phenomenon. Most empirical works that study
the causal effects of financial deepening on output volatility are based on theoreti-
cal models that point to the underdeveloped financial system as the main source of
high macroeconomic volatility. Instead of absorbing the shocks, credit market im-
perfections amplify them, with the result that firms are unable to pool the risk of
high-return investments, and respond by choosing low-return projects. However, a
second line of theoretical and empirical studies argues that the macroeconomic volatil-
ity in many emerging countries comes from their production pattern, which is highly
concentrated in more volatile industries with nonflexible technologies. Therefore, if
the degree of financial development is not the primary source of volatility, it remains
the question of how high and persistent macroeconomic fluctuations can affect the
depth of financial system. Although some intuitive answers can be proposed with
partial equilibrium frameworks, the question requires a general equilibrium approach
to explain the causal relationship between the macroeconomic volatility and financial
deepening.

In Chapter 2, I study the channels through which persistent output volatility
can affect the financial deepening, for economies where aggregate volatility is an in-
trinsic phenomenon originating in the real sector. To this aim, I propose a general
equilibrium framework where investors (capital producers) are subject to an uninsur-
able idiosyncratic risk, whose distribution is affected by the aggregate risk. Financial
intermediaries diversify their portfolios with two possible investment options: lend-
ing to the capital producer or buying a risk-free government bond. The model is
an extension of Labadie (1998), with an optimal contract scheme similar to the one
proposed by Bernanke, Gertler, and Gilchrist (1999). The main finding is that a
reduction (increase) in aggregate volatility increases (reduces) the optimal level of

private loans and investments by lowering (increasing) the risk premium of lending



to the capital producers, which may increase (reduce) the financial depth indicator.
At the same time, the aggregate risk is not translated one-to-one to output (GDP)
volatility, given its indirect effect on capital accumulation.

In addition to structural problems, inconsistent macroeconomic policies have played
an important role in increasing the macro volatility in developing countries. If the wel-
fare cost of real volatility is non-negligible, then more countercyclical policies might
reduce macroeconomic cycles. However, if the shallow financial system is a by-product
of high and persistent aggregate risk, the transmission mechanisms of monetary policy
in these economies might be affected. In Chapter 3, following Calderén, Chuhan-
Pole, and Lépez-Monti (2017), the cyclical properties of government consumption
in industrial and developing countries are analyzed. Although most developing re-
gions have conducted procyclical fiscal policies (from the expenditure side) during
the period 1970-2014, some progress has been made towards more countercyclical (or
acyclical) policies since the end of last century. Evidence of an asymmetric behavior
during the cycle are found, while financial openness seems to play a role to explain

the degree of fiscal policy cyclicality.



Chapter 1

The Welfare Cost of Real Volatility: A Comparative Analysis!

In a seminal work, Lucas (1987, 2003) argues that the business cycle in the US econ-
omy after the WWII has generated negligible welfare cost, i.e. equivalent to less than
one-hundredth of one percent of annual per capita consumption. Thus, he suggests
that additional countercyclical policies beyond those already applied would be unnec-
essary. Since most of the related literature estimates the welfare cost generated by the
US business cycle, in this article I extend the study not only to all developed coun-
tries, but also to the Latin American economies. I cover the period from 1960 to 2006,
before the international financial crisis, to make my results comparable with other
works previous to the crisis. I assess the welfare cost through different specifications,
taking the representative agent model suggested by Lucas (1987) as the baseline case.
In addition, I consider two alternative frameworks, which do not intent to match the
consumption process, but to compare the welfare cost through other specifications.
The first one is an extension of the baseline case by allowing for a stochastic trend in
the consumption process, while the second one is a general equilibrium analysis with
uninsurable idiosyncratic human capital risk following Krebs (2003). With the latter
model, I find non-negligible welfare costs of more than two-order of magnitude higher
than those estimated with the Lucas model. In fact, the annual increase of per capita
consumption that would compensate households for living with the real volatility can
reach 9.1 percent in Latin America and 7.7 percent in the US economy, compared to
0.06 percent and 0.006 percent respectively estimated with the baseline model.

The Lucas results have been tested using different assumptions and specifications.

Obstfeld (1994), Dolmas (1998), and Tallarini (2000) assume Epstein-Zin preferences

T started working on this study as part of my M.Sc. Dissertation at the University of Warwick.
Preliminary versions have been presented in international conferences and meetings during the last
years



which better fit asset prices data by separating the elasticity of intertemporal sub-
stitution from the coefficient of relative risk aversion. This alternative specification
suggests that consumption volatility is not very costly unless fluctuations are highly
persistent: the welfare cost in terms of per capita consumption ranges between 0.01
percent and a maximum value of 12.6 percent, with serially correlated consumption
fluctuations and higher risk-aversion.

On the other hand, there are several studies that consider consumer heterogeneity.
Thus, volatility faced by some fraction of the population might be underestimated.
Based on the empirical evidence, Imrohoroglu (1989) finds that stabilization affects
earning risk by avoiding long periods of unemployment, given the fact that unem-
ployment spells are short in ”"good times” but longer during a recession. As a result,
she estimates a cost of business cycle in the US economy of about 0.3 percent of
household consumption, ruling out the interest rate risk. Krusell and Smith (1999)
follow the idea that stabilization reduces the period of unemployment, but they al-
low for the interest rate to vary over the cycle and introduce an asymmetric wealth
distribution. Under this framework, the cost of aggregate fluctuations would be 3.68
percent for those individuals who are unemployed, but smaller and even negative
for households with savings. As a result, in the Krusell-Smith’s framework the real
volatility might be on average beneficial, depending on the fraction of the population
who are unemployed and with borrowing constraints. Thus, in countries with better
wealth distribution and extended access to the financial markets, stabilization policies
could make the majority of people worse off. However, this is not the case of most
emerging economies, which are characterized by an unequal wealth distribution and
a less-developed financial system.

By looking at the US reports of household earnings, Storesletten et al. (2001)
find that income shocks are highly persistent. When an idiosyncratic labor income

risk is introduced and household’s income falls, the earnings will be low for a longer



time than in Krusell-Smith’s specification. They estimate a gain from eliminating the
aggregate fluctuations in the US economy of 2.5 percent of life-time consumption as a
whole, while for those household without any savings the gain reach 7.4 percent. On
the other hand, Krebs (2003) extends Storesletten et al. (2001) by adding permanent
idiosyncratic income shocks that households are not able to offset. The welfare cost
of real volatility in his calibration for the US economy is 7.4 percent of the life-time
household consumption.

Other papers suggest that the average consumption level might change in re-
sponse to stabilization policies. Instead of reverting to its trend, as in Lucas model,
consumption might increase with stabilization. In other words, the consumption path
in a stable economy might exceed the expected level with high macroeconomic fluctu-
ations. Following this assumption, De Long et al. (1988) estimate a cost between 1.6
percent and 1.9 percent of US household consumption. Finally, stabilization might
affect the consumption growth rates instead of the levels. Indeed, Barlevy (2004)
shows that the welfare effects of real volatility might be substantial, reaching 8 per-
cent of life-time consumption. Alternatively, Pallage and Robe (2003) is one of the
few studies addressing the welfare cost of consumption volatility in poor countries.
They find that the potential welfare gain from eliminating the macro volatility in
poor countries exceeds the gain from one percent increase in the growth path.

In the next section, I characterize the macroeconomic fluctuations in both devel-
oping and developed countries. In the following section, the welfare costs associated
with real volatility are studied through the different specifications, taking the Lucas

model as the baseline case.



1.1 The Macroeconomic Volatility in Perspective

The standard deviation of per capita GDP growth rates is the most common indi-
cator of macroeconomic fluctuations to capture the volatility of the whole economy.
However, the second moment is also used to study the behavior of different GDP
components, such as consumption, investments, exports, and so on. In general, the
“volatility” of a certain variable refers to its deviation from a reference value, which
gives the idea of a permanent state or trend. Since most economic variables (in lev-
els) are non-stationary, i.e. the fluctuation is around a non-constant trend, different
statistical techniques can be used to separate the permanent (trend) and transitory
components (cycle).

Figure 1.1: Standard Deviation of per Capita GDP Growth, 1961-2016 (median by
region)

Sub-Saharan Africa (36)
Middle East & North Africa (5)
World

Latin America (18)

East Asia & Pacific (7)

South Asia (5)

Developed Coutries (19)

0.0 1.0 2.0 3.0 4.0 5.0 6.0

Source: Author’s calculations based on WDI, ECLAC and PWT data.
Note: GDP per capita is at constant 2010 dollars. The number of countries in each group is given
in parenthesis. The World comprises a total of 90 countries.

Although macroeconomic volatility is a worldwide phenomenon, most developing
countries have registered the highest levels of GDP per capita volatility over the
last five decades (Figure 1.1). At a country level, the real volatility is not only

higher in most developing countries but it seems to have a negative effect on growth

7



(Figure 1.2).This phenomenon was first documented by Ramey and Ramey (1995) and
motivated an extensive literature on the negative relationship between volatility and
growth.? Figure 1.2 shows that most developed countries are grouped with relatively
low level of macroeconomic fluctuations and growth, while the developing countries
have different patters. Therefore, the study of the welfare effects of real volatility

should not only focus in the US economy, but also in the developing countries.

Figure 1.2: Volatility and Growth, 1961-2016
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Source: Author’s calculations based on WDI, ECLAC and PWT data.
Note: GDP per capita is at constant 2010 dollars.

Hnatkovska and Loayza (2005) use an ad-hoc definition of “crisis” volatility, specif-
ically when the per capita GDP growth lies below one standard deviation of the
worldwide average of per capita GPD growth. Following this definition from 1961 to
2006, only the developing regions (i.e. Latin America, East Asia, and Sub-Saharan

Africa) registered “crisis” levels of per capita GDP growth (Figure 1.3). However, the

US economy and other developed countries became the epicenter for the international

2Among others Fatds (2002), Acemoglu et al. (2003), and Hnatkovska and Loayza (2005)



financial crisis of 2008-2009, that pulled the rest of world. The year 2006 will be the
end of the sample period (1960-2006) for which the welfare cost of macroeconomic
(real) volatility will be estimated in the following section. As was mentioned be-
fore, the financial crisis could easily be included in this assessment, but the resulting
estimates would not be comparable to previous literature.

Macroeconomic volatility is also measured through the standard deviation of the
cyclical component of the output per capita. Throughout this chapter the Hodrick-
Prescott (HP) filter is applied to isolate the transitory components of output and
consumption per capita, with a smoothing parameter A = 6.25 (Ravn and Uhlig
2002). When looking at volatility of the business cycle for different regions, the
resulted pattern replicates the ranking obtained through the standard deviation of
growth rates (Figure 1.1). Indeed, Figure 1.4 shows that the developing regions lead

the ranking of cycle volatility during the period.

Figure 1.3: Normal and Crisis Volatility, 1961-2016
(GDP per capita growth, median by region)
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Source: Author’s calculations based on WDI, ECLAC and PWT data.

Note: As in Hnatkovska and Loayza (2005), the shaded area defines the "normal” volatility as
one standard deviation of the worldwide median of per capita GPD growth rates (in constant 2010
dollars) during the period. The number of countries in each group is given in parenthesis. The
World comprises a total of 90 countries.



Figure 1.4: Volatility of the Business Cycle, 1961-2016
(Percentage difference from trend, median by region)

Sub-Saharan Africa (36)
Middle East & North Africa (5)
Latin America (18)

East Asia & Pacific (7)

South Asia (5)

Developed Coutries (19)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Source: Author’s calculations based on WDI, ECLAC and PWT data.

Note: The HP filter (with A = 6.25) is applied to the natural logarithm of GDP per capita (in
constant 2010 dollars) by country and the resulted cyclical component is then multiplied by 100.
The number of countries in each group is given in parenthesis. The World comprises a total of 90
countries.

Although explaining the structural reasons behind the higher macroeconomic
(real) volatility in most developing regions goes beyond is not the aim of this work,
the literature has basically identified three main reasons to explain the persistence of

high volatility on these economies:

(i) Some developing countries face larger external shocks than developed economies.
For instance, in the last four decades, Latin America has suffered important ex-
ternal shocks, nominal and real, as a result of fluctuations in both international

capital flows and terms of trade.

(ii) Production patterns are highly concentrated in more volatile industries that are
intensive in non-flexible technologies and unskilled workers, whereas the struc-
ture in developed countries is based on flexible technologies and skilled workers.
Kraay and Ventura (2007) argue that the cross-country differences in real volatil-
ity can be explained by different patterns in industrial specialization between

developed and developing economies. Alternatively, Koren and Tenreyro (2007)
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show that poorer countries are specialized in fewer and more volatile sectors
that explain higher macroeconomic fluctuations. In general, the previous find-
ings support the idea that more flexible and resilient to shock technologies are

chosen as the economic development increases.

(iii) Finally, institutional instabilities and inconsistent macroeconomic policies have
also played an important role in increasing the real volatility in several devel-
oping countries. Macroeconomic policies have been characterized by abrupt
changes in rules with deep socio-economic consequences. Most developing re-
gions have weaker “shock absorbers” or filtering mechanisms. They have had
inefficient market filters as a result of a shallow financial systems, insufficient
export diversification, and endogenous rigidities associated with the political
economy. Acemoglu et al. (2003) argue that most of these problems are associ-

ated with a weak institutional framework.

Given the fact that macroeconomic volatility is relatively higher in developing
countries, in the next section, I analyze the welfare cost of real fluctuations through
three different frameworks, not only for the US economy and other developed coun-
tries, but also for Latin American economies as a representative developing region.
Since this work focuses on the welfare effect of macroeconomic fluctuations, what ulti-
mately matters is the household consumption volatility. In a complete market scheme,
households could diversify portfolios and risk, shielding its consumption from income
volatility. In this context, households are able to avoid the “non-permanent” income
volatility through the precautionary savings and insurance mechanisms. However,
incomplete markets provide a limited protection in the context of permanent shocks.
The excess volatility of consumption is a well known feature that characterizes many
small-open economies. Indeed, Aguiar and Gopinath (2007) find that consumption is
40 percent more volatile than GDP in emerging economies, while slightly less volatility

than income for developed countries.
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1.2 Measuring the Welfare Cost of Real Volatility

The “welfare” is a subjective idea which not only depends on individual priorities
but also on the pleasure or happiness that consumption generates. For this reason,
the utility-function approach seems to be a natural way to measure satisfaction and
to rank different consumption plans, assuming rationality and completeness. In or-
der to measure the welfare effects of macroeconomic fluctuation, the main question
throughout this section is how large the increase in annual household consumption is

when the total volatility is eliminated. Formally,

U(1+A)CH =U[{CH, (1.1)

where actual household consumption (C;) deviates from the trend (C}) by an assumed
random variable. Thus, the cost of real volatility is represented by the fraction A,

which makes the consumer indifferent to the economic fluctuations.

1.2.1 The Baseline (Lucas) Model

Following Lucas (1987), the one-period preferences are defined by a constant relative

risk aversion utility function over the consumption plan:

U{Ci}] = Eo

O A |

Zﬁttl— ,with 0 < <1 andy > 0. (1.2)
-7

t=1

As usual f is the rate at which utility is discounted and ~ is equal to the coefficient
of relative risk-aversion, so the higher + the more reluctant is the consumer to face
a volatile consumption path. Given an initial value Cj, the per capita consumption

function is defined as follows:

Cr = (14 g)" Coest 77/, (1.3)
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where ¢ is the consumption growth rate and £(0,0.) is an i.i.d. normal random
variable. In this framework, the consumption level in the economy without real

fluctuations (i.e. 02 = 0) is equal to the expected value of C;. After some algebra,

1>
the percentage increase across all dates in annual consumption from eliminating the

consumption uncertainty is given by

(14+ A7) 0= — 1 i y#1
U1+ A) G} = 2 (1.4)

ln(l—l—A):% if y = 1.

Thus, the equivalent variation as a function of the consumption variance is

A(e®,7) =eTT—1, V. (1.5)

Therefore, the first-order Taylor approximation of Equation (1.5) in the neighborhood

of 02 = 0 yields:

0.2

A(o2,7) & TRORAS (1.6)

This represents Lucas’s approximation of the cost of consumption volatility, which
depends on the degree of risk aversion and the variance of the shock. Therefore,
real volatility is more costly the more volatile the economy becomes and the more
averse the individual is. However, by using US data for consumption volatility after
the WWII and assuming a log utility (7 = 1), Lucas (1987) shows that the cost of
consumption fluctuation is negligible. In other words, US consumers would be willing
to give up less than 0.01 percent of their consumption, uniform across all dates, in
order to get macro stability. In light of these results, Lucas concludes that more
aggressive countercyclical policies than those applied in the post-WWII period are
not needed, since they would bring almost no benefit in terms of welfare. Before going

on with the analysis it is important to clarify the scope of this finding.

13



Lucas does not argue that countercyclical policies are unnecessary at all from the
welfare point of view. On the contrary, what he points out is that further countercycli-
cal policies than those already applied in the US since 1945 would have a negligible
welfare gain for consumers. Real consumption volatility would have been larger if
stabilization policies had not been applied at all in US during the post-WWII. In-
deed, monetary and fiscal policies have played an important role in stabilizing the
US economy in the last decades, the question is whether additional countercyclical
policies would be useful. Since the welfare effects of real volatility are analyzed in
both developed and developing countries, Table 1.1 summarizes the welfare cost of
consumption volatility using the Lucas approximation, i.e. Equation (1.6), not only
for the United States and other developed economies, but also for Latin American
countries, that represent the developing world.

In general, under the Lucas framework and reasonable values of risk aversion,
eliminating the real volatility would entail negligible welfare cost across the coun-
tries. Although the cost of real fluctuations in Latin America is on average six times
higher than the average cost in developed countries (ten times higher than in US), it
is still lower than 0.6 percent of per capita consumption. It is straightforward to show
that these findings are due to the higher consumption volatility in Latin American
economies, where the standard deviation of the cyclical component of per capita con-
sumption is on average more than two times higher than that in developed countries

(see column 2).
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Table 1.1: Welfare Effects of Consumption Volatility with the Lucas Model
(Equivalent variation of per capita annual household consumption in percentage,
1961-2006)

STDEV of the

cyclical component  y=1.0 1.5 =2 =5 =10
United States 1.1 0.008 0.009 0.011 0.028 0.057
Latin America (simple average) 3.2 0.059 0.088 0.118 0.294 0.588
Argentina 4.3 0.094 0142 0.189 0.472 0.945
Bolivia 1.7 0.015 0.022 0.030 0.074 0.148
Brazil 28 0.040 0.061 0.081 0.202 0.404
Chile 4.8 0.114 0.170 0.227 0.568 1.136
Colombia 1.4 0.010 0.015 0.020 0.050 0.100
Costa Rica 3.1 0.047 0.071 0.095 0.237 0.474
Ecuador 1.5 0.011 0.017 0.022 0.055 0.110
El Salvador 3.5 0.061 0.092 0123 0.307 0613
Guatemala 1.0 0.005 0.007 0.010 0.025 0.049
Honduras 21 0.022 0.033 0.044 0.110 0.219
Mexico 23 0.026 0.039 0.052 0.130 0.260
Nicaragua 5.8 0171 0.256 0.341 0.853 1.707
Panama 4.4 0.097 0.145 0.194 0.484 0.969
Paraguay 25 0.031 0.046 0.081 0.154 0.307
Peru 3.8 0.073 0.110 0.146 0.366 073
Dominican Republic 4.2 0.087 0.131 0.174 0.435 0.870
Uruguay 4.5 0.101 0.151 0.202 0.505 1.009
Venezuela 3.3 0.053 0.079 0.106 0.264 0.528
Other Developed Countries (simple average) 1.4 0.011 0.016 0.021 0.053 0.106
Australia 0.8 0.003 0.005 0.007 0.016 0.033
Austria 1.0 0.005 0.008 0.010 0.025 0.051
Belgium 0.2 0.004 0.006 0.008 0.019 0.038
Fintand 1.8 0.016 0.024 0.032 0.080 0.181
France 0.6 0.002 0.003 0.004 0.010 0.020
Greece 14 0.010 0.015 0.020 0.050 0.099
Ireland 1.9 0.018 0.028 0.037 0.092 0.184
Italy 1.2 0.007 0.011 0.015 0.037 0.074
Japan 1.0 0.005 0.008 0.011 0.027 0.053
Netherlands 1.3 0.009 0.014 0.018 0.045 0.091
New Zealand 1.7 0.015 0.022 0.029 0.074 0.147
Norway 1.4 0.010 0.016 0.021 0.052 0.103
Portugal 26 0.034 0.051 0.068 0.170 0.340
United Kingdom 14 0.009 0.014 0.018 0.046 0.092

Source: Author’s calculations based on WDI, ECLAC and PWT data.
Note: To isolate the cyclical component of per capita consumption (in constant 2010 dollars), the
HP filter is applied to the natural logarithm values with A = 6.25.

On the other hand, instead of eliminating the macroeconomic volatility, it is pos-
sible to compute the welfare benefits of a one-percentage point increase in household
consumption trend (g) in this framework by computing the following equivalent vari-

ation:

U{(1+A)C(g,02)}] =U[{C(¢,02)}] ,whith ¢’ > g, (1.7)
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where g and ¢’ are the average variation of the trend component of per-capita con-
sumption (in logs), with ¢ = ¢(1.01). By using the expected life-time utility, the

benefit of increasing the consumption trend is

[1 — B(1+g)t™
Alg.g,B.7) = § L1 =B +g)

]H—l ify#1
(1.8)

Table 1.2 reports the aggregate results for an increase in one-percentage point of the
trend consumption growth rate (¢’). Notice that the benefits rises as the discount
factor (f) increases, but falls as the risk aversion () increases; this is because =
negatively affects the effective discount factor applied to future consumption. The
benefits are considerably higher in both developed and developing countries. The
extra percent point of trend growth is equivalent to a significant increase of more than
20 percent in consumption per capita across all dates, reaching more than 37 percent
for = 0.97. As a result, the conclusion in Lucas (1987) seems to be applicable
for all countries, that is, the policy makers should focus on increasing the trend
growth rates, rather than reducing the macroeconomic fluctuations. In the Lucas
representative agent model, the only way to get considerable welfare effects is by
increasing the trend growth rate of per capita consumption instead of reducing the
volatility. Nonetheless, two alternative specifications will be analyzed in the following

sections.

1.2.2 Alternative (I): A representative agent framework with a stochas-

tic trend in the consumption process

Lucas (1987) assumes that consumption is generated by a trend-stationary process as
in Equation (1.3), however, Hall (1978) suggests that the consumption process con-
tains a unit root under the permanent income hypothesis with rational expectations.

Table 1.3 shows the results from different unit root tests (Augmented Dickey-Fuller,
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Table 1.2: Benefit of One-Percent Increase of the Trend of per Capita
Consumption

(Equivalent variation of per capita annual household consumption in percentage,
1961-2006)

Discount Factor (B) =0.95 Discount Factor (B) =0.97
'3 v=1.0 =1.5 =2 =5 v=10 1.0 v=1.5 =2 =5 =10
United States 24 203 155 125 56 28 369 238 175 66 3.0
Latin America 1.5 205 170 145 79 46 373 273 218 1041 5.5
Other Developed Countries 2.5 203 153 123 55 2.7 369 234 172 64 3.0

Source: Author’s calculations based on WDI, ECLAC and PWT data.
Note: To isolate the cyclical component of per capita consumption (in constant 2010 dollars), the
HP filter is applied to the natural logarithm values with A = 6.25. Simple average by country group.

ADF and the Phillips-Parron, PP) with the null hypothesis that the per capita con-
sumption path (in natural logarithms) has a stochastic trend. The null is not rejected
in almost all countries in the sample. Even though the ADF test rejects the null for
the US and Netherlands, the PP test does not. Reis (2009) conducts a variety of
statistical tests to investigate whether the consumption in United States has a unit
root (including the Elliot-Rothenberg-Stock and Ng-Perron tests), finding that null
hypothesis is never rejected at significance level of 5 percent.

Since the martingale is the simplest specification that describes a process with a

unit root, let the natural logarithms of per capita consumption (¢;) follow:

t
1
ct = Cp + (9_50—52){;_'_261 (19)
=1

As before g is the trend annual growth rate, ¢ ~ N(0,02), and the initial value ¢ is
In(Cp). A similar analysis is found in Obstfeld (1994), including the term —3o2 to
ensure that the increase in the variance of £; does not affect the mean. Although Lucas
(1987) does not completely rule out the possibility of a unit root in the consumption

process, he would prefer an intermediate case between (1.3) and (1.9).> Under (1.9),

the level of per capita consumption function becomes

3See Lucas (1987), pp. 22-23, footnote 1
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12 t
Cy = 006(9_505)t62i=1 i,

Table 1.3: Unit Root Tests on Consumption per capita, 1961-2006

(1.10)

Augmented Dickey
Fuller Test

Phillips-Perron Test

Augmented Dickey
Fuller Test

Phillips-Perron Test

Decision at 5%

Decision at 5%

Decision at 5%

Decision at 5%

Test critical value Test critical value Test critical value Test critical value
Statistics (-3.513) Statistics (-3.511) Statistics (-3.513) Statistics (-3.511)
Latin America Developed Countries
Argentina -3.31 NR -2.83 NR United States -3.66 R -2.26 NR
Balivia -1.97 NR -2.07 NR Australia -1.71 NR -1.79 NR
Brazil -1.06 NR -1.18 NR Austria -0.74 NR -0.46 NR
Chile -1.83 NR -1.24 NR Belgium -0.48 NR -0.72 NR
Colombia -1.78 NR -1.78 NR Denmark -3.49 NR -3.49 NR
Costa Rica -2.30 NR -2.77 NR Finland -1.97 NR -2.25 NR
Ecuador -1.66 NR -1.64 NR France -3.16 NR -2.76 NR
El Salvador -1.92 NR -1.56 NR Greece -2.27 NR -2.25 NR
Guatemala -2.72 NR -1.95 NR Ireland -1.97 NR -1.42 NR
Honduras -1.95 NR -1.95 NR ltaly -2.24 NR -1.48 NR
Mexico -2.38 NR -1.79 NR Japan -2.89 NR -2.67 NR
MNicaragua -1.44 NR -1.70 NR Netherlands -3.83 R -2.06 NR
Paraguay -0.74 NR -1.13 NR New Zealand -1.96 NR -1.22 NR
Peru -3.02 NR -2.45 NR Norway -2.06 NR -2.20 NR
Uruguay -2.75 NR -2.39 NR Portugal -3.18 NR -1.79 NR
Venezuela -2.06 NR -1.50 NR Spain -2.68 NR -3.39 NR
Sweden -2.68 NR -2.75 NR
United Kingdom -2.97 NR -2.22 NR

Source: Author’s calculations based on WDI, ECLAC and PWT data.
Note: ADF test includes a constant and a time trend. "NR” stands for ”Not-Rejected” and "R” for
”Rejected”.

Following Obstfeld (1994), the equivalent variation to keep the agent indifferent

if consumption process changes from (Cy, g,02) to (Cy, ¢’, ) in (1.9) is defined by

U{C((1+A)Co,g,02)}] =U [{C(Co, g, 02)}]

If consumption follows a martingale process, then the equivalent variations (A) is

( 2\ 7 (%)
1— _og v
1_Be( 7)(9 3 A
12 - iy
Alg.g' 02,02, 8,7) =4 || _ 56“*7)(9’”5 ) (1.11)
Nt ) -
e[g T ]1—‘*—1 iy =1

To estimate the case when g = ¢’ and ¢’ = 0, that is, a change to an economy with
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the same consumption growth but without volatility, (1.11) becomes

( A 1
1_ 56(14)(@—”‘;3) (=)
A A2 1 — Bet=73 -1 ity #l
A(g,02,8,7) = ¢ (1.12)
2
35 — 1 iy = 1.

To calibrate this alternative model, I regress the first-difference of per capita con-
sumption in logs (Ac;) on a constant by ordinary least squareto obtain an estimate
of standard errors (6.). After that, point estimates for ¢ in specification (1.9) is the
result of running the previous regression again, but with a constant and adding %(}52
to the dependent variable Ac;.

Table 1.4 reports the welfare cost of consumption fluctuations estimated by (1.12)
for different values of risk aversion (7) and discount factors (). The first two columns
show estimate of § and 6..* By allowing for a unit root in the consumption process,
the average welfare loss in developed countries (for v = 1 and 5 = 0.95) is more than
sixty times the average cost estimated by the baseline (Lucas) model, and it is more
than forty times for Latin American countries. Even more, for § = 0.97 the average
welfare effects in both developed countries and Latin America might be more than
one hundred times and sixty times the baseline calculations respectively. This result
is explained by the larger standard deviations under (1.9) than those calculated after
applying the HP filter in the Lucas model.

Again the Latin American region registers the highest welfare cost associated with
the macroeconomic volatility. While the welfare cost in US is under 0.5 percent of
per capita consumption for any value of v and 3, the average cost in Latin America
ranges between 2.4 percent and 11.9 percent of per capita consumption, with coun-

tries like Argentina and Chile where the estimate welfare cost exceeds the 10 percent

for intermediate values of v and 8 (say 5 and 0.96 respectively). These larger welfare

4Countries are not reported when § is not statistically significant at the 10 percent level.
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costs suggest that further countercyclical macro policies than those applied since 1960
are needed in most of Latin American countries. However, before drawing any con-
clusion an alternative model will be analyzed in the next section, which incorporates

idiosyncratic risk and incomplete markets.

Table 1.4: Welfare Effects When the Consumption Process has a Unit Root
(Equivalent variation of per capita annual household consumption in percentage,
1961-2006)

_ _ Discount Factor () =0.95 Discount Factor (f) =0.97
g Os =10 =15 =2 =5 =10 1=1.0 =15 =2 =5 =10

United States 238 1.6 0.23 0.28 0.31 0.38 0.40 0.38 0.42 0.43 0.45 0.44
(0.00)

Latin America 1.90 4.6 24 3.0 3.4 51 9.5 4.1 4.6 4.9 6.5 9.7

Argentina 1.68 8.5 4.1 53 6.3 10.9 33.0 7.0 8.4 9.5 14.4 -
(0.08)

Bolivia 0.83 3.0 0.8 1.2 1.5 27 4.1 14 19 23 37 52
(0.07)

Brazil 227 5.2 26 32 37 a1 6.8 4.5 30 5.3 6.2 [&:]
(0.01)

Chile 2.29 7.0 48 5.9 6.8 104 29 8.3 92 9.9 131 340
(0.03)

Colombia 1.75 25 0.6 0.8 09 13 1.5 1.0 12 1.3 1.6 1.7
(0.00)

Costa Rica 177 4.8 22 28 3.3 50 71 3.7 44 48 6.3 8.4
(0.02)

Ecuador 1.88 2.9 0.8 1.0 1.2 16 1.9 14 16 1.7 20 21
(0.00)

Guatemala 1.31 2.0 0.4 0.5 0.6 09 1.1 0.6 0.8 0.9 1.1 1.3
(0.00)

Honduras 1.26 3.5 1.2 1.6 1.9 32 4.4 2.0 2.5 2.9 41 9.3
(0.02)

Mexico 2.00 3.5 12 1.5 1.7 24 28 20 23 2.5 29 3.2
(0.00)

Panama 3.00 71 49 5.8 6.4 85 13.4 8.5 &7 8.9 101 157
(0.01)

Dominican Republic 3.13 6.6 42 49 53 65 9.2 7.3 73 7.3 8.0 104
(0.00)

Venezuela, RB 1.53 5.6 3.0 4.0 47 80 15.3 51 6.3 71 10.5 211
(0.07)

Developed countries 2.6 25 0.6 0.7 0.8 1.0 1.1 1.0 1.1 1.1 1.2 1.2

Selected Countries:

France 248 15 0.23 0.27 0.30 0.37 0.38 0.38 0.41 0.42 0.43 042
(0.00)

Italy 2.88 24 0.53 0.61 0.67 0.78 0.80 0.90 0.1 0.91 0.90 087
(0.00)

Japan 3.52 29 0.80 0.89 0.94 1.02 1.01 1.37 1.30 1.26 1.16 1.09
(0.00)

United Kingdom 235 20 0.37 0.45 0.51 0.64 068 0.64 0.69 0.71 0.76 075
(0.00)

Source: Author’s calculations based on WDI, ECLAC and PWT data.
Note: Simple average by country group.
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1.2.3 Alternative (II): A general equilibrium model with an uninsurable

tdiosyncratic labor risk

The baseline model assumes a representative agent and complete markets where the
macroeconomic volatility does not affect the economic growth. In this section, I
deviate from the representative agent environment by studying a general equilibrium
model following Krebs (2003) that incorporates an uninsurable idiosyncratic labor
risk. Since the labor risk is uninsurable, there is no asset in the financial market with
payoffs tied to the realizations of the idiosyncratic shocks. Although it is difficult to
state from the data whether income shocks are permanent or just highly persistent,
in this model the income shock is taken as permanent.’

The Economy. There is an aggregate productivity shock (S;) that affects the re-
turns of both physical and human capital investments. In addition, let s, be a human
capital shock that only affects the human capital accumulation. Both shocks are un-
predictable, so they have an i.i.d. distribution over time. There are ¢ = 1, .., I ex-ante
identical households, meaning that the idiosyncratic shocks are identically distributed
across them. There is one non-perishable good that can be consumed or invested and
only one firm that produces it. This firm produces Y; units of the all-proposed good by
employing physical (K;) and human capital (H;) with a standard neoclassical produc-
tion function with constant-returns-to-scale. Formally, Y; = A(S;)F(K}, H;), where
A is a total factor productivity function A: S— R™ that assigns a productivity level
for each aggregate state.® The gross physical and human capital returns are denoted
by 7, and 7, respectively. Hence, the firm faces the following static maximization
problem:

}(n&g( A(St)F(Kt, Ht) — T’Akth — 'ﬁhth. (113)

*Imrohoroglu (1989) and Krusell et al. (2009) consider shocks with some degree of persistence.
6All standard neoclassical properties hold, in particular F is twice-continuously differentiable,
strictly concave and limg_,o Fj = limpy_,0 Fj; = 400 and limg_,o0 Ffe = limy oo Ffy =0
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Let’s define some useful variables: the capital-to-labor ratio l;:it = %, the total wealth
wy = ki + hy, and the net returns of physical and human capital as ry; = 74 — 0 and
e = The — 0. For convenience, the average depreciation rates of physical and human
capital (0 and d,, respectively) are constant and independent of the aggregate risk.”

Households have identical time-additive preference over the consumption plan

{cit}. Consequently, each household i solves the following maximization problem:

max ZE [Bu(cq)] (1.14a)
{Cit7wit+lakit+1} —0
t 1+ ki 2t (rhe + 7it) (1.14b)
S.U. W; = W; T = r i — Cit, .
t+1 t 1+ ko kt 1+ Fy ht T Tit t

Cit 2 0, Witt1 Z O, kit+1 Z O, Vt, where W;o and ]~€1'0 are given. (114C)

The term 7n; is the household-specific shock that only affects the stock of human
capital with E (n;]S;) = 0. The function n: s x S — R assigns to each pair (s, .S5)
a realization 7. The idiosyncratic shock is taken as another source of human capital
depreciation, and is related to the specific-skill losses or skills no longer used in the
event of a job displacement. Consequently, there is some part of the accumulated
human capital that is either destroyed or made obsolete when an agent loses his job,
in that case n; < 0. Of course, this cost is more severe in a context of an economic
downturn, where the aggregate risk affects the variance of the idiosyncratic shock.
This model focuses on the permanent wage loss instead of taking into account the
missed wage during the unemployment period.

The Equilibrium.The recursive equilibrium can be found by solving a decision
problem of a household who lives in autarky and faces the same problem every period
with different sets of information. Focusing on the stationary recursive equilibria with

a constant physical-to-human capital ratio, K, =K =K, /Hy, the equilibrium will be

"Krebs (2003) assumes that the depreciation rate of physical and human capital are equal and
depend on the aggregate shocks, i.e. dgr = dpt = 5(.S%).

22



the sequences of prices and actions {7k, 7nt }, {ki, bt} and {Cit, Wit g1, kitﬂ}, where:

(i) {kt, ht} solves the firm maximization problem (1.13).

(ii) {cit, Wit 1, kit+1} maximizes (1.14a) subject to the sequential budget constraint

(1.14b).
(iii) Markets clear.

The FOCs associated with the firm’s maximization problem gives the return of

physical and human capital

(K, Sp) = A(S) Fic — b, (1.15a)

r(K,S) = A(S)F(K,1) — KFje — 0. (1.15b)

However, the market clearing condition implies that the aggregate capital-labor ratio

must equal to the firm’s capital-to-labor ratio

i
I 1t
L ——W;

2 L+ by o Sika K, -
— = — =K. (1.16)

r 1 SThy H

> = Wit et '

1+ ki

If the households’s capital-labor ratios are symmetric, ki = l;:, then (1.16) is satisfied
if only if K = k. Consequently, the returns defined in (1.15a) and (1.15b) become
ri(k, Sy) and 7, (k, S;) respectively. Assuming a constant degree of relative risk aver-
sion, the one-period utility function is u(cy) = ¢y 7 /(1—7) if v # 1, or u(cy) = In(cy)
if v = 1. Thus, the two Euler equations associated with the maximization problem

(1.14) for a constant and symmetric capital-labor ratio are as follows

k ~ 1 ~
n ]%Tk(k75’t+1) + 0 (Th(k, Sti1) + n(sit+175t+1)> } )
(1.17)

c;,) = BE; {0511 1+ !
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and

Ec{ ey [ralh, Sean) + nlsivsr, Sun) = il S| b = 0. (1.18)

The first Euler condition basically states that the marginal utility loss (utility cost)
of investing (saving) one more unit of good must be equal to the expected utility gain
of doing so. The second Euler equation states the equality of expected returns on the
two investment opportunities (marginal utility weighted). As noted by Krebs (2003),

the solution exits if

~ 1—~

k 1
sup BE | [ 14+ ——rp 4+ ———(ry +mi < 1. 1.19
ﬁp/@ ( L 1+k(h 77)) (1.19)

Direct calculation shows that the plan ¢;; = a(1 + r;;)w; solves the Euler equations
together with the budget constraint. Defining wy.1 = (1 — a)(1 + r;)w;, the Euler

conditions (1.17) and (1.18) become

a=1-[BE[(1+r4) ] iy # 1L ora=1-8,ify=1, (1.20a)
E, ra(k, Si1) + né?ﬁ::jj;) — (K, Sen) | 0. (1.20b)

Condition (1.19) ensures that 0 < a < 1. Additionally, (1.20a) and (1.20b) define not
only the equilibrium values of a and &, but also that transversality condition holds,
limy_,o Bt E, [c;’wit+1} — 0, so in this case the Euler equations are necessary and

sufficient. Therefore, the allocations of the simple recursive equilibrium are given by

~ it = ﬁ it s
Cit = a [1 +r(k, sit, St):| Wit} le (1.21)
it — = Wy,

wir1 = (1 —a) [1 + 7’(];, Sit, St)} Wit L+Fk
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where r(/;:, Sit, Sp) = ﬁrkt + lﬁ(rht + ;) is the total return on investments and a is

the consumption-to-wealth ratio. Finally, the aggregate returns are

Tt = rk(l;, Sy) and TR = ’I"h(if, St). (1.22)

Model Calibration. Following Krebs (2003), a Cobb-Douglas production func-
tion with constant returns-to-scale is considered, f (l;:t) = Atl%f‘, as well as logarithmic

preferences (v = 1). Thus, (1.20a) and (1.20b) read

a=1-— /87 (123&)

T‘h(/;?, Str1) + 1(Sits1, St41) — Tk(ifa Sit1)
(1+riq)

E, = 0. (1.23b)

The aggregate per capita consumption growth rate in this economy is obtained by
the individual (gross) consumption growth in expression (1.21) and the law of large

numbers

u(S) = Cétl -y [C““ \SM} —(1-a) [1 +E [r(/%, sim,sm)ﬂ L (124

Cit

Then, u(S) is an ii.d. process.® Considering the value of @ and the assumption
of a Cobb-Douglas production function, the per-capita consumption growth (1.24)

become

k - 1 L
S)=p|1+ = Aok A1 — )k =9, 1.25
plS) = B 1+ A A ] (1.25)

where 0 is the total depreciation rate of both physical and human capital. The quanti-
tative analysis is based on annual data (1960-2006) for developed and Latin American

countries, with parameter values extensively used in RBC models. The share of capi-

8See Campbell and Cochrane (1999)
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tal in total income (o) is equal to 0.36.° Furthermore, the common discount factor (3)
equals 0.96 to ensure that all households have the same intertemporal preferences.'®
As in Krebs (2003) and Jones et al. (1999), the total depreciation rate 4 is set in
0.06. If a common choice for the depreciation rate of physical capital is §; = 0.05 (see
Cooley and Prescott (1995)), then the depreciation rate of human capital would be
5, = 0.01.

I assume two-state shocks in the aggregate economy: the low level (L) and a high
level (H) of the economic cycle. Thus, S has two possible realizations {L, H} with
equal probabilities (L) = m(H) = 0.5. In addition, the human capital shock (s;)

follows a standard normal distribution, which is independent of the aggregate shock

S. The household-loss of human capital is defined as follows
n(si, S) = 0y (5)si, (1.26)

therefore n; ~ N (0, 02 (S¢)). The integration principle, which was first proposed by
Krusell and Smith (1999), is applied to eliminate the aggregate risk (business cycle).!?

Thus, the function (1.26) is replaced by
n*(s;) = 0.5 [0, (L) + 0,(H)] s;. (1.27)

The idiosyncratic human capital risk is transformed from the heteroscedastic to ho-
moscedastic process: 1, ~ N(0,02(Sy)) ton;, ~ N (0, E [02(S))]), where E [02(Sy)] =
0.5 [02(L) 4+ o2(H)].

The expected value of per-capita consumption growth for each economy matches

9 Although this value is commonly used in the calibration of RBC models, it might not match
the real income share in Latin American countries.

10This B value is suggested by Cooley and Prescott (1995). Even though it is possible to derivate
B from (1.25), this would stand for different preferences in each country with unrealistic values for
some countries.

L Also see Krusell et al. (2009)
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the per-capita household consumption data in each country for the period 1960-2006,
obtaining the total factor productivity for the two states: A(L) and A(H). In order
to take into account the consumption volatility, the growth rates for the two possible
states depend on the standard deviation of the per capita consumption growth rate

in each country:

E[g($)] = 05 [u(L) + u(H)]. (1.28)

with p(L) = p—0,, and p(L) = p — o,

Next, I calculate the equivalent (or adjusted) average growth rate (i) of the per
capita consumption, which is defined as the certain growth rate for which expected
life-time utility is equal to that associated with the uncertain growth rate g(S) ~

N (1(S),04(S)) with o4(S) = Bo,(S) and keeping the initial consumption constant:

E

Ellog(1+g(S))]

Zﬁtlog(cit)] =1 i gloglei) +
t=0

o :
— mlog(cio) + mlog(

> ﬁtlog(c;;)] : (1.29)

B
(1—p)?

1+ 1)

=F

where ¢, = cio(1 + 1(S))". Solving for i(.S) yields

fi(S) = Fllos(Fa] 1. (1.30)

The risk-adjusted consumption growth rate is independent of the initial level (¢;) and
is also equal for all households and the aggregate economy. The expression E[log(1+

g(9)] is calculated through the Gauss-Hermite quadrature rule for expectations of
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functions of a normal random variable with two nodes.'? The per capita consumption
growth rate changes to a homoscedastic process, i.e. ¢' ~ N(E[u(S)], E[o4(S5)]), when
the aggregate risk is eliminated. Then, the change in the risk-adjusted growth rate

can be estimated by

Afp = i — E[i(S)] = 19090 — 0.5 [4(L) + ju(H)]. (1.31)

=>

This expression approximates the welfare change expressed in risk-adjusted growth
rates. However, to compare this calibration procedure with the baseline and first-
alternative models, I need to get the equivalent change in consumption levels that

has the same positive effect of eliminating the business cycle. By direct calculation

log(cio(1 + Ac)) + %E [log(1 + g(S))] = log(cio) + %E [log(1+ ¢')],

Ne = o (Blloa(L+d)|-Bllog(-+a(SNI} _ 1

Aer~ L ap (1.32)
1-p

Given the expression of individual labor income (y;n; = (5 + 9 )hi) and (1.21), the

law of motion of human capital is

hit+1 = (]_ — 0)wit+1 = 6 []_ + 07’k + (]. - ‘9)(Th + 7]11?)] hz’ta (133)

where 0 = k/(1 + k) is the total wealth invested in physical capital. To follow the

empirical literature, the first difference of the labor income in logs approximately

12 Algebraically: Ellog(1 + g(S)] = 7~ /2 22 wilog [1+ (V20,4(S)z; + p(S))], where x; are the
quadrature-nodes with weights w;. See Judd (1998) for nodes values and weights.
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follows a random walk with drift:'3

l0g(Yit1) — log(yit) = log [(rn + On)hitsa] — log [(rh + 6n) i
= log(hit—i-l) - lOQ(hit)
= log(B) +log [1 + Ory + (1 = 0)(rn + )] by(1.33)

~ log(B) + O0ry + (1 — 0)ry, + (1 — 0)nyt, since log(1 + 1) ~ 7,
N N——

TV
Drift (2) it

(1.34)

with an error term 7; ~ N (0, az(St)), where the income variance will depend on

aggregate risk (i.e. the business cycle)

2

o2(S) = (1 —0)°02(S,) = % (1.35)
Perhaps the most difficult step in the calibration process is to find a suitable ap-
proximation of the standard deviation defined in (1.35), because there is not enough
empirical literature that estimates the income labor with an idiosyncratic risk com-
ponent for Latin American countries. As a benchmark, I take an average of values
reported by Krebs (2003), based on different empirical studies that estimate the stan-

dard deviation of the error term for a random walk specification of the labor income

(oy) in the US economy:
o [yiht+1/yiht|8t = L] =026 and o [yiht+l/yiht|St = H] = 0.10. (136)

Although the estimated labor income volatility based on the US data (mainly PSID

data) might be generalized for some developed countries, it can underestimate the

13See Krebs (2007) and Storesletten et al. (2001)
MFor some empirical studies see Carroll and Samwick (1997), Meghir and Pistaferri (2004), and
Storesletten et al. (2007).
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actual labor income volatility in Latin American countries, since these economies
have higher per capita income volatility (as discussed in the Section 1.1) and an
extended informal labor market.'® Therefore, it would be reasonable to assume that
the higher macroeconomic volatility and more informal workers in these economies
might translate into higher labor-income volatility. As a result, if the labor income
volatility based on the US data (1.36) is used to estimate the welfare effects for
developing countries (in this case for Latin America), the results should be taken as
a lower-bound estimate.

Table 1.5 shows the expected value of the per capita consumption growth rate
(E[u(S)]), the change in the risk-adjusted growth rate (Aj) from eliminating the real
fluctuations, and the welfare effects in terms of equivalent changes in consumption
level (Ac). Even though the US labor income volatility is used across the countries,
the welfare costs associated with the business cycle are considerably higher than those
estimated in the previous sections. Indeed, an average welfare cost of 8.0 percent of
per capita consumption in developed economies is estimated, while the average welfare
cost in Latin America is more than 9 percent. As was mentioned before, the latest
value for Latin American countries should be taken as a lower-bound estimate since

the labor income volatility in most developing countries might be higher than in US.

150n average the informal economy in Latin America represents 42 percent of GNP but 18 percent
in the high-income OECD countries (Schneider (2002)).
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Table 1.5: Welfare Effects of Eliminating the Business Cycle with Idiosyncratic
Risk

(Equivalent variation of per capita annual household consumption in percentage,
1961-2006)

(E1) (E1)
With Benchmark values: With Benchmark values:
g,(L)=0.26 and o,(L)=0.26 and

o, (H)=0.10 o, (H)=0.10
Country E[u(S)]| 4a ”e‘gﬁ"; fﬁ ® \ Country E[u(S)]| Ad ”"%ﬁ”j fﬁ ects
United States 24| 032 7.7 Argentina 15| 040 9.6
Australia 21| 032 7.7 Bolivia 08| 035 84
Austria 25| 033 7.9 Brazil 21| 038 9.1
Belgium 23| 033 7.8 Chile 20| 041 9.7
Denmark 20| 034 8.2 Colombia 1.7 034 8.1
Finland 28| 034 8.2 Costa Rica 17| 037 8.9
France 25| 032 7.7 Dominican Republic 29| 039 9.5
Greece 33| 033 8.0 Ecuador 18| 034 8.2
freland 28| 034 8.2 El Salvador 11| 039 9.5
italy 29| 033 8.0 Guatemala 13| 033 8.0
Japan 35| 034 8.1 Honduras 12| 036 8.5
Netherlands 22| 034 8.1 Mexico 19| 035 8.5
New Zealand 13| 034 8.2 Nicaragua (0.1)| 0.49 11.7
Norway 26| 033 7.9 Panama 27| 040 9.7
Portugal 32| 037 8.8 Paraguay 1.1 037 9.0
Spain 31| 034 8.1 Peru 08| 039 94
Sweden 16| 033 8.0 Uruguay 12| 040 9.7
United Kingdom 23| 033 7.9 Venezuela, RB 14| 034 8.3
Developed Countries 25| 033 8.0 Latin America 1.5 | 0.38 9.1

Source: Author’s calculations based on WDI, ECLAC and PWT data.
Note: Basic Assumptions: a = 0.36,y = 1 (log-utility),8 = 0.96, and total depreciation rate is 0.06.
The welfare effects (Ac) is calculated with (1.32) and /i with (1.31).Simple average by country group.

Even though there are not reliable estimates of labor income volatility in Latin
American countries relative to the US values (779(9)/sU5(s)), a sensitivity exercise
captures the equivalent variation in per capita consumption for different values of
the labor income volatility in Latin America relative to the US benchmark (Figure
1.5). As an extreme case, the cost of real fluctuation could represent more than 20
percent of per capita consumption in Latin America, if its labor income volatility
were 50 percent higher than in US. Let’s, just for a comparison purpose, assume that
the ratio of the labor-income volatility between Latin America and US is half of the

difference in their relative per-capita GDP volatility. This would result in an average
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welfare cost of almost 18 percent in Latin America, if the labor-income volatility in
this region were about 37 percent higher than the one in US. Although, there does not
exit an aggregate estimate of the relative magnitude, the welfare cost is increasing in
the labor-income volatility, crossing the 10 percent of per-capita annual consumption
as soon as labor-income volatility is just 5 percent higher than the one in US.

Figure 1.5: Sensitivity Analysis Assuming that the Ratio Between the Labor
Income Volatility in Latin American Region and US Ranges from 1 to a Factor of 1.5
(Equivalent variation of per capita annual household consumption in percentage,
1961-2000)

2 | 15.37
LA LA
q‘lus () _ 1+ 1(“5;; (5) 1) — g Latin America
ay (Se) 2 Tgdp (S:)
20 -
15 -

Percentage

10 -

(=] wn o wn o wn o wn (=) wn (=]
o =] - - 3] N ] L] « ~t n
Ao = = A = = - = = Ao =

. LGS

Relative Labor-Income Volatility :———

o, (5)

Source: Author’s calculations based on WDI, ECLAC and PWT data.

Note: Basic Assumptions: a = 0.36,7 = 1 (log-utility),8 = 0.96, and total depreciation rate is 0.06.
The welfare effects (Ac) is calculated with (1.32) and j with (1.31).Simple average by country group.
"LAC” stands for ”Latin America”.

1.3 Conclusions

Table 1.6 compares the equivalent variation in consumption level that has the same
positive effects of eliminating the real volatility for the three models analyzed (based
on the same parameter values). The baseline (Lucas) specification shows the lowest

results for the welfare cost by country, while the greatest change in consumption is
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obtained in the general equilibrium model. The main reason behind this finding is that
the elimination of business cycle in the second alternative model is growth-enhancing

by increasing the adjusted consumption growth rate (/).

Table 1.6: Comparative Results on the Welfare Effects of Eliminating the
Macroeconomic Volatility

(Equivalent variation of per capita annual household consumption in percentage,
1961-2006)

Order of magnitud higher

Welfare Effects Ac w.r.t. the baseline model

Alternative (1I): GE model with an

Baseline Alremr?m'e U):. uninsurable idiosyncratic labor risk Alternative (IT)
Stochastic trend in .
(Lucas) X c Alternativel  Same labor LAC
Model the consumption oUS = gPC glAC o . gy =1.37
ode process ¥ ¥ ¥y us — 1.37 incone gg,l'S
y voladility
United States 0.006 0.3 7.7 n/a 1.7 3.1 n/a
Latin America 0.059 3.0 9.1 17.9 1.7 22 25
Argentina 0.094 5.1 9.6 18.8 1.7 2.0 2.3
Bolivia 0.015 11 84 16.4 1.9 28 3.0
Brazil 0.040 3.3 9.1 17.7 1.9 24 26
Chile 0.114 6.1 9.7 19.1 1.7 1.9 2.2
Colombia 0.010 0.8 8.1 15.9 1.9 29 3.2
Costa Rica 0.047 2.8 8.9 17.5 1.8 2.3 2.6
Dominican Republic 0.087 5.3 95 18.6 1.8 20 23
Ecuador 0.011 1.0 8.2 16.1 2.0 2.9 3.2
El Salvador 0.061 - 95 18.5 - 2.2 25
Guatemala 0.005 0.5 8.0 15.6 2.0 3.2 3.5
Honduras 0.022 15 8.5 16.7 1.8 26 29
Mexico 0.026 1.5 8.5 16.6 1.8 25 2.8
Nicaragua 0.171 - 1.7 230 - 1.8 21
Panama 0.097 6.3 9.7 19.0 1.8 2.0 2.3
Paraguay 0.031 - 9.0 17.6 - 25 28
Peru 0.073 - 94 18.3 - 21 24
Uruguay 0.101 - 9.7 18.9 - 2.0 23
Venezuela, RB 0.053 3.8 8.3 18.2 1.9 22 25
Other DC 0.070 0.8 8.0 n/a 1.9 29 n/a

Source: Author’s calculations based on WDI, ECLAC and PWT data.

Note: Basic Assumptions: « = 0.36,y = 1 (log-utility),8 = 0.96, and total depreciation rate is
0.06. Simple average by country group. In Alternative (I): Countries where the estimate of § is not
statistically significant at the 10 percent level are not listed. ”DC” stands for ”developed countries”
and "LAC” for ”Latin America”.

Under the Lucas framework, real volatility is not relevant in terms of welfare for all
developed countries and Latin American economies. However, the welfare effects in
both Latin America and developed countries are on average more than two-orders of
magnitude higher those estimated with the baseline model, even without taking into
account the most recent international financial crisis. In sum, the magnitude of the

welfare cost of macroeconomic volatility is framework-dependent, leaving unanswered
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the question of whether more countercyclical policies would be needed to reduce the

macroeconomic fluctuations in most developing countries.
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Chapter 2

The Effect of Macroeconomic Volatility on Financial Deepen-

ing: A Missing Link?

Most emerging economies have exhibited higher and more persistent macroeconomic
volatility than developed countries, a stylized fact that has been well documented by

! The debate has concentrated on the sources of such volatility. An

the literature.
important strand of the theoretical and empirical literature argues that the shallow
financial system in less developed countries is one of the main factors explaining their
output volatility.? The theoretical arguments rely on two transmission mechanisms.
First, instead of absorbing the shocks, credit market imperfections can amplify a small
exogenous shock.®? In addition, a lack of opportunities for financial diversification
means risk-averse agents avoid investing in riskier projects with higher productivity
(returns), and instead invest in projects with low risk.? An alternative view is that
the macroeconomic volatility observed in many emerging countries originates in their
production patterns, which are highly concentrated in more volatile industries with

® The question arises whether these

non-flexible and less diversified technologies.
production patterns and the related volatility hinder the development of the financial
sector, possibly explaining the shallow financial system.

In this chapter, I follow the second strand of literature where the macroeconomic

volatility is an intrinsic phenomenon originating in the real sector with independence

! Among other results, Aguiar and Gopinath (2007) find the income level and growth in emerging
markets are twice as volatile as those in developed economies for the period 1980-2003.

2The empirical studies have found mixed evidence. Among others, Braun and Larrain (2005)
and Raddatz (2006), show that the financial development can reduce output volatility, while Wang
et al. (2018) find that its effectiveness is decreasing. However, Acemoglu et al. (2003) argue that
institutions (instead of financial development) can explain not only volatility but also growth and
crisis. Beck et al. (2006) do not find a robust relationship between financial intermediary development
and growth volatility, when they control with terms of trade shocks and inflation.

3See Bernanke and Gertler (1989), Kiyotaki and Moore (1997), and Aghion et al. (2010).

4See Greenwood and Jovanovic (1990), Acemoglu and Zilibotti (1997), and Aghion et al. (1999)

®See Koren and Tenreyro (2007),Kraay and Ventura (2007), and Koren and Tenreyro (2013).
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of the initial level of financial development (deepening).® Therefore, if the financial
deepening is not the primary source of excess volatility, the question remains of how
the high and persistent macroeconomic fluctuations might affect the development of
a financial system. Although some intuitive answers could be given with a partial
equilibrium framework, the question requires a general equilibrium approach to ex-
plain the causal relationship between the macroeconomic volatility and the financial
system. To this aim, I propose a general equilibrium framework to study the channels
through which the persistent aggregate volatility can affect the financial deepening,
proxied by the private credit to GDP ratio.”

The model is an extension of Labadie (1998) with an optimal contract scheme like
the one in Bernanke, Gertler, and Gilchrist (1999). There are two types of firms, the
producers of consumption goods and the producers of capital goods (investors). Con-
sumption producers are directly exposed to total factor productivity (TFP) shocks,
while capital producers are subject to an uninsurable idiosyncratic risk whose distri-
bution is affected by the aggregate volatility. Throughout this chapter, the standard
deviation of TFP shocks is referred as aggregate risk, since it cannot be diversified
away. In addition, the financial intermediary diversifies its portfolio with two possible
investment options: lending to the capital producer or buying a risk-free government
bond. The realization of the idiosyncratic shock is private information known only by
capital producers, but observable to the financial intermediary if he pays a monitoring
cost, i.e. a costly state verification (CSV) approach.

Although the interdependence between macroeconomic fluctuations and producer-

specific shocks has been studied to explain investment decisions and leverage, the

6Koren and Tenreyro (2013) show that the decline in aggregate volatility is independent of the
country’s financial development.

"The level of financial development (or deepening) is generally proxied by the ratio of private
credit to GDP, while most of the theoretical models narrow even further the concept, focusing on
investment in fixed capital as the main purpose of borrowing. Having a single indicator to represent
the complexity of the financial development can generate misleading measures of the actual financial
depth and access (Cihédk et al., 2012; Sahay et al., 2015).
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novelty of my approach is to study how this interdependence affects not only the
investment decisions, but also the output volatility and financial deepening. Another
important feature of the model is that the aggregate risk (TFP volatility) does not
have a one-to-one effect on the output volatility (variance of the aggregate output),
since it is partially offset by the response of investment to changes in the aggregate
uncertainty. This finding, however, depends on the elasticity of the risk premium
with respect to the aggregate risk.

The main results of the chapter can be summarized as follows: (i) A reduction
(increase) in the aggregate volatility increases (reduces) the optimal level of private
loans and investment by lowering (increasing) the risk premium of lending to the
capital producers; (ii) A corollary is that the amount of domestic loanable funds
available to the government is positively correlated with the aggregate volatility, that
is, the government can sell more bonds to the domestic financial system as real volatil-
ity increases; (iii) The reduction in the output volatility is lower than the decrease
in aggregate risk, given the impact of the latter on investment, depending on the
risk-premium elasticity with respect to aggregate uncertainty; (iv) Finally, as the ag-
gregate volatility decreases the financial depth indicator (FD) may increase. While
most empirical and theoretical works discuss the causal effects of FD on the out-
put volatility, this is one of the first studies that addresses the channels to uncover
the reverse causality through a simplified general equilibrium framework. In sum,
if a country faces intrinsic volatility from the real sector, then the underdeveloped
financial system can be a by-product of that volatility.

In countries with this type of volatility, the challenges from the policy makers’
perspective would be how to reduce the aggregate fluctuations. To attack the source
of this problem, moving to technologies with greater resilience to shocks and diversi-
fying production would be a reasonable solution in the long-run. However, a change

in the production patterns with technological diversification requires time and re-
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sources, particularly in countries where the financial system is endogenously shallow.
Additionally, economic agents must deal with the intrinsic volatility in the short and
medium run. Therefore, in the meantime, policy makers should focus in reducing the
aggregate volatility, for example by applying more countercyclical macroeconomic
policies, to lower the risk of investment projects and increase the amount of credits
to the private sector.®

The chapter is organized as follows. Section 2 provides the main features of the
benchmark economy without aggregate volatility, but with idiosyncratic risk. In
the following sections, the aggregate uncertainty is introduced in the form of TFP
shocks to study how different levels of aggregate risk can affect the macroeconomic
fluctuations and the financial depth indicator. Finally, some conclusions and possible

extensions are summarized.

2.1 The Benchmark Model: Deterministic Case

The economy has two goods, a multi-purpose consumption good and a capital good.
There are five types of agents: two-period lived households, producers of consump-
tion goods, two-period lived producers of capital goods, and infinitely lived financial
intermediaries and government.

In each period, there are N; young households and N; ; old households. For
simplicity, I assume no population growth,i.e. N;_; = N; = N. Young households
are endowed with L units of labor, normalized to unity, that is inelastically supply
to the consumption-good producers at a wage rate. With the labor income, young
agents consume, pay a lump-sum tax, and save in the form of deposits with the
financial intermediary. Old agents only consume by using their savings when young.
Producers of consumption goods use both capital goods and labor, renting capital

from the capital-producers, who have access to the investment technology. In order

8See Calderén, Chuhan-Pole, and Lépez-Monti (2017) for an assessment of the cyclical properties
of fiscal policies from the expenditure side in Sub-Saharan Africa and other developing regions
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to invest, they borrow from the financial intermediary, who decides the composition of
its portfolio between lending to the capital producer and buying a risk-free government
bond. In this section, there is only an idiosyncratic shock that affects the return of
capital-producers investment. The realization of this specific shock is only known by
each producer in the second period of its life. However, this information is observable
to the financial intermediaries at a monitoring cost, in other words, a costly state
verification (CSV) assumption.’ The government simply spends all the tax revenue
and the funds offered by the financial intermediaries net of debt repayment. Next,

the benchmark model is explained in detail.

2.1.1 Consumption-Good Producers

There is a unit mass of producers of consumption goods, each of whom rents capital
(K;) from the capital producers, which completely depreciates in one period, and hires
the young agents (V) to produce Y; units each period. The Cobb-Douglas function is
given by Y (K;, N) = AK)NU=9_ There are no aggregate shocks in this benchmark
case, thus, without a loss of generality, total factor productivity (TFP) is assumed to
be constant over time (A).

Given competitive markets, each factor is paid its marginal product, so the per-

worker returns w(k;) and p(k;) are the wage rate and the return of capital respectively:

w(k,) = (1 —6) Ak, (2.1)

p(ky) = 6AKSY, (2.2)

9Having two production sectors is not only a strategy to separate the investment decision, but
also to take into account that an optimal standard-debt-contract (SDC) requires the borrowers be
risk neutral (Gale and Hellwig 1985) In addition, if the producer of consumption goods were also
the borrower and subject to both the aggregate and idiosyncratic shocks, two problems may arise:
(i) Since households provide labor services and get paid the same wage, then the question would be
why both the households and financial intermediaries cannot infer what the output and then the
actual shocks are from the wage rate and the return to capital; (i) If the consumption firm had a
very low shock and is unable to pay its workers, some households would end up without income to
consume.
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where k; = K;/N;. In the first period (¢ = 1), each producer has an initial stock of

capital k.

2.1.2 Households

In the first period, new-born agents (subscript 1) inelastically supply labor at wage
wy. They decide how much to consume ¢;,; and save in the form of deposits (dj)
after paying a lump-sum tax to the government (7;). Individual deposits can be
thought as equity shares and the return as dividends. When agents are old (subscript
2), they consume their deposits including a gross deposit rate 7%(k; ;). Since the
young generations are the ultimate owners of all financial institutions, the return on
deposits can be thought as dividends paid on equity shares d;. Taking as given prices
(w(ke),7%(ksy1)) and the lump-sum tax, the representative young agent solves the

following problem

max [log (c14) + Blog (c2.441)], (2.3a)
{e1,t,¢2,t41,dt}

s.t. Cit + dt S U)(l{?t) — Tt, (23b)

co et < dir(Kiga), (2.3¢)

1t >0, c41 >0, d>0. (2.3d)

After substituting ¢; ; and ¢o441 and solving for the first-order conditions (FOCs), the

optimal choice and supply of deposits is

ds(kt) = 5w(kt> T

i (2.4)

In this environment, the income and substitution effects cancel out, while the stochas-
tic discount factor (SDF), or intertemporal marginal rate of substitution (IMRS), is

given by
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C1t 1
m = — = =m(k . 2.5
t+1 502,15-',-1 Td(kt—H) ( t+1) ( )

The initial old generation is endowed with an amount of consumption goods a” that

is consumed (cp; = a).

2.1.3 Financial Intermediary

At the beginning of each period the financial intermediaries receive deposits from
young households d*(k;), which are taken as equity shares, and decide how much to
invest in a one-period risk-free government bond (b¢), which pays a risk-free gross
return Rf .1, and to lend to the young capital producers (I;). Define 7': R — RT as
the gross return to lending that is a function of the capital stock. Before defining the
problem faced by a typical financial intermediary, the following assumption ensures

a minimum demand of government bonds:!°

Assumption 1. The financial intermediary is required to hold a fraction k € (0,1)
of its deposits as minimum reserves, RR, = kd(k), which are invested in the risk-free

government bonds.

Therefore, the total demand of government bonds is the sum of the required
minimum reserves over deposits and the excess demand, B¢ = RR; + b{.

Let define the net cash-flow in period t:
Wi = By R+ Liar! (k) — dy—ar(ke) +d — 1F — B >0, (2.6)

where the nonnegative condition is imposed to guarantee solvency.
Each typical financial intermediary maximizes the discounted present value of the

net cash flow, taking as given prices (R} w1: 7 (ki) s 7 (kyy1)) and the deterministic

10This is useful in case of a corner solution. The reserve requirement can also introduce an
additional policy parameter (k).
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SDF!!

max [Wt + m(kt+1)Wt+1] s (27&)

{afniis}
st. B!>k.df, (2.7b)
kiv1 = f(l;) , the law of motion of capital, (2.7¢)

and subject to the solvency condition, with Bf = k.d? + b¢. Let y; be the Lagrange

multiplier for constraint (2.7b). The FOCs are:

df : 1— m(k:Hl)rd(ktH) — Ky = 0, (2.8a)
bl =1+ mke) R+ =0, (2.8D)
lt . -1+ m(kt+1)7"l(kt+1) =0. (280)

Two cases can be analyzed:

(i) A positive excess demand of goverment bond (b¢ > 0) implies u; = 0 and
B? > k.d¢. In this case, from combining the FOCs we get the equality of

returns:

Rtf+1 = Td(kt+1) = Tl(ktﬂ)- (2.9)

(ii) If (2.7b) holds with equality, then p; > 0 and b = 0. From (2.8a) and (2.8b)

we get the relationship between the return on deposits and the risk-free rate:

(L= k) = (k) = BE (2.10)

1'When the free-entry condition is imposed, the financial intermediary problem would be equiv-
alent to maximize the household utility subject to the financial constraint W; + m(kyy1)Wip1 = 0.
Although this is a common practice, as is discussed in the second part, in this model the intermedi-
ary will be able to diversify the capital-producer risk and cover itself from the aggregate volatility.
Therefore, it is not reasonable to assume that the financial intermediary will behave as a risk-averse
agent.
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Since left-hand side and the SDF are strictly positive, it must be the case that
74 (kyp) > R{H. But from (2.8¢) and (2.5) 7!(kyy1) = r%(ks41). Therefore, in the

corner solution, the return to lending must be greater than the risk-free return:
d _ .l f
rkeer) = 17 (ke1) > Ry (2.11)

This is an intuitive result, that is, if the return from lending is always greater
than the return of government bonds, the financial intermediary only keeps the
required reserves in bonds (B¢ = kd?), lending the remaining funds to capital-

producers, If = (1 — x)d{.

However, only the first case will survive in equilibrium. Since m(kiy1) is the
inverse of r4(k;11), FOC (2.8a) implies that 1; must be zero. Additionally, the second
case would generate a loss equivalent to rdy( R/ 1 — (kyy1)), thus, it is ruled out.

Therefore, only (2.9) will be considered in equilibrium.

2.1.4 Capital Producers

Each period, a unit mass of two-period lived capital producers has access to the
technology for producing capital goods. They only care about the second-period
consumption. As in Labadie (1998) and Gale and Hellwig (1985), since all producers
are ex-ante identical and there is a rationing in the size of loans, in period one they
demand the same amount of funds (I;) to invest and produce capital goods, which are
available to rent next period. The production is subject to the producer-specific shock
6; (idiosyncratic shock) that is only known by each producer. The technology 6l
defines the individual production of capital goods, which is rented to the producers of
consumption goods, receiving a payment of p(k;11)6;l. The following assumption on
the idiosyncratic shock is based on the simplified environment proposed by Bernanke

et al. (1999).
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Assumption 2. Let the producer-specific shock (6;) be an i.i.d random variable with

a continuous twice-differentiable cumulative distribution function G(6) = prob(f < 6)
dG

over a mon-negative support [Q,ﬂ, with a probability density function g(é) = P

and E (6;) = 1.

Although the financial intermediary does not know the realization of each pro-
ducer’s shock in ¢t + 1, they have the technology to monitor at any time, optimally
used only when the capital producer claims bankruptcy. Monitoring is assumed to
be deterministic, a capital producer announcing insolvency will be monitored with
certainty.!?

To observe the actual return, the financial intermediary must pay a fraction v €
(0, 1) of the producer’s return in the second period, vp(kiy1)0:08. When p(kiy1)0;1¢ >
l;r'(key 1), the producer might falsely claim bankruptcy, however, he could consume
at most (1 — ) p(ker1)0:il® — lir'(kiy1), which is always lower than the consumption
from telling the truth: p(kyy1)0,0¢ — l;r' (ks 1) > 0. Therefore, there is no need of an
incentive-compatibility constraint.

As all capital producers are ex-ante identical and receive the same credit from the
financial intermediary, the subscript ¢ can be dropped to work with the representative

capital producer. The break-even producer’s shock () is defined when the rental

revenue only covers the lending cost:
p(ki)01 = L (kyy ). (2.12)

This threshold characterizes the payment scheme: the producer announces default

when 0 < é, or repays the loan when 6 > 6. Given the realization of the idiosyncratic

12Stochastic monitoring is studied by Bernanke and Gertler (1989)
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shock, the financial intermediary receives the following payoff:

) (1 =) p(kesr)0l if 6 <0
¢(kt+1alt777670) = . N
(ks )01 if 0> 4.

Therefore, the producer’s payoff is

R 0 if 0 <6
w(kt—‘,-hltaeae) =

(0 — 0)p(kyr )& if 0> 0.

(2.13)

(2.14)

When the capital producer is in default, all its revenues (net of monitoring costs)

are paid to the lender, leaving nothing to consume, and the economy suffers a loss of

vp(kiy1)0ly. Taking into account the optimal contract defined in (2.13), the capital-

producer’s expected payment (®) is

0 0 0
@(kt+1,zt,%9)=/ d(kiir, 1,7, 0,0)dG = pllppr)1® [/ (1—7)9dG+/ 0dG | .
0 0 o

(215)

Following Bernanke et al. (1999), I define the expression in brackets on the right

hand side as the expected net-payment relative to the expected revenue, which can

be divided into two different terms:

(i) the expected gross payment

0 7
A(é)z/ 0dG+/ 0dG,
0 6

which is strictly increasing and concave since A'(8) =1 —G(#) > 0 and A (0) =

~

—g(0) < 0.
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(ii) and the expected monitoring cost
) g
vQ(0) = 7/ 0dG,
0

which is strictly increasing and convex, assuming ég(é) is increasing, a prop-
erty that is satisfied for most common distributions (for example the uniform
distribution and any monotonically increasing transformation of a normal dis-

tribution). Thus, v (8) = v0g(6) > 0 and vQ"(f) = ~ [g(é) + ég’(é)} > 0.
Using this notation, the expected payment (2.15) can be rewritten as

~

D (kir1, 1,7, 0) = p(kera) 1} [A(é) - ”YQ(HA)} : (2.16)

Given the properties of A(f) and Q(6), the producer’s expected payment is a non-

monotonic function with respect to the cutoff point 0

L) _ ki [N(6) - 120)

0, 2.17
T (2.17)

AV

reaching a global maximum when A’(0™) = ~Q/(0™). The expected payment is in-
creasing on the interval (6, ™) and decreasing after (6™, ).

Since there is a unit mass of capital producers, as is pointed out by Uhlig (1996),
integration over individual producers is the same as integrating over all possible real-
izations of 0. Let capital producers be indexed by j € [0,1], and their shocks (6(j))

be identically distributed and pairwise uncorrelated with a common mean E[f] = 1

(Assumption 2), then

/01 0(j)dj = 1. (2.18)

As a consequence, from the perspective of each financial intermediary, the idiosyn-

cratic risk is eliminated by the expected payment defined in (2.16).
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The Optimal Choice of Investment. The capital producer chooses the cutoff
point @ and the investment level I, taking as given prices (R/ s (Kegn) 7 (Kgsn))
and the expected payoff that results from the optimal contract (2.13)-(2.14). To
simplify steps, the repayment amount r(k; )l is equivalent to Rf 41lt, given the
equality of returns in equilibrium. From this perspective, each financial intermediary
must receive at least the opportunity cost of lending in expectation. Let’s define the
set of feasible loanable funds: L(k;) = {l € y(k:) : 0 <1 < (1 — k)d(k:)}. Thus, the

capital-producer’s decision problem is as follows

max {max { [E(G) - A(é)] Pkl O}} , (2.19a)

é,ltEL(kt)

st plk)lf [AO) = 400)] = R b, (2.19b)

ki1 = f(1y), the law of motion of capital. (2.19¢)

Let A be the Lagrange multiplier for constraint (2.19b). The Lagrangian function for

a non-zero expected payoft is
£= 1= AG)| plhes)ii + A [plken)li [AO) = 120)| - BRL,L|. (2:20)

Note that £(f) = 1 by Assumption (2), so 0 < 1 — A(f) < 1.3 The case when A = 0
is ruled out because the optimizing capital-producer will never pay more than the

repayment agreement, thus constraint (2.19b) holds with equality.

6 0
1BAs a result, A() = / 0dG f/ 0dG < 1.
0 0
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The FOCs for an interior solution (A > 0) are

A~

sy ()
0 : AO) = - —, 2.21a
=N ) (221
N nf
L ap(hl = __MORy (2:21b)
[1 - A(e)] +A(0) [A(@) - 79(9)]
Noo plhe )l [AG) = 400)] = RLt. (2.21c)

The second-order condition (SOC):

A ~ ~

[A"(0) =" (0)]x — A"(6) <0,

is always satisfied, since A” < 0, ¥Q” > 0, and A > 1 (see Appendix B).

~

To analyze possible interior solutions, let () be the excess return from lending

to the capital producer, from the FOC (2.21b):

£(6) = . A@ . — (2.22)
[1 - A(e)} +A@) [A(e) —0(6)
and using (2.21a) to substitute A\(f) we get
£(f) = A/@ : (2.23)

N(0) = 4(@)] 1= A@G)] + 1) [A@B) - 1000)
which is greater than 1 and increasing in 6 (see Appendix C).

Proposition 2.1.1. Let 0* and l; be the optimal cutoff point and investment respec-
tively that solve the problem (2.19a) subject to (2.19b)-(2.19c). To get an interior
solution, 0 must be chosen on the increasing part of the expected return function

(2.16), this is when 6 e (0,0™). Then, both 0* and I} are unique, defining the

4When aggregate risk is introduced in the next section, the excess return will represent the risk
premium.
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optimal demand of government bonds by the financial intermediary.

Proof. For the first part, as o gets closer to the maximizer of the expected payment

~

(6™), where A'(0™) = ~'(6™), the limy , pn A(6) = +o00. This implies that

. (D) 1
lim = . 2.24
i0m [1— AD)] +A0) [AD) —12(B)]  AE™) —06) 22
Substitute (2.24) in (2.21b) to get
f
plke)lf ™ A@™) —50(6™)] = " (2.25)

Then, it is possible to show that if (2.25) holds, then (2.21c) will never hold with
equality and the expected return of lending is always greater than its opportunity

cost for any value of [:

Rrf
o R{+1> or R,{:rl(l —a)>0. (2.26)

In this case the financial intermediary has an incentive to lend out all the available
resources (net of the reserve requirement) to capital producers, reaching the upper
bound of the set of feasible loanable funds: I} = (1 — ) d(k;). If 6* is chosen in the
decreasing part of the expected return function (2.16), when the cutoff = 0™, 0),
then A(6) would be negative.

Once the interior solution is guaranteed by % (0,6™), the optimal values of
both the break-even point and investment are the solution to the system of equations

formed by the FOCs (2.21a)-(2.21c). The equilibrium break-even point (6*) is ob-

tained by substituting (2.21c) in (2.21b) and using the excess return defined in (2.23)
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to get

N(6%) a

(2.27)
The right hand side of (2.27) is the gross-return on investment (GRI), that is, the
ratio of the expected marginal revenue of capital producer (EM R) to return of loans
(r!(Kes)):

EMR(kpir, 1)
r(Kiy1)
ap(kp)lf !
plkes )l [A) = 40(0)]

(0%

GRI(f) =

~ ~_ .

A(0) —~0(0)

Since GRI is strictly decreasing in 6 and the excess return is strictly increasing in
é, there exits a unique solution 0* to (2.27). All capital-producers face the same
distribution of indiosyncratic risk, thus éj = 0" for all i.
Given the optimal choice 6%, the optimal level of investment (IF) is the solution of
the FOC (2.21b),
ap(kea) (1) = e(0") R, (2.28)

Again, the left-hand side of (2.28) is the expected marginal return of capital producer

(EMR(ki41,1;)) that has the following properties:
(1) liml_m EMR(k't_H, lt) = +o00.

(ii) The lowest value is given by the corner solution: EMR(ki11, (1 — k)d;) =

ap(ki1) _
[(1—r)d]' ™

OEMR(-)

= aa —1)p(ky)IE 2 <0,
ol

(iii) It is decreasing in [; as
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*EMR(-)

5 = aa—1)(a —2)p(ky1)lE3 > 0.
ol

(iv) And convex since

By solving (2.28), any capital producer i equalizes his EM R;, which is convex and
strictly decreasing in [, with 5(@*)1%{ +1, which does not depend on [. Then, the

capital-producer i chooses a unique optimal level of investment given by

ap(kit1) m

lf(g(é*% R{+17P(kt+1)) = ~
5(9*)R{+1

(2.29)

2.1.5 Government

At the beginning of each period, the government announces the risk-free rate (R} 1)
at which will offer the one-period bonds and choses the lump-sum taxes (7;). Once
these policy variables are chosen, the total government spending per worker (g;) is
endogenously determined by the total demand of government bonds (BY), net of

previous debt repayment, to satisfy

g =7+ DB —R[B, 1, (2.30)

lim

) Rf—il = 0 (no-Ponzi constraint), (2.31)
—00

and By is given.

In other words, the government issues bonds to cover the financial sector’s demand
by assuming a perfectly elastic supply of bonds at the announced rate. The risk-free
rate (Ric +1) can be thought as a policy rate that affects the entire economy through
(2.28).1% In addition, the reserve requirement (k) could also be used as another policy
instrument to reduce the loanable funds available to the private sector and increase

the total demand of goverment bonds.

15Tn the last section, I propose an extension of this model, where the government can choose the
level of spending but without the perfectly-elastic supply of bonds.
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2.1.6 Equilibrium and the Financial Depth Indicator

In this section, I examine the steady state taking as given the risk-free return on
government bonds (R{ = RY). Any change in R/ will result in a transition to a new
steady state.

The law of motion of capital stock for a given ky and R/ is defined by

k(I*, E(9)) = BE(O)I*" (2.32)

I**  (by Assumption 2). (2.33)

Then, the total output per worker in steady state is

y(I*, A) = A, (2.34)

and the factor payments are
w(l*, A) = (1= 8§ A, (2.35)
p(*, A) = s AV, (2.36)

From (2.28) and (2.36), the steady state level of investment is defined as follows

1
1—ao

5A
a : (2.37)

~

e(0* )RS

I"(e(6"), R', A) =

which is decreasing in both the excess return and the risk-free return, but increasing
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in the total factor productivity.!®
w(l*,A) — 1

(1+5)
At the given R/, the government supplies bonds to absorb its demand in steady state

The steady state level of deposits (d*) is given by d* = 3 =d? = d*.
(BT = d* —I*), validating a spending level g* that satisfies (2.30).

The resource constraint in the economy is
é ~
W A) = ¢ 4+ g T+ / w(k,1,0,0)9(0)d0 + DWL,  (2.39)
0
where DW L is the deadweight loss from monitoring, which is defined as follows

DWL = p(I*, A)I*" ~Q(6) (2.39)

= dy(I*, A)vQ (). (2.40)

To get a graphical representation of the optimal decision and steady- state values
in the entire economy, let EM RF be aggregate expected marginal-return function.
Since all capital producers are ex-ante identical, we get EM R” = ap(k,41)I®~*, which
is a convex and strictly decreasing function on ;. Given R and ko > 0, Figure 2.1
depicts the optimal decision (2.28) for the economy, resulting in a unique steady-state
level of investment and demand of government bonds.

The effect of changes in R, the excess return, and productivity (A) are graphically

analyzed in Appendix A. For instance, if the government announces an increase in the

16Taking the partial derivatives:

o1 ( 1 ) adA 0
de(6%) e(6*) \1 —ad ) | e(6*)RS '
or 1 (1 add |77
ORF — R/ \1—-ad) | e(6*)R! ’
ol* as 1 ad =
= Al—a —= 0
9A ’ (1 - a5) L(a*)Rf >
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Figure 2.1: Aggregate Investment and Demand of Government Bonds in Steady
State

EMRF
£(67)R"

EMRE (kyi1,1,)

£(0")R

ap(ke+1)
[ —n1

t l
’ Ta-n 4 f

Investment Excess demand Required
of bonds (b®") Reserves (RR)

Total Demand
of Bonds (B%)
risk-free rate from R/ to R’ to finance more spending (g). Everything else equal, this
policy would generate a reduction in the private investment, a phenomenon known
as crowding out effect. In this framework, the increase of government expenditures is
equivalent to the reduction in private investment as is depicted in Figure Al.
Finally, if the financial depth (F'D) is proxied by the level of private credit ex-
tended by the financial intermediaries as a share of total output, the capital producers

are the only private agents who borrows from the financial intermediary.!” Therefore,

17This might be a limitation of the model, since the total credit to the private sector typically
includes a variety of loans to households, financial institutions, and funds used as working capital.
From the national account perspective, the F'D indicator in this model would be equivalent to the
country’s investment rate.
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given R/ and ky, the financial depth indicator in steady state (F'D*) is

I*(e(0%), RY, A)

FD*(e(6"),R') =

y(l*, A)
l*l—aé
T A
ad
= ——— by (2.37). 241
o Y2 (241

The degree of financial deepening in equilibrium is decreasing in both the excess
return and the risk-free return. However, unlike the investment level, F'D* does not

depend on the level of total factor productivity.

2.2 Introducing Aggregate Risk into the Benchmark Model

The preceding section provides a benchmark model with equilibrium levels of invest-
ment and financial depth in an economy without aggregate risk, and only subject to
the idiosyncratic risk in the production of capital goods. In this section, an aggre-
gate productivity shock (S;) is introduced that will affect both the TFP (A;) and the
distribution of the producer-specific shock (G). For simplicity, there are two possible
states of the world with equal probability, low (A(L)) and high (A(H)) productivity
with 7(L) = n(H) = 0.5, and let g, be the standard deviation of productivity shocks.
Hereafter the subscripts “V” and “v” will identify the functions and chosen variables,
respectively, associated with the stochastic environment.

Some empirical studies find that permanent changes in macroeconomic risk can
explain structural changes in the equity price trends and risk premium.*® In line with
this literature, I propose a link between the TFP volatility and the distribution of

idiosyncratic risk, which will have consequences on the risk premium. The following

18By using postwar data, Lettau et al. (2007) show that there is a strong correlation between
the macroeconomic volatility and asset prices, so with the equity risk premium as well, not only in
United States but also at international level. Bansal et al. (2005) also find that GARCH volatility
measures can explain quarterly price-dividend ratios in United Sates, United Kingdom, Germany,
and Japan.
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assumption summarizes this key link between the macroeconomic risk and individual

risk:

Assumption 3. A change in the aggregate risk or TFP volatility generates a mean-
preserving spread (MPS) change in the original distribution of the idiosyncratic shock
over the same non-negative support [Q,é}. The standard deviation of the new dis-
tribution depends on the wvolatility of the productivity shock (o,), that is, the more

volatile is the economy, the riskier is the production of capital goods.
These properties are formalized next.

Definition 2.2.1. Let 0,; ~ Gy and 0; ~ G be random variables associated with the
realizations of the producer-specific shock for an economy with and without aggregate

volatility respectively. Gy is a mean-preserving spread G if and only if
Oui 2 0; + 2,

for some noise z such that E(z|0;) = 0 V0,. In addition, the variance of the noise z

is assumed to be an increasing function of the aggregate volatility: OV ar(z)/do, > 0.

Since the MPS is a special case of the Second Order Stochastic Dominance (SOSD),

G second-order stochastically dominates Gy, therefore the following conditions hold?:

(i) The two distributions have the same mean:

0 0
/ 0dGy = / 0dG. (2.42)
[4 0

(ii) Integrating over the difference in the distributions is a non-negative function of

19For discussions and economic applications of the mean-preserving increase in risk see Rothschild
and Stiglitz (1970, 1972) and Diamond and Stiglitz (1974)
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the aggregate volatility:

1>
IN
IN
eyl

¢

I'(t,op) = / [Gv(0,0,) —G(0)]d§ > 0, for all t (2.43)
9

From Definition 2.2.1 and Assumption 3, an increase in the aggregate risk will gen-

erate a mean preserving increase in the capital-producer’s specific risk. Thus, it is

reasonable to impose the following working assumption:2°

Assumption 4. A mean-preserving spread increase in the idiosyncratic risk will raise
the default probability for a given cut off point: Gy (8, a,) > Gy (6, op) when o, > 0y,

By moving weight from the center of the probability density function to the tails,

without affecting the mean, the pdf is assumed to shift up over the interval [0, év]

By introducing aggregate volatility, the factor payments depend on the current

state,

w(ky, Sp) = (1 —6) A(S,)k?, (2.44)

plke, Sr) = SA(S)k ™, (2.45)

as well as the optimal supply of deposits:

'LU(k't, St) — Tt

55 (2.46)

dyy =P

As in previous section, the financial intermediary maximizes the discounted present
value of the net cash flow, but now the next period cash flow (W;;1) and the SDF

depend on the next period aggregate shock (Siy1). Then, FOCs for the stochastic

20The assumption of equal means requires that the distribution functions G' and Gy have to cross
at least once, therefore, there exits the possibility that Gy (é,ap) < G(é) However, that situation
should be ruled out, because it would result in a counterintuitive prediction, that is, a relatively
lower default probability when the aggregate volatility increases.
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version of (2.7) are

dg,t . 1— Et [m(kt+17 St+1)Td(kt+1, St-i—l)] — Rlyt = O, (247&)
bit . -1 -+ Et |:m(kft+17 St+1)R{+1:| -+ Hot = O, (247b)
lv,t . — 1+ Et [m(kt+1, St+1)7“l(]€t+1, St—l—l)} = 0, (247C)

where p,,, is the Lagrangian multiplier for the required-reserve constraint.
For the same reason as explained in the deterministic benchmark, only the case
when fi,; = 0 and b, > 0 is considered. Combining the FOCs and defining the

m(ker1, Spy1) = 1/1%(kiy1, Sp41), we get the standard relationships

Tl(k?t+1 St+1):| [ 1 ]

E |l —p | ———— | R =1 2.48

' |:Td(kt+178t+1) ' 74 (Key1, Siq1) s ( )

2.2.1 The Capital-Producer Problem with Idiosyncratic and Aggregate
Risk

When aggregate risk is introduced, the optimal decision of capital producer faces two
major changes. First, there is a riskier distribution for his specific shock that increases
the default probability at a given break-even point. Second, his income from renting
the new capital is subject to the next period state, i.e. p(k;i1, St+1)9vl:¢~

Since the standard debt contract (SDC) is characterized by a fixed repayment
agreement (Gale and Hellwig, 1985), let # be the fixed payment per unit of loan.

Thus, the capital producer is breakeven when
plker, Sei1)0ulyy = Pl (2.49)

where év is the break-even point for the stochastic problem. Given (kii1, Siy1,los),
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the financial intermediary receives the following payoft:

(1 =) p(kiya, St-i-l)@vlj,t if 0, < éfu

¢V(kt+17 St+17lv,t777 evvé’u) = (250)

Pl if 6, > 0.

Using (2.49) to substitute [, ;, the producer’s expected payment from the benchmark

model (2.16) is replaced by:

(I)V<kt+1a St+17lv,t>%ém<7p) = P(k’tﬂa St+1)l:,t [Av(émap) - ’YQV(émUp)] ) (2~51)

where the expected gross payment and monitoring cost relative to the income are

respectively, ) i
b 0
Av(By,0,) = / 6,dCy + / 6,dCy (2.52)
0 O
and
~ év
2 (Byy 0,) = 4 / 6,dCy. (2.53)
0

Once the aggregate risk is defined (o,), the realization of the aggregate state (1)
will affect the return on capital, but not [Av(é,ap) — Qv (0,,0,) .

The expected payment function has the same properties defined in the benchmark
case: it is nonmonotonic in the cutoff point, reaching a global maximum at 6, , where
it is increasing on the interval (6,6, ) and decreasing after.

In sum, the capital producer chooses the break-even point and investment (loans)
from the available funds L(k;, Si) = {lv+ € y(ke, S¢) : 0 < 1,y < (1 — K)d(ks, St)}, tak-
ing as given prices (R,{H, ' (ky1, Sev1) , 7% (kes1, Sir1)), to maximize his expected pay-
off over the two possible states Sy € {L, H} with equal probability. Each producer
faces the financial intermediary’s participation constraint, and the law of motion
of capital. The intermediary will voluntarily participate in lending if the expected

payment covers at least 7!(kyy 1, Spi1) Lo OF its equivalent in equilibrium R{ 41lvy. For-
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mally, the representative capital producer solves

max : {max {% [E(9v> - Av(év, Up)] [p(Kiy1, L) + p(kera, H)] ,O}} )

év,lv,tEL(kt,St

(2.54a)
[, . R
s.t. ?t [AV(eva Up) - 'YQV(QM Op)} [p(kt-‘rb L) + p(kt-i-la H)] 2 R{_Hlv,t;
(2.54b)
kiy1 = f(l,4), the law of motion of capital. (2.54c¢)

To simplify notation, hereafter I omit the arguments of functions Ay and €2y, while
the return on capital p(k;11, Siy1) is abbreviated as p(S;11). Since the distribution of
the idiosyncratic shock 6, is a MPS of that for 6, then E(6,) = E(f) = 1.

Let A, be the Lagrange multiplier for the constraint (2.54b), the FOCs for an
interior solution (A, > 0) are quite similar to those associated with the benchmark

model:

’
~ AV

D e 2.55a
N =50, ( )

. A RS
Loy : E p(Si) 0 = e : 2.55b
t Ly [P( t+1>] v,t [1 — AV] + /\U [AV _ VQV] ( )
A, 12, [Av — Q] By [p(Sii1)] = RY (L. (2.55¢)

The SOC is satisfied when
AL — 7] AL — [Ny — 9] A7 <0,

which is similar to the condition found in the deterministic case, but substituting
out A, with (2.55a). As before, an optimizing producer will pay no more than
r'(Kis1, Sp41) Loy or, equivalently, R{ +1lv,t, thus, constraint (2.54b) holds with equality.

In the stochastic framework, the excess return is the risk premium from lending
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to the capital producer, since it does not only depend on the cutoff point, but also

on aggregate volatility.

by, 0y) = a
VT T AT N Ay — ]

(2.56)

The procedures followed in Preposition (2.1.1) are still valid in the stochastic environ-
ment in order to get the equilibrium break-even point and investment. The former is
obtained when the risk premium is equal to the expected gross return on investment

(GRIy(0,,0,)). Substituting A, with (2.55a) we obtain:2"

/
Ay a

— . 2.57
1A, 9]+ A Ay —79] Ay — 10y (2:57)

Recall that uniqueness is guaranteed because the left-hand side is increasing, while
the right-hand side is decreasing in the cutoff point (6,). As was proved for the
benchmark case, the optimal cutoff point is chosen in the increasing part of the
expected net payment function, i.c. 6% € (6,6™).

Following the analysis of Section 2.1.6, we can derive the steady state investment
(I*) for given values of the risk-free return (R} .1 = R/) and initial capital (ky > 0).

After substituting (2.56) in (2.55b) at the optimal cutoff point 6 obtained from

(2.57), and replacing E; [p(Si+1)] for its value in equilibrium, we find

_1
1—ad

adE[A(S)]

L (W(éia%),Rf,E[A(S)]) = W
ViYy) Up

(2.58)

When the capital producer chooses the amount of borrowing, he considers the ex-

21The expected gross return on investment with aggregate risk is

GRIy(6,.0,) aly i By [p(Si)] _ alyy By [p(Si1)] using (2.55¢)
o Rtf+1 lif,Zl [AV - ’YQV] Ey [P(St+1)]’
.«
Ay —yQy '

61



pected future return from renting capital. Therefore, the steady state investment
in (2.58) not only depends on the risk premium and the given R/, but also on the
expected value of productivity shocks. As before, [ is decreasing in the risk premium
and the return of government bonds, but increasing in E [A(S)]. There is a trade-
off between increasing the risk premium and the expected value of the productivity
shocks. If there were an increase in both the volatility of productivity shock (o,) and
its expected value (E [A(S)]), the optimal level of investment (2.58) would depend
of the relative effect of the aggregate shock on the risk premium. This interaction is
studied in the following section.

Since the financial intermediary lends out funds to a countably infinite number
of risk-neutral producers, the latter bear both the aggregate and individual risks
associated with the contract. Even though when the aggregate volatility is in place,
the intermediary can diversify the aggregate risk among borrowers.

But what about the output volatility (o,)?: After modifying the equilib-
rium condition for output (2.34) to account for the aggregate risk, and substituting
the steady state investment (2.58), the output becomes y(I*, A(S,)) = A(S)I**.

Therefore, the standard deviation of total output is given by

e

oy(op, 1y) = oplyy (2.59)

which means that the output volatility is endogenous, and in equilibrium, depends
not only on the volatility of the productivity shock, but also on the equilibrium level

of investment. Therefore, the following is true:

Result 1. It follows from (2.59) and (2.58) that any change in the aggregate risk (o,)
has two effects on output volatility (o, ): a one-to-one direct effect and an indirect one,

since the optimal level of investment [}, is also a function of o,.

Once the effect of aggregate risk on the optimal level of investment is defined in
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the next section, Result 1 will be replaced by Result 4.

The steady state level of financial deepening with aggregate risk is

xl—ad
— l'U

A(S)

FD; (ev(0;.0,), B E[A(S)] A(S))

«d
v (é;a Up)Rf

EUEN . e

The first factor is equivalent to the measure found in benchmark case, while the
second one is the direct impact of the aggregate productivity shock. The latter
factor represents the first link between the macroeconomic volatility and the financial

deepening, which can be summarized as follows

Result 2. The financial depth indicator in steady state is not only affected by the risk
premium and the return of government bond, but it also fluctuates with the current

productivity shock.

This is an intuitive result, since the F'D is normalized by the output, thus its
dynamic is also a function of the current productivity shock. 22

Results (1) and (2) reflect the complexity faced by any empirical work that studies
relationship between the financial depth (£'D) and output volatility (o), because
both are endogenous! When the FD is used as the explanatory variable, it is not
always easy to find the proper instrumental variable to isolate it from the aggregate
risk.

The optimal investment (2.58) and the financial depth indicator defined in (2.60)
show the importance of having a link between the aggregate risk and the idiosyncratic
shock. If this interaction were omitted, the risk premium would not be affected by

the aggregate volatility. Then, if there were an increase in both the volatility of the

22However, if the financial depth is measured in terms of the expected output, the second factor
in (2.60) would be simplified. The resulting indicator would match the form of the FD for the
benchmark economy (2.41), but now with the risk premium being a function of the aggregate risk.
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productivity shock (o,) and its expected value (E [A(S)]), the following results would
hold:

(i) From (2.58), there would be an increase in the level of investment, amplifying

the output volatility in (2.59).

(ii) At the same time, the level of financial deepening (2.60) would solely depend

on the expected productivity shock relative to the actual state.

(ili) An increase in the aggregate risk and its expected value would result in an
increase in the optimal level of investment, amplifying the output volatility, and

with the possibility of having a deeper financial system.

2.3 In Search of the Missing Links

In this part, the effect of aggregate risk or TFP volatility is studied in steps. First,
the analysis is concentrated on the investment level, or total credit to the private
sector, and consequently on the output fluctuations. In a second step, the results
are introduced in the financial depth indicator (F'D) in order to check the effects on
financial deepening.

To isolate the impact of the aggregate risk, let’s consider an economy that starts
with a certain level of variability on its total factor productivity, say af. Now assume
a one-time exogenous reduction in its fluctuation to O’;, but keeping constant all other
features associated with this model, including the mean of productivity shocks, i.e.
Ey [A(Sf)] = Ey[A(SE)] = Ei[A(Sp41)] for all periods. If o' = 0, the economy
is back to the benchmark case. It is also possible to think of this exercise as two
economies with different aggregate volatility. Next, this change is assessed in the
context of the investment/lending decisions to finally reach some conclusions about

its impact on financial depth.
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2.3.1 The Effect of Aggregate Risk on Lending and Output Volatility

Let’s start from the optimal decision (2.57) associated with the initial aggregate risk

af, but without substituting A, from the risk premium for the scope of the analysis:

>‘U(933705) o «
L= Ay (627, 08)| + (057, 05) [Av(é;B,o—;?) —9Qy (037, a;?)} Av(0:7,0F) — v (037, 0F)

(2.61)
To obtain the effect of reducing the aggregate risk on lending, let’s analyze how
both the risk premium and the expected gross return on investment change. As
noted before, the gross return on investment in the right-hand side is decreasing
on the break-even point (6,), while the risk premium (left-hand side) is increasing.
Figure 2.2 depicts these facts, considering that the GRI(-) is a convex function (since
O2GRI(-)/96% > 0) and assuming a concave ey (-), as long as 0%y (-)/002 < 0. The
convex and concave shapes of these functions will be irrelevant for the final results.
At the intersection of the curves, a unique optimal break-even point is found (é:B)
for the initial situation with /.

The following proposition summarizes the individual effect on the GRI function.

Proposition 2.3.1. The lower is the aggregate risk (o,), the higher is the expected
net-payment relative to the expected income in each state, [Av(év, o) — Qv (6, ap)] ,
and the lower is the expected gross return on investment at the cutoff point. Given

o8 > o, this implies that GRIy(0,,0F) > GRIy(0,,02).

p p v ¥p

Proof. Let Z (év, 0;,4, Uf ) be the difference in the expected net-payment after reducing

the aggregate risk, relative to the expected income in each state, for all possible values

N

of 0,:
vVy¥porTp vy~ p vy~ p vy p vy ~p

Z(6,,04,05) = [Av(é oBY — 7y (0 gB)} - [Av(é o) — Ay (0,, 0] . (2.62)

To simplify the analysis, let’s apply integration by parts in (2.52) and (2.53), and the
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Figure 2.2: Risk Premium and the Expected Gross Return on Investment

&y (),
GRIy ()
GRIy (0,,05 )
£y (aw Ug )
&y (657,08 ) = GRiy (85 0F )
- 6
I 1 B v
o 8, 05"

0
fact that / L,dGy =0, <1 — GV(QU)>. Therefore, the gross payment becomes
0

v

b, 0
Av(B,,0,) = / 0,dGy + / 0,dGy

6

év
=0, — / Gy (0,,0,)db,, (2.63)
[

and the monitoring cost is

év
’}/Qv<9v0'p) = ’}// QUdGV
0

911
0,Gv(0,,0,) — / Gy (6, ap)dev] . (2.64)
0

=7
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Then (2.62) can be written as

A 2
Z(.) = 0.7 |Gy (0u,0,) = Gy (B, a;?)] +(1- 7)/9 Gy (0,,02) — Gy (0,,05)] db,.

(2.65)

~

Since Gy (0,,07') and Gy (0,,07) are MPS of G() with a higher shifting parameter

vy p

in country B, it follows:

(i) Capital producers in country B have a higher default probability at a given

cutoff point, i.e. Gy (0,,0%) < Gy(6,,07). Thus, the first term of (2.65) is

vy~ p vy~ p
negative.
(ii) From (2.43), Gy (0,, ;') SOSD Gy (0,,07), so the second term is also negative.

~

In sum, the first part of the Proposition is proved as Z(6,, Uf, Jf) < 0. With this

result and the definition of the gross return on investment, the second part follows

immediately:
N o o ~
GRfv(QU,O'B) = = = > = ~ = GRI\/(GU,O'A).
P A (0s,08) = 1Qv (0s,08) T Av (0,041 — 1 (0,,04)) ’
(2.66)

]

As a result, when the aggregate volatility decreases, the GRI function shifts down
at any level of 6,. Before checking the risk premium function, let’s establish the

following properties that will be used next.

Proposition 2.3.2. For a given év, the lower is the aggregate risk (o,), the higher
1s the expected gross payment Av(év,ap) and the lower is the expected monitoring
cost ’yQV(év, 0p), both relative to the expected income in each state. Furthermore, the

)\U(év, op) decreases when the aggregate uncertainty is lower.
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Proof. See Appendix D. m

With the previous results, it is possible to find the effect of reducing the output

fluctuation on the risk premium function:

Proposition 2.3.3. For a given cut off point, the lower is the aggregate risk (o),

the lower is the risk premium: ev(év, cr;‘) < sv(év, af) if af > cr;‘.

Proof. (The arguments of the functions are omitted for simplicity) If the Prosposition

is true, then [ei} — ] < 0. From (2.56)

A A
(L= AD) + AL (A = 9Q0) (1= AP) + AT (AT —17)

A B _
&y — &y =

M= AB) + 2F (A = Q8)] = A [(1— Ad) + A4 (A — 9]
T - A M M D[ - AR+ AF(AE )]

(2.67)

Since the denominator of (2.67) is always positive, the sign of the ratio is determined

by the numerator,

s1gn (8é - 53) =sign {/\jj4 [(1- Ag) + A (A€ - 795)]

— A1 =AD) + A (A =79}
After adding and subtracting AZAZ to the numerator, collect terms to show

sign (g3 — ef}) =sign {(/\f —A0) (1-AY) + (/\f — 1) AJ (A - Aé)

AN (W - )}

From Proposition 2.3.2, we know that, for a given 60, (M=) <0, (AB—AD) <
0, and (4} —QF) < 0. Given that A, > 1 and (1 —Ay) > 0 for any o, the

sign (5{} — 55) is always negative when af > 0;34. In words, the reduction in aggregate
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volatility lowers the risk premium. O]

Therefore, the function 5V(éy, Uf ) will also shift down as the aggregate volatility
decreases.

Although a reduction in the volatility lowers both sides of (2.61), reaching a new
equilibrium at a lower risk premium, the effect on the optimal break-even point is
ambiguous.?? As is shown in Figure 2.3, the final effect on é; depends on the size of
the shift of each curve. That is, if the expected return on investment drops more than
the risk premium, the producer chooses a relatively lower cutoff point that decreases
the risk premium (Figure 2.3a). Conversely, when the risk premium decreases more
than the return on investment, the producer can choose a higher cutoff point to close
the gap (Figure 2.3b). The last case might be a possible result, since the value at
which the producer’s expected payment reaches a global maximum is higher when
the aggregate risk is lower.?*

Even though one would expect that Aav(év, op) > AGRIV(éU, 0,), nothing guar-
antees this outcome. If both functions change in the same proportion, the optimal
cutoff point will be unaffected. In any case, the resulting optimal value of é;A will
not affect the main result, because the risk premium is always lower in an economy

with a lower o,

23Tt is possible to show that the conditions to apply the implicit function theorem in F (9$, op) =
ev(0F,0,) — GRIy (6%, 0,) = 0 are satisfied, including F(;* # 0.

YThe global maximum of [Av(0,,07) — ¥Qy (6, 0F)] is reached when A/V(GZLB,GZ?) =
’yQ/V(OTB,JB). Given that dAy /00, < 0 and 99y, /90, > 0, and that A} increases and €,
decreases when the aggregate risk declines (see Appendix D, Claim D.3), then, the new maximizer

must satisfy 9;"A > 91}13.
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Figure 2.3: Aggregate Risk Reduction: Relative Changes in ey and GRIy
(a) If Aey (0, 0p) < AGRIy(8,,0)

& (),

GRIy (-) where of > o5

GRIy (0,08 )

&y (Bu03 )

e (6,708 ) = GRI, (857,07

ey (6,08 ) = GRIy (85",

f GRI, (6,,0))

GQ)

t T
0, 0 mB  pmA
B o1’ o

[IS)

(b) If Aey(8,,0,) > AGRIy (6,,0,)

& (1),

GRIy () where 6} > o

GRIy (0,08 )
&y (85,05 )

- = & (0,0;)

e, (6:%,08 ) = GRI, (6:.0F)

&y (é,jA, o ) = GRIy (é;ﬂ,oﬁq)

7 GRIy (0,64 )

':m)

=0 .

9,, 9,, 91?!"3

L)
m
o)

|

Finally, if the steady state level of investment before and after the reduction in
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aggregate volatility are compared for the same R’ and ko, we get

T a3
o a&i [A(S)] aasz[Aw)] o 268
8{/(9: ,O'pB)Rf Ev(Q; ,O';?)Rf

as ey (07", o) < ev (677, o)), regardless of 0" < 02"
The previous finding is summarized in the following statement for an interior

solution:

Result 3. Everything else equal, a decrease (increase) in aggregate risk (o,) will
reduce (increase) the risk premium (ey ), increasing (decreasing) the equilibrium level

of loans to the private sector (1), which is equivalent to saying that investment will

be higher (lower).
Since B = d* — I*, the following Corollary holds:

Corollary 1. Given the assumptions in this section, the demand for government
bonds in steady state (B ) goes up as the aggregate volatility increases and the current
state is high (S; = H ). However, if S; = L, the change in B is ambiguous, and it
depends on the relative drop of deposits vis-a-vis the change of loans to the private

sector.

In this model, the government bond is a risk-free asset that does not require
monitoring, thus it is a natural refuge in a riskier environment as the aggregate
volatility increases. However, government bonds in emerging economies are subject
to aggregate risk. If the return of government bonds were affected by o, or o,
the financial intermediary would have to allocate funds between positively correlated
risky assets without any safety choice. This situation might be solved by adding
an external risk-free asset, however, this requires opening the economy at a cost of
increasing the complexity of the model. As will be mentioned in the conclusion,

opening the economy is a plausible extension for this framework.
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Combining Results 1 and 3, and substitution (2.58) in equation (2.59), it is possible
to show that output volatility (o) is a nonmonotonic function with respect to the
aggregate risk parameter. For instance, a reduction in o, tends to decrease the output
volatility, but it simultaneously boosts private investment, which tends to increase

the output fluctuations. Formally,

1—ad

B
Py <0, (2.69)

doy

adE [A(S)]
ev(6x,0,)RS

where II = 1 — o, (12(‘15) [86";/')(()8 U”]. Since the second factor of (2.69) is always

positive, the effect of a change in aggregate risk will depend on the sign(IT). Let’s

define the elasticity of the risk premium with respect to the aggregate risk:

op [0Oev()
- . 2.70
b= 2057 o, | 210
Therefore, II can be written as
ad
nH=1-&,, |——|. 2.71
Eeve | 1255] (2.11)

The sign of (2.71) depends of the elasticity of the risk premium and the value of
(ad). The latter is the investment rate (I/y) weighted by the marginal product of
investment (M Pl), which is usually lower or equal than 1/2 for reasonable values of
the capital share in total income (§) and the curvature of the production function of

capital goods (a). Then the expression [1325} is usually less or equal to one. From

Result 3, dey (-)/00, > 0, thus, &, ., is always positive. Given these results, three

cases can be analyzed:

(i) If &y o, [1255] < 1, then (2.69) is always positive, % > (. That is, an increase

(decrease) in the aggregate risk, increases (reduces) the output volatility, but
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at a lower amount due to the reduction (increase) in the aggregate investment

level.

(ii) If &, 0, [lf‘—ié} =1, then % = 0, which means that the effect of the aggregate

risk on output is perfectly compensated by the change in investment.

(iii) Finally, if &, o, [13—‘;5} > 1, then (2.69) is always negative, % < 0: the effect of

the aggregate risk on output volatility is more than compensated by the change

in investment.

In general 22~ < 1, so that cases (ii) and (iii) are only possible for high values
of &, ,. In other words, the more sensitive is the risk premium to changes in the
aggregate risk, the lower is the direct effect of the latter on the output volatility. For
relatively high values of elasticity, significant adjustments of the risk premium would
lead to changes in the investment levels that more than compensate for the effects
of aggregate uncertainty on output volatility, resulting in counterintuitive results.
Appendix E shows different combinations of elasticities (&, 4,), @, and 6 to check for
the range of values for these variables where cases (ii) and (iii) are possible.

Since the possible effects of aggregate risk on optimal investment and output

volatility are defined, Result 1 can be replaced by

Result 4. In this framework, changes in the aggregate risk (o,) do not translate
one-to-one into the output wvolatility (o,), since they are partially compensated by
their effect on the investment level (I¥). For significantly high values of the risk-
premium elasticity with respect to the aggregate risk, the change in investment more
than compensates the direct impact of the change in aggregate uncertainty on output

volatility, resulting in a null effect or in an opposite-direction variation of oy.
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2.3.2 Financial Depth after a Change in Aggregate Volatility

When the aggregate risk or TFP volatility decreases, keeping constant the E[A(S)],
the financial depth indicator (2.60) is affected by two forces. From Result 3, as the
risk premium decreases, the amount of loans to the private sector increases, which
tends to raise the F'D indicator. On the other hand, as is stated in Result 2, the
relative change in the current productivity shock generates an ambiguous effect on
FD. Continuing with the previous exercise, the financial depth indicator in steady

state (for a given R/) in the economies B and A are

B ad E[A(S)]
0, _[ v(0:", 0B RS { A(S?) } 272
and
A (15 E [A(S)]
FDy = [ V(05" oA RS { A(S) } 273)

By combining (2.72) and (2.73), a reduction in the aggregate risk will increase the

financial depth if and only if:

. > ). (2.74)

However, when volatility goes down keeping constant the mean, it is like a mean-
preserving shift of the two possible productivity shocks. If o > o with E[A(S")] =

E[A(S%)], it must be the case that with equal probabilities
A(H®) > A(H") > A(L*) > A(L") > 0. (2.75)

If o > 07!, then % > 1 (Result 3). Therefore, condition (2.74) is automati-

cally satisfied in the high state (S = H), because 2% Hb)) < 1. But when the aggregate
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state is low (S = L), condition (2.74) does not automatically hold, since ﬁgi:)) > 1.

In sum, one can summarize the previous findings as follows

Result 5. Fverything else equal, and under the assumption of this model, a decrease
in aggregate risk (o,) will “automatically” increase the financial depth indicator (F'D)
in the high state (S = H). However, in the low state (S = L), FD increases if
condition (2.74) holds. That is, when the relative reduction in the risk premium (gy)

more than compensate the relative increase in aggregate productivity during bad times.

Notice that if the financial depth indicator is calculated with respect to the ex-

pected output, from simplifying (2.72) and (2.73), it is straightforward to show that

Result 6. Everything else equal, a decrease in the aggregate risk (o,) will always
increase the financial depth indicator (F'D) when is calculated with respect to the

expected output, given the reduction in the risk premium (Result 3).

2.4 Conclusions and Possible Extensions

This chapter has been devoted to analyze different effects of aggregate risk (TFP
shocks) on output volatility, measured by the standard deviation of output, and the
financial depth, as poxied by the credits to private sector relative to output. Sev-
eral empirical works study how the increase in financial development can reduce the
output volatility by using different estimation techniques. However, I have followed
the approach of a different strand of theoretical and empirical literature, where high
volatility is the result of a concentrated production patterns, and is ex-ante indepen-
dent of the financial system.

Through a simplified theoretical model, I find that a mean preserving change in
the aggregate productivity shocks can affect financial depth. That is, a reduction
(increase) in the aggregate risk not only reduces (raises) the output volatility for rea-

sonable values of the risk-premium elasticity with respect to aggregate uncertainty
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(see Result 4), but it may increase (reduce) the financial depth indicator (Results 3, 5,
and 6). These findings do not rule out the possibility that, ex-post, a deeper financial
system can help in reducing the macro fluctuations, but they show that a shallow
financial system is a by-product of the aggregate volatility. Therefore, it must be
the case that for some emerging countries with high and persistent aggregate volatil-
ity, the development of a deeper financial system is restricted by the real volatility.
Since the change in production patterns and technologies require time and resources,
policy makers should implement more countercyclical macroeconomic policies in the
meantime to lessen the aggregate fluctuations and trigger the beneficial effects on the
financial system.

From a theoretical perspective, the model is flexible enough to introduce additional
features of developing economies. For example, one might explore different policy
interventions, such as an exogenous policy for government spending. Following with
the public sector, it would be interesting to relax the assumption of a perfectly elastic
supply of bonds, endogenizing the risk-free rate. Another possible extension is to
open the economy by allowing domestic agents to borrow from the global financial
system. If there is an external risk-free asset, the domestic government bonds might
be affected by the aggregate volatility. Given the difficulties to get credit in some
emerging countries, capital-producers could also use a mix of self-funding and loans
to finance investment opportunities.

From an empirical point of view, one should find evidence that supports Corollary
1, analyzing the exposure of the domestic financial system to government debt as
the macroeconomic volatility increases/decreases. The relationship between aggre-
gate volatlity and financial depth can be estimated through a panel VAR to account
for possible interactions. Finally, the level of concentration of domestic production
could be introduced in the analysis by using a Herfindahl-Hirschman index to test

theoretical predictions.

76



Further analysis is required to answer the question of how high and persistent
macroeconomic fluctuations may hinder the financial deepening in economies affected
by intrinsic volatility volatility originating in the real sectors. This study contributes

by uncovering some economic channels to address this important question.
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Chapter 3

Cyclicality of Fiscal Policy in Developing Countries: Magni-

tude and Evolution

In the first chapter, the welfare analysis of macroeconomic volatility was motivated by
the original work of Lucas (1987). Recall the corollary of his finding: Since the gains
of eliminating the real volatility in the US economy (after WWII) are negligible, more
countercyclical policies than those already applied, would be unnecessary. However,
as was discussed in Chapter 1, the welfare effects might be non-negligible under differ-
ent frameworks and assumptions. Therefore, the question of whether countercyclical
macroeconomic policies have been actually applied or not in developing countries in
last decades is a subject of debate. In this chapter, I study some general cyclical prop-
erties of the fiscal policy from the expenditure side in different developing regions and
industrialized countries, following Calderén, Chuhan-Pole, and Lépez-Monti (2017).
Although our original study focuses in Sub-Saharan African countries, the region with
the highest volatility of per-capita GDP growth (see Figure 1.1), a comparative anal-
ysis of the fiscal stance in different regions is useful to answer the question of whether
more countercyclical policies are needed. To check the robustness of main findings,
in section 3.4, I extend the analysis to account for possible global factors.

There is evidence that industrialized countries have the ability to conduct coun-
tercyclical fiscal policies (Melitz 2000; Gali and Perotti 2003). Automatic stabilizers
play an important role in these economies. Countercyclical fiscal policies in advanced
countries are triggered by automatic increases in social security and welfare spending
as the economy moves into a recession. Indeed, Darby and Melitz (2008) find that,
on average, a reduction of one percentage point in the rate of growth is compensated

by a 0.36 percentage point increase in social expenditures among OECD economies.
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Furthermore, McKay and Reis (2016) show that well-targeted transfers in the US
(without distorting incentives to work) help to stabilize the economy. On the other
hand, earlier research suggests that fiscal policy in developing countries, and partic-
ularly in Latin America, has been procyclical (Gavin and Perotti 1997; Talvi and
Végh 2005; Kaminsky et al. 2004; Ilzetzki and Végh 2008). Historically, developing
country governments have cut taxes and increased spending during booms and they
have retrenched outlays and raised taxes during busts. According to the literature,
this destabilizing behavior is attributed to either: (a) limited access to (external)

funding or (b) political economy distortions.

3.1 Model and Empirical Strategy

In order to examine the cyclical stance of fiscal policy, Calderén, Chuhan-Pole, and
Lépez-Monti (2017) focus on the real government consumption. The public invest-
ment (or development expenditure) is not included to analyze the stance of fiscal
policy, as it is in Blanchard and Giavazzi (2004), Buiter and Grafe (2004), and Fatés
(2005). In general, government investment is perceived as being quite different from
consumption expenditures. First, investment decisions generally have a multi-year
horizon (with very few shovel ready projects), so the reaction to the business cycle
might not be contemporaneous and might potentially affect the government budget in
several periods. Second, the benefits resulting from public investment (for example,
services) are spread over many years, with the possibility to increase private output
and tax revenues at later days. Furthermore, discretionary and non-discretionary
(automatic stabilizers) components of government expenditure are not distinguished,
because what really matters is the aggregate response of government consumption to
the cycle, as opposed to identifying the source. Unlike most papers in the literature,

the government consumption expenditure is not expressed as a percentage of GDP,
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given that this ratio might be directly affected by the cyclical behavior of the GDP.!

Before defining the policy reaction function, Figure 3.1 shows the simple corre-
lation coefficient between the cyclical components of real government consumption
and real GDP from 1970 to 2014. The stance of government consumption along the
cycle is defined as follows: government consumption expenditure is countercyclical
(procyclical) if the correlation coefficient between the cyclical components of real
government consumption expenditure and real GDP is negative (positive) and sta-
tistically significant at 5 percent. It is acyclical if that correlation is not statistically
different from zero. Any developing regions exhibits countercyclical fiscal policies
from the expenditure side. Latin American countries were more procyclical than in
other developing regions. By contrast, 77 percent of industrial countries exhibited an

acyclical stance and 9 percent conducted countercyclical policies.

Figure 3.1: Cyclical Properties of Government Consumption Expenditure:
Proportion of Countries by Groups

1970-2014
100% 0%
Coutercyclical
80%
60%
 Acyclical
0%
60%
20% 38% 40%
14% M Procyclical
0%
Sub-Saharan Africa Latin America Developing Asia Industrial Countries

Source: Calderén, Chuhan-Pole, and Lépez-Monti (2017).

Note: The government final consumption expenditure and GDP are expressed in local currency
at constant prices (source: UN-Statistics database). Their cyclical components are obtained using
the Hodrick-Prescott filter. Countercyclical government consumption means that the correlation
coefficient is negative and statistically significant at 5 percent level. It is procyclical when it is
positive and significant, and acyclical when the coefficient is not statistically different from zero.

After looking at the correlation coefficients, the following policy reaction func-

1See discussion in Kaminsky et al. (2004), and Ilzetzki and Végh (2008)
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tion is proposed to capture the cyclical behavior of fiscal policy from the (current)

expenditure side:

Giy = oG + a1aYi; + Qoagi_q + asgDi—1 + €3, (3.1)

where gf, is the cyclical component of the log of government consumption expendi-
ture (constant national currency) in country i at time ¢, y, is the cyclical component
of the real GDP in logs (constant national currency) in country i at time ¢. Ad-
ditionally, the lagged stock of the general government gross debt as percentage of
GDP (D;;—1) in each country and the lagged level of the cyclical component of the
government consumption are added as control variables. Note that the regression
coefficients of the policy reaction function (3.1) are initially assumed to vary across
groups, country, and over time: i.e. ;g for i = 0,1,2,3 and G being a particular
group of countries, such as Sub-Saharan Africa, Latin America, developing Asia, and
industrial countries. The coefficient a1 captures how the cyclical component of gov-
ernment consumption expenditure responds to the output cycles. This coefficient can
be positive (procyclical), negative (countercyclical), or not statistically different from
zero (acyclical).

The policy reaction function (3.1) is estimated through the pooled OLS and fixed-
effect regressions. Since the deviations from a potential trend is used, the means of
the cyclical components, g5, and y5,, tend to zero. Therefore, the pooled OLS and
fixed-effect techniques will give similar coefficients, because the ”within” estimation
uses deviations from the country means. In order to account for possible endogeneity
between the fiscal policy and GDP, an IV /2SLS method is used to estimate the cycli-
cality coefficient («). Following the approach used in Gali and Perotti (2003), Lane
(2003), Jaimovich and Panizza (2007), and Calderén and Nguyen (2016), the cyclical

component of real GDP (y§,) is instrumented using its own lags and the weighted av-
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erage of the GDP growth of each country’s export partners. The idea is that external
trade shocks do not affect government spending except through the business cycle
channel. Similarly, there is no reason to think that government spending in small
economies directly affects the growth rates of their trading partners. In the case
of large economies, however, fiscal policy might affect the growth rates of trading
partners.

Next, some specifications are considered to analyzed the properties of the cyclical

stance of government consumption in different regions 2:

(i) Baseline Specification (Case 1): direct estimation of the policy reaction function

(3.1).

(i1) Asymmetric behavior along the business cycle (Case 2): the behavior of govern-
ment consumption expenditure might be different along the cycle. The original
policy reaction function is modified to account for possible asymmetries during

expansions (above the trend) and recessions (below the trend):

95, = o + a1gys, + e DO Y5 + ascgs_1 + quaDi—1 + i, (3.2)

where the dummy variable is defined as follows

1 if y, >0, above the trend
DC} = (3.3)

0 otherwise, below the trend.

In this context, the coefficient a;s is the cyclical behavior during recessions
while (16 + aag) is the behavior during expansions. However, to estimate

IV/2SLS, the sample is split such that during the expansion phase of the cycle

2In Calderén, Chuhan-Pole, and Lépez-Monti (2017), we analyze more cases to check how the
cyclical stance of fiscal policy can be affected by the rent from natural resources, the foreign aid,
and a fragile political environment.
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(i)

(iv)

the specification is

gir = Oé(J)rG + aTG’yict + a;Ggft—l + O‘:JerDit—l +eiw, ify; >0, (3.4)

and during recessions

9it = Qg + a1gVs T Qogfi1 + azgDi—1 +eu, i yy <O0. (3.5)

Specification (3.2) assumes heterogeneity in the coefficient associated to the
business cycles, whereas in (3.4) and (3.5) a full heterogeneity of the fiscal policy

reaction function parameters are assumed.

Access to external borrowing (Case 3): It is argued that the procyclical bias of
fiscal policy, and in particular of government spending, among developing coun-
tries might be attributed to their procyclical access to global capital markets.
At the same time, access to global capital markets might be directly related to
the extent of international financial integration of the country. Hence, we define
countries with low (high) degree of financial openness as those countries where
the average value of the Chinn-Ito index of financial openness is below (above)
the world median by decade.? Similar treatment as before is performed, that
is, for the least squares and fixed effect estimations, a dummy variable is added
(Fina.Open = 1 for a high degree of financial openness), while the sample is

split between high and low financial openness.

Time-varying parameters (Case 4): Instead of assuming a particular year as the
turning point, in Calderén, Chuhan-Pole, and Lépez-Monti (2017) we conduct
a test to detect endogenously whether there is a time break in the fiscal policy

reaction function. We use a Wald-type test statistic for changes in the vector

3 After 2000, an average and median for 2000-2014 are taken.
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of parameters at unknown break points in the spirit of the test developed by
Andrews (1993). Particularly, we recursively test the joint equality of the vector
of coefficient estimates in the periods pre- and post-break. After running all
regressions, the turning point (year) corresponds to the regression with the
lowest root-mean-square error (RMSE). As can be seen in Figure 3.2, different
breaking points (T'Pg) are found in each developing region, providing evidence
in favor of a structural break in the cyclical stance for different developing
countries. Since the focues is placed on developing regions, possible breaking
point (year) in industrial countries are not considered.* Hence, for the least

squares estimates, the following specification is analyzed

95 = oo + a1gys + aQGBreakiTthft + asa g5y + ucDi—1 + €is (3.6)

where the dummy variable is defined as follows

1 ift>TPs, with TPs € 1985,2014
Breakl’ = (3.7)

0 otherwise.

Again, the coefficient oy represents the cyclical behavior BEFORE the turning

point and (a3 + @) the behavior AFTER that year.

Analogous analysis to (3.4) and (3.5) is performed for the IV/2SLS estimate

before the breaking point found in each developing region:

Pl, c P1

g = Oé(I)DG1 + ajqVi T Qg1 t O‘;cl;lDitfl +eu, it <TPFg, (3.8)

4If a similar test is performed for industrialized countries, the breaking point (year) would be
in the late seventies. However, this would leave a small sample period for regressions before the
turning point from 1970.

84



and after the breaking point

Git = @G + GV + QaGgi1 + agg D +ew, it >The. (3.9)

Figure 3.2: Root Mean Square Errors from Multiple Panel Regressions with
Different Breaking Points (years)
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Note: The unknown turning point (year) of fiscal cyclicality in each region is found through running
multiple panel regressions with country fixed effect, testing the possible breaking points (dummies)
from 1985 to 2008. To assess the performance of each regression (year), the Root-Mean-Square

Error (RMSE) is stored. After running all regressions, the turning point (year) corresponds to the
regression with the lowest RMSE.
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3.2 Data

The sample includes 37 Sub-Saharan African countries (SSA), 20 countries from Latin
America (LAC), 20 from developing Asia, and 22 industrial economies (see Appendix

F).5 Annual data from 1970 to 2014 are used in the analysis. The government

5Given data availability from 1970, countries included in each group may differ from those
analyzed in Chapter 1.

85



consumption expenditure and real GDP in constant national currency are from the
United Nations’ National Accounts Database. Although most papers on fiscal cycli-
cality use the IMF data, the UN statistics provide a more complete and consistent
national accounts data for the time period covered. To isolate the cyclical component
of the government consumption expenditure and real GDP (both in logs), the HP
filter with A = 6.25 is used. General government gross debt as a percentage of GDP
is from Abbas et al. (2010), updated with the IMF’s World Economic Outlook.The
instrumental variable is calculated with bilateral export values from the IMF’s Di-
rection of Trade Statistics and UN-COMTRADE, while the growth rates of trading
partners are from the United Nations’s National Accounts Database updated with

the World Bank’s WDI.

3.3 Summary of Results

3.3.1 Baseline Estimate: Cyclicality of Fiscal Policy

The relationship between the cyclical components of the real government consumption
expenditure and real GDP is positive and statistically significant in all developing
regions, with the coefficient of cyclicality being larger in Sub-Saharan Africa, but
acyclical in industrial countries (Table 3.1). The results are qualitatively similar when
the likely endogeneity is considered. Our instrumental variables (IV) estimation shows
that government consumption is still procyclical in Sub-Saharan Africa and Latin
America, with the former group having the larger coefficient. For developing Asia, the
coefficient of GDP cycle is still positive but fails to be statistically significant. When
we account for endogeneity, the extent of procyclicality of government consumption
in Sub-Saharan Africa is greater and twice as large as that in Latin America.

The lagged debt-to-GDP indicator has a negative coefficient across all regions,
implying that higher debt levels tend to constrain the government current expendi-

tures. However, the coefficient is only significant for Latin American and industrial
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countries. The coefficient on the lagged cyclical component of government consump-
tion has a positive sign for all country groups, except Sub-Saharan Africa. But after
correcting for the potential endogeneity problem, this coefficient is only significant in
the group of industrial countries. Since the cyclical component of government con-
sumption expenditure is considered, a negative coefficient for its lagged variable would
suggest an oscillating behavior of fiscal policy. That is, when the cyclical component
of government consumption is below its trend in the previous period, it is more likely
to be above the trend in the current period, suggesting high variability in government

spending.

3.3.2 Cyclical Properties of Fiscal Policy during Expansions and Reces-

sions

The least squares estimates show that in developing countries, government consump-
tion tends to be procyclical in both contractions and expansions, while industrial
countries are slightly procyclical only in good times (Table 3.2). When accounting
for possible endogeneity, the fiscal policy in developing countries tends to be procycli-
cal in expansions, particularly in SSA that accounts for the largest and greater than
one coefficient, which means that the fiscal policy in this region overreacts in good
times. However, during recessions the SSA is the only region with a positive (but
not statistically significant) coefficient. In other regions, the coefficient during bad
times is consistent with more countercyclical policies, but only statistically significant
for industrial countries. However, these results may suffer from the weak instrument

problem in some developing regions for certain periods.5

6The Kleibergen-Paap-F statistic is relatively low in some developing regions for certain periods.
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3.3.3 Cyclicality of Fiscal Policy and Financial Openness

Table 3.3 explores the effect of the country’s degree of financial openness on the
cyclical stance of its fiscal policy. The IV/2SLS estimates show that government
consumption expenditure is procyclical in SSA and LAC with low financial openness
and acyclical among countries with high financial openness. This finding suggests
that the likely access to foreign borrowing during downturns may lower the degree
of procyclicality of fiscal policy. For developing Asia and industrial countries, on the
other hand, government consumption expenditure is acyclical in countries with both

low and high financial openness.

3.3.4 Fiscal Cyclicality Before and After the Turning Point (year) by

Region

All Developing regions have made some progress, at least from the expenditure side,
towards more acyclical (and countercyclical in some cases) fiscal policies after the
breaking points (years) identified in previous section. As is shown in Figure 3.3, there
were no countries with negative and statistically significant correlation coefficients
(countercyclical fiscal policies) in the pre-break period. This situation has started
changing by the end of the nineties. After the turning year, the proportion of countries
with countercyclical fiscal policies have increased to 8 percent in Sub-Saharan Africa
and 10 percent in both Latin America and developing Asia. At the same time, the
proportion of countries with positive and statistically significant correlation coefficient

(procyclical fiscal policies) have decreased considerably.
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Figure 3.3: Cyclical Properties of Government Consumption Expenditure Before
and After the Turning Point (year): Proportion of Countries by Groups
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Source: Calderén, Chuhan-Pole, and Lépez-Monti (2017).

Note: The government final consumption expenditure and GDP are expressed in local currency
at constant prices (source: UN-Statistics database). Their cyclical components are obtained using
the Hodrick-Prescott filter. Countercyclical government consumption means that the correlation
coefficient is negative and statistically significant at 5 percent level. It is procyclical when it is
positive and significant, and acyclical when the coefficient is not statistically different from zero.

In terms of the policy reaction functions, Table 3.4 shows that all developing re-
gions have moved from procyclical fiscal policies (at least from the expenditure side)
to acyclical or countercyclical policies after their turning point (year). Latin Amer-
ica is the only region that has moved to countercyclical fiscal policies after 2005.
Sub-Saharan Africa has made important progress since 2002 toward acyclical poli-
cies. The reduction in the degree of procyclicality across developing regions has been
the result of better fiscal management, particularly during the strong global growth
experienced in 2000-08. This period was characterized by high commodity prices and
increasing domestic savings, which better prepared many developing countries to face

the international financial crisis of 2008.7

"See Kacef and Lopez-Monti (2010) for a macroeconomic assessment of Latin American countries
before the international crisis.
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3.4 Controlling for Global Factors

In Calderén, Chuhan-Pole, and Loépez-Monti (2017), we do not consider possible
global factors that may affect our estimates and the relevance of instruments used.
Global shocks can trigger correlated business cycles across countries, which affect
government expenditures and exports. Figure 3.4a shows a heterogeneous distribution
of the cyclical component of government consumption (GovCons_Cycle) across time,
resulting in small variations of its mean (GovCons_Cycle Mean) around zero (Figure
3.4b). In addition to the country fixed effects, in this section, I include year fixed

effects to previous specifications to account for possible global factors.

Figure 3.4: Cyclical Component of Government Consumption Across Time.
(a) Heterogeneity Across Years
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I summarize in Table 3.5 the least squares and IV/2SLS estimates when global
factors are added to check the cyclicality of fiscal policy in each region, its pos-
sible asymmetric response during expansions and recessions, the effect of financial
openness, and the turning points (years) found in each developing region. The cycli-
cal behavior of government consumption expenditure is reported after controlling for
global shocks and the same set of control variables used before, i.e. the lagged stock of
general government gross debt over GDP and a lagged level of the cyclical component
of government consumption.

The baseline specification (Case 1) for developing countries show similar pattern
than the previous results without year fixed effects, that is, SSA and LAC regions
registering procyclical fiscal policies, while developing Asia an acyclical behavior when
endogeneity is considered. However, the fiscal policy in industrial countries that
was classified as acyclical before (see Table 3.1) is now procyclical. Despite this
contradicting result, least squares estimates suggest that industrial countries register
the lowest level of procyclical fiscal policy.

Without accounting for possible endogeneity, the cyclical component of govern-
ment consumption expenditures is procyclical in recessions and expansions in all
regions (Case 2). Nevertheless, IV estimates show acyclical fiscal policies during re-
cessions and procyclical ones during expansion in LAC and industrial economies, but
acyclical in developing Asia along the cycles. In SSA, fiscal policy is procyclical in
both recessions and expansions with coefficients greater than one, like LAC in good
times, suggesting that government consumption expenditure tends to overreact to
business cycles. In any case, IV estimates should be taken with caution when global

factors are considered, since these results may suffer from weak instrument problems.
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Table 3.5: Cyclical Properties of Fiscal Policy: Controlling for Global Factors.
Sample Period 1970-2014 (annual data)

Dependent Variable: Cydlical Components of Real Government Consumption Expenditure (GovCons_Cycle)

Sub-Saharan Africa Latin America Developing Asia Industrial Countries
(1) ) 3) (4 (5) (6) @) (8)
Least Least Least Least
V/25L5 IV/25LS IV/25LS IV/25LS
Squares Squares Squares Squares

Baseline Specification (Case 1): Cyclicality of Fiscal Policy

RGDP_Cycle 0.584*** (.825%** 0.496%**  0.495*** 0.583%** -0.0330 0.195*** 0.222%**
Kleibergen-Paap rk Wald 19.8 256 151 36.4
Fstatistic . . ' .

Cyclical Properties of Fiscal Policy during Expansions and Recessions (Case 2)

RECESSIONS 0.724%** 1.078* 0.455%** 0.0483 0.502%** -1.731 0.220***  -0.0511
Kleibergen-Paap rk Wald

Estatistic 6.9 7.2 2.0 15.6
EXPANSIONS 0.434* 1.523* 0.547***  1.048*%* 0.661%** 0.541 0.1691**  0.425**
Kleibergen-Paap rk Wald

F statistic 6.5 6.2 5.6 9.3

Cyclicality of Fiscal Policy and Financial Openness (Case 3)

Low Financial Openness 0.613***  0.961%** 0.652***  0.542%** 0.706%** -0.143 0.232%* 0.240
Kleibergen-Paap rk Wald

Fstatistic 15.9 15.9 9.9 2.4
High Financial Openness 0.5133* 0.204 0.322%**  0.549*%* 0.405** 0.0903 0.174***  0.186%*
Kleibergen-Paap rk Wald

F statistic 4.9 129 7.0 34.9

The Cyclical Behaviour of Fiscal Policy before and after the Turning Point (Case 4)

{2002) {2005) {1999)
BEFORE Tuming Point (year) 0.828*** 0.968*** 0.523*** 0.584** 0.689*** 0.0315
Kleibergen-Paap rk Wald 150 263 111
Fstatistic ) ) :
AFTER Tuming Point (year) -0.058 0.396 0.158 -0.286 0.233 -0.152
Kleibergen-Paap rk Wald
Fstatistic 56 48 6.7
Country FE YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES

Source: Author’s calculations.

Note: Government Final Consumption Expenditures and GDP in real local currencies filtered using
the Hodrick-Prescott Filter. The cyclical component of GDP is instrumented with its own lags and
the weighted average of the GDP growth of each country’s export partners. Trade-partner growth
is weighted by the share of the country’s total exports to each of its trading partners, each country’s
weighted-trade-partner growth is multiplied by the country’s average exports/GDP. Least Squares
estimates with country and year fixed effects are performed with Driscoll-Kraay standard errors,
while IV /2SLS with HAC standard errors.

***significant at 1%, ** significant at 5%, * significant at 10%.

Regarding the effect of financial openness on fiscal cyclicality (Case 3), the least
squares regressions suggest that the higher is the financial openness with respect to
the world median, the lower is the degree of procyclicality in all regions, including

advanced economies. When accounting for possible endogeneity, only LAC register
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an unchanged procyclical behavior regardless the level of access to foreign borrowing.
However, in line with previous findings (Table 3.3), IV estimates suggest that fiscal
policy in SSA tends to be acyclical with high financial openness and procyclical
with low access to external resources, while in developing Asia is acyclical in both
cases. The major change with respect to previous findings is registered in industrial
countries, where the likely access to external borrowing switches the policy from
acyclical to procyclical. Once more, in some cases, these IV estimates may suffer
from the weak instrument problem. Finally, adding year fixed effects does not change
the original estimates of fiscal cyclicality before and after the turning point (year) in
developing regions (Case 4).

In sum, the main results from previous section do not qualitative change for
developing countries after controlling for global shocks in least-squares estimates,
but they do for industrial countries. On the other hand, original findings from IV
estimates may change in some regions and specifications when year fixed effects are

added, but these results may be affected by weak instrument problems.

3.5 Conclusions

The government consumption expenditure has been mainly procyclical in develop-
ing countries during the entire period 1970-2014, while acyclical in industrialized
economies only when possible global factors are not considered. In terms of the
asymmetric behavior during good and bad times, least squares estimates show that
in developing countries government consumption tends to be procyclical in both con-
tractions and expansions, while industrial countries are slightly procyclical only in
good times. When controlling for global shocks, the latter group becomes procyclical
along the business cycle.

However, when accounting for possible endogeneity and without year fixed effects,

Sub-Saharan Africa is the only region that during recessions has a positive (but not
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statistically significant) coefficient. In other developing regions, the coefficient during
bad times is consistent with more countercyclical policies, but only statistically signif-
icant for industrial countries. After including year fixed effects, SSA and LAC register
procyclical fiscal policy during booms, but only the former region has a procyclical
behavior in busts.

There is evidence that the likely access to foreign borrowing may lower the degree
of procyclicality in all regions. In fact, estimates without global factor adjustments
show that the procyclical expenditure policies are lower or turns to an acyclical be-
havior as countries are financially more open. Similar pattern is found when year
fixed effects are introduced in least square regressions. Although government con-
sumption expenditures in developing countries were mainly procyclical for the period
1970-2014, they have been moving to acyclical or countercyclical policies (at least

from the expenditure side) since the late nineties.
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Appendix A

Benchmark Model: Some Comparative Statics

Figure A1l: An Increase in the Risk-Free Rate of Return
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Figure A3: An Increase in the Total Factor Productivity
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Appendix B

Benchmark Model: Second-Order Condition

To satisfy the sufficient condition for a local maximum, the corresponding Bordered

Hessian matrix (B) must be the negative definite. Since the sign of the first leading

principal minor is always negative, it is sufficient to check the sign of the determinant

of the entire Bordered Hessian defined as follows:

0 ‘CA,é L,
det B= 1L, Ly; Ly,
‘a)‘vlt ‘Cé,lt Elt,lt

(6%,1%)

All partial derivatives in this matrix are evaluated at the critical values (é*, ).

Claim B.1. If |\"() — ny”(é)] A—A"(0) < 0 then the Bordered Hessian matriz (B)

associated with the maximization of (2.20) is negative definite. Therefore, a (local)

mazimum is achieved at (0*,1*).

Proof. Recall the determinant is

det B = ‘C)\,é‘clt,é‘c/\,lt + 'CA,lt‘C)\,é‘Cé,lt - [(‘C)\Jt)Q‘Cé,é + ’Clt7lt (‘C/\,é)z] )

where:
Ly5 =p(kea)lf |N'(0) = 1(0)] .
Ly, =op(kp)l2 ™ [A(é) - WQ(é)] — Rl
Lo5 =plhea)li { [A"(B) =19 (0)] A= A"(6) }.

Lo, =ap(kea )i~ { [N(0) = 1Y (0)] A = X0 }.

101

(B.1)



From the FOC (2.21a) |A'() — mf(é)] A—N(0) =0, thus, L;, = £, ; = 0 and

(B.1) can be written as
det B = —(Lx1.)*Lyg — Li1.(Ly5)*. (B.8)

To be negative definite the det B must be positive. Since £;,;, < 0, the sign of (B.8)
depends on the sign of Ly 4, which is negative iff A (0) — 79”(@)] A—AN'(0) <0. O
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Appendix C
Properties of the Excess Return at the Cutoff Point

Since 0 < A(f) < 1 and A(f) —vQ(f) > 0 given that §* € (6,0™), it must be that
0 < A(O) —vQ(f) < 1. As A'(d) > 0 and (1 — A’(A)) > 0, then £(d) > 0 and by

contradiction is straightforward to prove that !

() =—— . A,@ — — > 1. (C.1)
A () — m/(e)] [1 - A(e)} + (D) [A(@) — ()

Taking derivative with respect to the break-even point:

() = N(0)D(G) — D (é)A’(é)) ©2)
[p)]
where

D(h) = [A’(é) - m'(é)] [1 - A(é)} +A'(D) [A(é) —40(0)], (C.3)
D'(h) = [A”(é) - m"(é)] [1 - A(é)} + A"(6) [A(é) - m(é)] . (Ca)

The sign of &/(6) is defined by the sign of the numerator of (C.2). Substituting (C.3)

and (C.4) in the numerator and simplifying terms I get

N'(B)D(0) - D'(B) = [1 = AO)| {A"(6) [N (B) —12(B)| - N(0) [2() — 12 (D)| }
[ A(é)} [A'(ém"(é) A”(é)Q’(é)}.

Since A’(A) > 0 and A”(0) < 0, while both €(9) and Q" (6) are positive, the numerator

of (C.2) is positive. Therefore, £(0) is increasing in the cutoff point.

If 0 < £(f) < 1 then {—'yQ’(é) {1 - A(é)} - 'yA/(OA)Q(QA)} > 0, which is not possible given the
properties of A(-) and Q(-). Thus, the risk premium must be greater than 1.
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Appendix D
Proof of Preposition 2.3.2

To prove the Preposition, let’s consider a change in the aggregate risk such as Uf >

U;,“. Then, the following properties hold:

Claim D.1. For a given év, the expected gross payment, relative to the expected

income, is higher in economy A, then [Av(év, ol) — Av (0, a}f‘)] < 0.

0
Proof. In general, Ay (6,,0,) =6, — / Gv (0., 0,)dd, for any o, then
0

b
Ay (0,,07) —Av(ev,a;;‘)] :/ Gy (0,,05) — Gy (0,,07)] db,, (D.1)
0
which is negative since Gy (6,,0;') SOSD Gy (0,,07). O

Claim D.2. For a given 0,, the expected monitoring cost, relative to the expected

income, is higher in economy B, then [Qv(é o) —Qy (0 UB)] < 0.

vy~ p vy ¥ p

Proof. This result comes directly from (Assumption 4):

0y
From equation (2.53), Qv (6,,0,) = / 0,9v (0., 0,)db,, thus
0

i, 4,
Qv(ev,aﬁ)—av(ev,af)} - / Ougv (0, )0, — / Ougv (0, 57)db,
0 [4

év
_ / 6, [ov (6. 07) — gy (60, 07)] d6, <0,  (D.2)
0

since the mean-preserving increase in risk will shift up the density function over the

interval [0, 0, O
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vy~ p vy~ p

Claim D.3. For a given 0,, [Av(é o) — X\(0,,08)| <0.

Proof. To simplify notation, the arguments of the functions are omitted. From the

FOC (2.55a)

1A 2
Mo oA AV
|: v vj| 1A 1A /1B 1B
Ay =y Ay =4y,
1A

A AV -] AT AV -]
W] AV ]

(D.3)

The denominator of (D.3) is positive, so the sign of the ratio is defined by the nu-
merator, which can be written as ~ [A/B Q/‘f — A/AQ/VB] By adding and subtracting

A Q"f to the numerator, the sign is determined by
sign (A} — A = sign {Al‘f [Q,‘f - Q/‘ﬂ + Q/‘f [A/‘j,g - A,‘f] } . (D.4)

Given that A/V > 0 and Q'V > 0, we just need to find the signs of the changes in
marginal (expected) gross payment and monitoring cost. Since Ay, = 1 — Gy (6,,0,),

then

[A"f — A/‘f] = Gv(é o) — Gv(é oP) <0 (from Assumption 4). (D.5)

vy ¥ p vy~ p

While €, = 0gy(6,,0,)

1A ~

[QV — Q"f] =90 [gv((%, a]‘f) — gv(0s,05)| <0 (from Assumption 4). (D.6)

vy P

Consequently, ()\;4 —\B ) < 0. n
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Appendix E

Sensitivity Analysis for Different Values of Elasticities (., ,,),

a, and 9
Elasticity= 0.5 (highlighted values greater or equal to 1) Elasticity= 0.8 (highlighted values greater or equal to 1)
( a.s ) & = share of capital in total income ( a.s ) & = share of capital in total income
Sao\i-as 0.3 0.4 0.5 0.6 0.7 0.8 Svo\1-as 0.3 0.4 0.5 0.6 0.7 0.8
0.5 0.09 0.13 0.17 0.21 0.27 0.3 05| 0.14 0.20 0.27 0.34 0.43 0.5]
a = curvature of 0.6/ 0.11 0.16 0.21 0.28 0.36 0.5 a = curvature of 0.6/ 0.18 0.25 0.34 0.45 0.58 0.7
the investment's 0.7| 0.13 0.19 0.27 0.36 0.48 0.6 the investment's 0.7 0.21 0.31 0.43 0.58 0.77 1.0
production 0.8 0.16 0.24 0.33 0.46 0.64 0.9 production 0.8 0.25 0.38 0.53 0.74 1.02 1.4]
function 0.9| 0.18 0.28 0.409 0.59 0.85 1.3] function 0.9/ 0.30 0.45 0.655 0.94 1.36 2.1
0.99| 0.21 0.33 0.490 0.73 403 1.5 0.99| 0.34 0.52 0.784 .17 1.81 3.0]
Elasticity= 1 (highlighted values greater or equal to 1) Elasticity= 1.5 (highlighted values greater or equal to 1)
( a.s ) & = share of capital in total income ( a.s ) & = share of capital in total income
Sver\ T w0 0.3 0.4 0.5 0.6 0.7 0.8 Svn\T—as 0.3 0.4 0.5 0.6 0.7 0.8
0.5| 0.18 0.25 0.33 0.43 0.54 0.7, 0.5/ 0.26 0.38 0.50 0.64 0.81 1.0
a = curvature of 0.6/ 0.22 0.32 0.43 0.56 0.72 0.9 a = curvature of 0.6/ 0.33 0.47 0.64 0.84 1.09 1.4]
the investment's 0.7| 027 0.39 0.54 0.72 0.96 13 the investment's 0.7| 0.40 0.58 0.81 1.09 1.44 1.9
production 0.8| 0.32 0.47 0.67 0.92 1.27 1.8 production 0.8 047 0.71 1.00 1.38 191 2.7
function 0.9 037 0.56 0.818 1.17 1.70 2.6 function 0.9| 0.55 0.84 1.227 1.76 7505 3.9
0.99| 0.42 0.66 0.980 1.46 2.26 3.8 0.99| 0.63 0.98 1.470 2.19 ghEf) 5.7|
Elasticity= 2 (highlighted values greater or equal to 1) Elasticity= 2.5 (highlighted values greater or equal to 1)
a.s & = share of capital in total income a.§ & = share of capital in total income
Sevm (1 -as ) 0.3 0.4 0.5 0.6 0.7 0.8 Sever (1 - a-ﬁ) 0.3 0.4 0.5 0.6 0.7 0.8
0.5/ 0.35 0.50 0.67 0.86 1.08 s 0.5| 0.44 0.63 0.83 1.07 .25 1.7|
a = curvature of 0.6/ 0.44 0.63 0.86 1.13 1.45 1.8 a = curvature of 0.6/ 0.55 0.79 1.07 1.41 1.81 2.3
the investment's 0.7 053 0.78 1.08 1.45 1.92 2.5] the investment's 0.7| 0.66 0.97 1.35 1.81 2.40 3.2]
production 0.8| 0.63 0.94 .33 1.85 PA55) 3.6 production 0.8 0.79 1.18 1.67 231 3.18 4.4
function 0.9| 074 1.13 1.636 2393 3.41 5.1 function 0.9| 0.92 1.41 2.045 2.93 4.26 6.4
0.99| 0.84 0.3 1.960 A0S 4.51 7.6 0.99| 1.06 1.64 2.450 3.66 5.64 9.5
Elasticity= 3 (highlighted values greater or equal to 1) Elasticity= 4 (highlighted values greater or equal to 1)
( a8 & = share of capital in total income ( a8 & = share of capital in total income
Sevmn (12 M) 0.3 0.4 0.5 0.6 0.7 0.8 Sovn (12 a-ﬁ) 0.3 0.4 0.5 0.6 0.7 0.8
0.5 0.53 0.75 1.00 1.29 1.62 2.0 0.5| 071 1.00 123 171 2.15 2.7)
a = curvature of 0.6 0.66 0.95 1.29 1.69 217 2.8| a = curvature of 0.6/ 0.88 1.26 1.71 2.25 2.90 2.7/
the investment's 0.7| 0.80 117 1.62 2.17 2.88 3.8] the investment's 0.7| 1.06 1.56 213 2.90 3.84 Gl
production 0.8/ 0.95 1.41 2.00 2.77 3.82 5.3 production 0.8 1.26 1.88 2.67 3.69 5.09 7.1
function 0.9| 1.11 1.69 2.455 3.52 5.11 7.7| function 0.9 1.48 2.25 3.273 4.70 6.81 10.3|
0.99| 1.27 1.97 2.941 4.39 6.77 11.4] 0.99| 1.69 2.62 3.921 5.85 9.03 15.2
Elasticity= 5 (highlighted values greater or equal to 1) Elasticity = 5.7 (highlighted values greater or equal to 1)
( a.s ) & = share of capital in total income ( a.§ ) & = share of capital in total income
Svor\T— g0 0.3 0.4 0.5 0.6 0.7 0.8 Sor\T-as 0.3 0.4 0.5 0.6 0.7 0.8
0.5 0.88 1215 1.67 2.14 2.69 BYS 0.5| 1.01 1.43 1.90 2.44 3.07 3.8
a = curvature of 0.6 1.10 1.58 2.14 2.81 3.62 4.6 a = curvature of 0.6 1.25 1.80 2.44 3.21 4.13 5.2
the investment's 0.7 1.33 1.94 2.69 3.62 4.80 6.4] the investment's 0.7| 1.52 2.22 3.07 4.13 5.48 74
production 0.8 1.58 2.35 BEs 4.62 6.36 8.9 production 0.8 1.80 2.68 3.80 5.26 7.25 10.1
function 0.9 1.85 2.81 4.091 5.87 8.51 12.9] function 0.9 211 8524 4.664 6.69 9.71 14.7
0.99] 2.11 3.28 4.901 7.32 11.29 19.0] 0.99| 241 3.74 5.587 8.34 12.87 21.7|
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Appendix F

List of Countries and Regions Analyzed in Chapter 3

Table F.1: List of Countries by Region

Sub-Saharan Africa Latin America Developing Asia Industrial Countries
Angola Argentina Bangladesh Australia
Behin Bolivia Carrbodia Austria
Botswana Brazil China Belgium
Burkina Faso Chile Fiji Canada
Burundi Colombia India Denmark
Cameroon Costa Rica Indonesia Finland
Cape Verde Dominican Republic Lao P.D.R. France
Central African Republic Ecuador Malaysia Germany
Chad El Salvador Maldives Greece
Comoros Guatemala Mongolia Iceland
Congo, Rep. Haiti Myanmar Ireland
Congo, Dem. Rep. Honduras Nepal Italy

Cote d'lvoire Mexico Papua New Guinea Japan
Gabon Micaragua Philippines MNetherlands
Gambia, The Panarma Sarmoa New Zealand
Ghana Paraguay Sri Lanka Nomway
Guinea Peru Thailand Portugal
Guinea-Bissau Trinidad and Tobago Tonga Spain

Kernya Uruguay Vanuatu Sweden
Liberia Venezuela, RB Vietnam Switzerland
Madagascar United Kingdom
Malawi United States
Mali

Mauritania

Mauritius

Mozarmbigue

Niger

Nigeria

Rwanda

Senegal

Sierra Leone

South Africa

Tanzania

Togo

Uganda

Zambia

Zimbabwe
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