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Short Non-Technical Summary

This thesis comprises of three related essays in international financial macroeco
nomics. The research centers on the relation between the volatility of interest rates 
at which small open economies borrow internationally and the dynamics of macroe
conomic variables. So, the thesis is m ainly concerned w ith the relation between 
second order moments in finance and first order moments in macroeconomics. The 
research is predom inantly empirical and quantitative w ith some contributions to 
the computational literature.

The first essay establishes empirical, statistical facts on the nature of the volatil
ity of covmtry interest rate spreads with respect to international rates such as the US 
Treasury Bill and the German governm ent bond, in addition to relations between 
the estimated volatility and macroeconomic variables such as output, consumption 
and investment. The analysis is on a country-by-country basis for 27 emerging and 
euro area countries combining m onthly and quarterly data from various sources 
over 1990 to 2013. Standard databases lack data on em erging m arket sovereign 
bonds; even the data series covered are often extremely patchy. This essay gathers 
data from various sources to overcome this problem. In addition, this essay incor
porates recent advances in univariate time series techniques and high-performance 
com putation. A stochastic volatility model of country spreads is em ployed to 
docum ent the evolution of country spread volatility. I use shell scripting and 
high-level, algorithmic parallelism  to overcome com putational intensity issues. 
Regarding results, interest rates are shown to be volatile and this volatility is found 
to be persistent and countercyclical with times of high interest rate volatility being 
associated with times of weak macroeconomic performance. Finally, interest rate 
levels and volatility are highly positively correlated, so when interest rate levels are 
high we tend to observe high volatility in interest rates.

The second essay investigates the relation between country spread volatility and 
macroeconomic dynamics with a structural, quantitative, theoretical model. Given 
the empirical results and correlations from the first essay, the second essay examines 
a channel from which financial volatility may affect the macroeconomy. To take 
one example, the Great Moderation was followed by increases in sovereign interest 
rate levels and volatility in m any countries. H igher interest rate volatility can be 
interpreted as indicating that the path of future interest rates may be more uncertain.



The central theme is that people respond not only to interest rate levels but also 
to interest rate volatility, so volatility impacts upon the macroeconomy. I explore 
this phenomenon across a broad sample of emerging and euro area economies 
using monthly data from 1990 until 2013 including the global financial crisis and 
European sovereign debt crisis. I replicate the empirical results from the first 
essay through a dynamic stochastic general equilibrium model with precautionary 
savings behaviour providing the transmissions mechanism from financial volatility 
to the macroeconomy. Quantitatively, I allow countries to face different adjustment 
costs of borrowing and saving on international markets, which adds an extra 
degree of freedom in matching the model to the data more closely; and the wide 
sample of countries means that the calibration can distinguish between debtor and 
creditor nations. Computational contributions include improvements in the solution 
and estimation procedures along with significant reduction in computer run-time 
over multiple samples and experiments through high-performance computing. 
Finally, this essay applies recent theoretical results on solving these models using 
pruning methods to practical issues such as dealing with mixed-frequency data, 
which is important when dealing with financial data at monthly frequency and 
macroeconomic data at quarterly frequency, data that can take on both positive 
and negative values such as the trade balance in international macroeconomics or 
net foreign debt in international finance and filtering, which is beneficial when 
isolating the business cycle from the long-run trend in macroeconomic variables. 
The conclusion is that risk matters across a broad sample of countries.

The final essay applies the analysis from the first two essays to an individual 
country. After providing a narrative discussion examining theories about the 
problems within the euro area that contributed to the European sovereign debt crisis, 
I concentrate on the case of Ireland. Focusing on one country in more detail, this 
essay carries out multiple extensions to investigate the drivers behind the results. 
Amongst other experiments, this essay studies the effects of sovereign spread 
volatility on the dynamics of the ratio of debt to output, the current account share 
of output and the trade balance share of output. The third-order approximation in 
generating generalised impulse respor\se functions from the non-linear dynamic 
stochastic general equilibrium model is shown to be importantly different to paths 
for variables generated with only first- or second-order approximations. The essay 
concludes by drawing comparisons with results found and those found previously 
for Argentina, Brazil, Ecuador and Venezuela, in addition to estimating previous 
models on Irish data.
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1.1 Brief Overview

This dissertation is a collection of three central essays that relate to the follow
ing research question in the field of international m acroeconom ic finance: w hat 
are the relations betw een country interest rate volatility and the dynam ics of 
macroeconomies? The nature of the research is a combination of applied empirical 
macroeconometrics, applied quantitative macroeconomic theory and computational 
economics. Each essay is linked, the first drawing empirical correlations where one 
causal m echanism  is explored in the second; and where the first two are broad in 
term s of coverage, the final essay focuses in depth  on one specific country study. 
The three chapters that follow are all interlinked through the research topic and 
the data set estimates that carry over from the first chapter. Essentially, the relation 
between country interest rate spread volatility and the dynamics of macroeconomic 
variables is the central theme recurring in all three essays.

In chapter 2 ,1 contribute to the empirical literature on the macroeconomics of 
volatility. Specifically, I establish empirical facts on volatility through the use of 
Bayesian estimation of a stochastic volatility model of country interest rate spreads. 
Previous work has focused on five Latin Am erican countries before the Great 
Recession. I fill an im portant gap in the literature by docum enting volatility and 
analysing the relation between volatility and macroeconomic variables for a broad 
sam ple of 27 emerging and euro area economies using m onthly data covering the 
years 1990 to 2013 thereby including the global financial crisis and the European 
sovereign debt crisis.

Due to the heterogeneity am ongst countries in term s of dynam ics, I estim ate 
country-by-country univariate time series models. To m odel volatility, I choose a 
stochastic volatility m odel since GARCH m odels (a particular type of stochastic 
volatility model) would be insufficient to isolate the direct effect of volatility shocks. 
A lternative specifications such as m ore model-free, realised volatility w ould be 
preferable to GARCH for high frequency data and would enable the measurement 
of the covariance of the series, not just the variance.' However, w ithout the 
availability of intraday data, stochastic volatility models are more suitable and allow 
for a statistical, param etric m odel for tim e-varying volatility w ith  estim ates that 
may be used for instance in a behavioural, DSGE study. Moreover, as opposed to

'The only assumption necessary for using realised volatility is that returns follow a semi- 
martingale, which is the same as assuming no arbitrage in international markets.
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discrete regime switching models, stochastic volatility models will provide me with 
a smoother estimate of volatility upon which to conduct econometric exercises. Data 
support the stochastic volatility model, whose parametric approach is necessary to 
feed parameters in to calibrate a dynamic stochastic general equilibrium model in 
chapter 3.^

My estimation procedure is essentially Bayesian. Coherent, comprehensive and 
axiomatically based, Bayesian methods usually have good asymptotic and small 
sample properties and allow the researcher to be explicit in specifying uncertainty. 
One could interpret the Classical likelihood as a Bayesian posterior mode with 
a flat prior. One could favour conditioning ex-post rather than ex-ante. One 
could appeal to the Bernstein-von Mises theorem or invoke the Complete Class 
Theorem. However, regularity conditions aside, I choose to employ Bayesian 
methods for operational reasons primarily. Given the relatively short samples 
available, particularly in macroeconomics, a Bayesian approach allows me to 
complement the data with priors (pre-sample information), thereby improving 
identification, efficiency and the accuracy of the estimation. Specifying my priors 
allows me to make clear to the reader my assumptions. Finally, there are operational 
Bayesian methods that have been developed to estimate the stochastic volatility 
model.

The fact that the stochastic volatility model models the logarithm of the volatility 
as (in this case) following an AR(1) process implies that we have both logs and 
levels, so we have a nonlinear model. I conduct likelihood inference on a finite 
dimensional parameter vector, so the likelihood principle does not break down. 
Regarding empirical implementation, the nonlinear aspect of the model requires 
more complicated methods, in order to adequately estimate the parameters of the 
process. In particular, it is challenging to evaluate the likelihood of the stochastic 
volatility model due to the nonlinear interaction between innovations to levels and 
volatilities. The state space form is particularly helpful in dealing with stochastic 
volatility models. However, the Kalman filter is inappropriate since it will only yield 
minimum mean square linear estimates of the state and future observations, rather 
than minimum square estimates, as the model is non-Gaussian; it can be shown

^The parametric approach allows parameter estimaHon, which can be used to calibrate a model to 
invesHgate causality, rather than correlation and to conduct policy and welfare analysis. Furthermore, 
the likelihood approach allows model comparison even w hen m odels are misspecified. Certainly, 
there is a trade-off in that the parametric approach may not be as robust as non-parametric methods, 
but the parametric approach is efficient.
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that logarithm s of squared observations follow non-Gaussian processes (Harvey, 
1993). We cannot obtain an exact likelihood from the Kalman filter.

Early strategies to estim ate stochastic volatility m odels essentially acted 'as 
if' the m odel was Gaussian, which it is not and used quasi m axim um  likelihood 
or GMM."* The m odern solution involves sim ulation. In particular, I employ a 
particle filter, which is a sequential M onte Carlo algorithm . In this case, I use the 
basic, bootstrap particle filter, m aking use of resam pling m ethods. The particle 
filter is general enough to allow estim ation of the likelihood for non-linear, non- 
G aussian models. In order to find the posterior m ode, which is proportional to 
the likelihood -  and this is calculated by the particle filter -  times the prior, I 
use the M etropolis-H astings algorithm , which is a M arkov Chain M onte Carlo 
(MCMC) m ethod. The particular flavour I use is the random -w alk version of the 
Metropolis-Hastings algorithm. So, I embed the particular sequential Monte Carlo 
method (bootstrap particle filter) into the particular MCMC m ethod (random-walk 
M etropolis-Hastings algorithm);^ the M etropolis-H astings algorithm  is the only 
known valid MCMC m ethod of which the Gibbs sam pler is a special case.

Regarding the findings, I show that country interest rate spreads are highly 
volatile and that this volatility is persistent. Without such persistence, people will be 
less keen in paying back debt and impulse response functions in chapter 3 would be 
flat. So, the fact that I find strong persistence of interest rate volatility is important 
in dem onstrating the quantitative significance of volatility on macroeconomic 
variables in chapter 3. Furtherm ore, I show that country interest rate spread 
volatility is countercyclical w ith respect to output, consum ption and investment, 
which is in line with m uch of the literature on the m acroeconomics of volatility. 
Finally, interest rate levels and their volatility are highly positively correlated, so 
when interest rate levels are high we tend to observe highly volatile interest rates.

In chapter 3 I investigate the relation between interest rate volatility and macroe
conomic variables through a dynam ic stochastic general equilibrium  model. The 
model is an open economy version of the standard neoclassical growth model aug
mented w ith stochastic volatility for the process behind the interest rate at which 
countries borrow and lend on international m arkets, w hich is assum ed to be on

^Other m ethods included extended Kalman filters and unscented Kalman filters.

■^There are more efficient particle filters, e.g. Efficient Importance Sam pling (EIS) filter of Dejong 
et al. (2013). However, the bootstrap particle filter is a sufficient filtering m ethod to achieve one of the 
aim s of this chapter, nam ely to extend the results from the pre-Great Recession four Latin American 
econom y study by Fernandez-Villaverde et al. (2011a).
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one period state non-contingent bonds. I use the posterior median estimates from 
the econometric investigation conducted in chapter 2 to calibrate the quantitative 
theoretical model of chapter 3. Relative to the existing literature, I extend coverage, 
both in terms of countries and time periods studied, from four Latin American 
economies pre-Great Recession to a broad sample of 26 emerging and euro area 
countries including the Great Recession and the European sovereign debt crisis."’ 
Quantitatively, I allow each country to face a different cost of portfolio adjustment, 
allowing an extra degree of freedom in matching the data more closely; and the 
broad sample means that the calibration is such that I can distinguish between 
debtor and creditor countries, so I can analyse the impact of financial volatility in 
countries facing different international macroeconomic positions.

Linearisation and Normality eliminate theoretically interesting cases such as 
analysing precautionary behaviour, which is the transmission mechanism studied 
from financial volatility to the macroeconomy.^ The model is solved through a 
third-order perturbation technique making use of recent results on pruning and 
transformations from high-frequency simulated data to lower-frequency data for 
moment matching. I also account for comments and suggestions made in Born 
and Pfeifer (2014). To the best of my knowledge, this is the first research project 
on this topic to correct for the issues addressed by these developments. In ad
dition, the number of individual countries studied and experiments conducted 
magnify computationally intensive problems inherent in the moment matching 
grid search, solution and estimation procedures. I significantly improve the overall 
performance through basti scripting, hard-wiring code for different problems in 
multiple languages, making use of algorithmic parallelism over cores -  occasionally 
hyperthreading -  and multiple submission on remote cluster systems. The product 
of these innovations is a significant reduction in overall runtime, which would 
lower the barrier to entry on similar projects, especially relative to one alternative 
that is graphical programming such as NVIDIA's CUDA.

With regards to the results, the economy typically contracts following volatility

'“’Quarterly data were not readily available for Panama, which is the one country dropped from 
chapter 3 relative to chapter 2.

^However, recent studies show some precautionary behaviour may still be captured through 
regime-switching linear models or using piecewise linear techniques through anticipation of getting 
closer to the occasionally binding constraint or to the kink, though the timing of the occasionally 
binding constraint must be exogenously determined or the parameters must be exogenous in the 
transition matrix for volatility modeled as a Markov Switching process (Guerrieri and lacoviello, 
2014, Forthcoming; Bianchi et a l ,  2014),
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shocks w ith  a delay as evidenced in the em pirical results m ainly due to adjustm ent 

costs of capital. C on su m p tio n , o u tp u t, investm ent an d  d eb t m ostly  decline in 

response  to a risk  shock, w ith  labour ho u rs  in itially  rising  at first before falling 

even tua lly  in  m ost cases. C red ito r countries, w here  foreign d eb t assets exceed 
liabilities also d ecu m u la te  d eb t assets after a risk shock. These resu lts  are in line 

w ith  p rev ious s tu d ies  on  risk  shocks and  relate w ith  the  d e trim en ta l im pact of 

uncertain ty  shocks in the econom ic uncertain ty  literature.
In chap te r 4 I focus on an  app lica tion  of the m odels from  the p rev io u s two 

chapters to an ind ividual country. In concentrating on one country, nam ely Ireland, 

I am  able to delve further into the relation betw een financial volatility and  m acroe
conomic perform ance relative to the previous two chapters. As a prelude, I provide 

an  in tro d u ctio n  d iscussing  som e of the issues the eu ro  area created , especially  
w ith  low in terest rates p e rta in in g  to  Ireland  an d  the su b seq u en t sovereign deb t 
crisis w ith  rises in coun try  sp read s and  volatility, and  exam ining various theories 
su rro u n d in g  the euro  area project.

Next, I detail em pirical facts on Irish co u n try  sp read  volatility  a rising  from  
m y stochastic volatility m odel, for instance exploring relations w ith  o ther m acroe
conom ic aggregates an d  the VIX m easure  of im plied  US stock m arke t volatility. 
A m ongst o ther extensions, 1 investigate the effects of Irish sovereign spread  volatil
ity on the d ynam ics of the ra tio  of deb t to o u tp u t, the  cu rren t accoun t share 
of o u tp u t and  the trad e  balance share of o u tp u t. F u rtherm ore , the th ird -o rd er 
app ro x im atio n  in  generating  generalised  im pu lse  response  functions is show n 
to be im p o rtan tly  d ifferen t to  p a th s  g enerated  w ith  on ly  first or second-order 
approxim ations.

The final p a r t of this chap te r con tribu tes to the lite ra tu re  on  com putational 
econom ics by com paring  the com putational innovations advanced  in this thesis to 
earlier stud ies on the topic for A rgentina, Brazil, Ecuador, Ireland  and  Venezuela. 

The four Latin  A m erican  econom ies w ere chosen  by Fernandez-V illaverde et al. 

(2011a) and so are the natural com parison group w ith  respect to earlier studies and 
this thesis. A rgentina is an extrem ely highly volatile country in term s of its country 

sp read  relative to  the US T reasury  Bill, according to p rev io u s stud ies. D ue to the 

availability  of rep lication  code for this coun try  by initial w ork  in th is area, o ther 

au thors have focused on reporting  com parisons w ith  A rgentina solely. I also draw  

com parisons w ith  m y results and  those found previously, h ighligh ting  differences 

from  the im provem ents in com putational m ethod.

Lastly, chapter 5 sum m arises the overall findings and  p rovides general conclu-
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sions of this thesis, along with offering suggestions for future research. Section 1.2 
discusses related literature to each of the three main chapters, namely chapters 2-47

1.2 Related Literature

1.2.1 Literature on the Macroeconomics of Volatility

Markets hate uncertainty, yet volatility is part of everyday life. As early as 1822, 
David Ricardo spoke about the volatility of corn prices as an important factor in 
designing trade policy (2005). At Harvard in 1941, Trygve Haavelmo, who assisted 
Ragnar Frisch -  co-founder of econometrics and winner of the first Nobel Prize in 
Economics -  worked on influencing thought on economic data as originating from 
probabilistic processes instead of deterministic ones, aiding our understanding 
of volatility (1944). Haavelmo won the Nobel Prize, 'for his clarification of the 
probability theory foundations of econometrics...' Robert Engle received the Nobel 
Prize in 1989 'for methods of analyzing economic time series with time-varying 
volatility (ARCH)'. While Engle's 1982 ARCH paper provided the most popular 
way of modelling time-varying volatility, it was mainly used as a tool for finance. 
Macroeconomists had not yet woken up to realising the importance of volatility.

Volatility refers to movements in series such as ocean waves, day-to-day swings 
in stock market prices or business cycles. However, the amount by which series tend 
to move can change, i.e. volatility can change. Macroeconomists believed that they 
could safely assume that volatility does not change. By the same token, there would 
be no difference between rough or calm days at sea; stock market prices would 
always fluctuate by the same amount and likewise for business cycles. The seismic 
activity that initiated the literature in macroeconomic volatility can be attributed 
to the three papers, namely Kim and Nelson (1999), McConnell and Perez-Quiros 
(2000) and Blanchard and Simon (2001) that documented the decline in volatility in 
US aggregate GDP since the mid-1980s. These prompted Stock and Watson (2003) to 
coin the phrase 'The Great Moderation' to describe the reduction in macroeconomic 
volatility. Time-varying volatility is im portant in macroeconomics (Fernandez- 
Villaverde and Rubio-Ramirez, Forthcoming). Indeed, volatility is a proxy for

thorough review of the literature on financial volatility and the macroeconomy is provided in 
section four of Andersen etal. (2013); see also Fernindez-Villaverde and Rubio-Ramfrez (Forthcoming). 
A review on the macroeconomics of uncertainty and volatility is in progress to be published as 
a Journal o f Economic Literature article by Nicholas Bloom, Jesus FernSndez-Villaverde and Martin 
Schneider.
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uncertainty, which has been shown to be at least as important as dem and and total 
factor productivity in explaining macroeconomic growth (Baker and Bloom, 2013).

Work on uncertainty in macroeconom ics has burgeoned following Stock and 
W atson (2003) w ho popularised the discovery of tim e-varying m acroeconomic 
volatility. A few such recent applications include volatility shocks of US macro 
variables (e.g. Justiniano and Primiceri (2008)), macro uncertainty shocks where 
firms pause investm ents and freeze hiring in response (e.g. Bloom (2009)), trade 
volatility (e.g. Engel and Wang (2011)), zero lower bounds on nominal interest rates 
(e.g. Fernandez-Villaverde et al. (2011c)), fiscal volatility shocks (e.g. Fernandez- 
Villaverde el al. (2011b)), volatility shocks of the real interest rate (e.g. Fernandez- 
Villaverde et al. (2011a)) and the detrimental impact of aid volatility in Sub-Saharan 
Africa (Aldashev and Verardi, 2012).

Further work on uncertainty includes that in labour economics by Kovacheva 
(2013) showing an inverse relation between wage uncertainty and fertility during the 
transition in the 1990s and 2000s in Russia and Ukraine, the balance sheet channel 
for recessions, driven by uncertainty shocks (Di Telia, 2013), stochastic volatility 
and asset pricing puzzles (M cQuade, 2013), fiscal policy uncertainty (Johannsen, 
2014), public revenue volatility in resource-abundant developing countries (Berg 
et al., 2013), labour m arket volatility and m arriage (Santos and Weiss, 2012, 2013), 
uncertainty about government policy and stock prices (Pastor and Veronesi, 2013), 
consumption uncertainty and asset prices (Nakamura et al., 2012), sovereign default 
risk and uncertainty premia (Pouzo and Presno, 2012) and the role of competition 
in replicating business cycle facts using uncertainty shocks (Basu and Bundick, 
2012). Related work by Battistini et al. (2014) considers risk in the euro area. Ozsoy 
(2013) finds that bad news is m ore reliable and that there is higher idiosyncratic 
volatility w ith higher correlation asymmetry.

Part of the reason w hy work on uncertainty in m acroeconom ics was slow to 
gain momentum  can be attributed to technical advances in computers, statistics and 
economic theory. The gain in perform ance and reduction in cost of com putation 
was m atched by advances in theory and statistics throughout the 1990s and 2000s. 
This encouraged the re-introduction and modification of older tools such as the 
particle filter and M etropolis-Hastings algorithm.^ While stochastic volatility tools

*The particle filter is a recursive M onte Carlo filter, w hile the M etropolis-H astings algorithm  is a 
M arkov-Chain M onte Carlo algorithm; Kiinsch (2005) and Del Moral and Jacod (2002) provide weak  
theoretical conditions under w hich the particle filter converges and is consistent and a central lim it 
theorem  applies.
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were popular in finance since the seventies, apart from the tim e-varying models 
such as Engle's ARCH (1982) and Ham ilton's MS Model (1989), macroeconomists 
largely d id  not use tim e-varying models;*^ however, econom etricians and statisti
cians certainly used these models. It was not until the advent of the discovery of 
time-varying volatility in macroeconomic series (Kim and Nelson (1999), McConnell 
and Perez-Quiros (2000), Stock and Watson (2003)) that time-varying models really 
mushroom ed in m acroeconom ics.W ork  on the macroeconomics of volatility grew 
substantially in the 2000s and became part of the emerging 'N ew  Macroeconomet
rics' development. Taylor (1993) attributes the New Macroeconometrics as growing 
from the 1970s rational expectations boom and developing in the 1980s and 1990s.'' 
DSGE m odelling, econometric tools and com putational power have all helped its 
development, though most merging and applications took off throughout the 2000s. 
While some of the basic theory developed in the 1980s and 1990s, the boom  in 
the last five-to-ten years could be seen as the current 'N ew  M acroeconometrics' as 
most of the refinements and applications have sprung up during this time and are 
continuing to be developed. Essentially, this term  combines macroeconomics and 
econometrics using recently developed tools, theory, m ethods and advances in com
putational power; see for instance An and Schorfheide (2007), Fernandez-Villaverde 
et al. (2010) and Fernandez-Villaverde (2010).

U nderstanding w hy volatility changes is im portant for two reasons. Firstly, 
data suggests volatility varies over time; for example, output volatility in advanced 
economies decreased during 1984-2007 and has risen since 2007. Secondly, volatility 
has been show n to have a detrim ental im pact on macroeconom ic perform ance 
for four Latin Am erican countries. U nderstanding volatility will be of benefit to 
modelling, theory, empirics and policy.'^

Uncertainty is forward looking while volatility is realised. Volatility is a proxy 
for uncertainty since it is easier to measure. Stochastic volatility is simply a process

^See Hamilton (2008) for example.

^°While these are the seminal papers, there were others that foresaw these developments and even 
as early as 1960, Burns was considering postwar volatility stabilisation (1960).

''M ost of the tools had not been developed when Taylor published this paper. In fact, it was not 
until 2006 that developments in the graphical processing sector became easily accessible to researchers 
with the introduction of the first NVIDIA CUDA; however, though far tougher to program, GPGPU 
programming had been around previously.

'^Furthermore, as evidenced in FOMC m eetings and in their writings, many policymakers and 
economists think uncertainty matters; see Bloom (2012).
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th a t evolves in tertem porally  w ith  a changing variance. For instance, w ith  a sim ple 

B row nian m otion process;

dYt = }idt + af - idz i  dZ f~ A A (0 ,1)

u n ce rta in ty  is ab o u t c/Yf+i =  cr, w h ile  volatility  over the p erio d  f — p to f is the 

variance of .. . ,dYi) .  U ncerta in ty  and  volatility  are linked  since

E{Var{dYf^i ))  =  at, i.e. the expected  volatility  in p erio d  f +  1 (the expected  

variance of dYt+\) captures the uncertainty. W hile stochastic volatility is one way to 
define uncertainty, there are o ther broad concepts of uncertainty, including Bayesian 

uncertain ty  or am biguity  w here your p rior can be finitely diffuse, risk w here som e 
o u tcom es involve loss an d  K nigh tian  u n certa in ty  w h ere  the p rio r is infinitely  

d iffuse. W hereas risk can be quan tifiab ly  m easu red , (K nightian) u n certa in ty  is 
u n m easu rab le  or im possib le  to exactly describe.'^  U ncerta in ty  exp lains ab o u t a 
third of GDP variation. However, uncertainty m atters m ore in developing countries 
w here uncertain ty  appears to explain about 50% of changes in GDP grow th (Baker 
and  Bloom, 2013). M ost evidence poin ts to uncertain ty  being countercyclical.

T here are m any  d ifferen t app roaches to  m odelling  changes in volatility. For 
instance, we could consider stochastic volatility (SV), GARCH or M arkov Switching 
(MS) m odels. H ow ever, shocks to  volatility  can no t be sep a ra ted  from  a level 
shock in GARCH m odels; m any papers use GARCH and therefore suffer from  this 
problem . Furtherm ore, GARCH tends to have a w eaker fit to the d ata  (Fernandez- 
V illaverde an d  R ubio-R am irez, Forthcom ing). C o m p arin g  SV w ith  MS m odels, 

the  preference for one over an o th er is essen tially  an  em pirical question.*'* W hile 
there are d isadvan tages in ignoring  ju m p s (D iebold, 1986), w ith  SV m odels, their 
co n tin u ity  allow s the d iffe ren tia tion  of decision  ru les w ith  respect to the log 

standard  deviation of observables, allow ing the use of pertu rbation  m ethods should 
one consider solving a DSGE m odel incorporating  SV.'"’

^^Knightian uncertainty is named after Frank Knight, who lucidly made the distinction between 
the concepts of risk and uncertainty (1921).

^^While one may entertain the possibility of em ploying a mixture m odel of discrete and both 
continuous variables, the problem is that macroeconomic data frequencies typically do not permit 
the identification of two sources of variation.

^^One other potential disadvantage of SV is that these models tend to anticipate jumps. H ow 
ever, this may be considered to be a virtue and given that spreads change frequently, the discrete 
approximation in the limit to continuity may not be beyond the bounds of plausibility. For more on 
comparing SV with MS and GARCH, see Fern^ndez-Villaverde and Rubio-Ramirez (Forthcoming).
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Exogenous uncertainty papers include the effect of uncertainty and technology 
shocks on exchange rates (Guerron-Quintana, 2009), the effects of uncertainty and 
business cycles on grow th (Fatas, 2002), the effects of oil shocks on the econom y 
and the role of price variability (Lee et ai,  1995) and the effects of real (output) and 
nominal (inflation) uncertainty on output growth (Grier and Perry (2000), Fountas 
and Karanasos (2007)).'^ On endogenous uncertainty, recent work includes the slow 
resolution of uncertainty and sluggish recovery (Guo, 2013), uncertainty multipliers 
and business cycles (Saijo, 2014), firm  risk and skilled labour (Ochoa, 2013) and 
m easuring endogenous uncertainty beyond internal instrum ents (Stein and Stone, 
2012 ).

On m easuring uncertainty w ith large data sets, Jurado et al. (2015) construct 
a robust m easure w here they remove the forecastable com ponent of variables. 
U ncertainty is unpredictable. Using 132 m onthly macro series, 147 m onthly fi
nancial series and 155 quarterly  firm profit grow th series, which are included if 
f-values are greater than 2.575, they use univariate log stochastic volatility models 
to docum ent the evolution of volatility and show that tim e varying uncertainty 
leads to macroeconom ic fluctuations. Their m easure illustrates that uncertainty 
is larger and m ore prolonged than other processes imply and their m easure can 
account for a larger fraction of fluctuations. Furtherm ore, there is a distinction 
between good uncertainty (advent of the internet may increase productiv ity  but 
uncertain ex-ante) and bad  uncertainty (onset of European sovereign debt crisis 
fueled regim e uncertainty in the euro area). Segal et al. (2014) dem onstrate that 
good uncertainty can lead to economic growth, while bad uncertainty can lead to 
negative growth.

1.2.2 Literature on Debt and Interest Rate Spreads -  a Brief Review

Regarding the level of debt and interest rate spreads, Foley-Fisher and Guimaraes 
(2013) argue that emerging economies should not issue debt contingent on US real 
interest rates since US rates raise EMBI+ premia and thus the cost of borrowing and 
so default risk (for which EMBI+ is a proxy) is raised. In a similar vein, Belhocine

^^Grier and Perry (2000) and Fountas and Karanasos (2007) provide excellent critiques why  
measuring uncertainty through cross-sectional dispersion of individual forecasts and moving standard 
deviations are poor reflections of uncertainty. Earlier papers include Mascaro and Meltzer (1983) 
and Barro (1976) who estimated the real effects of volatility in other nominal macroeconomic variables, 
e.g. short-term interest rates. For further reading on linking real and nominal volatility (differentiating 
between what the FED has direct control over and what it has less direct control over) see Elder 
(Elder (2004b,a)).
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and Dell'Erba (2013) investigate the im pact of debt sustainability and the level of 
debt on em erging m arket spreads. As expected, m arket interest rates react m ore 
to debt sustainability concerns in a country w ith a high level of debt com pared 
to a country w ith a low level of debt. In fact, the sensitivity of spreads to debt 
sustainability doubles as public debt increases above 45 percent of GDP. Spreads 
tend to be larger than expected losses, so there certainly is evidence of a significant 
risk prem ium  (Gourio, 2013).

In relation to the m aturity  of debt in em erging m arkets, Alfaro and Kanczuk 
(2009) and Broner et al. (2013) offer explanations of why emerging economies tend 
to borrow short-term. Models assum ing the issue of noncontingent debt are more 
realistic, though, w hich is im portant for debt m anagem ent policy implications. 
Moving to the other side of the yield curve, long-term  debt may be optim al to 
hedge the budget against fiscal shocks (Angeletos, 2002).

Regarding further policy implications, including the level of volatility in Taylor 
rules may be w arranted according to Bekaert et al. (2013). The authors docum ent 
that in the US, the FED reacts to increases in stock m arket volatility as proxied by 
the VIX through easing m onetary policy.

1.2.3 Interest Rate Volatility and Macroeconomic Dynamics

There is a substantial consensus in the literature that uncertainty shocks predict 
downturns in the economy (e.g. Beetsma and Giuliodori (2012)). While the literature 
concentrates on this inverse relationship, there is little exploration of the stability 
of the relation betw een stock m arket volatility and GDP growth. Beetsma and 
Giuliodori (2012) fill this gap by demonstrating that the relation has become weaker 
over tim e in the US since 1950. In particular, the contribution of stock m arket 
volatility for consumption growth has become negligible w ith only the investment 
reaction contributing to the slowdown in GDP.

There are various channels through w hich uncertainty may im pact upon  the 
macroeconomy. An increase in precautionary  savings may depress consum ption 
expenditures. The cost of capital m ay rise in order to com pensate investors for 
bearing increased risk and so investm ent may decline. H igher uncertainty may 
enhance the value of waiting to m ake irreversible investm ent decisions, which 
w ould result in dam pening expenditure on investm ent and consum er durables. 
Uncertainty may also be perceived to concern future cash flows and discount rates 
resulting from resource depleting structural changes, w hich w ould reduce GDP
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growth.
Bloom (2009) considers the im pact of stock m arket volatility on macroeco

nomic growth, w here the form er is his proxy for uncertainty. Em phasis is on the 
firm side of the econom y w ith  irreversible investm ent, non-convexities and non- 
differentiable aspects ruling out for instance perturbation solution techniques in a 
dynamic stochastic general equilibrium model. Shifting to the consumer side of the 
econom y w ith  differentiability and precautionary savings, Fernandez-Villaverde 
et al. (2011a) em ploy a stochastic volatility m odel to explore volatility of country 
interest rate spreads in A rgentina, Brazil, Ecuador and Venezuela using m onthly 
data from the mid-1990s until the mid-2000s. W hile m any advanced economies 
were w itnessing the Great M oderation in term s of lower standard  deviations for 
macroeconomic indicators like GDP, this group of Latin American economies dis
played high volatility in their country interest rate spreads. One key contribution is 
the augm entation of a p lain  vanilla open economy neoclassical grow th m odel to 
incorporate stochastic volatility on the interest rate processes at w hich countries 
pay on or receive from foreign debt. This thesis takes Fernandez-Villaverde et al. 

(2011a) as its closest point of departure.
Garci'a-Cicco et al. (2013) conduct a similar study as Fernandez-Villaverde et al. 

(2011a) for the case of Chile using monthly data from 1993.12-2011.12. While Garcfa- 
Cicco et al. (2013) is com parable, there are some differences. They use JP M organ 
EMBI Global Perform ing Sovereign Spread data rather than JP M organ EMBI+ 
data, they decom pose the country spread com ponent of interest rates into an 
emerging market country prem ium  and an idiosyncratic country prem ium  (though 
they ultim ately ignore the idiosyncratic country prem ium ) and they incorporate 
the evolution of two types of term s of trade prices (exports of com m odities and 
non-com m odities). In addition, their estim ation strategy differs in that they use 
a m ixture of norm als to approxim ate part of the likelihood function instead of 
using the particle filter and they use the Gibbs sampler rather than the Metropolis- 
H astings algorithm  to draw  from the posterior. However, they find the following 
similar results for their s tudy  of Chile: (i) both the level and volatility of interest 
rates are persistent; (ii) the Chilean country spread volatility lies betw een that 
of Brazil and Ecuador relative to the study  by Fernandez-Villaverde et al. (2011a) 
,though it is som ew hat closer to the case of Greece relative to this thesis; and 
(iii) the country spread displays more stochastic volatility than the w orld interest 
rate.

Neither Fernandez-Villaverde et al. (2011a) nor Garcla-Cicco et al. (2013) model
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the economy in the New Keynesian style, preferring instead to reduce the am ount 
of frictions considered. In contrast, Akkaya (2014) utilises a New Keynesian 
m odel w ith frictions. Akkaya (2014) investigates interest rate volatility shocks as 
a m onetary policy instrum ent, following similar m ethod to Fernandez-Villaverde 
et al. (2011a). However, Akkaya focuses on the quantitative aspect of interest rate 
volatility shocks in m onetary policy rules. Rather than provide empirical analysis 
for different countries, the objective is to develop an analytical understanding  
of the effects of changing policy interest rate volatility through closed and open 
economy versions of the New Keynesian model. The particular models employed 
also allow Akkaya to analyse the effects of the uncertainty regarding the path  of 
interest rates on capital flows and the exchange rate.

Born and Pfeifer (2014) com m ent on significant technical issues w ith respect 
to Fernandez-Villaverde et al. (2011a) including an incorrect transform ation of 
m onthly data to quarterly  data for certain m odel variables, instability of specific 
model moments, counterfactual signs for autocorrelation between net exports and 
output, other incorrect transformations and scaling factors, minor coding issues and 
more significant simulation and estimation problem s.'' The authors predominantly 
focus on the case of Argentina for replication purposes, though they extend some 
of their analysis to Brazil, Ecuador and Venezuela. Availability of replication 
and recalibration code in MATLAB and Dynare is an advantage of their paper, 
prom oting reproducibility and extending code legacy.

Departing from Fernandez-Villaverde et al. (2011a), this thesis addresses many 
of the issues raised by Born and Pfeifer (2014) and incorporates the m ethods 
by A ndreasen et al. (2013). As far as the author is aware, no research to date has 
been conducted quite so extensively in terms of coverage for this topic using these 
sophisticated techniques. Comparison is made throughout the thesis between issues 
encountered and discoveries m ade over the 27 country sam ple and those from 
previous studies. Given the advances in our understanding along the computational 
frontier, the last part of this thesis concludes by com paring the findings herein 
for the case of Argentina, Brazil, Ecuador and Venezuela w ith  the earlier results 
from Fernandez-Villaverde et al. (2011a) and Born and Pfeifer (2014) in addition to 
analysing the topic m ore deeply for the case of Ireland.

'^Analytic solutions from an efficient pruning scheme based on state space analysis are derived 
by Andreasen et al. (2013). The authors rely on Kronecker products to simplify lengthy matrix algebra 
constructions and provide a package in the Dynare engine for MATLAB.
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2.1 Introduction

From the launch of the euro in January 1999 through until the end of 2008, country 
spreads in the euro area vis-a-vis G erm any were extremely calm, not rising above 
one or two percent. For 12 euro area m em bers (E A ll plus Greece and Slovenia 
m inus Luxem bourg), the m edian standard  deviation of country spreads from
2009.01 to 2013.02 is seven tim es higher than that during  1999-2008. Greece, 
Ireland, Italy, Portugal and Spain are amongst the most volatile group of euro area 
economies. Considering a stochastic volatility model breaking dow n interest rates 
at which countries borrow  into an international risk-free real rate and a country 
spread is one way to explore w hat has happened to these countries.'

Elusive to measure, the concept of uncertainty relates to the future, while volatil
ity is realised, nam ely a standard  deviation. Volatility is a proxy for uncertainty. 
As volatility rises, countries find it harder to handle their debt, w ith signs that the 
future paths of interest rates may be more uncertain.

The central research question of this chapter is the following: how are real 
interest rate volatility and m acroeconom ic perform ance related, particularly  for 
em erging m arkets and certain o ther small open economies? The interest rates 
considered here are an approxim ation to the costs for countries borrow ing in
ternationally. Rather than only considering shocks to the levels of real interest 
rates, which increase the cost of borrow ing for a country, I also consider shocks 
to the volatility of real interest rates. While other papers look at shocks to spreads 
(e.g. N eum eyer and Perri (2005)), m eaning that countries find it m ore expensive 
to finance them selves through international borrow ing, this chapter looks at the 
volatility of series, w hich is som etim es high and som etim es low, thus creating 
uncertainty surrounding  the handling of debt.

I establish empirical facts on volatility for 27 countries using m onthly data over 
December 1993 to February 2013, docum enting strong evidence of tim e-varying 
volatility and uncovering a system atic relation of these m ovem ents w ith ou tput, 
consum ption and investm ent. M y results are consistent w ith earlier work, but 
highlight a degree of heterogeneity across countries. In particular, country spread 
volatility is negatively correlated w ith  m easures of m acro perform ance such as 
output, consum ption and investm ent. Furtherm ore, country spread volatility is

^Data support the stochastic volatility model; see appendix A.3. Additionally, the parametric 
approach would allow one to feed the estimates of the stochastic process into a DSGE model.
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highly positively correlated with country spread levels. These results are robust to 
alternative priors and the global financial crisis from September 2008. The empirical 
evidence in this chapter shows that tim e-varying volatility is a key feature of real 
interest rates faced by emerging economies and peripheral euro area economies.

The closest work to this thesis is Fernandez-Villaverde et al. (2011) whose authors 
show how real interest rate volatility affects macroeconomic performance for four 
Latin Am erican economies, nam ely A rgentina, Brazil, Ecuador and Venezuela, 
using data up to 2008.02. Garci'a-Cicco et al. (2013) conduct a similar study  for 
the case of Chile up to 2011.12. I extend the empirical work to docum ent facts on 
volatility for 27 countries up to 2013.02

This chapter overcomes two issues previously encountered. Firstly, I compile a 
dataset on sovereign bond yields w ith  typical m aturities of about 10 years from 
various data sources, which allows a m ore comprehensive coverage relative to the 
existing literature.^ I describe the data in section 2.3 and in appendices A. 1.1, A.2 
and B.l. 1 in more detail.

The European sovereign debt crisis has arguably been one of the most pressing 
issues for economists. Remarkably, standard  databases such as the IMF's Interna
tional Financial Statistics and that of the Bank for International Settlem ents lack 
data on em erging m arket sovereign bonds. Even for countries that they cover, the 
data are often extremely patchy, with months and years of data missing within the 
samples. Data gathered for this thesis can overcome these problems.

Secondly, I use bash and SLURM scripting in addition to high-level, algorithmic 
parallelism  to overcome com putational intensity issues. Shell scripting is w idely 
used in the sciences, especially neuroscience, high perform ance com puting and 
com putational physics, chem istry and biology. With m any repeated experiments, 
scripts enable the researcher to autom ate extremely labour intensive tasks. Scripts 
are particularly useful in international m acroeconomics since we deal w ith m any 
countries (e.g. Lane and Milesi-Ferretti (2007)), issues specific to particular countries 
and different experim ents (e.g. subsam ple analysis and robustness checks), for 
instance. Consequently, I develop m ultiple scripts making use of parallelism across 
CPUs. I relegate further details on com putation to A.3.2.

I organise the chapter as follows. Section 2.2 motivates the chapter w ith a brief 
discussion of the literature. Section 2.3 describes the data, while section 2.4 explains

^Jesiis Fernandez-Villaverde m entions data work as an obstacle at the NBER Summer 2011 
Econometrics Lectures on Computational Tools and Macroeconomic ApplicaHons; see h t t p : //v im e o . 
com/28120012.
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the empirical model. Section 2.5 presents the results. Section 2.6 concludes.

2.2 Background and Motivation

Increases in volatility can be interpreted as capturing the possibility that future 
events may be more uncertain. Higher volatility in sovereign debt markets enters 
the empirical model of this chapter through higher shocks to the real interest 
rate. The study of volatility is particularly relevant for crises.^ With a deeper 
understanding regarding the implications of controlling volatility, policymakers 
will be in a better position to make informed decisions. This area of research is 
germane given the recent state of economic affairs in Europe and in many emerging 
markets globally.

Real interest rate volatility detrimentally affects macroeconomic performance 
and amplifies channels and mechanisms proposed by other theories and dem on
strated by applied work. We can see the evidence for four South American countries 
in Fernandez-Villaverde et al. (2011) and for one South American country in Garci'a- 
Cicco et al. (2013). This chapter provides suggestive empirical correlations and 
estimates that are used to calibrate the DGSE model of chapters 3 and 4. I analyse 
the relationship between interest rate volatility and macroeconomic variables across 
a sample of 27 countries using monthly data over December 1993 to February 2013. 
Clearly, countries have been witnessing large movements in volatility at the macroe
conomic level, so the inverse relationship between volatility and performance is 
more than a theoretical curiosity.

Until recently, macroeconomists paid little attention to the impact of uncertainty 
and volatility on macroeconomic performance (Hamilton, 2008).'  ̂ This phenomenon 
was partially due to a lack of realisation regarding the empirical relevance of 
volatility in macroeconomics and also arose since economists were ill equipped with 
adequate tools, only recently made available through developments across various 
other fields of study. I relegate further discussion of volatility in macroeconomics 
to chapter 1.

'^Even if one is only interested in the level of variables rather than their volatility, H am ilton (2008) 
show s that in the presence of high volatility, inference about levels is com prom ised w hen  researchers 
neglect to com pensate  for tim e-varying volatility.

■*A rev iew  on  the m acroecon om ics o f uncertainty and vo latility  is in progress to be pu blished  
as a journal o f  Economic Literature article by N icholas Bloom , Jesus Fern^ndez-Villaverde and Martin 
Schneider.
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This chapter takes as its point of departure  the recent analysis by Fernandez- 
Villaverde et al. (2011). U sing m onthly data up to 2008.02 on A rgentina, Brazil, 
Ecuador and Venezuela, they estimate a stochastic volatility model for real interest 
rates, w hich are decom posed into a real international risk-free rate and country 
spread. They find significant evidence of large volatility in country spreads, 
both in term s of m ean volatility (average standard  deviation of an innovation to 
country spreads) and stochastic volatility (standard deviation of an innovation to 
the log standard deviation of country spreads). International risk-free rates display 
less m ean volatility and less stochastic volatility than country spreads. Finally, 
country spread volatility is countercyclical, leading the cycle with respect to output, 
consum ption and investm ent by about five months.

While Garcfa-Cicco et al. (2013) is comparable, there are some differences. They 
use JP M organ EMBI Global Perform ing Sovereign Spread data rather than JP 
M organ EMBI-f- data, they decom pose the country spread com ponent of interest 
rates into an em erging m arket country prem ium  and an idiosyncratic country 
prem ium  (though they ultim ately ignore the idiosyncratic country prem ium ) and 
they incorporate the evolution of two types of term s of trade prices (exports of 
commodities and non-commodities). In addition, their estimation strategy differs 
in that they use a mixture of normals to approximate part of the likelihood function 
instead of using the particle filter and they use the Gibbs sam pler rather than  the 
M etropolis-Hastings algorithm  to draw  from the posterior. However, they find the 
following similar results for their study of Chile; (i) both the level and volatility of 
interest rates are persistent; (ii) the Chilean country spread volatility lies between 
that of Brazil and Ecuador relative to the study by Fernandez-Villaverde et al. (2011) 
,though it is som ew hat closer to the case of Greece relative to this chapter; and 
(iii) the country spread displays m ore stochastic volatility than the world interest 
rate.

The goal of this thesis is not to explain why volatility of the real interest rate 
changes over time, in itself, bu t rather how  volatility changes. In this thesis, 
volatility follows an exogenous process. I estim ate a stochastic volatility m odel 
and focus on correlations that p roduce em pirical facts. So, this thesis follows 
the tradition  of the exogenous volatility literature, an approach sim ilar in vein 
to the tradition of exogenous productiv ity  shocks (Kydland and Prescott, 1982), 
exogenous terms of trade shocks (Mendoza, 1995) and exogenous country spread 
shocks (Neumeyer and Perri, 2005). I list some exogenous uncertainty papers and 
endogenous uncertainty papers in chapter 1.
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Longstaff et al. (2011) justify the empirical strategy of looking at exogenous 
volatility of real interest rate spreads on sovereign debt. They look at credit default 
swaps for sovereign debt of 26 open economies and document that country spreads 
are driven m uch more by global financial m arket variables and global risk premia 
than by local forces, so there is evidence that a substantial com ponent of changes 
in volatility is exogenous to the country. W hile Longstaff et al. (2011) focus on 
credit default swaps, Uribe and Yue (2006) em pirically justify this strategy for 
country spreads in a panel VAR study  for seven developing countries showing 
that innovations exogenous to dom estic conditions explain at least two thirds 
of m ovem ents in country spreads.'’ Furtherm ore, m uch of the finance literature 
suggests that over 90% of the movements in spreads for em erging economies can 
be explam ed by volatility shocks in S&P 500.

I relegate further discussion of volatility in m acroeconomics to chapter 1. The 
next section describes the data I use for 27 countries w ith sam ples including the 
period up to 2013.02.

2.3 Data

In order to first establish stylised facts on real interest rate volatility across a wide 
sam ple of 27 economies, I conduct a range of econometric exercises. This section 
describes the data; section 2.4 presents the model; and section 2.5 discusses the 
results.

W hile the category of countries studied in this thesis is broadly em erging 
m arkets (roughly following IMF WEO October 2012 classification), I consider two 
groups of countries based upon interest rate availability: (i) 15 countries using JP 
M organ's EMBI+ stripped spread (EMBIP sample); and (ii) 12 euro area members 
(EA sample).^ I list members of each group in table A.l of appendix A. 1.1, including 
the types of bonds and the available time period coverage.

Data coverage depends on the availability of pricing data, international risk-free 
interest rates and country spreads. Monthly data coverage starts as early as 1993.12

^While previous literature (e.g. Uribe and Yue (2006)) em phasises the contribution of global 
risk-free interest rate shocks to macroeconomic fluctuations in emerging economies, since the Great 
Recession, global financial risk shocks replaced the role of global risk-free interest rate shocks (Akinci, 
2013).

^As sovereign debt from the euro area members are denominated in euros, differences in expected 
yield largely reflect differences in expected credit risks and volatility.
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for some countries and ends 2013.02. Data availability and identification issues 
determines the initial selection of countries. The effects of transitions from formally 
centrally planned economies to market economies rules out a few years of data in 
the 1990s for a few countries in the sample, as correlation between the volatility of 
interest rates and macroeconomic performance during these episodes may simply 
reflect the transitions.

All bond maturities are greater than one year and most bonds have a typical 
maturity of 10 years. Monthly data are relevant to this study as quarterly data 
smooth out too much of the volatility and so are unsuitable for the purposes of 
this research. I take bond yield data from Datastream, which are available at daily 
frequencies and I convert the data to monthly figures, by taking the end of period 
value (last day reported).

Following a similar method to Fernandez-Villaverde et al. (2011), I decompose 
the real interest rate at which countries borrow internationally rf into the sum of the 
country spread (difference between the nominal yield on an EMBI+ or a sovereign 
bond and the nominal yield on a comparable international risk-free bond) and the 
real international risk-free rate (yield on a comparable international risk-free 
bond adjusted for expected inflation). For further details, see appendix A.2.

Graphs of country spreads versus risk-free rates for the EMBIP and EA samples 
can be found in figures A.2 and A.3, respectively contained in appendix A.2.1. All 
data are in percentages at annualised rates.

With the output from estimating the laws of motion for interest rates, I document 
quantitatively significant volatility. Subsequently, I use National Income and 
Product Account (NIPA) data, which are available from the IMF's IFS database. The 
purpose of the NIPA data is to enable the establishment of empirical regularities 
in comparing correlations between country spreads, output, consumption and 
investment with country spread volatility. I detail how I construct the data in 
appendix A.2.

2.4 Empirical Model

Both the research question and data support a stochastic volatility model, which is 
a nonlinear model.^ Unlike GARCH models in which volatility depends on past

^See appendix A.3 for initial investigations that suggest the data follow a stochastic volatility  
model.
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observations, stochastic v o la tility  models d irec tly  m odel v o la t ility  as a stochastic 

process. In particular, stochastic vo la tility  models specify the logarithm  of vo la tility  

as fo llo w in g  an autoregressive process. For the purpose o f com parison, I concen

trate on a univariate stochastic vo la tility  model in  w h ich country spreads fo llow  an 

AR(1) process and the log o f the standard deviation fo llow s an AR(1) process w ith  

d r ift. This version corresponds to the m odel in  Fernandez-V illaverde et al. (2011). 

In  w hat follows, I use the subscript r to denote the country spread and tb to denote 

the in te rna tiona l risk-free rate. O m ittin g  coun try  specific indices, j ,  let Tf be the 

real interest rate at tim e t for a country, r be the average real interest rate over time 

fo r a country, €r,t be the tim e-dem eaned coun try  spread at tim e t and €th,t be the 

time-demeaned in te rna tiona l risk-free rate. The fo llo w in g  equations describe the 

m odel fo r rt w ith  laws of m otion  fo r €r,t and en,j:

in  w h ich  wy,/, i €  { f r t b }  are AT(0,1) processes. In  the baseline version o f the 

m odel, l i j  t -11 i £ { r , t b } .  Since levels o f coun try  spreads m igh t be correlated 

w ith  vo la tility  (e.g. when country spreads are high, vo la tility  of interest rates m ight 

be h igh and vice-versa), I re-estimate w ith  a m ore elaborate m odel accounting for 

corre la tion  between Urj and VVe see tw o  innovations, e ,j  is 'shocked' by m, , 

and U(T„t, where affects the interest rate and affects the standard devia tion  

o f w, f, i  € { r , t b } .  and u t̂„ i are called innovations to the interest rate and 

innovations to the v o la tility  o f the interest rate, respectively, though typ ica lly  the 

latter is also called a stochastic v o la tility  shock.

The stochastic vo la tility  model is a state space model in  w h ich the measurement 

equation describes the evolution o f e,  ̂ i E {>',tb} (time-demeaned country spread /  

real in ternational risk-free rate) and the transition equation describes the evolution 

o f the unobserved state (vo la tility ) cr,, i 6 { r , t b } .  I estimate one process fo r the 

coun try  spread fo r each coun try  and one fo r the in te rna tion a l risk-free rate (one 

for the EMBIP group and one fo r the EA group). Equations (2.2) and (2.3) describe 

the process fo r country  spreads. Equations (2.4) and (2.5) describe the process for 

the real in te rna tiona l risk-free rate and a ll that changes is the subscrip t tb. The

r t  —  r  € r , f  -h  

£ r , i  =  P r £ r . t - \  + e'"' ‘' U r , l

C r̂,f =  (1  — P<7r)c^r +  P a r lo r , t - l  +  ^rllcT r.t

£ l h , l  =  P t h £ t h , t -  \  + e ' " “ ’' ' U t b . l

=  (1 “  PiT,b)‘̂ th +  Pir,b^th,t-] +

(2.1)

(2 .2)

(2.3)

(2.4)

(2.5)
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parameter p, is the degree of persistence in the interest rate, while is the degree 
of persistence of volatility. The form of (2.3) and (2.5) is convenient, i.e. ct', is 
the mean volatility and rji is the param eter influencing the degree of stochastic 
volatility.^ For example, a high (7̂  implies a high mean volatility of the country 
spread and a high rjr implies a high degree of stochastic volatility.

I estimate the empirical model through employing the bootstrap particle filter, 
which I nest within the Metropolis-Hastings algorithm. Appendix A.3 provides 
further detail on the stochastic volatility model with regard to empirical estima
tion, which is essentially Bayesian. The parametric approach is necessary to feed 
estimates into a DSGE model in chapter 3.

Regarding prior elicitation, table A.2 in appendix A.4 displays the priors for 
each sample. These priors are in line with Fernandez-Villaverde et al. (2011). Other 
than the mean for ar, the priors are identical in order to facilitate comparison 
within groups across countries of posteriors. I impose a Beta prior for (i) pr with 
mean 0.9 and a moderate standard deviation 0.02 and (ii) pcr, with mean 0.9 and a 
looser standard deviation of 0.1. I choose these priors to allow high persistence of 
levels and volatilities and to accommodate more uncertainty about the persistence 
of a shock to volatility about which we know relatively less.*̂  A tighter standard 
deviation for pr will push the posterior distribution P ( p r | d a t a ,  modeI)towards lower 
values of the parameter; otherwise, the median of the posterior may be extremely 
close to one, which would exacerbate the effects of stochastic volatility. As I 
claim that stochastic volatility is important, this is a conservative choice because 
it biases the results against large, quantitatively significant values for stochastic 
volatility, rjr is chosen to be a truncated Normal, so that the parameter will be 
positive; in addition, the mean value for the prior implies that on average, the 
standard deviation of the innovation to the interest rate increases by a factor 
of approximately 1.7 after a positive stochastic volatility shock of one standard 
deviation, since exp(0.5) w 1.6487. Likewise, this is a conservative choice as it 
underestimates the size of the swings in interest rate volatility apparent from the 
graphs of the country spreads. In Argentina for example, the standard deviation of 
the country spread is about seven times larger in 2002-2005 than in 1998-2002. The

^A ssum ing Ipcr̂ l <  1, algebra reveals £(ir,,f) =  cr,, i.e. (7, is m ean volatility. A lternatively, w ithout 
taking expectations, you can see  U;; =  cr, by assum ing =  0 \ / t  and exploiting the geom etric sum  
form ula assum ing  |pcr, | <  1.

®To convert from  m onth ly  to quarterly persistence, w e  cube the persistence parameter; for 
exam ple, pr =  0.9 for m onth ly data im plies a quarterly value o f 0.729.



Chapter 2; Evidence on Real Interest Rate Volatility: A Potent Ingredient 30

standard deviation for r]r of 0.3 allows the data to speak, so that the posterior can 
move significantly away from the m ean of the prior. Finally, <7̂ follows a Norm al 
distribution, whose mean varies across countries. The m ean is calculated from

cr/’'-'"'- =  0.5 X log [(1 -  p2)y] (2.6)

w here pr =  0.9 (the prior mean) and V  is the variance of the data for Equa
tion (2.6) is derived as the unconditional variance of at the prior mean =  0.9, 
assum ing that there are no stochastic volatility shocks (u^^t =  0 Vf). The standard 
deviation of ar is 0.4, which is loose enough to perm it the posterior to move away 
from the prior mean. So, the priors capture the ordering of the m agnitude of 
interest rate variances across countries.

2.5 Results

I describe how I obtain the posterior distributions through sim ulation, along with 
diagnostics, in appendices A.3 and A .6.1. The tables in appendix A.5 report the 
m edians of the posteriors of the param eters and the 95% probability sets (i.e. the 
sets where 95% of the posterior distribution lies underneath).

Overall, my results are broadly consistent with Fernandez-Villaverde et al. (2011). 
However, my results display a substantial am ount of heterogeneity and there are 
differences since my study covers a greater num ber of countries with longer sample 
periods.

There are a num ber of key empirical findings, which are presented in the follow
ing order: (i) standard deviations of innovations to country spreads are large; (ii) 
there is substantial presence of stochastic volatility of country spreads; (iii) country 
spread levels and country spread volatility are highly persistent; (iv) corresponding 
param eters for the real international risk-free rates are sm aller in m agnitude; (v) 
results are fairly robust to subsam ple analysis, in particular to the global financial 
crisis post-September 2008 -  results are also fairly robust to alternative selection of 
Bayesian priors for the param eters underlying the stochastic volatility processes; 
(vi) contem poraneous correlations and plots of country spread volatility against 
deviations of ou tpu t from its trend reveal negative correlation -  this finding also 
holds for country spread volatility w ith respect to other macroeconomic variables 
such as consum ption and investment; (vii) plots and estim ates dem onstrate that 
country spread levels and their volatility are highly positively correlated -  I report
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the results from a more sophisticated empirical model where correlation between 
the level and volatility of country spreads is allowed.

2.5.1 Average Standard Deviation of Innovations to Country Spreads

The average standard  deviation of an innovation to country spreads dr is large, 
though it varies across samples. In particular, dr is small for m ost non-peripheral 
m em bers of the EA group. With the exception of peripheral euro area economies, 
especially Greece, on average Ur is h igher for the EMBIP sam ple than  for the 
EA sam ple, ranging from —8.4 in South Africa to —6.1 and —6.0 in Russia and 
Argentina, respectively versus —9.8 in the Netherlands to —7.4 and —6.4 in Portugal 
and Greece, respectively. Given the sam ple periods, this d istribution is w hat we 
might expect for these countries. These numbers are indicative of a large degree of 
volatility in country spread data, though less than that in the four country study 
by Fernandez-Villaverde et al. (2011). Additionally, my findings reveal heterogeneity 
in the degree of volatility in the country spread data.

2.5.2 Stochastic Volatility and Concentration of 95 Percent Sets

A part from  stochastic volatility r]r and the occasional sam ple, we w itness mostly 
tightly concentrated posteriors, w hich we observe from the 95% posterior prob
ability sets. W ith the exception of the Philippines, w hich has lower rjr, country 
spreads display a substantial presence of stochastic volatility (large rjr). However, 
the degree of tjr differs greatly across countries. O n average, is higher w ithin 
the EMBIP sam ple than w ith in  the EA sam ple, though it is substantial for some 
countries such as Greece, Finland and Slovenia; however, the sam ple period for 
Slovenia is shorter, which notably magnifies its standard deviation so its probability 
set is wider.

2.5.3 Persistence of Levels and Volatility

For the m ost part, interest rates and volatility are persistent (relatively large pr and 
The standard  deviations of the posterior of pr are small (95% probability sets 

mostly lie above about 0.9), while those for p^^ are larger and the posterior medians 
for pff^ take a wider range of values, though most are over 0.9 and even at the 2.5*̂  ̂
percentile, the persistence of the process is in range of .52 to .99.
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2.5.4 Real International Risk-Free Rate and Country Specific Interpreta
tions

Relative to the real Bund (GermanyRINT), all peripheral euro area countries have 
m ore persistence in country spreads p r  and volatility and have higher average 
volatility d r and stochastic volatility rjr- For the EMBIP sample. South Africa stands 
alone in having lower average volatility a r  than the real US T-Bill (RINTEMBIP), 
though most countries have less persistent country spreads p r  and volatility p^r, but 
higher degrees of stochastic volatility }]r than the real US T-Bill.

Taking a country specific approach to interpreting the results, let us consider 
Bulgaria and Spain, which roughly represent m edian countries in their respective 
groups (EMBIP and euro area samples) with regard to the country spread level effect 
of standard deviation shocks to their country spreads and country spread volatilities. 
Exam ining Bulgaria, the posterior m edian of a r  implies that an innovation to the 
spread has an average (annualised) standard deviation of 120,000 x exp((7r) «  i l l  
basis points; the loading factor of 120,000 is applied to transform  a r  into annualised 
basis points. A one standard  deviation positive volatility shock m ultiplies the 
standard  deviation of the innovation to the spread by a factor of exp(;^r) «  1.28. 
So, if both the level and volatility of spreads were to experience sim ultaneous 
positive shocks, the Bulgarian spread would jump by 120,000 x exp(c7̂ r +  f/r) ~  142 
points. In com parison, m ore volatile countries such as Ecuador and Russia have 
corresponding num bers as high as 253 points and 363 points, respectively.

Focusing next on Spain, one of the six euro area periphery countries along with 
Cyprus, Greece, Ireland, Italy and Portugal, the posterior median of a r  implies that 
the innovation to the spread has an average (annualised) standard  deviation of 
40 basis points. A one standard  deviation positive volatility shock m ultiplies the 
standard deviation of the innovation to the spread by a factor of 1.17. So, if both the 
level and volatility of spreads were to experience simultaneous positive shocks, the 
Spanish spread w ould jum p by 47 basis points. In comparison, the corresponding 
num ber is 94 basis points for Portugal, which is one of the m ost volatile countries 
in the euro area sample. The reader can employ the same technique in interpreting 
the posterior m edians for the rest of the samples.
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2.5.5 The Global Financial Crisis and Prior Sensitivity

As a further exercise, I re-estim ate the m odel for sam ples including data up to 
2008.08 (TreSept08') and from 2008.09-2013.02 ( 'P o s tS e p tO S ').2008.08 is a good 
cut-off date for a pre-crisis sam ple since spreads seem to increase around that 
m onth, internationally. The VIX spikes in September 2008 along with m any other 
interest rates such as corporate rates; see figure A.l in appendix A.1.2 for the VIX 
sp ike ."  Tables w ith the posterior m edians from these estimations are available in 
appendix A.6.2. As expected, the 95% sets are w ider for the PreSeptOS sam ples 
due to fewer observations.^^ Spreads for m ost EA countries have become more 
volatile on average (cr̂  rose) since 2008.08, w hereas the opposite seems true for 
many EMBIP countries. Since 2008.08, stochastic volatility rjr rose in most countries. 
Some countries display more persistence in spreads pr before 2008.08, while some 
display more persistence in spreads after 2008.08. Persistence in volatility p̂ r, rose 
in some countries since 2008.08, bu t declined in other countries.

I conduct robustness checks for loosening the priors for the means and standard 
deviations of pr and pa  ̂ to (0.5,0.1) and (0.5,0.2), respectively. In addition, I carry 
out further sensitivity checks for loosening the mean of the prior for r]r from 0.5 to 
0.25 (less volatile) and re-estimate the model with this looser prior in combination 
w ith the looser priors for the m eans and standard deviations of pr and p^, ■ Tables 
with the posterior m edians from these estimations are available in appendix A.6.2. 
In particular, instead o f pr ~  0(0.9,0.02), p̂ r̂  ~  ;B(0.9,0.1) and t]r ~  (0.5,0.3),
I have Pr ~  -B(0.5,0.1), pa, ~  B{0.5,0.2) and rjr ~  (0.25,0.3). Results are fairly
robust, though with looser priors for pr and pa,, Pa, tends to be lower, i.e. volatility 
tends to be slightly less persistent; likewise w ith looser priors for rjr, posterior 
medians for rjr tend to be lower. Both of these slightly 'lower' results are influenced 
by changing the m eans of priors for p^, and t]r from 0.9 and 0.5 to 0.5 and  0.25,

'̂^When looking at different samples, for instance before September 2008 (pre-crisis), priors must 
be altered.

'^The median correlation between my measures of country spread volatility and the VIX is 0.36 
and the lower quartile and upper quartile for this correlation are 0.25 and 0.69, respectively, over 27 
economies.

^^However, PostSeptOS sam ples for Indonesia, Malta and Slovenia have more observations than 
PreSeptOS sam ples due to the earliest available data being well into the 2000s so their posterior 
95% sets are tighter for PostSeptOS samples than for PreSeptOS samples. In addition, the number of 
observations for these countries (especially Malta) for the PreSeptOS sam ples are very sm all with  
only one or two years of monthly data.
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respectively. With looser priors for pr and p^r,, f]r seems to be higher, so there tends 
to be a stronger degree of stochastic volatility; this occurs when I retain the higher 
m ean prior for rjr of 0.5. Results are also fairly robust to loosening pr, p^, and t]r 

sim ultaneously, though  m edians for p^^ are less in this case across countries and 
m edians for rjr are higher.

2.5.6 Countercyclical Country Spread Volatility

So far, I plotted the risk-free rate and country spreads. Then I estim ated volatility 
through the particle filter and Bayesian m ethods, nam ely the M etropolis-Hastings 
algorithm . N ow  I p lo t volatility against other variables, in order to dem onstrate 
how m ovem ents of these variables are related to the volatility of country spreads. 
This enables m e to docum ent em pirical regularities about business cycles and 
country sp read  volatility across the countries, for the periods in m y sample. The 
goal is to analyse the correlations between ou tput, consum ption, investm ent and 
country spreads with country spread volatility. In order to plot volatility ffr.t, which 
is a latent, unobserved variable, a sm oother is necessary. The particular fixed- 
interval smoother I use is a forward-filtering backward-smoothing algorithm based 
on Godsill et al. (2004) and Fernandez-Villaverde and Rubio-Ramirez (2007). I focus 
on the m ean of the sm oothed volatility, conditional on the m edian of the posterior 
of the parameters. I describe the algorithm in appendix A.3. Appendix A.7 contains 
the plots. In the following discussion, I refer to the average sm oothed volatility 
conditional on the m edian  of the posterior of the param eters as country spread 
volatility.

Figures A.4-A.10 p lot seasonally adjusted (X-12 ARIMA), Hodrick-Prescott 
detrended , linearly in terpolated  real GDP ('ou tpu t') against sm oothed country 
spread volatility. These figures indicate a negative correlation between output and 
country spread volatility. For all countries, periods of high volatility correspond to 
periods of low output. Plots for consumption and investment depict a similar story; 
see figures A .l 1-A.24. Similarly, negative contem poraneous correlations between 
country spread volatility and macroeconomic variables are reported in table A.29 
in appendix  A.8, w hich lists the contem poraneous correlations betw een ou tput, 
consum ption and investm ent and country spread volatility.



Chapter 2: Evidence on Real Interest Rate Volatility: A Potent Ingredient 35

2.5.7 Correlation Between Country Spread Levels and Their Volatility

Figures A.25- A.31 plot the time series of country spreads against country spread 
volatility. These figures reveal positive correlation betw^een country spreads and 
country spread volatility. Therefore, during  periods w^hen country spreads are 
high, country spread volatility is also high and vice-versa. This finding suggests 
relaxing the assum ption that innovations to the country spread and its volatility 
are uncorrelated.

In the baseline case, I assume that Uf/,Wr,(, arid are all independent of 
each other. While in the data Un,̂ j and Ur,t are uncorrelated, f and i 6 {r, tb}  
are correlated, so re-estim ation w ith a m odel to take account of this correlation 
is required. In order to correct for correlation, I assum e innovations come from a 
m ultivariate Norm al distribution

in which i G {r , tb}  and k is a param eter controlling the degree of correlation, i.e. 
the size of the leverage effect of the observed level shocks on the log volatility

correlation is equally likely.
Tables A.5 and A.6 present the results from the m ore elaborate m odel. For 

each country, the m edian values of the posterior of the param eters com m on to 
both m odels pr, (Tr, and rjr are very sim ilar in the more sophisticated m odel 
and in the benchm ark model. The correlation param eter k is quite heterogeneous 
across countries and is estimated to be quite high for country spreads. A part from 
Finland, France and N etherlands, k  is betw een 0.47 for Malta and 0.99 for Peru. 
Correlations tend to be higher for the EMBIP sample. So, in a causal exploration, 
level innovations and volatility innovations would affect the economy in the same 
direction, though keeping the case w ithout correlation as the benchmark, we could 
isolate the direct effects of changes in volatility keeping the level of interest rates 
constant. This causal analysis will be investigated in chapter 3.

(2.7)

shocks.'"*1 assume a uniform prior for k ( — 1,1), expressing my prior view that any

'^W hile in this chapter, I report the results from  assum ing u,;,, and Ucr,i,,t are correlated, I do not 
shock Uffi  t and hence Uu,i,,i in the version of the m odel including for such correlation in chapter 3.
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2.6 Conclusion

This chapter established facts docum enting em pirical relations on a range of 
27 economies, using m onthly data covering the period from December 1993 to 
February 2013. After gathering data, advances in high-perform ance com puting 
were utilised in estim ating a stochastic volatility m odel for real interest rates and 
in exploring further econometric exercises.

H aving estim ated the law of m otion for country  spreads for 27 countries, 
postulated  and argued to follow a stochastic volatility process, I now draw  a 
few conclusions. C ountry  spreads are volatile -  m ore so than m ay have been 
previously thought -  and I uncover large m ovem ents in the v'olatility of real 
interest rates, in addition to a systematic relation of those movements with output, 
consum ption and  investment. The average standard  deviation of an innovation 
to the country spread differs across countries, bu t it is quantitatively large in 
general. C ountry  spreads display a substantial am ount of stochastic volatility. 
International risk-free rates have less m ean volatility and less stochastic volatility 
than the country spread for m ost of the EMBIP sam ple and for m any economies 
w ithin the EA sample, especially peripheral euro area economies. C ountry spread 
volatility is highly persistent for each sample and without such persistence, impulse 
responses will be essentially flat, so this em pirical finding is extrem ely relevant 
to the DSGE analysis of the precautionary  behaviour m echanism  investigated 
in chapters 3 and  4. C ountry  spread volatility is countercyclical w ith  respect to 
m acroeconom ic perform ance (output, consum ption, investm ent) w ith  tim es of 
high volatility occurring during  periods of weak m acroeconom ic perform ance. 
Furtherm ore, country spread levels and their volatility are strongly correlated, so 
high levels are correlated w ith high volatility and vice-versa.

G ranted, this chapter does not offer an explanation of w hy real interest rate 
volatility changes over time. Certainly, increased volatility w ithin peripheral 
m em bers of the euro area during  the crisis was related to the realisation of news 
that drastically changed investors' perceptions of the economic conditions of those 
economies. For instance, the rise in country spreads for Greece is well know n to 
have been linked to rating agencies and investors' reactions resulting from news 
about corruption  in the reporting of official statistics and the cover up of weak 
economic and financial conditions.

The param eters estim ated from this chapter may be used to explore the causal 

effect of volatility on m acroeconom ic perform ance, perhaps through the use of
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DSGE models, which is the focus of chapters 3 and 4. Furthermore, future research 
could involve investigation of reasons behind volatility swings such as political 
instability in emerging economies and regime uncertainty in peripheral European 
countries, among others. In addition, data could be extended even further to other 
markets and the same analysis could be applied. However, this chapter is a first 
attempt at documenting real interest rate volatility across such a wide sample of 
countries and should encourage further research into the cause for such volatility 
changes.

The sea is never motionless, yet some days we glimpse white horses and other 
days all appears tranquil. This chapter further documents time-varying volatility of 
interest rates. Quantifying changes in volatility is a step towards comprehending 
volatility in real interest rates, which will improve our understanding of the 
international financial macroeconomy.
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3.1 Introduction

The European sovereign debt crisis reared its head am idst the crest of the tem 
pestuous international environm ent created by the global financial crisis. W hen 
discussion turns to the cost of international borrow ing and interest rate spreads 
betv^een the euro area periphery  countries and Germ any, attention is typically 
directed at the low level of spreads after the in troduction of the Euro and the 
divergence from 2009 onw ards.' However, analysis of the uncertain ty  regarding 
interest rate spreads is typically treated as a secondary issue. In particular, few 
investigations involve sophisticated techniques aim ed at understand ing  the ram 
ifications of spread uncertain ty  shocks for both the cost of borrow ing and the 
macroeconomic perform ance for the euro area periphery.

The introduction of stochastic volatility to the international macro-finance 
literature on spreads was pioneered by the work of Fernandez-Villaverde et al. 
(2011) -  henceforth FGRU -  for the case of four Latin American economies.^ W hat 
has changed since the global financial crisis? How relevant is this fram ew ork for 
the European periphery or for other emerging markets? Covering the time period 
from the early 1990s through the financial crisis and European sovereign debt crisis, 
these are questions that this chapter addresses, in a m uch extended study  of 26 
economies including emerging m arkets around the world, the euro area periphery 
and other euro area countries for comparison.

The central research question of this chapter is as follows: from a DSGE analysis, 
w hat are the quantitative effects of changes in the volatility of real interest rates on 
the dynamics of real variables, particularly for small open economies. Subsequently, 
I dem onstrate that a quantitative m odel can replicate the em pirical results from 
chapter 2. I show that changing volatility has a quantitatively im portan t effect 
on the dynam ics of real variables in an otherw ise standard  small open econom y 
real business cycle model, even w hen the real interest rate rem ains constant. With 
the stochastic volatility m odel for real interest rates, I can keep the real interest

'A s  for research agendas, a significant body of work in the international financial m acroeconom ics 
literature focuses on  em pirical and narrative stu d ies on  capital flow s, fiscal issu es and reform  (e.g. 
Lane (2012, 2013), Lane and M ilesi-Ferretti (2012), Benetrix and Lane (2012, 2013a,b), Lane and Pels 
(2012), Galstyan and Lane (2013)) and quantitative m odelling of fiscal policy, sovereign debt, sudden  
stop s and financial g lobalisation  (e.g. M en doza  et al. (2014), M en doza  and Yue (2012), M endoza  
(2010), M endoza and Sm ith (2014)),

^Uncertainty in international borrow ing facing peripheral European countries can be proxied by 
volatility  since uncertainty in itself is inherently unobservable in the K nightian sense (1921).
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rate itself constant and show that tim e-varying volatility of real interest rates 
is an im portan t force behind the distinctive size and pattern  of business cycle 
fluctuations, particularly in emerging economies.

In chapter 2, I docum ent strong evidence of tim e-varying volatility across a 
broad set of countries and uncover a systematic relation of these movements w ith 
ou tput, consum ption and investment. In particular, country spread volatility is 
negatively correlated with output, consumption and investment and is strongly pos
itively correlated with country spread levels. These results are robust to alternative 
priors and the crisis from September 2008.

So, empirical evidence in chapter 2 shows that tim e-varying volatility is a key 
feature of real interest rates faced by em erging economies and peripheral euro 
area economies. Progressing from there, the central idea in this present chapter is 
that changing volatility has a quantitatively im portant effect on the dynamics of a 
standard  small open economy, even w hen the real interest rate rem ains constant. 
W hile other papers look at shocks to spreads (e.g. N eum eyer and Perri (2005)) 
and so countries find it more difficult to finance themselves through international 
borrowing, this thesis looks at the volatility of series, which can sometimes be high 
and other times low and so makes handling debt more difficult.

G ranted, som e countries w itness m uch less real interest rate volatility. For 
instance, the 10 year sovereign bond in C anada fluctuates far less than that of 
Argentina. However, the volatility in sovereign spreads can change over time as is 
the case for Spain in the early 2000s versus Spain since 2008 -  and this is also true 
for Greece, Ireland, Italy and Portugal.

To a large extent, these volatility shocks are m ostly exogenous to the country, 
e.g. events in Italy and Greece m ay affect interest rates on Belgian debt th rough  
regim e uncertainty. Longstaff et al. (2011) and Uribe and Yue (2006) provide 
empirical support for this exogenous m odeling approach. Furtherm ore, over 90% 
of m ovem ents in spreads for em erging economies can be explained by volatility 
shocks in S&P 500.

The closest papers to this chapter are FGRU, Garci'a-Cicco et al. (2013) and Born 
and Pfeifer (2014) -  henceforth BPM."' FGRU show how real interest rate volatility

^Akkaya (2014) investigates interest rate volatility shcxks as a monetary policy instrument, 
follow ing similar method to this chapter. However, Akkaya focuses on the quantitative aspect of 
interest rate volatility shocks in monetary policy rules. Rather than provide empirical analysis for 
different countries, the objective is to develop an analytical understanding of the effects of changing 
policy interest rate volatility through closed and open econom y versions of the New Keynesian
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affects m acroeconom ic perform ance for four Latin A m erican economies, nam ely 
Argentina, Brazil, Ecuador and Venezuela, using data up to 2008.02. Garcia-Cicco 
et al. (2013) conduct a sim ilar s tudy  for the case of Chile up  to 2011.12. BP14 
com m ent on technical issues w ith FGRU. I delay further discussion of BP14 until 
section 3.2.

Similarly, I find that an increase in the volatility typically triggers a fall in output, 
consum ption, investm ent, hours w orked and debt. I build  upon  these papers by 
extending the analysis from Argentina, Brazil, Chile, Ecuador and Venezuela to a 
broader set of 26 economies and updating the samples to include the recent global 
financial crisis and the European sovereign debt crisis.^

To im prove com putational accuracy, I im plem ent new  results on third-order 
p run ing  for state space m odels by A ndreasen et al. (2013). Additionally, I render 
the study feasible time-wise through incorporating advances in high-performance 
computing. Furtherm ore, I address the issues raised by the comments of BP14.

Section 3.2 briefly reviews the literature. The m odel along w ith the solution 
method and estimation method are the subjects of section 3.3. Results are presented 
and discussed in section 3.4. Section 3.5 offers conclusions and suggestions for 
future research.

3.2 Background and Motivation

The Dynam ic Stochastic General Equilibrium  (DSGE) m odel em ployed in this 
chapter is derived from the standard neoclassical grow th m odel or Real Business 
Cycle (RBC) class of m odels, w hich rely on technology shocks and em phasise 
the contribution of real variables to the dynam ics of m acroeconom ic aggregates. 
M endoza (1991) provides a small open econom y extension to the Real Business 
Cycle (RBC) m odel by allowing domestic residents access to foreign financial mar
kets w ith a single foreign financial asset that pays or charges an international real 
interest rate. So, the m odel features incom plete m arkets. W hile Feldstein and 
Horoika (1980) infer that positive correlation between domestic savings and invest
m ent is evidence against international capital mobility, potentially  underm ining

m odel. The particular m od els em ployed also allow  Akkaya to analyse the effects o f the uncertainty  
regarding the path o f interest rates on  capital flow s and the exchange rate.

■^Relative to the econom etric em pirical section  in this thesis, n am ely  chapter 2 , I drop Panam a 
from the DSGE m odel analysis due to the difficulty in obtaining quarterly national incom e product 
account data for this country.
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RBC theory, M endoza (1991) dem onstrates that savings and investm ent can be 
highly positively correlated even w hen there is perfect capital mobility, thereby 
contradicting Feldstein and Horoika (1980). M endoza (1991) shows that access to 
foreign m arkets perm its the separation of savings and investm ent and so u nder
estimates this correlation, which is show n to depend on the persistence of shocks 
to productivity. Furtherm ore, M endoza finds that free capital accum ulation in a 
small open economy exaggerates the volatility of investm ent and underestim ates 
the correlation between savings and investment. M endoza solves this problem  by 
including physical capital adjustment costs; as in the data, financial capital tends to 
be more mobile than physical capital.

Correia et al. (1995) study  business cycles in small open economies. Variables 
such as the trade balance can take on both positive and negative values, so rather 
than using logarithm ic differences, Correia et al. (1995) provide a local approx
im ation to express the trade balance as percentage deviations from the mean. 
Prelim inary investigations in earlier versions of this chapter produced runn ing  
means of the ratio of trade balance volatility to output volatility that suggested that 
this m easure is highly unstable. BP14 attribute this poor num erical convergence 
behaviour to the volatility of net exports, in particular in cases w here the m ean 
of net exports is close to zero. This chapter follows BP14 along this dim ension in 
avoiding using the local approxim ation of Correia et al. (1995); for instance, net 
exports are scaled by output and m oments of this ratio are calculated.

Focusing on the role of interest rates for business cycles in emerging economies, 
N eum eyer and Perri (2005) find that business cycles in em erging econom ies are 
more volatile than in more developed countries, consumption is more volatile than 
output and net exports are substantially countercyclical. In addition, real interest 
rates are countercyclical and lead the business cycle. The authors decom pose 
the real interest rate into an international rate and a country spread com ponent, 
w here country spread shocks are taken as given. Their m odel generates business 
cycles consistent w ith data from Argentina. Both FGRU and this present chapter 
suggest that real interest rate shocks and volatility shocks tend to reinforce each 
other, w here country spread volatility shocks are also taken as given. Uribe and 
Yue (2006) provides em pirical support for the approach in N eum eyer and Perri 
(2005) of assum ing that country spreads are exogenous to domestic conditions in 
emerging markets and builds on M endoza (1991), incorporating a debt-adjustment 
cost function as in Schmitt-Grohe and Uribe (2003) and Neumeyer and Perri (2005) 
and assum ing that production and absorption occur prior to the realisation of
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interest rates in each period. Additionally, Uribe and Yue (2006) model habit 
formation, working capital and subject capital accumulation to gestation lags and 
convex adjustment costs.

This chapter is most closely related to FGRU and BP14.'’ FGRU augments 
the small open economy extension to the standard neoclassical growth model 
with a stochastic volatility process for interest rates. While papers like Bloom 
(2009) mainly focus on the production side of the economy, FGRU suggest that 
consumers display precautionary savings behaviour in response to risk shocks.'’ 
FGRU study the effects of level shocks, volatility shocks and the combination of 
level and volatility shocks on the dynamics of macroeconomic variables such as 
consumption, investment, output, labour hours, country interest rate spreads and 
debt across Argentina, Brazil, Ecuador and Venezuela using monthly and quarterly 
data from December 1993 up to February 2008. This chapter examines 26 emerging 
and euro area economies combining monthly and quarterly data from December 
1993 to February 2013. The broad sample of countries studied means that the 
calibration distinguishes between debtor countries and creditor countries, enabling 
the analysis of the impact of risk on countries that face different international 
financial macroeconomic positions. Countries may individually face different costs 
of adjusting external financial positions, which allows an extra degree of freedom 
in matching model moments with those of the data.

BP14 comment on significant technical issues with respect to FGRU including an 
incorrect transformation of monthly data to quarterly data; in particular, variables 
expressed in percent deviations ought to be averaged rather than summed when 
aggregating the data. While BP14 highlighted some issues in computing net exports 
in percentage deviations from deterministic steady state and also the ergodic mean 
in the absence of shocks of net exports and output, the present chapter abstracts 
from these problems since it looks at the more relevant concept of ergodic means.

In addition, BP14 illustrate the problem of using the local approximation 
of Correia et al. (1995) as mentioned above and stress two important caveats with 
respect to the cyclicality and volatility of net exports discussed shortly. Firstly, the 
model produces procyclical net exports rather than countercyclical net exports as

'“’O ther sim ilar papers inclu de Garcia-Cicco et al. (2013) and  Akkaya (2014), w h ich  1 d iscu ss in 
chapter 1.2.3.

^The real-options effects channel of Bloom (2009) posits that firms take a wait-and-see approach in 
terms of m aking hiring and firing decisions. Irreversibilities of investm ent and other non-convexities 
abound that render the differentiable, perturbation approach of this chapter inappropriate.
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witnessed in the data. This was raised before by Garcia-Cicco et al. (2010) who used 
financial frictions in the form of a debt-elastic interest rate premium to address this 
issue. However, this particular m odelling strategy would complicate the analysis 
of this chapter by introducing an indirect effect by which volatility shocks would 
affect debt, then interest rate levels, thereby affecting debt further; in short, it 
w ould be impossible to study  the effects of volatility in isolation if a debt-elastic 
interest rate prem ium  was incorporated. Secondly, BP14 find that the model tends 
to over-predict the volatility of the net export share of output. While this m easure 
does not suffer from the division by an alm ost trivial num ber as with the Correia 
et al. measure, volatility was found to be rather high for the case of Argentina.

Furtherm ore, the technical appendix and code available online of BP14 detail 
multiple minor coding issues in FGRU, but more significantly identify fundamental 
weaknesses in the sim ulation and estimation procedures; for instance, rather than 
using the ergodic mean, FGRU use the deterministic steady state and the ergodic 
m ean in the absence of shocks.^ Additionally, there have been im provem ents in 
prun ing  m ethods such as the analytic results by A ndreasen et al. (2013). O ther 
than addressing the two caveats m entioned above, this chapter im plem ents the 
suggestions m ade by BP14. C om putational contributions are one of the central 
novelties in this chapter, which is the focus of section 3.3.2.

3.3 M ethod

In section 3.3. J, I briefly present the structural, quantitatively-theoretical m odel 
used in this chapter, which is a standard  real business cycle small open economy 
m odel augm ented w ith stochastic volatility in country spreads and real in terna
tional risk-free rates. For a detailed exposition of the full m odel, see FGRU. I 
use estim ates from the econom etric exercises in chapter 2 to calibrate and feed 
the stochastic volatility process for real interest rates into the DSGE m odel. In 
section 3.3.2, I describe some nuances regarding com putation in term s of solving

^Other than scaling issues in reporting certain moments of variables such as net exports (appendix 
sechon 1) and incorrect computation of the ergodic mean in the absence of shocks for the ratio of net 
exports to output, some of the more significant sections in the technical appendix by BP14 include 
appendix section IV on com puting IRFs (instead of GIRFs) at the ergodic mean in the absence of 
shocks (instead of at the ergodic mean) using a different pruning procedure than for the simulations 
and section V on multiple issues with the simulation scheme including pruning by FGRU. I omit 
further discussion of these technical issues. The simulation and estimation including pruning in this 
thesis overcome the pitfalls highlighted by BP14 with respect to the FGRU procedures.
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the model and estimating Generalised Impulse Response Functions (GIRFs), which 
form the main points of departure from the method followed by FGRU; I also 
discuss high-performance computation in this section too. While BP14 carry out 
replication and recalibration exercises along with introducing other measures, their 
work predominantly aims to cast light on technical issues in as close a setting as 
possible to that of FGRU; however, many of the problems they raise have economic 
significance also. They highlighted a number of deeper issues in their technical 
appendix with regards to the solution and estimation methods but did not pur
sue these in their paper. This chapter overcomes these problems and attempts to 
solve the model and estimate it appropriately. Furthermore, high-performance 
computing is necessary for this study given the number of samples and the m ul
tiple experiments undertaken. Data used for compiling the empirical moments 
is described in section 3.3.3. Then in section 3.4, I present generalised impulse 
response functions and discuss results from the model.

3.3.1 A Quantitative Model

The following equations describe the model.

(3.1)

=  D t -  W , H ,  -  R , K ,  +  C,  +  If +  -  D )2
1 -I- r , 2

(3.2)

(3.3)

1 — ft

(3.4)

(3.5)

f t  —  r  +  €tb,t + ^r , t (3.6)

£tb,t =  P th £ th , t - \  +  u , h j  U th j  ~  A/'(0,1 

€r,t =  P r e r , l - \  +  Ur,f Ur,t ~  AA(0,1)

— (1 ~  PLTn)0'tb +  P(Tii,^th,t-\ +  Vth^(.Ttb,t ~  (0/ 1)

ar,t =  { I  - p a r ) 0 - r +  - 1 +  ~  - ^ ( 0/ 1))
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Individuals display preferences (3.1) and are subject to the budget constraint (3.2), 

where the conventional notation applies. Hj  denotes hours worked, Df >  0 means 

the household ow es debt through a one-period non-contingent bond, w hich they 

pay back next period at a real interest rate of Vf, D is a parameter determining debt 

in steady state and the model is closed with a cost of net external debt adjustment 
Capital accumulates according to (3.3), where (p >  0 influences the size of the 

adjustment costs and tempers the investment volatility in response to real interest 
rate changes for small open-econom y models. Representative agents are subject to 

the typical no-Ponzi game condition, D( <  A Vf, where A is som e arbitrarily large 

positive constant. On the production side, firms turn capital and labour into a final 
hom ogenous good according to the production function (3.4) in which technology  

evolves according to (3.5).“̂ Equation (3.6) decom poses the real interest rate where 
r  is the m ean of the real interest rate over time, is the tim e-dem eaned real 
international risk-free rate and €r,t is the tim e-dem eaned country spread. The 

remainder of the equations describe the laws of m otion for eth,t, £r,t, crth,t ar,t- 

This baseline model is referred to as model M l. Model M2 allows for correlation of 
shocks assum ing

3.3.2 Computation: Solution and Estimation

The present chapter im proves upon the com putational procedures outlined in 
FGRU and BP14. To isolate the effect of volatility, I use a third-order perturbation 
solution m ethod. The goal w ill be to m easure the effects of a volatility increase

debt assets, i.e. countries owe more external debt to other countries than they are owed in return. 
Similarly, Df being negative indicates that external debt assets exceed external debt liabilities. In 
FGRU, <Pp is referred to as the net foreign asset (NFA) adjustment cost. However, given that there is 
no domestic or foreign equity in the model, it is more precise to label D( as net external debt.

As an aside, the model focuses on external debt comprising of both government and private debt, 
though it is the (sovereign) interest paid on government debt that is of direct concern. To the extent 
that both interest rate level and volatility shocks are higher on interest rates facing the private sector 
than on sovereign spreads, the effects of volatility reported in this paper for the euro area countries 
represent a conservative lower bound.

“̂ The household budget constraint (3.2) can be rearranged to yield an expression for net exports; 
N X , =  Yi -  Q  -  I, =  D, -  ^  +  ^ ( D ,+ i  -  D)2. The current account is D, -  D ,+i.

^^While in chapter 2, I report the results from assum ing and Utr,,,,; are correlated, I do not 
shock Ufi, f and hence in the version of the model including for such correlation in this chapter.

*Net external debt being posihve means that gross external debt liabilities exceed gross external
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captured by positive shocks to Urj, while keeping the real interest rate unchanged 
(keeping Ur,t =  0 and w,/, , =  0). With first-order Taylor approxim ations of the 
m odel solution, stochastic volatility will not enter since the policy rules of agents 
will display certainty equivalence, only depending  on the shocks Urj, arid 
ux,t (coefficients will be zero on and ( shocks). W ith second-order Taylor 
approxim ations of the m odel solution, volatility only enters in a m ultiplicative 
sense with the product of the level and volatility innovations {Ur t̂Hâ t arid 
So, up  to second order, volatility only affects variables w hen  level shocks are 
non-zero and so we can not independently investigate the effect of volatility shocks 
in isolation from  interest rate level shocks. Volatility appears independen tly  in 
th ird-order approxim ations.”

I im plem ent a new  sim ulation procedure m odifying Dynare code from  BP14 
on solution and from A ndreasen et al. (2013) on pruning. Using analytic solutions 
for the theoretical ergodic m ean from A ndreasen et al. (2013), I w insorize country 
sp read  level and country  spread volatility shocks, bu t leave technology shocks 
unwinsorized.'^''"* I then sim ulate the m odel from  the ergodic m ean using the 
pertu rbation  approach of A ndreasen et al. (2013). This step  im proves upon  that 
of FGRU and BP14 by using the ergodic m ean rather than  the ergodic m ean in 
the absence of shocks to start the sim ulation w here all variables are subjected 
to p run ing  and  are p runed  in the efficient m anner proposed  by A ndreasen et al  
(2013). This step addresses the issues raised by BP14 in section V of their technical 
appendix , for instance replacing the previous sim ulation schem e that suffered 
from  starting  at the ergodic m ean in the absence of shocks, from  neglecting to 
use p run ing  for all variables, from using a first period that happened  to be at the 
determ inistic steady state rather than the ergodic m ean, from using two different 
structural shock realisations at the same time to base the sim ulated first and third 
o rder term s for the first actual sim ulation period and  from  always equating the 
first shock at the second period to the one of the first sim ulation. I have tested

^'Closed-form solutions and solutions involving lower-order approxim ations for incorporating 
stochastic volatility in DSGE models exist as alternative methods; see for instance work by Oliver de 
Groot such as de Groot (2015). In order to relate results more closely to the work by FGRU and BP14, 
this thesis does not follow this line of computation.

'^Computation of the theoretical ergodic variance-covariance matrix took alm ost five minutes, 
whereas computation of the theoretical ergodic mean takes less than a second.

'^Convergence of simulated m om ents towards their ergodic m ean w as improved by truncating 
shocks to be less than one in absolute value.
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starting the sim ulations at the ergodic m ean (rather than the ergodic m ean in 
the absence of shocks) each tim e after 96 periods w ith various burn-in  periods; 
however, altering the num ber of burn-in  periods m ade no significant difference 
to com puted m om ents as draw s already came from the ergodic d istribution and 
negate the necessity of having a burn-in, thereby reducing the overall run-time.

Dealing w ith  m ixed frequency data is com m on in international finance. This 
chapter corrects for time aggregation issues inherent in FGRU expounded upon by 
BP14. As the simulated data is in monthly frequency, aggregation of the frequency 
to quarterly is necessary in order to m atch empirical moments. For variables that 
are expressed in percentage deviations from their ergodic means, using the average 
rather than the sum m ation is the correct transform ation, as explained by BP14, 
in tu rn  correcting m any of the transform ations used in FGRU. However, some 
m easures do not require any aggregation, for instance, the ratio of net exports to 
output. I estim ate m odel m om ents over 96 periods and get the m ean over 3000 
simulations, which yields the ergodic mean of each model moment. I find that 3000 
periods is sufficient for convergence of model moments. Details on the grid search 
procedure are discussed in 3.4.1.

Regarding estim ating response functions of control variables, due to the non- 
linearities in the model created by he higher-order perturbation techniques in the 
model solution, standard, orthogonalised impulse response functions (IRFs) depend 
on the ordering of the variables (Koop et al., 1996), the sequence of future shocks 
and the starting point in the state space for the generation of IRFs (the past history 
of shocks will determ ine the IRFs). Koop et al. (1996) recom m end generalised 
im pulse response functions (GIRFs) to solve this problem, for instance com puting 
them  at the ergodic mean. I address the issues inherent in FGRU raised by BP14 
in section IV of their technical appendix  by estim ating GIRFs at the true ergodic 
m ean modifying Dynare code available from Andreasen et al. (2013). In contrast to 
m y approach, com puting the IRFs at the ergodic m ean in the absence of shocks 
only captures part of the economic effects of risk shocks, in particular the risk 
adjustment charmel (through the constant term and time-varying risk-adjustment), 
bu t not the difference in am plification effects brought through risk shocks and 
rooted in o ther higher order terms. Furtherm ore, the absence of shocks is also 
factored into agents decision making. Taken together, people will hold higher levels 
of debt than they may otherwise.

Keeping to the notation of A ndreasen et al. (2013), the GIRF for any set of 
variables var in the model in period t + I after a disturbance to the shock of size
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Vj that occurred period f +  1 is given by

G /K fvar(lf/,W () =  Ef[var,+,|wf,e/,f+i =  u,] -  E([var,+;|w,] (3.7)

where the required variables in W( depends on the num ber of state variables and 
the order of approxim ation. Unfortunately, definition (3.7) has the property  that 
following a disturbance to shock i , shock j  m ay change if shock j  follows a non
linear law of motion. To avoid this behaviour, I use the second version of GIRFs 
from the technical appendix of Andreasen e t  al .  (2013) defined as

G / R F v a r ( / , y / , W f )  =  Ef[var,+;|u,] -E,[varf+,] ( 3 . 8 )

for a disturbance to innovation i. We can use definition (3.8) and the form ulae 
derived from this definition to explore the joint effects of more than one shock, for 
instance a one standard deviation disturbance to country spread level shocks along 
with a K  standard deviation innovation to country spread volatility shocks, where k  

is the correlation param eter betw een levels and volatility estim ated in chapter 2; 
for example, shocking disturbances i and j  simultaneously can be expressed by the 
formula

GIRFy„{l ,Vi ,Vj ,wt )  = £([var,+;|i;/,i;,] -  E,[varf_ ;̂]

From equation 3.8, we can see that these GIRFs are expressed as absolute 
deviations from the ergodic means. Of course w hen a variable is transform ed 
through logarithms, m ultiplying the GIRF by 100 will result in producing a GIRF 
that has the interpretation of being in percentage deviations from the ergodic mean. 
These relative (or percentage) GIRFs are generally preferable to GIRFs expressed in 
simple numerical units because they will satisfy convenient invariance properties. I 
convert GIRFs for the country interest rate spread into annualised basis points 
by multiplying the GIRF by the loading factor of 12 x 100 x 100; as the ergodic mean 
for the country interest rate spread is zero, we can interpret impulse responses for 
country interest rate spreads as being expressed in annualised basis points -  they 
will depart from zero following interest spread level shocks for instance before 
gradually returning back towards zero, w ith duration depending positively on the 
persistence of the country interest rate. GIRFs for all other variables are expressed 
as percentage deviations from their ergodic mean. To express the response of debt 
in percentage deviations from its ergodic mean, I adjust the GIRF for debt, which 
is a level variable by dividing it by the ergodic m ean for debt and m ultiplying it 
by 100. Once adjusted, all resulting GIRFs are correctly aggregated to quarterly
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frequency by averaging the adjusted monthly GIRFs.
Regarding computation, I use bash scripting and SLURM scripting for algorith

mic, high-level parallelism over 16 threads with hyperthreading and make use 
of multiple remote systems simultaneously on high-performance clusters. For 
the main computation, I run on 8 cores simultaneously per node, making use of 
multiple batch submission over many nodes. Running time per sample is approxi
mately 140 hours (80 (coarse search) plus 60 (fine search)) on the 8-core Opteron 
2.30GHz nodes within the Lonsdale cluster maintained by the Trinity Centre for 
High Performance Computing. I run 104 samples (26 countries x two models x 
two grids for debt (negative and positive)) in parallel simultaneously, eight per 
node across 13 nodes. Improvements with novel use of the bash xargs command 
and submitting multiple jobs simultaneously over a cluster by slicing the grids 
and controlling timing and memory by modifying SLURM scripts helped reduce the 
overall runtime.'^

3.3.3 Data

With regard to data preparation, consumption is household spending on goods and 
services, investment is gross fixed capital formation plus the changes in inventories, 
net exports are exports minus imports of goods and services and output is the 
sum of consumption, investment and net exports. National income and product 
account data were taken from the IMF's IFS for all countries except Venezuela, 
where data were downloaded from Banco Central de Venezuela.''’ The units are in 
local currency. To transform the data into real values, nominal values were divided 
by GDP deflator or simply constant price series were used. Data were seasonally 
adjusted using the US Census Bureau's X-12 program. Logarithms of output, 
consumption and investment were Hodrick-Prescott (H-P) filtered. The mean of 
the ratio of net exports to output was converted to percent. As net exports can be 
negative, Correia et al. (1995) use the expression N X /|N X | — 1 for the percentage 
growth deviations of net exports, which can be H-P filtered. However, due to

'■*The bash xargs command allows for built in scheduling and autom ation of procedures over 
multiple cores with enhanced control. 1 perform ed some calculations on the Lonsdale cluster 
maintained by the Trinity Centre for High Performance Computing, 1 also utilised the TESLA server 
run by the Social Science Com puting providers at University of Pennsylvania School of Arts and 
Sciences.

'^Quarterly data were not readily available for Panama, which is the one country dropped for the 
DSGE study of this essay relative to chapter 2.
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num erical instabilities of the Correia et al. net export m easure especially w hen 
net exports are alm ost zero, I follow BP14 by focusing on the net export share of 
output. So, rather than the ratio of the volatilities of net exports and ou tp u t and 
the correlation between net exports and output, I focus on the volatility of the net 
export share of output and the correlation between this ratio and output. The ratio 
of net exports to output N X / Y  is only H-P filtered when computing the first-order 
autocorrelation between this ratio and output and the volatility of this ratio; N X / Y  

is not filtered w hen com puting the m ean of N X / Y  used for m om ent m atching 
in the calibration exercises. Data coverage extends as far back as 1990Q1 for the 
N etherlands and typically ends around 2012Q4 for m ost countries. Em pirical 
mom ents are reported in table B.3 along w ith the sam ple periods for each country. 
The empirical and theoretical m om ents for net exports were under-reported  by a 
factor of 100 in FGRU, which I correct for in this thesis.

Of interest is the Russian financial crisis. Specifically in 1998Q4, the change 
in Russian inventories that was negative exceeded in absolute value the positive 
gross fixed capital formation, leading to a negative value for investment in 1998Q4. 
For logarithm ic transform ations to be defined, a spread-preserv ing  shift of the 
investm ent series for Russia was required. Remarkably, the ratio of investm ent 
volatility to output volatility for Russia is 105.8, while that across all countries and 
tim e periods under investigation lies in the interval [2.73,12.56]. M ost of these 
values are right skewed w ith m ost w eight around  [3,6]; see figure B.l. This ratio 
for Russia w ould only be 4.29 if we im pute the value for investm ent in 1998Q4 
as an average of the quarters im m ediately preceding and succeeding 1998Q4. To 
m inim ise the effect of investm ent volatility exerting too great an influence on 
determ ining param eter calibration, I use this second value of 4.29 in everything 
that follows, though I report the original value of 105.8 in table B.3 only.

3.4 Results and Discussion

In this section, I analyse the results from the quantitative model. First, I detail the 
calibration of the m odel. Second, I report the m om ents generated  by the m odel 
and compare these w ith the m om ents in the data. Third, I explore the generalised 
impulse response functions (GIRFs) of shocks to country spread levels and country 
spread volatility. C om paring volatility shocks to the country spread  and to the 
international risk-free rate ar,t and cr,;, (, the former is on average between 0.2 and 10 
times the size of the latter and has a time-varying component that is between about
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0.06 to 339 times bigger.'^ For the peripheral euro area members and the EMBIP 
members, the relatively larger magnitudes for justify focusing on studying 
GIRFs of shocks to the country spread rather than of shocks to the international 
risk-free rate. Fourth, I decompose the variance of aggregate variables among the 
different shocks, reporting the results of variance decomposition exercises, which 
concludes this section of the chapter.

3.4.1 Calibration

I calibrate two versions of the model for each of the 26 countries: M l (without 
correlation) and M2 (with correlation), hence there will be 52 calibrations. The 
parameters are calibrated at monthly frequency because the estimated processes 
for interest rates are monthly and I build up from monthly to quarterly model 
data in simulations, so all results are on a quarterly basis. The calibration stems 
partly from FGRU, though parameters are recalibrated according to the broader, 
longer samples in this chapter and following the improvements suggested by BP14. 
The five parameters v , r j , S , o c , p x  are fixed across countries, as is co and are all 
these are listed in table B.4, while table B.5 lists the country specific calibrations. 
/3 =  (1 + r)“  ̂ is country specific, where r is the mean net real interest rate for each 
country; see appendix B.I.l. The parameters for the laws of motion for country 
spread deviations and real international risk free rate deviations along with their 
volatilities, including the correlation parameter in M2 are taken from the medians 
of the posterior distributions estimated in chapter 2.

The final four parameters c rx ,(p , D , ^ d  are chosen so as to match the ergodic 
distribution of the model moments with four empirical moments, cry,
These four parameters are picked to minimise an equally weighted quadratic 
form of the distance between the model moments from those of the data. The 
moments of the model correspond to those of the ergodic distribution of the 
model as described in section 3.3.2; since higher order approximations shift the 
ergodic mean of endogenous variables away from the deterministic steady states, 
parameters are calibrated according to ergodic moments rather than those in steady

'^For the EMBIP sample, is larger than tr,;,, on average for each country and is larger by up 
to 10 times and a rj  has a time-varying com ponent with a minimum about the same as (7,;,, and a 
maximum a multiple from 10 to over 300 (Argentina) times as large as In the euro area sample, 
Greece, Ireland, Italy, Portugal, Slovenia and Spain each have CTrj larger on average than Cu f and 
w hile the time-varying com ponent o f (7̂  ( can be small at times relative to cT((, , (som etim es nearly 
fifteen to twenty times smaller), a rj is usually larger than a,i, i by multiples from about 3 to over 60 
(Greece) hmes.
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state. Empirical m om ents correspond to quarterly  data, which were converted to 
real values (using the GDP deflator or by taking constant price series), seasonally 
adjusted w ith the US Census Bureau's X12-ARIMA program  and H-P filtered. 
Similarly, I adjust sim ulated series appropriately by applying the H-P filter (other 
than the m ean for net export share of ou tpu t).'’

In order to calibrate the parameters, I conducted a coarse grid search, succeeded 
by a finer grid search. Grids were split into two parts, one w ith D taking integer 
values w ithin the interval [—4,36] and one w ith D taking integer values w ithin 
[—36,0], A few sam ples w ith large values of ^  from the data required searches 
of integer values for D € [32,72], for D € [68,104] and for D 6 [100,140]. A few 
samples with large negative values of ^  from the data required a search of integer 
values for D €i [—68, —32]. The grid for capital adjustm ent cost was ^  =  2 : 2 : 98, 
that is, even integers betw een 2 and 98. The grid for technology volatility was 
ax =  0.0025 : 0.0025 : 0.0475. The coarse grid for portfolio adjustm ent costs <Pp 

was £  {0.00005,0.0005,0.001,0.005}, while the fine grid depended  on the
realisation from the four possible values of If =  0.00005, then

=  (d)™'"-*-? -  .00004 : .00001 : U + .00005 : .0001 : +  .00045)

The rem aining cases are described by

.00005 U -  .0004 : .0001 : + .0005) <j,raarsc ^  q005

‘J’d"'’ =  -  .0005 : .0001 : o«>arse ^ t .001 : .001 : (Dg'arse + q04) =  .001
(cD^arse _  q04 : .001 : (Dg’̂ rse  ̂ q05) <j,g)arse ^  g05

The coarse grid sizes are 2916 and 2592 w hen D is an integer w ithin [—4,36] and 
when D is an integer w ithin [—36,0], respectively; the coarse grid size is also 2916 
for sam ples requiring D to be an integer w ith in  [32,72], [68,104], [100,140] or 
[—68, —32]. Fine grid size is always 1188.

3.4.2 Moments

Tables B.6 and B.7 report moments, both from the data and from the model. Note 
that the colum n ^  is the ratio of net exports to ou tpu t in percentage, w ith  a 
positive value indicating that a country is running a trade surplus. Higher values of

^^Other filtering m ethods such as the bandpass filter were investigated but results were almost 
identical to the H-P filter with a timing parameter of A =  1600.
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D are influenced by the ratio of net exports to output with a higher ratio indicating 
a higher level of foreign debt. The external debt adjustm ent cost param eter O d is 
higher in this model for most countries than the typical values reported by FGRU, 
BP14 and Uribe and Yue (2006). In contrast to FGRU, is allowed to move freely 
to im prove the fit of the m odel m om ents to the em pirical m om ents. W hile in 
FGRU, higher O p and Cx appear with higher volatility of consumption and output, 
respectively, there is no strong relation in this thesis w ith the calibration of these 
two param eters from the non-linear, quadratic loss function. Interpreting the values 
of the capital adjustm ent cost (p is more difficult.

With a linear m odel, it w ould be easy to vary each param eter in the set 
{D,<J>Q,(p,ax} to m atch corresponding m om ents, e.g. a x  for ay  and D for 
However w ith a third order solution, m om ents in the ergodic distribution may be 
shifted away due  to the presence of higher order term s as m om ents are affected 
by a nonlinear combination of param eters; so, for example the ergodic m ean may 
not m atch the steady state m ean and adjusting one param eter to im prove the fit 
of the m odel w ith respect to one m om ent may worse the fit of the m odel w ith 
respect to another moment. This problem was addressed by minimising an equally 
weighted quadratic distance function as described above. While for m ost samples 
the model does a decent job at matching the volatility of output, the relative volatil
ities of investm ent and ou tpu t and the ratio of net exports to output, the m odel 
tends to underpredict the relative volatilities of consum ption and output. As an 
alternative, I conducted the sam e grid search w ith weights proportional to the 
relative m agnitude of each m om ent w ith  w eights sum m ing to one. M inim ising 
this proportionally  w eighted loss function typically im proved the m odel's ability 
to match ou tpu t volatility and relative consum ption volatility to ou tpu t volatility 
m om ents at the cost of usually  failing to m atch relative investm ent volatility to 
output volatility and the ratio of net exports to output. However, rather than incur 
the substantial loss in the m odel's ability to m atch the net export to ou tpu t ratio 
that is related to the debt an econom y holds (at least in steady state) and  since 
FGRU use equal weights in their loss function, this thesis uses an equally weighted 
loss function. For both versions M l and M2, the model does a fair job of matching 
the moments in the data, with a few exceptions. Regardless of choice of param eter 
values however, standard small open economy models have a hard time accounting 
for the data.

As a caveat, the final two colum ns in tables B.6 and B.7 report two untargeted 
m om ents, nam ely the volatility of the net export share of ou tpu t cT^^x/y arid the
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first order autocorrelation between the net export share of output and output 
p N X / Y , Y -  Net exports and their share of output tend to be countercyclical in the 
data but the standard RBC model generates procyclical net exports as demonstrated 
by Garci'a-Cicco e t  al.  (2010). The literature that attempts to deal with this issue 
involves including permanent technology shocks shocks or incorporating financial 
frictions. Additionally in line with the results from BP14, almost all countries in 
this study tend to witness overpredicted net export share volatility relative to the 
data. As BP14 comment, failure to capture cyclicality and volatility is of economic 
significance and requires further research for studying the effect of risk in emerging 
market business cycles.

3.4.3 Convergence of Moments -  Net Export Share of Output

One convergence test involves visualing running means of simulated model mo
ments along with their empirical counterparts.'^ Figures online contain vertical 
lines at 3,000 iterations and the dashed black lines represent the empirical moments 
(constants), while the blue lines represent the running means for simulated model 
moments. The following moments are included: (i) volatility of output try; (ii) 
relative volatilities of consumption and output a c / o ’y )  (iii) relative volatilities of 
investment and output cri!cry-, (iv) mean of net export share of output E(N X /Y ); 
(v) relative volatilities of net exports and output c tn x I ^ ^ y )  (vi) volatility of the net 
export share of output c tn x /y >  (vii) correlation between net exports and output 
P n x ,y > (viii) correlation between net export share of output and output P n x / y ,y - 

Moments i-iv are targeted for calibrating the model as discussed in section 3.4.1. As 
evidenced from the graphs, moments tend to converge well before 3,000 iterations 
and there is very little difference between values at 3,000 iterations and 10,000 
iterations.

As argued in BP14, the transformation in Correia e t  al.  (1995) for net exports 
can produce unstable estimates of net export volatility due to the occasionally 
division by approximately zero problem inherent with their approximation for the 
percentage deviations from the absolute value of the mean:

NX, =  NX,/INX,I -  1 

This local approximation to percentage deviations was taken in order to preserve

'*D ue  to space constraints in this thesis, an online zip file with  p d f  g raphs  can be found at 
W W W .michael-curran.com/thesis /dsgemommatchcvg.zip.
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the sign (since the trade balance can be both positive and negative, so logarithms are 
undefined in the negative case). BP14 suggest that the ratio of net exports to output 
N X / Y  is a m easure w ith  better convergence behaviour. Figures online provide 
further evidence to support their points, show ing that the em pirical m om ent for 
ctnx/ cy can be extremely large (e.g. between 4.76 for Ireland and 520.8 for Ecuador), 
whereas the empirical m om ent for tends to be far smaller (between 0.24 for
France and 2.83 for Venezuela); in addition, sim ulated m om ents for ctĵ x / y fit the 
data more closely.

3.4.4 Generalised Impulse Response Functions

Generalised im pulse response functions (GIRFs) are p lotted in figures B.2-B.27. 
Colum ns from one to six represent the dynam ic response of consum ption, in
vestm ent, output, labour hours, real interest rates and debt, respectively. Interest 
rates are expressed in term s of annualised basis points, while other variables are 
expressed as percentage deviations from the m ean of their ergodic distribution. 
All transform ations are explained in section 3.3.2, so the GIRFs are at quarterly  
frequency. Successive lines contain subplots of these variables in response to (i) 
level shocks, (ii) volatility shocks and (iii) com bined level and volatility shocks, 
respectively. Level shocks are one standard deviation spread shocks (one standard 
deviation shock to Ur,t in the M l model); volatility shocks are one standard devia
tion volatility shocks (one standard deviation shock to in the M l model); the 
last row plots GIRFs in M2 m odel after a one standard  deviation country spread 
level shock sim ultaneous w ith a k  standard  deviation shock to country spread 
volatility, w here k  is the estim ated correlation betw een the innovation to country 
spread deviations and the innovation to the volatility of country spreads.

3.4.4.1 G eneralised Im pulse Response Functions -  Level Shocks

The first row of panels depicts the GIRFs to a one-standard deviation shock to the 
country spread, Wr,( in the M l m odel version. A one-standard deviation shock to 
Ur,t varies from 283 annualised basis points for A rgentina to 6 annualised basis 
points for Netherlands, which correspond to about 24 and 0.5 and basis points at a 
m onthly rate, respectively.

Consum ption drops upon impact for m ost countries before returning towards 
its ergodic mean. For m ost countries, the decline in consum ption is persistent, 
though the m agnitude of the percentage decline differs across countries, in addition
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to the size of persistence. However, for some countries, consumption rises upon 
impact and then returns towards its ergodic mean; I refer to these countries as 
'group two' (Greece, Mexico, Turkey and Venezuela).

Investment falls for several quarters before returning towards its ergodic mean 
in many countries; for group two countries, investment rises for several quarters 
before falling back towards its ergodic mean. This persistence arises since for many 
countries the model requires a moderate degree of adjustment costs in investment 
( p  in order to match the second moments found in the data. Indeed, the countries 
witnessing less persistence in investment have lower capital adjustment costs ( p .

O utput declines persistently and only after many quarters starts rising in 
many countries; for group two countries, output rises persistently but eventually 
starts declining. Persistence (or lack thereof) of the declines in consumption and 
investment will tend to impact the persistence in the decline in output.

Labour starts by slightly increasing (due to the negative wealth effects) but later 
returns towards its original level in most countries; for group two countries, labour 
starts by slightly decreasing (due to the labour-leisure condition) but later returns 
towards its original level. While the maximum length of the GIRF plots is truncated 
at 32 quarters, further along labour falls in many countries (by a very small margin 
given preferences) due to the reduction in investment and the resulting decline in 
marginal productivity; for group two countries, labour eventually rises due to the 
expansion in investment and the consequent rise in marginal productivity.

In some cases debt falls while in others debt appears to rise. The latter case is a 
product of having defined debt to be positive and in these cases the mean of debt 
in the ergodic distribution is typically negative, i.e. on average the country's net 
external debt is negative with external debt assets exceeding liabilities. So, with 
households wanting to reduce their exposure to higher interest rates, they will 
reduce these assets. In cases where the sign for the GIRF for debt is positive, house
holds decumulate assets because they fear a negative spread shock tomorrow may 
drive down the return of their foreign debt asset positions. Debt falls persistently 
for most countries, though this persistence is influenced by the cost of net foreign 
debt adjustment Od/ with smaller values of < t > o  leading to more persistent reduc
tions in percentage terms of the original value of the liability; additionally, higher 
capital adjustment costs also contribute to lengthening the period for adjusting 
debt.

As for the intuition behind the drop in consumption, investment, output and 
debt, like in Neumeyer and Perri (2005), higher r t  increases the service payment
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of the debt, reduces consum ption and decreases the level of the debt since it is 
now^ m ore costly to finance debt. H igher rt lowers investm ent th rough a nonar
bitrage condition betw een the returns to physical capital and to foreign debt so 
the investm ent is more expensive. For group two countries, negative steady state 
debt (external debt assets exceed external debt liabilities so the country owes less 
to other countries than other countries owe the country) and a large cost of net 
external debt adjustm ent determ ine w hether a country  belongs to this second 
group. The results for this set of countries differs from  FGRU. Intuitively, w hen 
households experience a rise in the interest rates on assets it owns, the direction of 
its consumption response will change (rises) as will its labour supply (falls) due to 
positive wealth effects initially, though labour supply will later rise due to increas
ing m arginal productivity  of labour from rising investm ent and declining labour 
supply (complementarity); investment will rise due to a non-arbitrage relationship 
between the return to financial assets and the return to physical assets; output will 
rise too.

Focusing on a particular country, say Ireland, while the contraction in economic 
activity appears to be large, it is in line w ith the em pirical estim ates reported by 
FGRU as well as Uribe and Yue (2006).'“̂ Both papers find that for a larger increase 
in spread, ou tpu t will fall by about 1.16 percent and 0.8 percent, respectively in 
the case of Argentina; FGRU find that for a slightly larger increase in spread, 
ou tpu t will fall by about 0.25 percent for Brazil, the least volatile country in their 
sample. Unlike Uribe and Yue (2006) w ho find that it only takes about two years 
for ou tpu t to reach its lowest level, FGRU have sim ilar findings to those in this 
chapter -  ou tpu t takes at least ten quarters to reach its trough (Venezuela) and 
som etim es does not fall even after 16 quarters (Argentina); in fact, ou tpu t takes 
about 12 (Brazil) quarters or 13 (Ecuador) quarters to fall to its trough. Persistence 
of ou tpu t is a function of the cost of adjusting investm ent that is necessary to 
account for the volatility of investment. However, in this chapter, m ost countries 
have lower calibrations for the adjustm ent cost of capital relative to FGRU since 
investment volatility tends to be slightly higher for m ost cases and countries tend 
to display a little less persistence in ou tput, w ith evidence of an interm ediate 
persistence between that of FGRU and Uribe and Yue (2006). So, the model yields 
approxim ately the sam e results as the standard  m odel w hen hit by sim ilar level

^^Comparisons presented here are only rough ones since the figures in FGRU correspond to 
different techniques than those pursued by this chapter.
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shocks.

3.4.4.2 G eneralised Im pulse Response Functions -  Volatility Shocks

Level shocks that are depicted in the first row places into context the size of GIRFs 
to volatility shocks (second row), which plots GIRFs to a one-standard deviation 
shock to the volatility of the country spread, U u , , t -  This row highlights one of the 
central points in this chapter. The domestic interest rate faced by the country and 
its expected value are fixed. There is (i) a fall (mostly) in consum ption, (ii) a 
decline (mostly) in investm ent w ith a longer period until investm ent stops falling 
associated with higher adjustment costs of capital, (iii) a decrease (mostly) in output, 
(iv) a small rise (mostly) in labour initially that falls later and (v) a contraction 
(mostly) of debt (or positive assets) upon impact, declines persistently before rising, 
though this persistence in the debt reduction varies across countries and tends to 
be more persistent for countries w ith low cost of net foreign debt adjustm ent Op, 
though is also influenced positively by capital adjustm ent costs ( p .  Some countries 
witness expansions in investment and output following a volatility shock, i.e. these 
variables move in different directions for a few countries than for the m ajority of 
countries, which contrasts w ith the results from FGRU.'" These GIRFs highlight 
how increases in risk have real effects on the economy, even w hen the interest rate 
is held constant.

For the study w ith Argentina, Brazil, Ecuador and Venezuela pre-2008.02, the 
first order condition w ith respect to D n j  was used to dissect the economic logic 
of the precautionary  behaviour m echanism  behind the effects of country spread 
volatility shocks. In particular, this condition can be rew ritten as

: ^ - / S E , ^  =  cI>d (Dh i - D )  (3.9)
1 +  rf At

While it is true that r t  is unaffected by a volatility shock, it is not necessarily the 
case however that always increases. FGRU show that volatility shocks raise

bu t to see the opposite, consider the following argum ent. The m arginal

*̂^Basu and Bundick (2012) show that the N ew  Keynesian model is necessary for volatility to 
always generate recessions. With flexible prices as in the standard RBC model, uncertainty shocks 
are incapable of generating business-cycle comov'ements among key macroeconomic variables, while 
with countercyclical markups through sticky prices, uncertainty shocks can produce fluctuations 
consistent with business cycles. Moreover, monetary policy typically offsets the detrimental impact of 
uncertainty shocks. However, at the zero lower bound, monetary policy can not stabilise the economy, 
so the effects of higher uncertainty are amplified.
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utility of consumption given by the Lagrangian Af is convex since third-order terms 

are determ ined by the fourth derivative of the utility function, which has to be 

positive for the household  to lower debt in response to volatility shocks. Higher 
real interest rate volatility w ill increase future volatility of consum ption. With 

more uncertainty regarding future consum ption, a convex marginal utility w ill 

then im ply graphically or by Jensen's inequality that E(Af 1 1  rises. Furthermore, 
consum ption drops upon impact, increasing marginal utility today and A(. So, 
whether or not E(Af_|_i/A( rises or falls depends on the calibration since calibration 

will determine which effect dominates: the rise in EfAf^ i or the rise in Af.

Both in FGRU and in robustness checks from an earlier version of this chapter 
with higher and lower risk aversion, often higher risk aversion can actually switch  

the sign of the evolution of debt follow ing a shock to country spread volatility. 
When people becom e more averse to taking on risk, the country w ill sw itch from 
holding foreign debt liabilities on net to foreign debt assets on net as the mean  
in the ergodic distribution becom es negative; this fact arises due to defining debt 
to be positive. People reduce their external debt assets to decrease exposure to 
increased real interest rate risk caused by higher volatility.

Similarly, negative debt (external debt assets exceeding liabilities) w ill sw itch  
the direction of GIRFs for debt too. Previously, volatility shocks to interest rates are 
contractionary since people consume less and save more as they expect potentially 
larger interest rate shocks in the future. In robustness checks, countries are assumed  
to start with negative net external debt Df <  0, namely the negative of the net export 
to output ratio in M l with identical calibration. Consum ption and investment will 
still decline as the household  adjusts to expecting possible large negative shocks 
in the future to the country spread that w ill reduce incom e from its foreign debt 
assets. Typically, w hen  households hold positive net external debt, households  

want to reduce their exposure to the increased risk inherent in the debt and when  

they hold negative net external debt, households want to decumulate external debt 
assets in order to avoid potential future negative sw ings in the interest rate that 
may drive dow n the return of their foreign debt asset positions; in the latter case, 

this will show up with debt taking positive values in the GIRF -  debt becomes less 
negative, i.e. households decumulate their external debt assets.^'

The last row of panels p lots the GIRFs in the M2 m odel version, i.e. GIRFs

^^The complication arises since debt is defined to be positive and so negative values of debt 
indicate foreign debt assets exceed foreign debt liabilities.
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after a one-standard-dev iation  level shock accom panied by a k stan d ard  deviation  

shock to volatility, w here  k  is the correlation  p aram eter betw een level shocks and  

volatility shocks arising from the particle filter estim ation of the stochastic volatility 

m odel and  is calibrated to the posterior m edian  of this param eter. Qualitatively, the 
GIRFs are largely the sam e as in  the first row, so the results are robust to allow ing 

for the correlation betw een innovations.* '

R elative to  the find ings in  FGRU for A rgen tina , the find ings in  this chap te r 
su g g est th a t for B elgium  th ere  is a decline in econom ic activ ity  w ith  responses 

qualita tively  sim ilar, th o u g h  qu an tita tiv e ly  sm aller. It m ig h t be su rp ris in g  that 

since Belgium  has a large d eb t-to -o u tp u t ratio  (net exports are a relatively  sizable 
share  of o u tp u t), the  resu lts, especially  w ith  reg ard  to deb t, a re  sm aller th an  for 

Argentina.^'^ H ow ever, this can be exp la in ed  by observ ing  th a t B elgium  enjoys a 
sm aller s tan d ard  dev ia tion  of the innovation  to volatility  shocks, t]r and  a sm aller 
average s tan d a rd  dev ia tio n  of the level shock, ar. A  larger increases the  m ean  
volatility  in the econom y an d  as a re su lt increases the size of the  GIRFs. Large 
recessions are n o t g en e ra ted  by large in d eb ted n ess  on its ow n. To ga in  a fu rth e r 
app rec ia tion  of th is fact an d  to com pare  GIRFs betw een  coun tries  like A rgen tina  
an d  B elgium , consider the fo llow ing experim ent. S uppose  in te rest ra tes at tim e 
t are h it by a one s tan d a rd  dev ia tio n  shock to volatility  Ua,,i an d  in  p erio d  f +  1 
there is a one s tan d a rd  dev ia tio n  shock to  the level Wr,f- Follow ing the  resu lts  of 
FGRU, an  A rgentine household  will then com prehend that annualised  interest rates 
tom orrow  will increase by abou t 6.29 percent, while the figure w ould be about 0.14 
percen t for a Belgian ho u seh o ld . This exam ple  serves to illu stra te  how  Belgium , 
facing a less austere  env ironm en t than  A rgentina , w ill have a sm aller recession.

3.4.5 Variance Decompositions

Tables B.8-B.33 rep o rt variance d ecom positions for m odel version  M l, w hich  
decom pose the variance of aggregate variables am ong different shocks. M easuring 

the co n trib u tio n  of each of the  th ree  shocks (productiv ity , co u n try  sp read  level, 

country  sp read  volatility) to aggregate fluctuations is com plicated d u e  to the third-

^^Quantitative differences reflect both the interaction of levels and volatility shocks as well as 
the calibration for M2 being distinct to that for M l. Quadratic mom ent matching exercises imply 
parameter values that are sometimes different for M l and M2.

^'^However, all things other remaining constant, a higher net exports to output ratio will result in 
stronger effects of interest rate level and volatility shocks; see FGRU.
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order approximations to policy functions, which im plies that total variance cannot 
be decom posed among the three shocks analytically as would be done in the linear 

case. I set realisations of one or two of the shocks to zero and look at the set of 
com binations of shocks that remain, measuring the volatility in each case. People 

still believe the shocks are distributed by the sam e law of motion, but in this case 

the shocks in the simulation will be zero in realisation. Including the case where all 
three shocks are turned on, there will be (3) +  (j) +  (]) =  7 different combinations 
of shocks, which are the following: (i) all three shocks; (ii) productivity and level 

(prod. & rate); (iii) productivity and volatility (prod. & vol.); (iv) productivity only  

(prod.); (v) level and volatility (rate & vol.); (vi) level only (rate); and (vii) volatility 
only (vol.).

Consumption tends to be more volatile than output in emerging countries than 
in industrialised countries, though this is not a ubiquitous business cycle charac
teristic across the sam ple considered. However, the characteristic that investm ent 
is more volatile than output and consum ption holds true for each country in the 
sam ple. O utput volatility rises w ith  productivity shocks w hen  they are either 
separate or taken together w ith any com bination of level shocks and volatility  
shocks. Interest rate level shocks increase the volatility of consum ption, w hich  
remains true for interest rates by them selves in m ost countries or taken w ith any 
com bination of productivity shocks and volatility shocks. The intuition for w h y  
consum ption becom es more volatile w hen  people are subjected to interest rate 
shocks is that w ith a positive shock to the real interest rate, households prefer 
to pay back their debt and adjust consum ption. This intuition holds sim ilarly  
for investm ent, which also becom es more volatile w hen  interest rate shocks are 
turned on. With only volatility shocks, low  standard deviations for output are a 

result of volatility only appearing in the third-order term of the policy function. 
However, in most cases volatility alone makes a relatively important contribution to 

the fluctuations of consum ption and investment. W hile there are joint interaction  
terms between level and volatility shocks, productivity shocks are independent of 

both level shocks and volatility shocks. The implications of these two facts are that 
(a) the interaction terms will typically imply a difference between the contributions 

of level and volatility shocks separately and their joint contribution and (b) the 

independence between productivity and both level and volatility shocks will imply 
that com binations of shocks can cancel each other out, e.g. negative productivity  

shock occurring during a period of declining interest rates.
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3.5 Conclusion

This chapter sought to analyse the relationship between the volatility of real interest 
rates at which small open economies borrow internationally and the dynamics of 
macroeconomic variables such as output, consumption, investment, labour hours 
and debt. The chapter established facts on a range of 26 economies, using monthly 
data over December 1993 to February 2013. I will now summarise the quantitative 
results from the study employing the DSGE model.

Solving and estimating a standard small open economy real business cycle 
dynamic stochastic general equilibrium model augmented with stochastic volatility, 
the chapter investigated a precautionary behaviour channel through which risk 
shocks may impact upon a macroeconomy. From DSGE generalised impulse re
sponse function analysis, country spread volatility typically leads to declines in 
consumption, investment, output, labour and debt; and so, volatility has a detrimen
tal impact on the macroeconomy. Additionally, computational performance was 
improved through the use of scripting, high-level parallelism and nesting analytic 
results for third order pruning into a simulation accounting for macroeconomic 
transformations dealing with mixed-frequency data, variables taking positive and 
negative values and detrending the data through filters. Benefiting from the com
ments made by BP14, the method employed represents a significant computational 
advancement from that used in FGRU.

The analysis in this chapter is not a substitute for other theories, but a comple
ment, typically strengthening results. In addition to generalising and extending 
earlier work, especially in terms of countries and time periods, this chapter's 
paradigm  provides a way to think about a prevalent problem in international 
finance and macroeconomics. As for policy implications, the effects of volatility 
shocks on aggregate fluctuations factor into policymakers' decision making. There 
is evidence that this is indeed the case, for instance with the Federal Reserve 
responding to increased volatility in the S&P 500 index by easing monetary pol
icy (Bekaert et a i ,  2013). Theory can and should be developed to explain how debt 
and fiscal policy ought to respond to volatility and shocks, as well as how monetary 
policy might optimally respond to volatility. On monetary policy rules incorpo
rating interest rate uncertainty, Akkaya (2014) provides a quantitative analysis of 
the impact of interest rate volatility shocks akin to this chapter, using both closed 
and open economy New Keynesian DSGE models. Akkaya shows that interest rate 
uncertainty is a mechanism of forward guidance useful at the policy rate zero lower
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bound and that the im pact of such volatility changes is sim ilar to that of interest 
rate level shocks; additionally, Akkaya finds that the exchange rate appreciates 
following an increase in interest rate uncertainty. For risk and debt management in 
macroeconomics, paths of interest rate levels as well as of their volatility ought to 
be forecasted, given the quantitatively significant effect of volatility as evidenced in 
this chapter.

This chapter further analyses the relation betw een tim e-varying volatility of 
interest rates and macroeconomic performance. Quantifying changes in volatility 
and its interaction w ith the aggregate economy is a step towards com prehending 
volatility in real interest rates, w hich will im prove our understanding  of the 
international financial macroeconomy.
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4.1 Introduction

Ireland is a good sample case to study since it is one of the peripheral members 
of the euro area and has experienced sizable volatility in interest rates, especially 
throughout the crisis, unlike Belgium or Canada. Ireland witnessed sufficient 
interest rate volatility to make third order approximations to policy functions 
matter, allowing us to observe a significant effect from interest rate volatility 
shocks separately in a DSGE model augmented with stochastic volatility shocks. 
Additionally, Ireland's share of debt to GDP grew from 24.8% in 2007 to 123.2% in 
2014, which began to decline afterward and Ireland was the first member of the 
group of Greece, Ireland, Portugal and Cyprus, countries which received loans 
from the troika to exit its bail-out program, making it an interesting sample case. 
Finally, the estimates from a stochastic volatility model show Ireland to be less 
volatile than other bail-out countries, so in drawing lessons from the volatility 
exercises that apply to Ireland, the results may be seen as a lower bound case.

I begin this chapter in section 4.2 by providing a narrative discussion of the 
Euro project and the European sovereign debt crisis with a special emphasis on 
Ireland. Among other theoretical issues I discuss in section 4.2.2,1 focus on political 
economy aspects such as the incentive to reform in section 4.2.1, which has been 
argued to have been significantly reduced under the euro area regime and further 
complicated by signal extraction problems (Fernandez-Villaverde et al., 2013).

Focusing on one country, namely Ireland, I draw a number of empirical facts 
from conducting further experiments on the stochastic volatility model as in chap
ter 2. For instance, I examine relations between US stock market volatility and Irish 
country spread volatility. In addition, I explore other relations between Irish coun
try spread volatility and international financial variables such as external debt taken 
from the External Wealth of Nations data set of Lane and Milesi-Ferretti (2007). 
Furthermore, I apply the DSGE model from chapter 3 to Irish data, providing more 
in depth interpretation and analysis for Ireland.

In the latter sections of this chapter, I develop extensions of the baseline model 
and report sensitivity analysis, in addition to further investigating volatility through 
additional experiments. For instance, I document that volatility can be a sizable 
factor in explaining movements in current accounts and net exports and I demon
strate that third order approximations are im portant when analysing the effects 
of interest rate level and volatility shocks. Furthermore, I examine an extension to 
the model where firms borrow prior to paying their workers; results show a mild
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degree of invariance, yet if anything, the impact of risk shocks is magnified through 
the presence of w orking capital constraints. Additionally, I explore the effects of 
larger shocks and changing the m agnitude and sign on Irish debt; I also carry out 
a battery  of robustness checks and sensitivity analysis w ith respect to param eter 
calibration and subsam ple analysis. W hile section 4.5 solely investigates Ireland, 
section 4.6 includes A rgentina, Brazil, Ecuador and Venezuela for com parison 
pu rposes w ith Fernandez-Villaverde et al. (2011) and Born and Pfeifer (2014) -  
henceforth FGRU and BP14, respectively. In addition to exploring the contribution 
of differences in data sets, calibration and m ethods, I conclude this section by 
quantitatively dem onstrating the impact of risk shocks on the dynamics of debt as 
a percentage of quarterly GDP and the ratios of the current account and net exports 
to GDP in absolute deviations from their ergodic means, so that the last two ratios 
are m easured in output units. Risk is shown to be a potentially im portant factor in 
explaining the dynamics of these variables.

This chapter is organised as follows. Section 4.2 discusses Ireland and the euro 
area from a narrative perspective, highlighting issues that low interest rates helped 
to create. Section 4.3 docum ents em pirical facts on Irish interest rate levels and 
volatility, while section 4.4 reports quantitative analysis from a dynam ic stochastic 
general equilibrium  model w ith stochastic volatility for Irish country interest rate 
spreads calibrated from Irish data. In section 4 .5 ,1 explore extensions and sensitivity 
analysis for the baseline model for Ireland. Comparison of results using the method 
conducted in this thesis w ith that of FGRU and BP14 is the subject of section 4.6. 
Section 4.7 concludes.

4.2 Ireland and the Euro Area -  a Narrative Introduction

Buiter et al. (2001) show ed that in Germany, the 'one country one w age' policy 
aggravated issues following G erm an re-unification by dam pening incentives for 
increasing productiv ity  am ongst Eastern G erm an workers. Inflation could have 
delivered the desired respite bu t the Bundesbank would not allow this to happen. 
Calls for disinflation in other countries were resisted since they were already 
reeling from years of sub-par performance. The last remaining channel of nominal 
exchange rate adjustm ent was also not pursued  due to the resistance of countries 
like Belgium, N etherlands and Luxem bourg w ho had invested a large degree 
of political capital in ensuring the Exchange Rate M echanism  was m aintained. 
Failure in institutional arrangem ents, where incentives to provide the appropriate
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insurance were insufficient was manifested through the exchange rate crisis. Lack 
of cohesion was perceived by markets who took stances against countries like Italy 
and the UK.

Similar institutional design flaws as the idea of importing credibility and target
ing a fixed exchange rate, albeit in a band under the Exchange Rate Mechanism 
were evident in the creation of the euro area. Adoption of Euro delayed economic 
reforms in the euro area periphery, affecting the financial prospects by prolonging 
the credit boom. Institutions deteriorated. Member states had fewer tools with no 
option to devalue, though this usually ignored the more long-term need to reform. 
The euro area required members to follow sound fiscal policy. Germany was one 
of the few countries to carry out structural reforms that boosted exports, due to the 
straightjacket imposed by the Maastricht Treaty on an economy already stagnating. 
This was not the case for peripheral euro area economies, leading to a divergence 
from the core.

The boom across many euro area peripheral countries had common origins, 
namely the elimination of (at least perceived) exchange rate risk, a lax monetary 
policy and a worldwide ease in financial conditions, all of which lead to a drop in 
interest rates and a flood of financing into peripheral economies that had previously 
been deprived of capital. Figure C.l shows the convergence in interest rates where 
Ireland could borrow at a lower cost, almost identical to German-level interest 
rates. While German household demand was depressed, demographics in Ireland 
boosted household demand. Ireland also enjoyed an increase in the employment to 
population ratio, so that Ireland witnessed strong growth even in the absence of 
the productivity gains that were evident in the first phase of the Celtic Tiger.

Prior to joining the euro area, Ireland was partially engaged in reform. Ireland 
benefited from favourable demographics with a high proportion of working age 
citizens in the population. Following the rise to power of the Fine Gael party in 
the 1980s under the leadership of Garret Fitzgerald, labour market reform, along 
with liberalisation and privatisation of sectors and the establishment of the Irish 
Financial Services Center promoted economic development. Ireland benefited from 
EU transfers and strong demand for its expanding export sector. Low taxation, 
especially corporate taxation attracted multinational companies to locate in Ireland, 
forcing GDP to exceed GNP significantly.

Full employment had been reached by 2000, but the slowdown in economic 
growth failed to materialise due to falling real interest rates that subsequently 
turned negative. Adding fuel to the fire, Ireland was not in a position to monetarily
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resist the low interest rates Frankfurt dictated. House prices rose drastically, 
initially due to the fundamental shortage of housing relative to the population 
and the culture of Irish people desiring owner-occupier status. Housing rose as 
a share of gross capital formation and construction dominated other sectors in 
creating grow^th and employment. Furthermore, as mentioned in Donovan and 
M urphy (2013), the Irish government played its part in igniting the speculative 
boom in December 2001, where a wide range of fiscal incentives were introduced 
to delay a possible slowdown in the property sector. A Ponzi scheme emerged 
whereby developers became the main borrowers from the banking system, who in 
turn borrowed from foreign wholesale markets in order to avoid depending upon 
domestic deposit growth.

Adding to the property and banking dimensions, the boom brought with it a 
consensus that all of society should benefit from the newly created wealth. Public 
expenditures shot up in many areas, such as health, education and social welfare, in 
addition to increasing public sector salaries to converge toward and surpass those in 
the private sector and abroad (Donovan and Murphy, 2013). Akin to the economic 
concept of downward nominal wage rigidity, it was difficult to decelerate the 
momentum in these expenditures even as government revenue from the property 
sector dried up and the Irish budget deficit soared.

Loss of competitiveness took hold due to wage pressures and the country 
began to experience large current account deficits. With the ease of low interest 
rates, lax regulation and incentives in the real estate sector to keep the party 
going, Irish financial institutions increasingly engaged in credit expansion to the 
construction sector. This speculative cycle was heightened by procyclical fiscal 
policy and policy actions that encouraged further investment in the real estate sector. 
Anglo Irish Bank served as the prime example of a bank overreaching and over
concentrating in real estate investment. Lobby groups with interest in demanding 
easier access were hard to resist. The cheap access to credit created by the euro 
area severely undermined the feasible implementation of sound government policy, 
which culminated with the massive cost and prolonged length of the financial crisis; 
indeed, Ireland was the only country where banks were given complete public 
guarantees at the cost of the taxpayer.

Part of the failure in taking appropriate action during the crisis can be seen 
through the 2007 Financial Stability report, which essentially ignored suggestions 
of significant risk to the property market and thereby to the banks, instead em
phasising the 'soft landing' scenario. Furthermore, the Nyberg report rejected
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the suggestion by the Central Bank that they should not insist that the Financial 
Regulator investigate the worrying trends that were emerging from bank credit 
data. In addition, the Central Bank Governor was traditionally appointed to retiring 
Secretary General's of Finance, a tradition that was only broken in light of the 
crisis with the appointment of an outsider Donovan and M urphy (2013). Finally, 
the Department of Finance did not significantly pursue concerns about procyclical 
fiscal policy during the boom and conformity within the Department created little 
incentive for contingency planning (Donovan and Murphy, 2013).

4.2.1 Signal Extraction and Reform

The case of the euro area crisis was not solely a macro-financial story, but a political 
economy one according to Fernandez-Villaverde et al. (2013) leading to less pressure 
to reform. Imbalances historically were settled through devaluing the currency; 
one of the motives behind the euro area project was to avoid the situation where 
countries could devalue their currency. However, the euro area blocked reform 
by providing less incentives, especially with the convergence of declining country 
spreads leading to the issuance of more debt. Attempting to filter how good 
politicians and bank managers are can be difficult and the persistence of under- 
qualified or irresponsible individuals holding power creates distortions that can 
have long run effects, especially when weak managers are unable or unwilling to 
deal with a crisis and delay reform, gambling on a resurrection.

Two channels proposed by Fernandez-Villaverde et al. (2013) are the relaxation of 
constraints and signal extraction issues. In the first case, the development literature 
suggests that foreign aid loosens constraints by permitting interest groups with 
loose constraints to oppose reforms for longer than they would otherwise and the 
political economy literature suggests that conditions must be sufficiently bad for 
growth promoting reforms to occur. In the second case, the mechanism relates to the 
reduced ability of principals to extract information on the competence of financial 
institutions or government agencies, say. Bad decisions can be made without short
term costs because rising asset prices will hide these mistakes during a boom and 
so more rents can be extracted without fear of punishment, which diminishes the 
quality of governance and institutions. The mechanism may have been magnified 
in the aftermath of the real estate bubble in Ireland when the downside risk was 
capped by the sovereign guarantee. Furthermore, banks and politicians may engage 
in precarious short-term behaviour, for instance bank managers making risky loans
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with volatile yields in the short-run that only become non-performing years later or 
politicians entertaining politically popular spending program s w ith costs that rise 
over time. As was the case in Ireland, signal extraction may be more difficult when 
the econom y is substantially represented in construction and financial services 
w here fundam entals are harder to m easure than m anufacturing. Finally, as agents 
observe positive outcomes during booms, they may tend to become overconfident in 
their abilities, leading to riskier behaviour. Therefore, both relaxation of constraints 
and the signal extraction problem  m echanism s can lead to a reversal in reform s 
and reduce institutional quality. So, being able to obtain loans at low or negative 
real interest rates may have detrimental consequences in terms of long-run growth.

In line w ith the em pirical facts from this thesis, evidence from  the literature 
suggests that causality runs from credit bubble to real changes rather than in the 
opposite direction (Lane, 2012; Lane and M cQuade, 2013; Forbes and Warnock, 
2012). Similarly, the financial cycle tends to reduce future ou tp u t grow th due to 
the debt overhang problem  (Reinhart and Rogoff, 2009; Bernanke et al., 1999). In 
the Irish case, the country suffered from a version of Dutch disease where hum an 
and physical capital moved from export oriented sectors tow ards the real estate 
sector. Reform reversal and institutional deterioration have the largest negative 
consequences for growth. Ireland faced political econom y constraints, w here the 
real estate boom  interacted w ith the political-economic coalition blocked reforms, 
allowing large policy errors to rem ain uncorrected and institutions to deteriorate. 
Initially, Ireland w itnessed a healthy grow th cycle w ith an increase in the ratio 
of em ploym ent to population and reform  in crucial m arkets such as the financial 
services sector. Later, Ireland w itnessed a real estate bubble that was boosted 
by reductions in stam p duties on real estate and a rising incom e tax ceiling in 
order to qualify for m ortgage interest rate deductability, along w ith other similar 
policies. These developments acted to create an environm ent whereby lax corporate 
governance standards in the banking sector failed to assuage a m onum ental boom 
in lending, which ultimately concluded in Ireland w ith the Septem ber 2008 public 
guarantee of all banks' liabilities. In essence, the bubble that the Euro induced 
ham pered efforts towards any beneficial reform.

O ne of the goals of the euro project was to encourage structural, supply-side 
reform s to im prove the European grow th rate. These reform s were thought to 
have been incentivised by placing a constraint on m onetary policy in the absence 
of national m onetary authorities and fiscal policy through the M aastricht Treaty, 
so that governm ents w ould have few alternatives to consider except to carry out
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structural reforms that may have been less politically feasible or popular otherwise. 
However, large declines in interest rates m eant that budget constraints were less 
binding. Peripheral countries w itnessed colossal credit inflows as a result of 
the euro area 's creation, w ith  sustainable external debt levels in Ireland being 
abandoned in favour of ratios to GDP in excess of 100 percent on the private side 
and eventually public side too. This large capital inflow was mainly driven by the 
m isperception of risk following the elim ination of exchange rate uncertainty. The 
M aastricht Treaty attem pted to lim it budget deficits not to exceed three percent 
of GDP, though the conditions were not always m et.' However, the financial 
boom  allowed Ireland to expand its budget and conduct procyclical fiscal policy. 
As Vamvakidis (2007) argues, during financial booms governments may postpone 
necessary reforms if it is easy to obtain loans from abroad. Furthermore, with many 
interest groups a trade w indfall gain can cause more redistribution through fiscal 
policy and a slow dow n in grow th (Tornell and Lane, 1999). Finally, Yared (2010) 
shows how governm ents and policym akers may be induced to waste resources 
w hen facing looser budget constraints.

Regarding the second mechanism proposed by Fernandez-Villaverde et al. (2013), 
namely the signal extraction mechanism, the principals in Ireland could be seen to 
be a subgroup of voters, shareholders in com panies and banks, savers and other 
parties, while the agents may have been the government, construction firms, banks 
and other parties. The principals face a com plicated signal extraction problem ,
nam ely given the sequence of outcom es that the principals observe from the
agent, they need to infer the agent's quality or effort level. Borrowing notationally 
from Fernandez-Villaverde et al. (2013), consider the quality of governance qt as a 
stock variable that evolves over time according to

cit =  (4.1)

where et is a flow m easure of effort, rjt is a random  disturbance and the transition 
equation is described by the function / .  Performance i/t (e g- dividends, economic 
growth) is observable and determ ined through the m easurem ent equation

y t  =  h{q t ,e t ,v t)  (4.2)

where Vt is a random  shock. The state-space representation of the dynamic system

'The Stability and Growth Pact was dishonoured by France and Germany, who failed to achieve 
its targets, undermining credibility and questioning the feasibility of the Pact.
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is captured by the transition and m easurem ent equations. Given a prior belief 
p{c]o), people observe {yi}[=o update their beliefs about governance quality at 
tim e t as expressed by the conditional d istribution p { c j t \ { y i } \ ^ o ) -  Conditional on 
technical conditions being satisfied, this filtering problem can be solved recursively 
by the Chapm an-Kolm ogorov equation

+ =  /  p { q n v C n i \ q „ ^ t ; V p { c i t , m y , } U ^ V d q , d ^ f  (4.3)

w here Y is a param eter vector and for instance could be an innovation to 
productivity in the case that i/f represented observable GDP and Bayes' theorem^

I P{yi\qt, f̂, )̂p{qi,Ct\{yiyiZo>'i)dqidCi
To see that financial booms make signal extraction harder, consider large positive 

realisations to the value of Anglo Irish Bank's loan book Vf that increase its profits 
i/f. These innovations would shift shareholders' views of the quality of the bank's 
governance upw ards by dividing the positive updates to i/i into upw ard  shifts to 
both p{qt \ {} / i} ' i ^( f )  (estimate of governance quality) and Vi (the higher the variance of 
this, the more noisy the signal and the less the principal would update his view on 
the governance quality). Essentially, when all agents are achieving good observable 
m easures such as bank or construction firm profits, public goods dem anded  by 
voters, etc., it is hard to objectively differentiate between agent quality with poorer 
quality agents disguising themselves and engaging in worse behaviour subject to 
the band they can lie in before being identified as weak agents by principals.

This signal extraction mechanism certainly applied to the financial and construc
tion industries in Ireland during the second half of the Celtic Tiger era, resulting in 
poor selection of agents and deteriorating incentives on behalf of agents to perform: 
qt will fall th rough the transition equation (4.1). Less investm ent was placed in 
monitoring, w ith a confusion of the roles between institutions such as the Irish Fi
nancial Services Regulatory Authority and the Central Bank and Financial Services 
Authority of Ireland, w ith expectations of a soft landing and w ith expectations of 
downside risk being limited by the Irish state on banks. Shareholders and investors 
were less concerned about risk too. These developments led to a further breakdown 
in signals regarding institutional quality, which exacerbated moral hazard worries.

^See Fernindez-Villaverde et  al. (2013), Ferndndez-Villaverde and Rubio-Rami'rez (Forthcoming) 
and ? for more details.
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One other developm ent that served to am plify the signal extraction m echanism  
in Ireland was the concentration of Irish industry  involved in construction and 
financial services rather than m anufacturing since it is harder to identify the fun
dam entals in finance and real estate than in m anufacturing (Fernandez-Villaverde 
et ah, 2013). Fernandez-Villaverde et al. (2013) also em phasise behavioural biases 
that distort incentives in boom s since agents may feel that good outcom es are 
self-attributed, particularly  w ith the bonus culture in the finance in d u stry  As 
agents become increasingly overconfident, this hubris may lead actors to overreach 
as was evidenced by Anglo Irish Bank.

The institutional deterioration that is caused by bubbles is emphasised by Fernandez- 
Villaverde et al. (2013) w ho propose a new  channel that increases the persistence 
of negative m acroeconom ic shocks on the economy. From the signal extraction 
m echanism  explained above, bad agents are not identified and  are less likely to 
deal well w ith crisis situations. Slow turnover further prolongs and even deepens 
recessions. Lower effort et in (4.1) produces a lower quality of governance qt, which 
persists over time. Finally, w eakened institutions hu rt reform, especially in the 
presence of lobby groups. Developers earn  m ore m oney in boom -tim es enabling 
them to increase their political power.

Fernandez-Villaverde (Forthcoming) contends that the problem  of the periph
eral European countries during  the European sovereign debt crisis w as neither 
competitiveness of exports nor weak aggregate dem and, which were m ere sym p
toms, bu t rather fast credit grow th and the increase in debt arising from  the low 
interest environm ent generated by the euro that was used to fuel large increases in 
private debt in Ireland. The author posits that this debt led to institutional deterio
ration, stopping reforms, extending corruption and instigating large, unsustainable 
fiscal com m itm ents; moreover, w ith the onset of the crisis, he argues that weak 
policy-making institutions and badly selected politicians were incapable of dealing 
w ith the challenges and essentially postponed  fixing the problem s. Structural 
reform s m ay have short term  negative effects bu t are necessary in the long-run, 
w ith benefits that exceed the short-run costs.

4.2.2 European Sovereign Debt Crisis

Lane (2012) com m ents that in the lead up  to the European sovereign debt crisis, 
debt-to-GDP ratios were rising in the euro area periphery, especially public debt, 
along w ith credit-to-GDP ratios. Ireland's debt was prim ary household debt since
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households were net borrowers rather than governments during the period 2003- 
2007 in Ireland. Furthermore, Irish fiscal policy became less countercyclical with 
the advent of the euro area (Benetrix and Lane, 2013); simultaneously, analytic 
frameworks were poor in assessing fiscal sustainability, so failed assessment from 
rating agencies and inadequate regulatory frameworks com pounded issues. As 
evident with the signal extraction mechanism discussed earlier, strong economic 
growth and easy access to credit disguised underlying vulnerabilities in the macroe
conomy, in fiscal policy and in the financial system. The size of a banking crisis is 
typically predicted by the magnitude of the domestic credit boom that precedes 
it. Additionally, the reversal in capital flows were accompanied by a massive 
banking crisis in Ireland since the domestic banking system intermediated a large 
proportion of these flows.

In 2008, rapid credit growth stalled and capital flows the large external im
balances were considered unsustainable. In addition to the severity of the Great 
Recession, sovereign bond spreads increased due to the unexpected adverse con
ditions that especially plagued the euro area periphery such as large increases 
in the ratio of government budget deficits to GDP and the uncertain estimates 
of banking losses. Simultaneous with international investors' reduced appetite 
for risk, indicated by rising sovereign interest rate spreads for the euro periphery 
including Ireland, volatility in these spreads rose -  reported later in this chapter, 
further fueling conditions for a sovereign debt crisis that reared its head in 2009 
and escalated throughout 2010.

As sovereign debt from the euro area members are denominated in euros, 
differences in expected yield largely reflect differences in expected credit risks and 
volatility. The appendix A to chapter 2 plots country interest rate spread data in 
section A.2.1 and volatility of these spreads in section A.7; figure A.3 plots country 
interest rate spread data for 12 euro area economies, while figures A.7-A.10 plot 
smoothed country spread volatility against detrended output for these countries.

The Greek crisis further threatened regime certainty. Figures previously re
ported vastly underestimated budget deficits, not only questioning the legitimacy 
of Greece passing the Maastricht criteria to qualify to enter the euro originally, but 
the viability of Greece staying within the euro and the difficulty of subsequent 
recovery. The Greek crisis further shifted emphasis to the moral, political nature 
of the crisis too. It w idened the divide between the periphery and the core in 
assigning the blame to fiscal profligacy on behalf of peripheral nations rather than 
more important factors as the underlying financial and macroeconomic imbalances.
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Ireland received its bailout in November 2010 after having been denied entry 
to the sovereign debt market. Conditions set forth that Ireland had to meet 
included fiscal tightening, growth-enhancing structural reforms and recapitalising 
and deleveraging the Irish banking system. As Ireland had not built up a buffer 
with more sustainable, lower levels of debt and current account surpluses while 
the economy was booming, the country could not use this opportunity to dampen 
the impact of the eventual crisis and ultimately faced weakening the already weak 
system through austerity -  Europe was also weak. As of May 2015, early signs 
that Ireland may be returning to procyclical fiscal policy during better times are 
indicated by McCarthy (2015) and O'Brien (2015).

In the presence of sunspots, which are random shocks not determined inside 
the system, multiple equilibria are likely when sovereign debt is high since higher 
debt increases countries vulnerability to interest rates. The problem stems from 
increased volatility in sovereign debt markets with self-fulfilling speculative attacks 
as investors perceive default risk to have risen, thereby demanding higher yields, 
which increases the chance of default. Unfortunately for Ireland and other periph
eral euro area countries, they sustained the amplification of these effects as they 
were part of a currency union (Lane, 2012). Within such a union, a small negative 
shift in the fundamentals of one member may trigger contagion, initially causing a 
large decline in demand for the sovereign debt of that country as investors engage 
in a 'flight to quality' by switching to sovereign debt of other safer euro area 
countries.^ Indeed, this was similar to previous episodes where investors switched 
from debt holdings in emerging markets to that of the US.

A further point related to Europe's monetary union concerns the interplay 
between banks, central banks and sovereigns. Banks in peripheral euro area 
countries tended to hold a large proportion of their overall government bond 
portfolio in their own country, i.e. they had a high home share of sovereign 
exposure. Using data from the European Banking Authority, I calculate that 
approximately 60% of Irish banks' gross direct long sovereign debt exposure 
(accounting value gross of provisions) was Irish sovereign debt according to the 
2011 EU-wide Stress test and that this percentage had increased to 84% according 
to the 2014 EU-wide Stress Test; see also figure 1 in Uhlig (2013). Naturally, this 
fact provides evidence, which would lead one to question the motives as to why

^Lane (2012) discusses potential solutions involving firewall funds, allowing the European Central 
Bank to purchase sovereign bonds or permitting the European Stability Mechanism to borrow from 
the ECB.
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banks would hold home sovereign bonds when diversification would make their 
portfolios safer. Unfortunately, regulation was left to the national authorities in the 
monetary union.

To gain further insight into this problem between banks, bank regulation, 
sovereign default risk and central bank guarantees within a monetary union such 
as the euro area, let us consider the model of Uhlig. In the model, banks can 
use sovereign bonds for repurchase agreements with the common central bank, 
e.g. the ECB and the sovereign is assumed to partially absorb losses in the event 
that banks cannot repurchase the bonds. With the incentives created, regulators 
in weaker countries will encourage their own banks to hold home risky bonds, 
whereas regulators in less risky countries will be incentivised to impose tighter 
regulation. Consequentially, part of the sovereign default risk will be shifted to the 
ECB and governments in risky countries will be in a position to borrow at cheaper 
rates. This concern pertains to ascribing what is national and what is international 
responsibility, for instance in banking. Moreover, this raises the question of whether 
volatility management should be national or international. These are questions that 
require further research.

To examine the division of national and international responsibilities further, 
let us look at the financial/fiscal trilemma. The trilemma or impossible trinity 
in international economics states that it is impossible to have all three of the fol
lowing simultaneously: (i) fixed exchange rate; (ii) capital mobility; and (iii)
independent monetary policy. As distinct to this, the financial/fiscal trilemma 
discussed by Obstfeld (2013) precludes the possibility of the simultaneous occur
rence of (i) financial integration; (ii) financial independence; and (iii) financial 
stability. Countries face individual quantities and qualities of stress, so there is 
financial market segmentation rather than complete integration even in the absence 
of regulation. Furthermore, the ECB induced pricing distortions by applying equal 
haircuts despite differential ratings, creating incentives for carry trade, therefore 
putting downwards pressure on real interest rates and delaying structural reform. 
Sovereign debt was risky since the Maastricht Treaty ruled out bailouts and the ECB 
was disallowed to purchase bonds. So, interest rate differentials were supposed to 
impose discipline. According to Obstfeld, the Maastricht Treaty's Maginot line -  
this time created by Germany -  was the two-tiered focus on monetary policy and 
fiscal policy, ignoring financial issues that were deemed to be national responsibility. 
There have been more calls for financial regulation integration (Obstfeld, 2013; Lane, 
2012 ).
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Understanding current account imbalances and recessions is key to understand
ing 21st century crises. In particular, with financial crises the domestic economy 
is affected through the banking system, whereas the international aspect pertains 
to the current account imbalances. With the introduction of the euro, the reduced 
spread led to capital inflows to less productive sectors. With massive capital inflows, 
missallocation across and within sectors was rife in Ireland with flows eventually 
directed towards the housing and non-tradeable sectors with less efficient firms 
producing, reducing tradeable production and TFP. With the onset of the crisis, 
from a macro-financial perspective the ECB's Target 2 balances replaced capital 
flows that dried up and the ECB and the seventeen euro area governments played 
a 'game of chicken' regarding who should absorb the losses (Brunnermeier and 
Reis, 2013). In Ireland, real estate risk was linked to net external debt. Foreign 
funding in Ireland went from banks to corporations and households. The sudden 
stop prevented access to foreign funding, which was a further nail in the coffin 
clearly heralding the end of the party to those expecting it to continue.

Funding by banks was a large fraction of GDP in the euro area relative to the 
US and there was a huge rise in the gross cross-border positions (both assets and 
liabilities) of euro area banks, which matter more than net positions (Lane and 
Milesi-Ferretti, 2007). Traditional bank runs of the Diamond & Dvbvig style benefit 
from inertia since traditional banking models had demand deposit insurance. In 
the modern system, on the asset side, loans were made more tradeable and the 
availability of whole sale funding greased the wheels on the liability side of banks 
balance sheets shifting the risks towards depositor insurance allowing creditors get 
out faster. The twin crisis, diabolic loop, vicious cycle or doomed embrace refers to 
the link between bank risk and sovereign risk, which can be triggered by public 
debt or slow growth raising the ratio of public debt to GDP or bank insolvency; 
the latter was the case in Ireland. On the liabilities side of banks' balance sheets, 
bank debt risk rises along with equity risk and on the asset side banks reduce 
loans to firms. The first development raises the probability of a bailout, which 
increases sovereign debt risk whose contagion feeds over to the asset side of the 
bank's balance sheet through sovereign debt asset holdings of the bank. The second 
development dampens growth in the real economy, which reduces tax revenue and 
further raises sovereign debt risk, again feeding back to the bank's asset side once 
again.

Having discussed many issues surrounding the Euro project and European 
sovereign debt crisis, the remainder of this chapter focuses specifically in applying
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the m ethodology of chapters 2 and 3 to the country-specific s tudy  of Ireland. 
In particular, section 4.3 establishes em pirical results in m ore detail using the 
stochastic volatility model of chapter 2, while section 4.4 investigates these results 
th rough the DSGE m odel that has been em ployed in chapter 3. Finally, further 
extensions are explored and computational comparisons are m ade between FGRU, 
BP14 and this thesis in section 4.6.

4.3 Empirical Facts

This section describes the evolution of interest rates and  volatility for Ireland. 
M onthly interest rate data  on ten year governm ent yields provide an indicator 
of the cost of borrow ing internationally. H igher frequency, m onthly data allows 
volatility, more than dynamics, though m easurem ent error is more of an issue than 
with lower frequency data such as quarterly or even annual data (Schorfheide et ai,  
2014). Details on the construction of the data series are contained in appendix C .l.

Throughout the first ten years of the euro area, Ireland benefited from a fairly 
certain environm ent. Figure C. 1 show s the nom inal country  spread  for Ireland 
w ith respect to G erm any and the real G erm an Bund; this choice reflects the 
decomposition of real interest rates into a nominal country spread (between nominal 
Irish and German bonds) and a real international risk-free interest rates (real Bund). 
Looking p rior to the creation of the euro area in January 1999, the averages over 
1991.12:1998:12 for the nom ina l/rea l ten year Irish governm ent bond (nominal 
spread) are 7.41%/4.77% (0.98%), while the averages over the sam e period for 
the n o m in a l/rea l Bund are 6.42%/3.79%. C om paring the pre-crisis euro  area 
period w ith the post-crisis period by restricting to the periods 1999.01:2008.08 and 
2008.09:2013.02, the averages for the nom inal/real ten year Irish governm ent bond 
(nominal spread) are 4.45%/2.41% (0.03%) and 6.32%/4.33% (3.68%), respectively, 
while the averages for the nom inal/real Bund were 4.42%/2.38% and 2.64%/0.66%, 
respectively. Table C .l provides further evidence of the reduction in both interest 
rates and their volatility throughout the calm phase of the euro area relative to the 
1990s and then the increase in interest rates and their volatility, even relative to 
the decade of the 1990s. So, we can see that in the calm phase after entry into the 
euro area, Irish bonds and their spreads declined towards German levels. However, 
during the European sovereign debt crisis Irish bonds and their spreads rose while 
the Bund declined.

Volatility is a latent variable that proxies for uncertainty. In chapter 2 ,1 estimate
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a stochastic volatility m odel for interest rates for a 27 country sam ple including 
Ireland. Following along the lines of FGRU, I em bed a particle filter w ith in  a 
Metropolis-Hastings algorithm to estimate volatility.'^ The basic econometric model 
decomposes real interest rates r; into the sum  of the country spread {er,t- deviation 
from m ean form) and an international 'risk-free' rate, proxied by the 10-year real 
Bund {etb,t- deviation from m ean form):

rt =  r +  - ) -

w here r is the average real interest rate over tim e and estim ates the following 
stochastic volatility model:

eth,t =  P th£th ,t- i +  ~  A/"(0,1)

er,t =  Prer,t-1 +  Mr,f ~  AA(0,1)

=  (1 ~ Pcii,)o'th +  ~  A^(0,1)

a r , t  =  (1 -  p a r W r  +  p a r ( ^ r , t - \  +  ~  (0 , 1 )

4.3.1 Magnitudes of Volatility and Persistence of Levels and Volatility

Table C.2 reports posterior m edians of the param eters in the stochastic volatility 
m odel and the 95% probability sets (i.e. the sets w here 95% of the posterior 
distribution lies underneath); implicitly, GermanyRINT corresponds to the subindex 
tb  above while Ireland is isomorphic to the subindex r -  in the following discussion, 
I occasionally use the subindex r w ith both samples for brevity.

Relative to the real Bund (GermanyRINT), Ireland has m ore persistence in 
country  spreads pr and volatility pa, and has higher average volatility £7̂ and 
stochastic volatility rjr- We witness mostly concentrated posteriors, though less so 
for stochastic volatility rjr. Irish interest rates and their volatility appear highly 
persistent since the standard  deviations for pr  and p^ ,  are small (95% probability 
sets lie above 0.93); the results im ply half-lives for levels and volatility of 50 and 
100 m onths, respectively. The real Bund is persistent (high pr  w ith small standard 
deviation), as is its volatility (high though it has a w ider probability set); the 
results im ply half-lives for levels and volatility of 20 and 25 m onths, respectively.

■̂ See chapter 2 for details, in parhcular section 2.4 and appendix A.3 to that chapter. The esHmates 
were fairly robust to accounting for correlation between the levels and the volatility of spreads, 
different priors and time periods; see appendix A.6.2.
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Persistence  in  allow s m ost of the effects of a one s ta n d a rd  d ev ia tio n  shock  

to  volatility  -  low er persistence im plies th a t the rep resen ta tiv e  h o u seh o ld  know s 

volatility will rev^ert quickly to its m ean and so is less keen on paying back the debt.
In te rp re tin g  the  resu lts  for average vo latility  <7̂ an d  stochastic  vo latility  t]r 

precisely, the p o ste rio r m ed ian  for Ireland  of a y  im plies th a t an  in n o v atio n  to  the  

sp read  has an  average (annualised) s tan d ard  dev ia tio n  of 120,000 x exp((Jr) ss 43 

basis points; the loading factor of 120,000 is app lied  to transform  a r  into annualised  
b asis  po in ts. A one s ta n d a rd  dev ia tio n  positive  vo latility  shock  m u ltip lies  the 

s tan d ard  deviation of the innovation to the sp read  by a factor of exp (^r) 1.19. So, 

if bo th  the level and  volatility of sp reads w ere to experience sim ultaneous positive 

shocks, the Irish sp read  w ould  jum p by 120,000 x exp(c7'r +  i]r) ~  51 basis points.'’

4.3.2 VIX, Volatility, Interest Rates and Macroeconomic Variables

R eg ard in g  eq u ity -m ark e t vo latility  indices, the  VIX index  of m odel free im p lied  
volatility  (MFIV) is w idely  used  across the volatility  lite ra tu re  and  is a m easure  of 
the volatility  of the S&P 500 stock price in d ex /’ how ever, there are m any  spin-offs 
of VIX to m easure stock m arket volatility for stock indices in  particu lar econom ies. 
T he VIX index  uses the  S&P 500 cash index .  ̂ T he VIX is the expected  v a lu e  of 
one-m onth-ahead  in tegrated  variance.^ The VIX is partia lly  a volatility forecast and  
partia lly  a fear gauge, w hich  is the m arket pricing  of volatility  risk. H owever, VIX 

is truncated  unlike pu re  MFIV like corridor im plied volatility and  perform s weakly 
in  te rm s of p ro d u c in g  in teg ra ted  variance forecasts (A n d ersen  a n d  B ondarenko ,

"’This compares to 94 BPS for Portugal and 283 BPS for Greece; see chapter 2, section 2.5.4 and 
appendix A..') to that chapter in particular.

^Model free implied volatility (MFIV) is the expected sum of squared returns under a risk neutral 
measure, where implied volatility does not depend on any pricing model; traditionally, implied 
volatility is estimated numerically from an option pricing model. There is no consensus on the best 
method of extracting the risk neutral density (RND) from option prices. An option is a right but not 
an obligation to buy (call) or sell (put) an asset in the future. Concentrating on European options (so 
options can only be exercised at the options' maturity date) the value or price of the opHon depends 
on the price of the asset at a future date; hence, the option price contains information regarding 
investors' probability outlook of the asset at that future date and it is this probability density that we 
w ish to extract. See Andersen and Bondarenko (2011) for more.

^Cash and options on futures on the S&P 500 are the second most liquid and traded at mercantile 
exchange in Chicago; Euro-Dollar cash and options on the index is the m ost liquid and traded on 
CBOE.

^Integrated variance is the theoretical probability limit o f realised volatility (sum of squared 
returns), where we can measure the latter in practice.
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2011). Using monthly data from 2004.01:2013.12, figure C.3 compares the Chicago 
Board of Exchange's (CBOE) VIX with the country spread itself, while figure C.4 
compares the VIX with the smoothed country spread volatility used in this paper‘d 
Correlations are 0.19 [0.05] and 0.33 [0.0004] for VIX with respect to the country 
spread and smoothed country spread volatility, respectively, where p-values are in 
brackets. These correlations at least reveal that there is a significant positive relation 
between the volatility for Irish country spreads estimated in this chapter and the 
VIX measure of volatility, though the positive correlation for country spread levels 
is marginally insignificant at a 5% significance level.

Figure C.5 plots interest rates against detrended (H-P filtered), seasonally 
adjusted macro aggregates such as output, consumption, investment and the trade 
balance. Pearson correlations [p-values] are —0.18 [0.02], —0.16 [0.046], —0.24 [0.002] 
and 0.19 [0.01] for interest rate spreads with output, consumption, investment and 
the trade balance, respectively. Figures C.6 portrays macro aggregates against 
smoothed country spread volatility. Pearson correlations [/^-values] are —0.34 
[0.00001], —0.21 [0.01], —0.34 [0.00001] and 0.21 [0.01]. Other than the trade balance, 
figures C.5- C.6 indicate a negative correlation between macro aggregates and 
country-spread levels and a negative correlation between macro aggregates and 
country-spread volatility, respectively. Times of higher country spread volatility 
tend to be correlated with times of weaker macroeconomic performance and 
declining debt, where I define debt or net foreign debt in reverse, i.e. with positive 
values of debt implying that foreign debt liabilities exceed foreign debt assets. 
To see that debt tends to decline with higher interest rate spreads and volatility, 
first observe that the trade balance is positively correlated with both interest rate 
spreads and their volatility. Trade surpluses export a country's excess savings, for 
instance an increase in the purchasing of foreign debt assets relative to foreign 
debt liabilities. Defining debt in reverse order, debt would appear to be negatively 
correlated with interest rate spreads and their volatility.'*’ Section 4.4 will explore

®For higher frequency than daily, VIX should be re-constructed by the researcher as the CBOE 
changes barriers occasionally. Moreover, the VIX tends to overesttmate volatility and is sensitive to risk 
premia in tails but it is a good global factor to consider since it correlates with many factors (Andersen 
and Bondarenko, 2011).

'°Using external debt and GDP data from the External Wealth of Nattons dataset Lane and Milesi- 
Ferretti (2007) updated to 2011, figure C.7 depicts country spread volatility against debt (left column) 
and the ratio of debt to GDP (right column) where net foreign debt is defined as debt liabilities net 
of debt assets. For the left colum n of subplots, the local approximation for debt from Correia et a l  
(1995) is employed before filtering. Hodrick-Prescott filtering is applied with a smoothing parameter
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these em pirical resu lts from  a quan tita tive  DSGE setting.

4.3.3 Correlation Between Country Spread Levels and Their Volatility

O ne final em pirical exercise concerns the relation betw een Irish in terest rate spreads 

an d  their volatility. F igure C.2 p lo ts  sm o o th ed  volatility  es tim ates  ag a in st the 

co u n try  sp read  for Ireland . This figure reveals a positive  co-m ovem ent betw een  

Irish  co u n try  sp read  levels an d  their volatility. T he P earson  co rre la tion  [p-value] 
is 0.20 [0.002] in d ica tin g  a statistica lly  sign ifican t positive co rre la tion  betw een  

sp reads and  volatility. So, tim es w hen country  spread  levels are high are associated 
w ith  tim es w here country  sp read  volatility is also high. This suggests relaxing the 

assum ption  that innovations to country  sp reads and their volatility are uncorrelated.
In the baseline case, I assum e that w,/,,, Ur,i, and  are all independen t of 

each other. W hile in the data  u,;, , and Ur,i are uncorrelated , Uj f and  i G 
are co rre la ted , so re-estim ation  w ith  a m odel to  take accoun t of th is  correlation  
is req u ired . In o rd e r to correct for correlation , I assum e innovations com e from  a 
m ultivaria te  N orm al d istribu tion

in w hich  k: is a p a ram ete r contro lling  the d eg ree  of correlation , i.e. the size of the 

leverage effect of the observed level shocks on the log volatility  shocks."  I assum e 
a u n ifo rm  p rio r for k  ( — 1,1), exp ressing  m y p rio r v iew  th a t an y  corre la tion  is 
equally  likely.

I re-estim ated the processes in chapter 2 and  found that the m edian  values of the 
posterio r of the p aram eters  p r ,  (Ty, pa ,  and  rjr are close to the benchm ark  estim ates; 

the re su lts  from  the  m ore so p h istica ted  m odel are in c lu d ed  in  the  low er half of 
table C.2. The posterior m edian  for the correlation or 'leverage effect' param eter of 

level shocks on volatility shocks w as estim ated to be high (0.77) bu t any differences 
in posterio r m edians w ere sm aller in m agnitude relative to the trivial differences in

of 6.25 for annual data. For the first row of figures, the detrended debt and debt-to-GDP series are 
interpolated from annual to monthly frequency, while the bottom row of graphs aggregates volatility 
to annual frequency using the mean rather than the summation of the smoothed volatility at monthly 
frequency. However, all correlations are insignificantly different to zero.

While in chapter 2, I report the results from assum ing , and are correlated, 1 do not 
shock , and hence in the version of the model including for such correlation in this chapter.
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FGRU.'^ As a consequence, the quantitative patterns in figures C.6 and C.2 re-done 
with the new process will remain virtually identical, so I do not include them. 
When simulating the DSGE model in section 4.4, by keeping the situation without 
correlation as the benchmark, I can isolate the direct effects of stochastic volatility 
and the interpretation will also be clearer. For completeness, I will also report the 
results of the DSGE model for the case when the shocks are correlated. This causal 
analysis will be investigated in section 4.4.

Summarising, the average standard deviation of an innovation to Irish country 
spreads is sizable. Irish country spreads display considerable stochastic volatility. 
The real Bund rates have less mean volatility and less stochastic volatility than Irish 
country spreads. Irish country spreads are very persistent and their volatility is 
even more persistent than their levels. Country spread volatility is countercyclical 
with respect to output, consumption and investment. Innovations to Irish country 
spread levels and volatility are positively correlated. Next I will use a canonical 
small open economy model to measure the business cycle implications of these 
findings.

4.4 Causation? A Quantitative Theory 

4.4.1 M odel Economy

In chapter 3 ,1 formulate, solve and estimate a Dynamic Stochastic General Model 
to investigate a precautionary savings mechanism linking interest rate volatility and 
levels with macroeconomic variables along the lines of FGRU and BP14; in chapter 3, 
I extend my analysis to each of 26 economies including data through the Global 
Financial crisis and European Sovereign Debt crisis, in addition to addressing 
technical issues raised by BP14.’'̂  As the model, its solution and estimation are 
described in chapter 3, I present an abridged version here.

The model is a small open economy real business cycle model with three shocks: 
technology, country spread levels and country spread volatility. The household 
has iso-elastic preferences between consumption and labour and has access to one 
non-contingent international bond (subject to the typical no-Ponzi constraint). It is

'^The correlation parameter k  for the real Bund and volatility is estim ated to be —0.31.

^^Relative to the em pirical stu dy  in chapter 2, 1 drop Panam a in chapter 3 d u e to data frequency  
issu es w ith  national incom e product account data.
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a standard  one sector m odel w ith  capital and net foreign debt adjustm ent costs. 
This portfolio adjustm ent cost is included in order to induce stationarity  in the 
model dynamics (Schmitt-Grohe and Uribe, 2003) and is a cost that may be thought 
of as being paid to a foreign international institution such as an investm ent bank. 
There are two versions of the model. The baseline m odel M l is one for which 
I feed the benchm ark estim ates of the law of m otion for interest rates (w ithout 
correlation). The m ore elaborate version of the m odel M2 is one for which I feed 
the processes with correlation. The simulation transforms the model from monthly 
to quarterly frequency and so all results will be on a quarterly basis. The model is 
described in more detail including equations, calibration and the solution employed 
in appendix C.3.

4.4.2 Calibration

Before analysing the quantitative implications of the m odel such as moments, gen
eralised impulse response functions and variance decompositions, I will comment 
briefly on the calibration of four specific param eters for the Irish economy. The 
param eters in question are the following: (i) D, steady state debt level m easured in 
output units; (ii) ^ r > ,  the cost of holding debt; (iii) ( p ,  adjustment cost of capital; and 
(iv) a x ,  standard deviation of productivity shocks. Table C.3 reports the calibration 
for Ireland. These param eters are calibrated as the result of m inimising an equally 
weighted quadratic distance between model and empirical moments. The moments 
of the model correspond to those of the ergodic distribution of the model; see sec
tions 3.3.2 and 3.4.1 of chapter 3 for how the model moments were obtained.’■* The 
four m om ents selected are as follows: (i) ou tpu t volatility; (ii) relative volatilities 
of consum ption and output; (iii) relative volatilities of investm ent and output; and 
(iv) ratio of net exports to output. Based on H-P filtered quarterly  NIPA data, the 
four empirical moments to be matched are reported in table C.4. The column ^  is 
the ratio of net exports to o u tp u t in percentages, w ith  a positive value signaling 
that Ireland is running a trade surplus. The high value for D (D =  130 for M l and 
D =  102 for M2) is influenced by the ratio of net exports to ou tpu t w ith a higher 
ratio indicating a higher level of foreign debt. The steady state debt level is large at 
130 and the ergodic mean is about 129.85. While non-linearities do not appear to be

■̂*For Ireland, the grid for D was shifted to the right, namely the grid extended over integer values 
within |100 ,140] after initial consecutive rightward shifts suggested searching higher values in the 
parameter space for D. This shift was necessary due to matching a much higher ratio of net exports 
to output for Ireland than for the other economies calibrated in chapter 3.
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inherently strong in this respect for Ireland, the MCII section of tables C.15- C.17 
indicate that the ergodic means for model variables tend to differ substantially 
from steady states for Argentina, Brazil and Ecuador. At the ergodic mean, Ireland 
has an annual debt to GDP ratio of about D /(12 x expY) =  265% arising from 
this model. The calibration for the foreign debt adjustment cost parameter for 
Ireland is far higher than that typically found in the literature (Op =  0.0175 for 
Ml and =  0.0125 for M2); however, <I>d is allowed to move freely in contrast to 
FGRU to improve the fit of the model moments to the empirical moments. While in 
FGRU, higher <I>d and ax appear with higher volatility of consumption and output, 
respectively, there is no strong relation in this thesis with the calibration of these 
two parameters from the non-linear, quadratic loss function; is 0.005 for M l 
and 0.0001 for M2. Interpreting the values of the capital adjustment cost (p is more 
difficult, but these adjustment costs are not calibrated to be very strong {(p =  2 for 
Ml and (p =  6 for M2).

4.4.3 Moments

Model and empirical moments are presented in table C.4. For both the Ml and M2 
version of the model, the model does a fair job of matching the moments in the data, 
except for the relative volatility of consumption to output; also, M2 underestimates 
the volatility of output by more than Ml. Regardless of choice of parameter values, 
it is challenging for small open economy models to account for the data.

4.4.4 Generalised Impulse Response Functions

Figure C.8 graphs generalised impulse response functions to three shocks: (i) 
country spread level shocks, (ii) volatility shocks and (iii) combination of a level 
shock and a volatility shock. Each row corresponds to impulse responses to that 
particular shock. The third row of the the GIRF graph depicts the economic 
response to a one standard deviation shock to levels accompanied by a k standard 
deviation shock to volatility, where k is the estimated correlation between the 
innovation to country spread deviations and the innovation to the volatility of 
country spreads. Comparing volatility shocks to the country spread and to the 
international risk-free real rate ar,t and the former is on average about twice 
the size of the latter and has a time-varying component that is also typically about 
two times bigger. This relative size justifies focusing on studying GIRF shocks to 
the country spread and its volatility rather than shocks to the international risk-free
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real rate. In figure C.8, the GIRFs are plotted to three rows (shocks) of consumption 
(first column), investment (second column), output (third column), labour (fourth 
column), the interest rate level (fifth column) and debt (sixth column). All variables 
are in terms of percentage deviations from the mean of their ergodic distributions, 
except for interest rates, which are expressed in annual basis points. GIRFs are 
expressed at quarterly frequency.

4.4.4.1 Generalised Impulse Response Functions -  Level Shocks

The first row of panels depicts the GIRFs to a one-standard deviation shock to 
the Irish country spread, Ur̂ t in the M l model version. Subsequent to a rise of 
42 annual basis points in Ireland's spread, which corresponds to almost 4 basis 
points at a monthly rate, the country experiences a contraction with consumption 
dropping about 0.65 percent upon impact and investment falling for three quarters. 
In order to match the second moments found in the Irish data, the model requires 
a low degree of adjustment costs in investment, (p = 2, so investment reaches its 
trough at three periods. However, the decline in output is highly persistent; it is 
only after about 26 quarters, that output stops falling and starts rising (at that time 
it is —0.33 percent below its original level, namely its ergodic mean). Labour starts 
by slightly increasing (due to the negative wealth effects) but later returns towards 
its ergodic mean. Debt starts by slightly rising but then falls until 7 quarters, 
with a total reduction of nearly 0.03 percent of the original value of the liability. 
However, while this fall seems small, it is relative to a large ergodic mean for 
debt D of about 130, which compares to 6, 3, —0.3 and —30 for Argentina, Brazil, 
Ecuador and Brazil, respectively; the ergodic means for D along with some other 
variables are given in tables C.14-C.18 -  section MCII corresponds to the sample 
experiments conducted in the central parts of this thesis. As for the intuition behind 
the drop in consumption, investment, output and debt, like in Neumeyer and Perri 
(2005), higher r? increases the service payment of the debt, reduces consumption, 
decreases the level of the debt since it is now more costly to finance debt and lowers 
investment via a nonarbitrage condition between the returns to physical capital 
and to foreign assets.

4.4.4.2 Generalised Impulse Response Functions -  Volatility Shocks

The second row plots GIRFs to a one-standard deviation shock to the volatility of 
the Irish country spread, Ua,,t- To put the size of this shock into perspective, the
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global financial crisis for Ireland meant from May 2008 to January 2009 there was 
a positive volatility shock of about 4 standard deviations and that the European 
sovereign debt crisis amounted to two repeated shocks, January 2010 to July 2010 
and August 2010 to December 2010 of approximately 2 and 1.5 standard deviations, 
respectively. This row highlights one of the central points in this paper. The 
domestic interest rate faced by Ireland and its expected value are fixed. There is 
(i) a fall in consumption (0.21 percent at impact), (ii) a moderate rise in investment 
(after 4 quarters it rises 0.42 percent), (iii) a slow increase in output (while the GIRFs 
presented are truncated at eight years, it reaches its peak just after eight years of 
about 0.08 percent before returning towards its ergodic mean thereafter), (iv) a 
small rise in labour (this falls later after 96 quarters though the GIRF is truncated at 
periods over five years) and (v) a contraction of debt upon impact, which reaches 
its trough three quarters after the shock (at which point debt has declined by 
about 0.01 percent of the original value of the liability -  again, while this seems 
like a small number, it is relative to a very large ergodic mean of approximately 
130 for foreign debt that is positive since Ireland was a debtor country over the 
sample period). These GIRFs highlight how increases in risk have real effects on 
the economy, even when the interest rate is held constant.

The last row in figure C.8 plots the GIRFs in the M2 model version, i.e. GIRFs 
after a one-standard-deviation level shock accompanied by a k =  0.77 standard 
deviation shock to volatility, where k  is the correlation param eter between level 
shocks and volatility shocks arising from the particle filter estimation of the stochas
tic volatility model and 0.77 is the posterior median of this parameter. Qualitatively, 
the GIRFs are the same as in the first row, so the results are somewhat robust to 
allowing for the correlation between innovations.'’’

4.4.5 Variance Decompositions

Table C.5 reports the variance decomposition for model version Ml, which decom
poses the variance of aggregate variables among different shocks. Measuring the 
contribution of each of the three shocks (productivity, country spread level, country 
spread volatility) to aggregate fluctuations is complicated due to the third-order 
approximations to policy functions, which implies that total variance cannot be 
decomposed among the three shocks analytically as would be done in the linear

'■‘’Quantitative differences reflect both the interaction of levels and volatility shocks as well as the 
calibration for M2 being distinct to that for M l.



C hapter 4: On Irish Interest Rates and Volatility -  A Case Study 92

case. I set realisations of one or two of the shocks to zero and look at the set of 
com binations of shocks that rem ain, m easuring the volatility in each case. People 
still believe the shocks are distributed by the sam e law of m otion, bu t in this case 
the shocks in the simulation will be zero in realisation. Including the case where all 
three shocks are turned on, there will be (^) +  (2) +  (]) =  7 different combinations 
of shocks, which are the following: (i) all three shocks; (ii) productivity and level 
(prod. & rate); (iii) productivity and volatility (prod. & vol.); (iv) productivity only 
(prod.); (v) level and volatility (rate & vol.); (vi) level only (rate); and (vii) volatility 
only (vol.).

Allowing only productivity to change over time, output has fluctuations that are 
around  80 percent of observed ones; this 80 percent is not purely  a m easurem ent 
of the im pact of productiv ity  innovations since given the lack of good quality 
da ta  on the Solow residual, productiv ity  shocks are calibrated to m atch ou tpu t 
volatility. Ireland displays som ew hat m ore volatile consum ption than ou tput, in 
contrast to m any advanced economies, w hich is m ore akin to a business cycle 
characteristic of an em erging economy. Covmterfactually, the model finds that the 
s tandard  deviation of consum ption is less than that of ou tput. Interestingly, it 
is only w hen either level shocks, volatility shocks or a com bination of both are 
included that consum ption is more volatile than output, bu t otherwise, especially 
w hen productivity shocks are considered, consum ption is less volatile than output 
and we see more consum ption smoothing.

Adding interest rate shocks to productivity shocks, the volatility of output does 
not change by much due to the fact that both shocks are independent and so their 
effects can cancel each other out, e.g. declining interest rates at a tim e of negative 
technology shocks. Simultaneously shocking productivity and interest rate levels 
leads to an increase in consum ption volatility, m aking it jum p from about 25% to 
507o of output volatility. Intuitively, while households desire to smooth out shocks 
to productivity, w ith a positive shock to the real interest rate, households prefer 
to pay back their debt and adjust consum ption. This intuition holds sim ilarly for 
investm ent, which also becomes m ore volatile. Both of these m echanism s can be

'^Aguiar and Gopinath (2007) investigate how orthogonality between interest rates level shocks 
and productivity may reduce correlations relative to the data in em erging markets and improve 
the performance of quantitative models. While the present model could be augmented to allow for 
interest rates and productivity to be correlated, e.g. by including transitory and trend productivity 
shocks in a price of debt equation along with interest rates, this would complicate interpretations and 
distract attention away from focusing on the central objective of the paper, namely isolating volahlity 
shocks and comparing these to interest rate shocks.
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seen more clearly when we study interest rate level shocks only. Even though 
output volatility drops to 0.20, consumption and investment volatility each rise to 
0.87 and 4.87, respectively.

With both interest rate level and volatility shocks, the standard deviation of 
output rises to 0.25, 10 percent of the observed volatility and consumption and 
investment each rise to 1.18 and 6.25, respectively. For the case of where volatility 
shocks are the only shocks turned on, output volatility is very loŵ , 0.03. This 
low standard deviation for output is as a result of volatility only appearing in 
the third-order term of the policy function. The joint interaction effect of level 
and volatility shocks is noticeable for output volatility, 0.25, but separately they 
generate standard deviations for output of 0.20 and 0.03, respectively. That output 
volatility for the case of joint level and volatility shocks exceeds the sum of output 
volatilities for level only and volatility only shocks is a product of the interaction, 
cross-terms of interest rate and volatility shocks in policy functions of the agents. 
Volatility by itself makes relatively more sizable contributions to the fluctuations of 
consumption (0.29) and investment (0.64). Combining productivity and volatility 
shocks, output volatility is the same as in the case of productivity shocks only 
because both shocks are independent and so their effects can cancel each other 
out, e.g. declining interest rate volatility at a time of negative technology shocks. 
That consumption volatility and investment volatility both rise when productivity 
shocks are combined with volatility shocks can be attributed to the more sizable 
contributions volatility shocks alone by themselves make to consumption and 
investment fluctuations. The differences between the standard deviations for the 
cases of productivity only shocks and volatility only shocks is accounted for by the 
fact that volatility enters in the third-order terms only of policy functions.

4.5 Understanding Volatility

In this section, I examine experiments to improve our understanding of volatility 
shocks and carry out extensions of the benchmark model along with robustness 
checks. As it has already been explored in the previous section, I will not discuss 
model version M2, i.e. including correlation between country spread levels and 
volatility, except to restate here that the results were fairly robust qualitatively. 
Section 4.5 is organised as follows. Section 4.5.1 explores further implications of 
volatility; and section 4.5.2 extends the model and investigates extra sensitivity 
analysis.
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4.5.1 Underpinnings and Implications of Volatility

In this section, I conduct two experiments designed to further improve our under
standing of volatility. The first experiment illustrates the impact of volatility shocks 
on the evolution of debt, current accounts and net exports, indicating that volatility 
has notable im plications for m ovem ents in variables like the current account and 
net exports. This experim ent also serves to quantify  the m echanism  by which 
debt changes following a volatility shock. The second experim ent highlights the 
non-trivial effects of higher order terms on responses.

4.5.1.1 Volatility, D ebt, C urrent Accounts and Net Exports

Volatility can potentially be a sizable factor explaining m ovem ents in current 
accounts and net exports. In colum n three (MCII) of figure C.34, I g raph  the 
evolution of the debt-to-quarterly-G D P ratio as a percentage of quarterly  output, 
along w ith the current account to GDP ratio and the net exports to GDP ratio 
w here the last two ratios are expressed in absolute deviation from their ergodic 
means; norm alising these last two ratios by ou tpu t lets us interpret them as being 
in outpu t units. The current account is CA,  = Dt — D, î, while net exports is also 
linked w ith debt through the budget constraint:

NX, = Y , - C , - I ,  = D , -  +  ^ ( D h i  -  D)2
i +  ft ^

O utpu t, net exports and the current account are flow variables, w hile debt is a 
stock. To transform from monthly frequency when not expressing these variables in 
percentage deviations, we first average debt over three m onths and sum  the other 
variables. M ultiplying the resulting, corresponding ratios by 100 and subtracting 
100 tim es the ergodic m eans will produce absolute deviations as d esired .'' The 
red dotted lines in figure C.34 represent the ergodic m ean of D /Y  in the first row, 
the zero line (also corresponds to the ergodic m ean for C A / Y  since it is always 
zero) in the second row and the zero line in the th ird  row. The ergodic m ean is 
not necessarily zero for N X / Y  and the response for N X / Y  is less clear to visualise 
when the ergodic mean is plotted in the third (MCII) column; likewise, plotting the 
ergodic m ean for D /Y  in the case of the MCII experim ent obfuscates the response 
of D /Y  and so there are no red dotted lines for D /Y  in the third (MCII) column.

'^The ergodic means for output, current account and debt will be multiplied by three, though this 
will cancel when expressing the current account and net exports as a fracHon of output.
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In this section, I will focus on the third column (MCII). Responses are non
monotonic and time until trough for D/ Y,  C A / Y  and N X / Y  are three, four and 
five quarters, respectively. After a one standard deviation volatility shock, the 
debt to quarterly output ratio falls by 0.35% after three quarters, while the current 
account improves by 0.36% of output on impact in order to finance the deleveraging. 
As for net exports, this model found that output rises for Ireland in response to a 
volatility shock, which would put downwards pressure on the net export to output 
ratio. The bottom right hand graph in figure C.34 shows the response of deviation 
of net exports as a percent of quarterly output from the ergodic mean for for this 
ratio, which is non-zero -  net exports decreases by about 7.8% of quarterly output.

4.5.1.2 Importance of Higher Order Approximation

Third-order approximations are important when analysing the effects of volatility 
shocks independently of real interest rate shocks. To provide evidence of the 
non-trivial effects of higher-order terms on impulse responses of model variables, I 
plot GIRFs for level shocks and volatility shocks where first, second and third order 
approximations are used. Figure C.9 graphs GIRFs of consumption, investment, 
output, labour hours, country spread and debt for level shocks and C.IO graphs 
these GIRFs for volatility shocks. Results are at quarterly frequency and variable 
responses are expressed in percentage deviations from the mean of their ergodic 
distribution; the responses for country spreads are expressed in annualised basis 
points.

GIRFs to level shocks at first and second orders are virtually identical while 
we can see some differences in GIRFs, particularly further out at later horizons, 
which arise from the third order approximation since only in third order will risk 
depend on the state of the economy, i.e. risk will be time-varying. Figure C.IO 
makes it clear how GIRFs must be approximated to at least order three in order for 
volatility to make a distinct impression -  impulses are flat at orders less than three 
since volatility does not enter the system in the first order approximation (second 
moments require taking second derivatives) and volatility only enters the system 
through a multiplicative interaction term with level shocks at second order (level 
shocks are zero in this experiment so the interaction will be zero). In the first order, 
people will behave as if they expect no uncertainty, i.e. certainty equivalence will 
hold, so people will not respond to shocks since they are not part of their model. 
At second order, volatility is constant and so are risk premia: the only way we can
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see agents respond to risk will be to turn on both level and risk shocks or employ 
the M2 version of the model, which allows for correlation between level and risk 
shocks, so one shock will endogenously affect the other -  this will complicate 
interpretation and identification of the separate effect of risk shocks. So, it is clear 
from this extension that to isolate the effects of risk, we need to go at least as far as 
third-order approximations.

4.5.2 E xtensions

Extensions and robustness checks along the following lines were considered: (i) 
working capital; (ii) high debt versus low debt; (iii) negative debt versus positive 
debt; (iv) higher adjustment cost of capital (p; (v) lower persistence of country 
spread volatility p̂ r/, (vi) higher standard deviation of volatility shocks (one versus 
two standard deviations); (vii) lower and higher values of risk aversion v, (viii) 
adjusting Frisch elasticity rj, depreciation S, technological persistence px and capital 
share of income a; and (ix) priors: (pre-September 2008, post-September 2008, 
loose priors for persistence ( p r ,  p n ^ ) ,  conservative prior for stochastic volatility rjr 
and combinations of these priors). I discuss each in turn.

4.5.2.1 Working Capital

The model does not include working capital, a channel that can improve the 
performance of international macroeconomic models. Without working capital, 
firms do not need to borrow to pay wages to their workers in advance. Including 
this channel only changes the optimality conditions of the firm, namely changing 
the equating of wages to the marginal productivity of labour. Consequentially, 
the only equilibrium condition to change is the static, first-order condition of the 
household with regard to labour supply. However, FGRU show that working capital 
makes the findings even stronger, i.e. their findings suggest that the effects of 
volatility shocks are slightly more pronounced in a model that allows for working 
capital.

Turning to the details of the extension, letting 0  be the fraction of the wage 
bill firms must pay in advance, for which they must borrow funds internationally 
paying back 1 + rt, the firm chooses capital Kt (with a rental cost Ri) and labour H; 
(with wage W() to maximise profits given by

Y, -  R,K, -  0 (1  -  (1 -  0)W ,H,
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subject to the production function (3.4). Optimality requires firms to equate the 
rental cost of capital with marginal productivity of capital as before, i.e. Rf = 
a Y t / K t  and now the only difference is the wage optimality condition, which 
becomes

|/y. — --------------
' 1 + 0 r , H ,

It can be shown that the new static labour-leisure first order equilibrium condition 
is

Note that 0  =  0 represents the standard model.
I set 0  =  1 (i.e. extreme case: all of the wage bill must be paid in advance) 

and run the simulations under two alternative calibrations: (i) keep the same
parameter values as in the 'standard' calibration, except for 0  =  1 instead of 0  =  0; 
(ii) re-calibrate the model to match the same moments as in the benchmark case 
(keeping (p as before but searching once more over a grid for {Op, D,(t-x}).'^ I do 
not allow there to be any correlation between shocks to levels and volatility and I 
focus on the case where volatility shocks are the only ones turned on.

As is evidenced in appendix C.4.2, the benchmark model with the baseline 
calibration in this paper is invariant to the absence or presence of working capital 
(case i). Moving on from case i, I also plot the responses to a volatility shocks for 
case ii in the same set of graphs in appendix C.4.2.

Except for <J>d , changes in ii on calibration values of {D, ^>d,c7x} are very 
small, with a modification of the benchmark calibration set {130,0.005,0.0175} to 
{130,0.001,0.02}. Regarding the performance of the re-calibrated model in terms 
of moment matching relative to the benchmark case, output volatility improves by 
rising from 2.08 to 2.36 (empirical value of 2.52), consumption volatility to output 
volatility drops from 0.64 to 0.57 (empirical value of 1.1), investment volatility to 
output volatility improves from 4.41 to 4.45 (empirical value of 4.46) and the ratio 
of net exports to output improves by declining from 8.21 to 8.18 (empirical value of 
8.15).

With these differences in calibration, the main difference in response is that debt 
falls more due to a lower cost of net foreign debt adjustment. As people respond 
to a volatility shock in the Irish case by working more, investing more, producing

^^Recalibration may be necessary because Neumeyer and Perri (2005) show that working capital 
increases the impact of real interest rate shocks and hence overeshmates output volatility.
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more output and cutting back on consumption, investment rises but not by as 
much as in the baseline case, labour hours go up and consumption falls by slightly 
more upon impact in order to accomplish further debt reduction. If anything, 
the response of debt (and labour and consumption) in the second calibration for 
Ireland is mostly a bit stronger because of the new param eter values. Working 
capital has little effect and only slightly increases the effects of volatility for Ireland. 
To see why the results are mostly independent of the working capital channel, 
observe that working capital affects firm costs today, while volatility shocks affect 
uncertainty, which relates to tomorrow. As the firm's problem is static, the only 
differences in the GIRFs are small differences in the ergodic distribution that result 
from including working capital in the model. In summary, the benchmark model 
in this chapter is invariant to including or omitting working capital and so the 
baseline results are in a sense a conservative lower bound.

4.S.2.2 Debt

To explore how the GIRFs of the model depend on the country's level of debt, I 
plot GIRFs to a one-standard-deviation shock to volatility using the benchmark 
calibration and the GIRFs when I halve the net exports to output ratio in the ergodic 
distribution, which corresponds to becoming less indebted. Ireland is a net foreign 
debtor and I halve debt because debt is already relatively high -  the ergodic mean 
for debt is about 130. GIRFs for this experiment can be found in the first row of 
figure C.12 in appendix C.4.3, where the blue line represents responses in the low 
debt case.

Relative to the baseline case, the calibration for the parameter set {D,<Po,(p,ax} 
changes from {130,0.005,2,0.0175} to 66,0.0005,2,0.0175 in the case where the 
target for NX/ Y is reduced from 8.15 to 4.08. The set of targeted moments 

changes from {2.08,0.64,4.41,8.21} to {2.07,0.39,4.52,4.11}, where 
the empirical values are given by cry = 2.52, ^  =  1.1 and ^  =  4.46.

As Ireland becomes less indebted, it witnesses a smaller drop in consumption 
and a smaller rise in labour upon impact of country spread volatility shocks. The 
decline in debt rises both in absolute terms and in percentage terms -  it becomes 
twice as easy to reduce the level of debt by one percent when countries become less 
indebted; indeed, the cost of adjusting debt positions reduces by a power of ten from 
5e~^ to when we recalibrate the model through moment matching to match 
half the original level of debt in the ergodic distribution. O utput and investment
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actually decline, bu t by a lesser m agnitude than  their respective increases in the 
higher debt scenario.

Let us investigate the rationale behind this last feature. In the low debt case, 
net exports rise to finance the deleveraging of debt following a volatility shock. 
People work more but net exports are largely increased through reducing domestic 
absorption through reducing consumption and investment; output falls as a general 
equilibrium  effect. In the high debt case, people reduce consum ption drastically, 
work much more and output rises substantially, affording agents to increase invest
ment while maintaining a rise in net exports to finance the smaller deleveraging of 
debt. This experim ent serves to em phasise the im portance of debt in explaining 
the m agnitude of the responses to volatility shocks.

Volatility shocks are contractionary because households foresee the possibility 
of larger fu ture interest rate shocks and so they consum e less and save m ore as 
a precaution. Instead of looking at a country becom ing m ore or less indebted, 
we could look at reversing the sign on debt so that economies have negative net 
external debt, i.e. external debt assets exceed liabilities so non-residents hold more 
debt of the country than is owed by the country itself to non-residents. Being 
explicit about the case w here Ireland may have positive net debt assets D( <  0 ,1 
repeat the experim ent w ith the sam e calibration as M l, except now the economy 
is assum ed to start w ith the m odel m om ent N X / Y  being the negative of that 
previously used ('opposite trade balance'). For Ireland, the opposite trade balance 
will m ean runn ing  a negative trade balance of —8.15. G raphs for experim ents 
reversing the sign of the trade balance can be found on the second row of GIRFs in 
figure C.12 in appendix C.4.3, w here the red dotted  lines illustrates the baseline 
case and the blue lines refer to the experim ent w ith negative net foreign debt.

For Ireland, a country that previously held positive net foreign debt, GIRFs to 
volatility shocks are dam pened when the sign on debt is switched to being negative. 
Clearly, there is an asym m etry in the m agnitude of response to an equally sized 
volatility shock w hen countries are indebted (stronger responses) than w hen they 
are net foreign creditors (weaker responses). Households decumulate assets at first 
since risk-averse individuals fear fu ture negative spread shocks that may drive 
dow n the re tu rn  of their foreign asset positions. However, this fear will p rom pt 
a sm aller response than in the case w here previous countries were net foreign 
debtors after receiving a rise in the volatility of spreads. After one year, households 
will begin to accum ulate debt assets, until their value is about 0.02% higher than 
the original value of the asset before returning tow ards the ergodic m ean of debt.
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The tiny declines in consum ption  and the sm aller increase in investm ent are due  to 

the household  ad justing  to possib ly  large negative shocks to the coun try  sp read  in 

the next period  that w ould  reduce its incom e from  deb t D.

4.5.2.3 Adjustment Cost of Capital

For Ire land , the cost of ad ju stin g  investm en t w as decen tly  low  at =  2 in  o rd e r 
to help  the m odel m atch  the m om en ts in the data. S im ulations are rep ea ted  w ith  

an  ad ju stm en t cost of (p = 3, w h ich  m akes the response of investm en t to a sp read  

shock  consisten t w ith  the resu lts  found  in  U ribe an d  Yue (2006) an d  resu lts  are 
plotted. G raphs for this experim ent can be found on the th ird  row of figure C.12 of 

appendix  C.4.3, w here the dashed  red lines represen t the baseline scenario and  the 
solid blue line represents the GIRFs arising from increasing the cost of capital from 
(p = 2 to (p = 3.

R esults are ro b u st to a stochastic volatility  shock, th o u g h  the resp o n se  for 
d eb t is m arg ina lly  am plified . O u tp u t an d  investm en t seem  to decline by slightly  
less w h en  the investm en t cost is raised. The in tu itio n  b eh in d  th is resu lt h inges 
u p o n  the fact that w ith  a h igher ad justm en t cost, it becom es m ore costly to ad just 
investm en t in the w ake of a volatility  shock. Investm en t an d  o u tp u t respond  
slightly  m ore slow ly; however, these GIRFs are practically  identical to those from  
the baseline case. The slightly  slow er response of investm ent is d riven  by slightly  
larger ad ju stm en t costs an d  the m arg ina lly  s tro n g er re sp o n se  of d eb t relative to 

the baseline case results from  the relatively easier way of ad justing  to the volatility 
shock  th ro u g h  red u c in g  financial d eb t ra th e r th an  physical asse ts since the cost 
of n e t ex ternal d eb t ad ju s tm en t rem ains constan t w h ile  the cost of ad justing  
capital rises from  (p = 2 to (p = 3.

4.5.2.4 Persistence of Volatility

Tow ards th e  goal of offering fu rth e r in sigh ts in to  the m echan ism s at w ork  in this 
thesis, I explore how  the GIRFs of the m odel depend  on the persistence of volatility, 

one p ro p e rty  of the volatility  process. GIRFs to a one-stan d ard  dev iation  shock to 

coun try  sp read  volatility  w ith  less persisten t volatility  processes are p lo tted  along 
the first row  of figure C.13 in  app en d ix  C.4.4.

W hen  the persistence of the volatility  shock  to the co u n try  sp read  is red u ced  

from  the no rm al (high) values estim ated  as the posterio r m ed ians to 0.75, m ost of 

the effects of a o n e-stan d ard -d ev ia tio n  shock  to  volatility  d isappear. People now
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know that volatility will revert to its mean quickly, so individuals are less keen on 
paying back the debt. In light of the empirical results reported in chapter 2.5, the 
fact that data suggest country spread volatility is highly persistent (most posterior 
medians for are over 0.9) is crucial in justifying that the magnitudes from 
the GIRFs are quantitatively im portant in reality. This experiment elucidates the 
significance of persistence in explaining the magnitude of people's responses to 
volatility.

4.5.2.5 1 vs 2 Standard Deviation Volatility Shocks

To explore how the GIRFs of the model depend on one property of the volatility pro
cess, namely the size of the shocks, I plot GIRFs of a one-standard deviation shock 
to volatility and a two-standard deviation shock to volatility of the country spread; 
these graphs can be found in the second row of figure C.13 in appendix C.4.4. The 
higher volatility amplifies the magnitudes of the GIRFs. As evidenced shortly in 
section 4.6.3, strong non-linearities are not clearly identified for Ireland, in contrast 
to Argentina, Brazil and Ecuador. Indeed, FGRU show for Argentina, though 
consumption falls less than twice in the high volatility scenario, output falls more 
than twice. The reason behind this difference has to do with the more pressing 
necessity of paying back the debt in the case of the high volatility shock.

4.5.2.6 Risk Aversion

Gauging the effects of risk aversion, u, which determines how much the variance 
of shocks matters for people in the economy, I plot the GIRFs after a one standard 
deviation volatility shock when risk aversion is lowered from 5 to 2 and also when 
risk aversion is raised to 10.'“̂ I plot GIRFs for low and high risk aversion, where 
in each case I keep the rest of the parameters at their original values; GIRFs to a 
one-standard deviation shock to country spread volatility with low and high risk

refer to risk aversion in the traditional sense to be v for this model with iso-elashc preferences
c l  —V 1

over consum ption Q  and labour H/: However, risk aversion is actually

equal to (i/^^ +  see Swanson (2013). Risk aversion and risk premia are important factors to
consider w hen analysing asset prices. Most m odels fix labour, w hich can lead to lessons for risk 
aversion that may be misleading. The intuition is that shocks to the portfolio are also absorbed 
through adjustments to labour, not just through changes to consvimption. The new formula requires 
researchers to either recalibrate their m odels or even rethink risk aversion itself. However, in this 
thesis, there is no need for either step to be taken. For v =  5, t] — 1000 as in the original calibration, 
risk aversion in the 'Swanson' sense is approximately 5 and changing v from 5 to 2 and to 10 results 
in actual risk aversion to being about 2 and about 10, respectively.
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aversion can be found along the first two rows of figure C.14 in appendix C.4.4.
Qualitatively, the patterns in the GIRFs from  lowering risk aversion are the 

same as in the benchmark case except that responses are dam pened. As individuals 
become less risk averse, rises less than in the benchm ark case for countries
w ith positive net external debt, while consum ption drops by less and investment, 
ou tpu t and  labour rises by less. However, responses are still substantial, in m ost 
cases between 25% and 50% of their original benchm ark responses.

O n the th ird  row of figure C.14 in appendix C.4.4, I plot GIRFs for the case 
where risk aversion is increased from v' =  5 to i' =  10. As people become more risk 
averse, dynam ics are stronger than in the benchm ark case. There are no changes 
qualitatively in the GIRFs.

4.5.2.7 Capital Share, Frisch Elasticity, D epreciation and Technology Persis
tence

Exploring the roles of (i) capital share of income a, (ii) Frisch elasticity of labour 
supply to wages 1/;/, (iii) capital depreciation 6 and (iv) the AR for technology px,  
I sim ulated the benchm ark m odel and plotted GIRFs to a one standard  deviation 
shock to country spread volatility with benchmark calibration except to individually 
adjust param eters for each the following cases: (i) a G {0.28,0.35,0.4}; (ii)
t] € {10,100,10000}; (iii) S € {0.001}; and (iv) px  € {0.9,0.93,0.97,0.99}. The 
goal is to com pare the resulting GIRFs w ith those from  the benchm ark case of 

=  {1000,0.014,0.95,0.32}. GIRFs can be found in appendix  C.4.4, in 
particular in the third, fourth and fifth rows of figure C.13 (different capital shares 
of income), in the third, fourth and fifth row s of figure C.14 (different values of 
Frisch elasticity) and in figure C.15 (different depreciation rates and persistence of 
technology).

As can be seen from the bottom three rows of figure C.13, higher capital shares 
are associated w ith dam pened  GIRFs, in contrast to lower capital shares that 
am plify GIRFs. Looking at figure C.14, the m ain effect of raising Frisch elasticity 
of labour is the obvious result of m aking labour m ore responsive to volatility 
shocks. As a result, investm ent and ou tpu t are slightly m ore responsive and 
consum ption and debt are slightly less responsive. W ith m ore responsive labour 
supply, most of the adjustment takes place through labour and hence output, rather 
than consum ption and debt. With m ore labour, the m arginal p roduct of capital 
rises inducing increased investment expenditure.
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Low rates of capital depreciation are associated w ith slightly dam pened GIRFs 

other than that for investment, which becom es negative. People know that capital 
depreciates less, so reducing investment will be less costly for the economy in terms 

of future output. Consequentially, m ost of the adjustment in terms of increasing  

net exports to finance the deleveraging of debt occurs through reducing investment. 
Overall, w ith lower depreciation, the cost of altering investment on future output 

are lower, borrowing is not as important and so shocks to the volatility of interest 
rates matter less for agents in the economy. GIRFs to volatility shocks are invariant 
to the persistence of technology shocks, at least between 0.9 to 0.99, as can be seen  
from the bottom four rows of figure C.15.

4.5.2.S R obustness to Priors and Samples: Loose Priors and the G lobal Finan
cial Crisis

This robustness check concerns loose priors for persistence ('Low Prior Persistence' 
or 'LP'), a conservative prior for stochastic volatility ('Low Prior Stoch Vol' or 
'T'), the pre-September 2008 sam ple ('PreSeptOS'), the post-Septem ber 2008 sam 
ple ('PostSeptOB') and com binations of priors w ith  different sam ples. Firstly, as 
described in chapter 2.5, I loosen the priors for the m eans and standard devia
tions of the persistence ('LP') of levels jO, and volatility pa,,  w here i G { r , t b }  from 
Pi ~  iB (0 .9 ,0.02) and jO^. ~  S (0 .9 ,0.1) to p; ~  (0.5,0.1) and p̂ . ~  ;B(0.5,0.2),
respectively. In addition, I also loosen the mean of the prior for stochastic volatility 
('T') rji {i €  {r, t b } )  from 0.5 to 0.25 (less volatile), i.e. instead of t]j ~  (0.5,0.3), I
have ^  N ' '  (0.25,0.3). Tables w ith the posterior medians from these estimations 
are available in appendix A.6.2.

To reiterate what was elaborated upon in chapter 2.5, results are fairly robust for 

Ireland. Benchmark posterior medians are {pr/t^r/PcTr/^r} =  {0.98, —7.94,0.99,0.17}. 
With looser priors for pr  and p^^,  posterior medians are {0.98, —8.18,0.98,0.19}, so 

volatility tends to be slightly less persistent (p^^) and also less strong on average (ar).  

This slightly 'lower' result is influenced by changing the mean of the prior for p^,  

from 0.9 to 0.5. Furthermore, rjr seem s to be higher, so there tends to be a stronger 

degree of stochastic volatility. Results are robust to a looser prior for the stochastic 

volatility parameter tjr, w ith posterior m edians of {0.98, —7.92,0.99,0.17}. Results 
are also fairly robust to loosen ing pr ,  pa^ and rjr sim ultaneously, w ith  posterior 

m edians of {0.98, —8.19,0.98,0.19}, though there is a slight rise in the stochastic 

volatility parameter rjr accom panied by reductions in the persistence of volatility
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Pa, and average volatility
As a further exercise also described in chapter 2.5, I re-estim ate the m odel 

including data up to 2008.08 (TreSept08') and from 2008.09-2013.02 ('PostSept08'). 
When looking at different samples, for instance before September 2008 (pre-crisis), 
priors m ust be altered. 2008.08 is a good cut-off date for a pre-crisis sam ple since 
the Irish country spread seems to increase around that m onth consistent w ith the 
narrative in section 4.2 regarding both events in Ireland surround ing  the bank 
guarantee in September 2008 and the particular dram atic stage of the international 
financial crisis. . The VIX spikes in September 2008 along with m any other interest 
rates such as corporate rates; see figure A. 1 in appendix  A. 1.2 for the VIX spike. 
Tables w ith  the posterior m edians from these estim ations are also available in 
appendix  A.6.2. To repeat w hat was said earlier, as expected, the 95% sets are 
wider for the PreSept08 sample due to fewer observations . However, while the 95% 
set for ar is m ore concentrated, w hen converting to volatility by exponentiating, 
i.e. e'-̂ ', the set is wider. For the PostSept08 sam ple, spreads for Ireland become 
m ore volatile on average (dr) since 2008.08, rising from  —9.01 to —7.71; over the 
entire sam ple ar is —7.94. Stochastic volatility rjr rose from  0.14 before 2008.08 to 
0.22 in the period afterw ard; for the full sam ple, stochastic volatility is rjr =  0.17. 
Persistence in volatility before September 2008 was the same as the overall sample 
at Pa, =  0.99, but fell after Septem ber 2008 to 0.87.

In appendix  C.4.5, I plot GIRFs of variables responding  to a one-standard  
deviation volatility, using the priors in cases LP ('Low Prior Persistence'), T ('Low 
Prior Stoch Vol'), PreSeptOS and PostSeptOS along with combinations of these cases. 
The blue lines represent the GIRFs with the alternate priors and subsam ples while 
the dashed red line represents the benchm ark case. Figure C.16 depicts GIRFs 
for the cases of low priors for persistence of country  sp reads and persistence of 
volatility, LP, conservative priors for stochastic volatility, T and the com bination 
of LP and T ('Low Priors' or 'TLP'). Figure C.17 depicts the results from the post- 
Septem ber 2008 sam ple w ith various combinations of LP and T, while figure C.18 
illustrate GIRFs from the pre-September 2008 sample with combinations of LP and 
T.

As can be seen in figure C.16, GIRFs are dam pened  w hen we im pose low 
prior persistence of levels and volatility. W hen volatility shocks do not last long, 
households are less keen on paying back debt and will respond less. Indeed, the 
GIRFs are alm ost flat for Ireland, highlighting that persistence is one of the m ost 
im portant factors driving the quantitative im portance of the results in this thesis.
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This 'dam pen ing ' of GIRFs is also a product of the reduced average volatility 
param eter ar that was estimated. W hen people expect volatility not to be as strong 
on average, they will care less about volatility shocks, particularly  if volatility 
shocks are not perceived to persist very long (low pa,) and that volatility will return 
to a low average level cXr. In addition, investm ent and ou tpu t responses sw itch 
sign and become negative. In this case, debt does not fall as much in response to a 
volatility shock and net exports rise to finance the deleveraging, which is achieved 
through a reduction in domestic absorption (consum ption and investment falling) 
m ore than  a significant increase in labour hours w orked and output. Results are 
robust to lowering the prior for stochastic volatility -  GIRFs are alm ost identical 
with ever so modestly amplified results. The reason behind the slight amplification 
of GIRFs is that the only param eter to have changed is ar, w hich is now slightly 
higher indicating that volatility is slightly higher on average so households will 
w ant to pay m ore attention to debt reduction following a volatility shock as they 
live in a slightly more uncertain environment on average with respect to the country 
spread they may face. Combining low priors for stochastic volatility with low priors 
for persistence of levels and volatility, the second set of priors tend to dam pen the 
GIRFs to m agnitudes between the benchmark case and the case with low priors for 
persistence.

With the GIRFs in figures C.17 and C.18, responses are dam pened for both the 
post-Septem ber 2008 and pre-Septem ber 2008 subsam ples and the responses are 
qualitatively identical, though slightly stronger in the post-Septem ber 2008 case; 
the am plification effects from higher average volatility and stochastic volatility 
dom inates the opposite effect from lower volatility persistence. Relative to the 
benchm ark case, the m ain qualitative differences are that investm ent and ou tpu t 
both fall following a risk shock. Posterior m edians of volatility persistence for 
LP and TLP in the post-Septem ber 2008 sam ple are 0.47 and 0.49, respectively, 
which com pare to about 0.89 for T  in post-Septem ber 2008 and 0.87 for post- 
September 2008. Lower priors for the persistence of levels and volatility ('Low Prior 
Persistence' or 'LP') dam pen GIRFs for both post- and pre-September 2008 samples. 
Similarly, lower volatility persistence is responsible for combinations ('Low Priors' 
or 'TLP') of lower priors for persistence w ith lower priors for stochastic volatility 
also dam pening GIRFs for both subsamples. For both subsamples, lower priors for 
stochastic volatility ('Low Prior Stoch Vol' or 'T') result in virtually identical GIRFs 
as those from pre- and post-Septem ber 2008 sam ples w ith no loosening of priors, 
which is a function of the robustness of posterior m edians from the subsam ples to
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loosening the prior for stochastic volatility.
Interestingly, non-linearity becom es evident w hen exploring the role of the 

global financial crisis. It is not immediately obvious to see the influence of the global 
financial crisis on the results. For instance, Ireland displays dam pened responses 
for both pre- and post-Septem ber 2008 subsam ples, relative to its benchm ark, 
w hich m ight seem odd at first glance since the overall sam ple displays stronger 
responses than either subsam ple. However, on further reflection, w hat drives 
the calm responses pre-Septem ber 2008 in euro area peripheral countries such 
as Ireland is lower average country  spread volatility (—9.01 and —7.71 before 
and after 2008.08, respectively relative to —7.94 for the com plete sam ple period); 
nevertheless, the pre-September 2008 sample displays strong persistence of country 
spread volatility w ith  per, =  0.99. Lower persistence of country spread volatility 
(f>a, =  0.87) dampens responses post-September 2008 (people will then be less keen 
on paying back debt since times of high volatility are not expected to last long); but, 
the post-Septem ber 2008 sam ple displays strong average country spread volatility. 
While individually the pre- and post-September 2008 samples may be characterised 
by dam pened responses, the overall sample displays amplified responses relative to 
both of these subsamples since the combination of volatility persistence and average 
volatility is raised by the pre- and post-Septem ber 2008 tim e period, respectively. 
Non-linearity is inherent in the fact that the linear combination of both param eters 
arising from the influence of both time periods produces a strictly concave result.^'’

Sum m arising, posterior m edians are som ew hat robust in m ost cases to prior 
selection. However, in some cases GIRFs tend to depend on the selection of priors 
as well as the sam ple analysed. A m ore distressing result is that the GIRFs are 
dam pened  for pre-Septem ber 2008 and post-Septem ber 2008 sam ples relative to 
the overall sample. This m ay suggest that the stochastic volatility m odel m ay be 
insufficient to account for significant regim e changes and points tow ards a more 
sophisticated model such as a time-varying param eter model.

^®Let X  =  Pa,, y “  C r  and Upre be the fraction of tim e pre-Septem ber 2008 (so 1 — Upre is fraction  
o f tim e post-Septem ber 2008). A bstract from  other param eters and in fluences, so  su pp ressin g  
these, GIRFs are given by f { x , y , . . .) =  f { x , y ) .  Then a p r ,./(x i,y i)  +  (1 -  ‘̂ pre}f{x2 ,}/2 ) < f  {c<-preX\ +  
(1 — a.prc)x2 ,iX-prey\ +  (1 ~  i^prejyi),  w here the subscripts d en ote  the param eters estim ated pre- and  
post-Septem ber 2008, respectively.
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4.5.2.9 Conservative M odeling Choices -  Lower Bound on Volatility Effects

Before concluding this section, it is im portant to stress that many assumptions 
made represent a conservative modelling strategy in terms of yielding lower 
bounds for the effect of volatility, though not explicitly quantified in a 'Manski' 
sense. Firstly, the model does not investigate the real option effects of risk, e.g. 
irreversibilities (Bloom, 2009). Even though technically difficult to incorporate these 
effects into this model due to the non-differentiability of threshold decision rules 
arising from real option economies posing problems for the perturbation approach, 
these effects would serve to amplify the impact of shocks to volatility on investment. 
So, my results may be a lower bound on the implications of time-varying risk.^’ One 
method towards progressing in this direction may involve modelling irreversible 
investment as a constraint on investment and following a linear solution method 
considering two regimes. Precautionary saving would be reproduced even from 
a linear solution as in Guerrieri and lacoviello (Forthcoming), but the problem of 
analysing risk shocks would be complicated by the fact that volatility would not 
appear in the first order decision rules. It may be possible to solve parts of the 
model following this linear method and identify a smaller section of the model 
that would be solved using third-order approximations such as in Lombardo and 
Sutherland (2007) or Devereux and Sutherland (2011); alternatively, other analytic 
solutions for solving portfolio models with volatility shocks could be explored such 
as Walsh (2014) or as in work of Oliver de Groot, for instance de Groot (2015). This 
remains a task for future research. Secondly, it is also the case that the effects of 
volatility, if anything, are amplified in the presence of working capital constraints, 
where firms must borrow internationally to fund the wage bill before output is 
produced, as explained in section 4.5.2.1 and appendix C.4.2.^^ Finally, choosing

Real-option effects o f volatility shocks are explored for the U S in Bloom  et al. (2012). O ne open  
question pertains to investigating the interaction betw een higher-order terms and real-option effects.

^^Additionally, o n e  m ay consider alternative preferences to illustrate the conservative  choices  
m ade in this chapter In their w orking paper, Fernandez-V illaverde et al. sh ow ed  that em p loy in g  
G H H  preferences (G reenw ood et al., 1988) and U zaw a preferences (U zaw a, 1968; M en doza , 1991) 
strengthened the quantitative effects o f volatility  shocks. Intuitively, w ith  G H H  preferences labour  
su p p ly  o n ly  d ep en d s o n  the w age  so  it d o es not respond directly  to the interest rate level or its 
volatility; hence, consu m ption  adjusts m ore to the shock  than labour. The in tu ition  behind  the 
d yn am ics o f the m odel w ith  U zaw a preferences is as fo llow s. C on su m p tion  dec lin es u p on  im pact 
fo llo w in g  a vo latility  shock d u e  to precautionary behaviour, w h ich  raises the d isco u n t factor. A s 
consu m ption  recovers and labour falls, the d iscoun t factor reverts back and p eo p le  reduce their 
hold ings of physical capital. So, investm ent falls less upon  im pact and falls m ore later Sum m arising, 
consu m ption  falls m ore on  im pact and investm ent falls m ore steep ly  later (the orig inal drop in
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governm ent rates as opposed to corporate rates may be seen as a conservative 
choice due  to the fact that corporate rates experience m ore volatility and so the 
responses in this thesis would be magnified.

4.6 Comparison with 'Risk Matters'

In this section, I compare m y results w ith those found in FGRU and BP14 for the 
case of Argentina, Brazil, Ecuador and Venezuela. For some experiments, I choose 
A rgentina due  to the non-availability of replication code for other countries in 
FGRU and as it is the m ain sam ple case for BP14. A rgentina is the m ost volatile 
country in all three studies. I also carry out a subset of these experim ents for 
Ireland in order to com pare the results from  this chapter w ith  those that w ould 
obtain using the com putational m ethods of FGRU and BP14.

I use the following abbreviations to describe different versions of each exper
iment: (i) FGRU: benchm ark results of FGRU, i.e. FGRU data  set, calibration 
and m ethod -  occasionally 1 also use TA (correcting for time aggregation as in BP14) 
and TA+NX (correcting for both time aggregation ami com putation of net exports 
as in BP14); (ii) BP14; benchm ark results of BP14, i.e. FGRU data set and BP14 
calibration and method -  BP 14 uses the same data set as FGRU; (iii) MC: data set and 
calibration of this thesis w ith  m ethod of BP14; (iv) BPS: FGRU data  set ('Short'), 
recalibrated using moment matching through the model of this thesis and then run 
on the m odel of BP14; (v) BPL: data set of this thesis ('Long'), recalibrated using 
m om ent m atching through the model of BP14 and then run  on the model of BP14; 
(vi) MCFGRU: FGRU calibration run on model of this thesis; (vii) MCBP14: BP14 
calibration run  on m odel of this thesis; (viii) MCI: FGRU data  set, recalibrated 
using m om ent m atching through  the m odel of this thesis and  then run  on the 
m odel of this thesis; and (ix) MCII: benchm ark results of this thesis, i.e. data set, 
calibration and model of this thesis.

Regarding the rationale behind the experim ents, FGRU, BP14 and MCII are 
included as respective benchmarks for comparison purposes; MC shows differences 
purely  betw een the m odel of BP14 and this thesis; BPS ascertains differences

investment is smaller). Lower investment will reduce the marginal productivity of labour, which will 
induce lower labour supply and lower output. Debt will decline less than in the benchmark model 
as output is lower in the model w ith Uzawa preferences. Consequentially, closing the small open  
econom y m odel, i.e. inducing stationarity in the m odel from otherwise unit root dynam ics, with  
an adjustment cost of debt <t>p as in the benchmark m odel is a conservative m odelling choice with 
respect to reducing the effects of volatility.
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between the caHbration from my model that would obtain if the samples were 
identical (shorter, i.e. using FGRU data set) run on the model of BP14; BPL 
illustrates differences from using the data (longer) and calibration from my thesis 
on the model of BP14; MCFGRU outlines differences using my model that would 
arise from using FGRU calibration, while MCBP14 identifies similar differences 
using my model that would arise from using BP14 calibration; and finally, MCI 
highlights differences from using the FGRU data set (shorter) recalibrated on my 
model through moment matching and run on my model. All experiments are 
carried out for Argentina, Brazil, Ecuador and Venezuela, countries that formed 
the entire sample coverage for both FGRU and BP14. I run experiments for Ireland 
for MC, BPL and MCII only (longer data exercises using the data set on Ireland 
from this thesis). I focus on the benchmark Ml version of the model in each case, 
i.e. not allowing for correlation between level and volatility shocks.

4.6.1 Calibration and Moments

I report the calibrations in table C.6. Other than for Venezuela, moving towards 
MCII from FGRU/TA/NX tends to yield estimates of <t>o that are more in line with 
the lower, conventional values in the literature. The values for steady state debt are 
also a reflection of the difference in the sample periods, as can particularly be seen 
in the case of Venezuela with steady debt turning negative, indicating negative 
net foreign debt, with households holding more foreign debt assets than liabilities. 
Volatility of the technology process is between two and three decimal places, while 
capital adjustment costs tend to be lower in the calibration for longer samples such 
as MC, BPL and MCII.

Targeted moments can be found in table C.7, while untargeted moments are 
the subject of table C.8. Moments are computed over 96 periods and averaged over 
either 200 or 3,000 replications, the former for FGRU/TA/TA+NX, BP14, MC, BPS 
and BPL experiments and latter for MCFGRU, MCBP14, MCI and MCII experiments. 
BP14 match the targeted moments from the data remarkably well partly due to 
implementing a hill-climbing procedure using Chris Sims' csminwel solver in 
MATLAB. As in BP14, the main MCII experiment tends to predict procyclical net 
exports and ratios of net exports to output, other than acyclicality for Ireland and 
the volatility of net exports to output is overpredicted for Argentina, Brazil and 
Ireland; however, this latter moment undershoots the empirical counterpart for 
Ecuador and Venezuela.
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4.6.2 Variance Decompositions

In order to ascertain the relative im portance of different shocks w'ith respect to 
the business cycle, tables C.9-C.13 decom pose the contribution of various shocks 
to the volatility of ou tput, consum ption and investment. The following cases are 
considered: (i) all shocks; (ii) TFP only; (iii) TFP and level; (iv) TFP and
volatility; (v) level only; (vi) level and volatility; and (vii) volatility only. Volatility 
from the original FGRU paper is included in the right-m ost colum n for short-data 
samples, FGRU-TA, BP14, BPS, MCFGRU, MCBP14 and MCI. One im portant lesson 
that em erges is how volatility shocks contribute non-negligibly to the variance of 
the data, especially for consum ption volatility and investm ent volatility. Clearly, 
keeping only volatility shocks sw itched on, the m agnitudes of the volatilities for 
output, consum ption and investm ent are small since these are third-order effects. 
However, at least for consum ption and investment, sizable volatility is evident.

4.6.3 Steady States, Ergodic Means in the Absence of Shocks and Er- 
godic Means

Tables C.14-C.18 contain deterministic steady states, ergodic means in the absence 
of shocks (EMAS) and the theoretical ergodic m eans based on the third-order 
p runed  state space of A ndreasen et al. (2013). D, N X / Y  and CA  are reported in 
levels, while all other variables are reported in logs. The m odel results here are at 
m onthly frequency. These tables imply that at the ergodic m ean for Argentina

2.09/(12 X exp 1.0564) a; 0.0606 TA+NX

4.251/(12 X exp 1.1055) 0.1173 BP14

5.967/(12 X exp 1.1899) ss 0.1513 MC

4.015/(12 X exp 1.0854) ft; 0.1130 BPS

3.04/(12 X exp 1.1914) ft 0.0769 BPL

2.09/(12 X exp 1.0564) ft 0.0605 MCFGRU

4.251/(12 X exp 1.1055) ft 0.1173 MCBP14

4.011/(12 X exp 1.0854) ft 0.1129 MCI

5.967/(12 X exp 1.1899) ft 0.1513 MCII
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for Brazil

D/y,a nnual

for Ecuador

^annual —

2.6510/(12 X exp 1.2788) 0.0615 TA+NX

0.5461/(12 X exp 1.2812) 0.0126 BP14

2.9212/ (12 X exp 1.3234) 0.0648 MC

0.6969/(12 X exp 1.2850) 0.0161 BPS

-2 .9362/(12  X exp 1.3234) % -0.0651 BPL

2.6510/(12 X exp 1.2788) 5̂; 0.0615 MCFGRU

0.5461/(12 X exp 1.2812) ss 0.0126 MCBP14

0.6968/(12 X exp 1.2850) 0.0161 MCI

2.9212/(12 X exp 1.3234) ss 0.0648 MCII

12.0716/(12 X exp 1.1997) 0.3031 TA+NX

13.6064/(12 X exp 1.2106) 0.3379 BP14

-0 .3263/(12  X exp 1.2110) % -0.0081 MC

12.5617/(12 X exp 1.2069) 0.3131 BPS

-1 .4214/(12  X exp 1.2122) -0.0352 BPL

12.0716/(12 X exp 1.1997) 0.3031 MCFGRU

13.6064/(12 X exp 1.2106) «  0.3379 MCBP14

12.5568/(12 X exp 1.2069) 0.3130 MCI

-0 .3263 /(12  X exp 1.2110) ^  -0.0081 MCII
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for Venezuela

a n n u a l  —  *

21.4452/(12 X exp 1.2805) «  0.4966 TA+NX

21.4615/(12 X exp 1.2950) «  0.4899 BP14

-3 0 .1 3 9 8 /(1 2  X exp 1.2844) % -0 .6953 MC

20.8323/(12 X exp 1.2946) ss 0.4757 BPS

-3 0 .9 3 2 8 /(1 2  X exp 1.2870) % -0 .7 1 1 7 BPL

21.4452/(12 X exp 1.2805) 0.4966 MCFGRU

21.4615/(12 X exp 1.2950) 0.4899 MCBP14

20.8319/(12 X exp 1.2946) % 0.4757 MCI

-3 0 .1 3 9 8 /(1 2  X exp 1.2844) Ri -0 .6953 MCII

and for Ireland

129.8538/(12 x exp 1.4079) rs 2.6474 MC

D/Ya,„u,ai =  132.4440/(12 x exp 1.4091) 2.6972 BPL

[ 129.8538/(12 x exp 1.4079) rs 2.6474 MCII

While for Ireland and Venezuela, there is no evidence of substantial differences
between values of variables at steady state, EMAS and the ergodic mean, there are 
clear variations for the different concepts of m any variables w ith in  the m ultiple 
experiments for Argentina, Brazil and Ecuador. These differences serve to highlight 
the strong nonlinearities inherent in the model from the third-order approximation 
in the perturbation solution mechanism that is responsible for pushing the EMAS 

and ergodic m ean away both from the steady state and from each other. It is not 
necessarily the case that non-linearities are not present in for Ireland and Venezuela, 

but rather that higher order terms tend to offset one another in these two samples.
Looking at the dynam ics of the net international investment position, the more 

general net foreign assets (as a ratio of GDP) accum ulation equation is

bf -  b t - i  =  bgstt  -h - - af- i  +  e,
1 -h 1 e,

w here bt is the net international investm ent position to GDP ratio, bgstt  is the 
trade balance with goods, services and transfers, gi is the growth rate of real GDP, 
a is the stock of gross external assets, r f  and rf are the returns on assets and 

liabilities, respectively and et includes the ratio of capital transfers and errors and
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omissions to GDP. Gross positions matter for dynamics of external positions as has 
been shown in the international finance literature, bu t when the rates of return  on 
assets and liabilities are equated, gross positions are no longer an influence and 
we retrieve the familiar debt accum ulation equation. BP14 report the figures given 
by Reinhart and Rogoff (2009) for the ratio of external debt liabilities to GDP, where 
external debt liabilities are often denoted 'gross external debt'. A nnual data was 
taken from the External Wealth of Nations dataset of Lane and Milesi-Ferretti (2007) 
on external debt liabilities and GDP in US dollars. Looking at the sam ple periods 
taken from the technical appendix of FGRU, the average ratios for foreign debt 
liabilities to GDP were 64%, 327o, 70% and 48% for Argentina, Brazil, Ecuador and 
Venezuela, respectively, w here these averages were taken over the corresponding 
time periods reported by FGRU; the average debt liability to GDP ratio of 64% is 
consistent w ith the figure taken from Reinhart and Rogoff (2009) m entioned in 
BP14 of 'abou t 65%'. However, since the m odel allows for net foreign debt w ith  
negative figures indicating countries have external debt positions w here assets 
exceed their liabilities, another m easure that may be considered is the ratio of net 
external debt to GDP w here we positive values indicate that external debt assets 
exceed external debt liabilities. In this case, the averages for the FGRU sam ple 
become 23%, 26%, 55% and 5% for A rgentina, Brazil, Ecuador and Venezuela, 
respectively. BP14 predict figures of 12%, 1%, 34% and 49%, while the model in this 
thesis recalibrated according to the FGRU sam ple (MCI) predicts corresponding 
figures of 11%, 2%, 31% and 48%.

Extending the sam ples to the periods covered by this thesis, average external 
debt liabilities to GDP are about 55%, 26%, 50% and 26% for A rgentina, Brazil, 
Ecuador and Venezuela, respectively, while corresponding averages of net external 
debt to GDP are about 13%, 20%, 31% and —23%.’'̂  The m odel em ployed in this 
chapter using the longer data  set (MCII) predicts figures of 15%, 6%, —1% and 
—70%. For Ireland, the first m easure of average external debt liabilities to GDP is 
593%, while the second m easure of average net external debt to GDP is —194%; the

^^The current version of the EWN database extends from 1970 to 2011. Data for 2012 for Argentina, 
Brazil and Venezuela was omitted from these calculations, but investigations of running means both 
from 1970 and from the respective start dates in this thesis revealed that these averages displayed a 
degree of volatility, but tended to trend gradually. The figures are therefore suggestive but in line 
with the results for the shorter sample, the central message remains that the model would need to be 
enhanced to fully capture some of the salient facts of international financial data.
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benchm ark model in this thesis (MCII) yields a figure of 265%. '̂*

4.6.4 Second Moments of Long versus Short Simulations

One experiment conducted by BP14 concerned comparing moments from short and 
long simulations, where short simulations were defined as 10,000 simulations with 
96 periods each and long simulations were defined as one sim ulation with 960,000 
periods. For the short sim ulation, the volatility over 96 periods was calculated 
and its average was taken over repeating this process 10,000 times. For the long 
simulation, volatility was computed once over 960,000 periods. Tables C.19- C.23 in 
appendix C.5.3 provide the second moments obtained from these simulations, along 
with empirical moments from HP-filtered data. Moments appear to differ between 
short and long simulations, potentially indicating that simulations have yet to come 
from  ergodic distributions, so potentially including a burn-in  m ay be necessary. 
However, including burn-ins did not significantly affect the com putation of the 
'sh o rt' sam ple m om ents. Short sam ple m om ents displayed very little difference 
w hen  averages were taken over m ore than 3,000 replications and burn-in  m ade 
very little difference; furtherm ore, increasing the num ber of periods over which 
to calculate the m om ents each replication and increasing the overall num ber of 
replications significantly increased the run-time for the m oment matching exercise, 
which motivated the sim ulation decisions m ade in this thesis.

4.6.5 Impulse Response Functions

Figures C.19-C.27 in appendix C.5.4 plot the IRFs and GIRFs for the various 
experiments. IRFs are reported for experim ents run on the model of BP14, i.e. for 
FGRU/TA /N X, BP14, MC, BPS and BPL; and GIRFs are reported for experiments 
ru n  on the m odel of this thesis, i.e. for MCFGRU, MCBP14, MCI and MCII. For 
Argentina, the calibration of BP14 tends to produce the strongest results, both when 
applied to the BP14 model and that of this thesis (MCBP14). The calibration in this 
thesis tends to produce weaker results w hen applied to the BP14 model (MC) and 
the m ethod employed in this thesis (MCII). The calibration from FGRU with correct 
aggregation and com putation of net exports (TA-i-NX) produced  weaker results

■̂̂ Irish GDP exceeds GNP significantly due to transfer pricing and the large profits of foreign 
owned firms in Ireland and the percentages would be larger in absolute magnitude were debt to be 
scaled by Irish GNP rather than by Irish GDP. However, for consistency purposes with the model 
and the other countries, debt is scaled by GDP for Ireland.
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when applied within the TA+NX model and the model of this thesis (MCFGRU). 
Using the BP14 model to calibrate parameters with respect to moments obtained 
from the longer data set of this thesis (BPL), we obtain practically identical results as 
those from the calibration of this thesis applied to the BP14 model (MC) indicating 
that the longer data span in this thesis may be responsible for differences between 
results from BP14 and this thesis. Calibrating the parameters using the method of 
this thesis on the shorter data set produced results of an intermediate magnitude 
when the subsequent calibration was fed into the model of BP14 (BPS). This 
confirms that the results from this thesis are not only due to the difference in the 
data span covered, but also the differences in the method employed in estimating 
the DSGE model. Ecuador displays a roughly similar ordering of experiments 
according to the magnitude of their GIRFs, while for Brazil, this ordering is reversed. 
Ordering is reversed for Venezuela but somewhat distorted, while there is no clear 
ordering for Ireland that holds across GIRFs for variables.

Finally, figures C.19-C.36 in appendix C.5.4 illustrate the impact of volatility 
shocks on the evolution of debt, current accounts and net exports, indicating that 
volatility has notable implications for movements in variables like the current 
account and net exports in many samples. This experiment also serves to quantify 
the mechanism by which debt changes following a volatility shock.

As mentioned in 4.5.1.1 for the case of Ireland, volatility can potentially be a siz
able factor explaining movements in current accounts and net exports. Figures C.19- 
C.36 graph the evolution of the debt-to-quarterly-GDP ratio as a percentage of 
quarterly output, along with the current account to GDP ratio and the net exports 
to GDP ratio where the last two ratios are expressed in absolute deviation from 
their ergodic means; normalising these last two ratios by output lets us interpret 
them as being in output units. Output, net exports and the current account are flow 
variables, while debt is a stock. To transform from monthly frequency when not 
expressing these variables in percentage deviations, we first average debt over three 
months and sum the other variables. Multiplying the resulting, corresponding 
ratios by 100 and subtracting 100 times the ergodic means will produce absolute 
deviations as desired.^'’ The red dotted lines in figures C.19-C.36 represent the 
ergodic mean of D /  Y in the first row, the zero line (also corresponds to the ergodic 
mean for C A / Y  since it is always zero) in the second row and the zero line in

^^The ergodic means for output, current account and debt will be multiplied by three, though this 
will cancel when expressing the current account and net exports as a fraction of output.
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the th ird  row. The ergodic m eans for D /Y  and N X / Y  are not necessarily zero 
and in m any cases it is less clear to visualise responses w hen the ergodic m eans 
are plotted, so they are om itted, especially for the second sets of graphs for each 
country. Responses are non-m onotonic and tim e until peak or trough for debt 
to ou tput, current account and net exports vary across sam ples as do the signs 
and m agnitudes of the generalised im pulse responses. In addition to hinting that 
volatility may be im portant in determ ining movements in current accounts and net 
exports in some countries like Argentina, Brazil, Ecuador, Ireland and Venezuela, 
these figures serve to illustrate and quantify the debt reduction mechanism.

4.7 Conclusion

This chapter exam ined the relation between interest rate volatility and m acroeco
nomic dynamics in detail for the case of Ireland. The study  ultim ately found that 
risk shocks have a non-negligible effect on the dynam ics of m acroeconom ic vari
ables for Ireland. Many robustness checks were conducted and various extensions 
were explored. For instance, extensions provided  evidence on the im portance of 
third-order approxim ations for GIRFs to shocks to Irish country spread volatility, 
of add ing  w orking capital to the baseline m odel, of investigating the im pact of 
factors such as the m agnitude and sign of the international financial debt position, 
structural param eters and prior selection and of conducing subsam ple analyses. 
These results are a lower bound on the effects of volatility, as the paper investigated 
a precautionary  behaviour channel w ith conservative m odelling choices to bias 
against finding stronger effects of volatility on macroeconomic dynamics.

As a final investigation, I com pared the results from using the m ethodolog
ical advances carried out th rough this thesis w ith  results from  FGRU and BP14 
for A rgentina, Brazil, Ecuador, Ireland and Venezuela. In add ition  to observed 
differences in ergodic m eans for variables, in sim ulated m om ents and in GIRFs, 
I also highlighted the im portance of country  spread volatility in contributing to 
the dynam ics of variables such as debt as a percentage of quarterly  GDP and the 
absolute deviations of the ratios of the current account to GDP and of net exports to 
GDP in output units. The sim ple RBC model augm ented w ith stochastic volatility 
for risk shocks still has a hard time m atching data for em erging countries as well 
as for euro  area countries. Indeed, avenues to im prove the m odel's ability to fit 
the data  involve tasks that are left for fu ture research. Nevertheless, this chapter 
highlights elem ents of this line of research in a deeper m anner that may provide
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guidelines for further research.
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This thesis explores the relation between financial volatility and macroeco
nomic dynamics and lies within the field of computational international financial 
macroeconomics. Specifically, the three essays examine the relationship between 
the volatility of real interest rates at which countries borrow internationally and 
the dynamics of macroeconomic variables such as output, consumption and invest
ment. The first essay produces empirical correlations, parametric estimates and a 
series for smoothed country spread volatility, while the second essay explores a 
causal mechanism to explain these facts within a quantitative dynamic stochastic 
general equilibrium framework. The third essay focuses in depth on one specific 
country. So, the three essays are all linked through the empirical results derived 
from the first essay and the theme of interest rate volatility and its relation with 
macroeconomic performance.

Until relatively recently, macroeconomists paid little attention to the impact 
of financial risk on macroeconomic performance. Both the failure to realise the 
empirical significance of time-varying financial volatility for macroeconomics and 
the lack of the appropriate theory, sophisticated statistical techniques and computa
tional power contributed to this phenomenon. In light of the Great Recession and 
European sovereign debt crisis, documenting evidence on sovereign interest rate 
volatility and the macroeconomy for euro area economies in addition to emerging 
markets has increased in importance since academics and policymakers strive 
to understand relations integrating international finance and the performance of 
macroeconomies. In chapter 2, I establish empirical facts on interest rate volatility. 
In contrast to similar, previous studies, I extend analysis from four Latin American 
economies before the global financial crisis to a broad range of 27 emerging mar
kets and euro area economies, using monthly data covering the period from the 
early 1990s until February 2013, so I can include the global financial crisis and the 
subsequent sovereign debt crisis in Europe.

The findings indicate that country interest rate volatility is stronger than we 
may have anticipated for euro area economies, as well as for emerging markets. 
Specifically, standard deviations of innovations to country spreads are large and 
there is substantial presence of stochastic volatility of country spreads. Additionally, 
country spread levels and country spread volatility are persistent. Combining these 
two facts, country spread volatility is significant and relatively long lasting, so 
countries may be more concerned about the non-trivial level and duration of 
country spread volatility. Consequentially, we would anticipate feeding parametric 
estimates into a DSGE model may produce non-trivial generalised impulse response
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functions. A related finding to the first two results is that corresponding parameters 
for the real international risk-free rates are smaller in magnitude.

Results are fairly robust to subsample analysis, in particular to the global 
financial crisis after September 2008 and results also tend to be robust to alternative 
selection of Bayesian priors for the parameters underlying the stochastic volatility 
processes. While results are subject to some heterogeneity, we witness mostly 
tightly concentrated posteriors from the 95% posterior probability sets.

Concerning empirical relations between country spread volatility and the busi
ness cycle, contemporaneous correlations and plots of country spread volatility 
against deviations of variables such as output, consumption and investment from 
their trends reveal negative correlation. Therefore, volatility is countercyclical with 
times of high interest rate volatility being associated with times of weak macroe
conomic performance in terms of output, consumption and investment. Finally, 
plots and estimates demonstrate that country spread levels and their volatility 
are highly positively correlated. I estimate a more elaborate model allowing for 
correlation between innovations to the level and volatility of country spreads. The 
median values of the posterior of the parameters common to the more sophisticated 
model and the benchmark model are very similar and so the baseline model with 
no correlation is taken as the benchmark model in order to avoid complicating 
interpretations.

Arising from the econometric exercises conducted in chapter 2, my posterior 
estimates and findings of countercyclical volatility and a high positive correlation 
between country spread levels and their volatility across emerging markets and 
euro area economies are arguably germane both for theoretical macroeconomic 
models and policy analysis. Papers integrating stochastic volatility in the shock 
processes within dynamic stochastic general equilibrium models are increasingly 
popular. As the literature develops, studies such as this thesis will be reporting 
parameter estimates for different economies, in turn informing macroeconomic 
theorists with respect to their assumptions and calibrations. Furthermore, with 
results from chapters 3 and 4 in this thesis being suggestive of an impact of 
volatility on macroeconomic fluctuations, it may be appropriate for policy makers 
to consider volatility when designing and conducting economic policy; and towards 
this purpose, the empirical facts established in chapter 2 provide helpful, suggestive 
information from documenting time-varying interest rate volatility.

A minor caveat to mention is the choice of sequential Monte Carlo method 
used within the estimation procedure for the stochastic volatility model. Originally
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developed by Gordon et al. (1993), the bootstrap particle filter employed in this thesis 
suffers from the 'blindness' problem leading to sample impoverishment. While 
this 'blindness' problem was solved by conditionally optimal filters such as the 
auxiliary particle filter by Pitt and Shephard (1999), efficient importance sampling 
(EIS) filters obtain unconditional optimality through continuous approximations. 
Moreover, dramatic gains in efficiency were demonstrated by Dejong et al. (2013), 
for instance a reduction of the numerical standard error in one case from 19.023 
(bootstrap particle filter) to 0.000051 (EIS filter) for an RBC model (2013, p. 26). 
Nevertheless, the bootstrap particle filter is used here for comparison purposes 
since one of the main goals of this thesis is to extend the results from four countries 
to 27 countries.

More significantly, the stochastic volatility model has a hard time accounting 
for breaks between calm times and crises since parameters for the stochastic 
volatility model are constant and the model is continuous. Regime switching 
models may be a worthwhile alternative to the stochastic volatility model. While the 
stochastic volatility model anticipates jumps, it tends to overestimate the persistence 
param eters when there are clear structural breaks in the data (Diebold, 1986). A 
mixture model accounting for both continuous and discrete elements would require 
the use of higher frequency data on interest rates and price indices, though would 
be one avenue for future research. Indeed, in chapter 4, the nonlinear, 'concave' 
result that the GIRFs for the entire sample typically are more pronounced for the 
GIRF of either subsample (pre-crisis or crisis period) indicates that the stochastic 
volatility model may be insufficient to capture some of the salient features in the 
data. A more promising solution may involve applying a more sophisticated time- 
varying parameter model for interest rate data, which would account for a myriad 
of structural breaks that appear evident from the data and from the DSGE GIRF 
graphs of chapter 4. The application of a more elaborate time-varying parameter 
model is a task that is left for future research.

As mentioned, chapter 3 utilises the parametric estimates for the stochastic 
volatility processes for country spreads and the real international risk-free rates 
obtained in chapter 2. Feeding these estimates into a dynamic stochastic general 
equilibrium model, chapter 3 analyses the channel of precautionary behaviour, 
providing a transmission mechanism from financial volatility to the real economy 
and exploring a causal link behind the empirical facts found in the first essay. 
To date, there have been few studies on the link between interest rate volatility 
and macroeconomics and to the best of my knowledge, there have been none
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including a significant coverage of countries. In order to render the study feasible 
time-wise, this thesis takes advantage of advances in high-performance computing 
including high-level interconnect parallelism through bash scripting nested within 
multiple batch submission simultaneously using SLURM scripting over clusters. I 
also incorporate improvements in solution and estimation techniques to avoid 
issues inherent with FRGU commented on by BP14 such as the pruning scheme 
by Andreasen et al. (2013), using the true ergodic mean of variables and generalised 
impulse response functions.

Moving away from homoscedasticity, higher volatility of sovereign debt markets 
is included in the model as a higher variance to the innovations to country spreads, 
which can capture the increased spread of distributions of future events. Precau
tionary savings behaviour where people act differently when anticipating that 
there may be uncertainty in the future by saving more is evident in the generalised 
impulse response functions in chapter 3. Certainty equivalence is avoided through 
incorporating a third-order approximation to decision rules of agents. For the wide 
sample of 26 emerging and euro area economies, we witness responses to risk 
shocks displaying varying degrees of magnitude, but in all cases macroeconomic 
variables respond to these risk shocks.

In some cases, output tends to rise following a risk shock, which contradicts 
the story of risk shocks having detrimental impacts upon the economy. Basu and 
Bundick (2012) show that a New Keynesian model is necessary for uncertainty 
shocks to generate recessions. The RBC model is suboptimal relative to other 
models. Furthermore, the fact that volatility is assumed to be purely exogenous 
may not only increase the size of the responses though omitting say a dampening 
effect from monetary policy's response through a Taylor Rule, but also through 
other endogenous mechanisms. While endogeneity would appear less important for 
many emerging markets since the literature points to global risk shocks appearing 
more important than domestic events such as political coups (though the evidence 
is less clear regarding justifying endogenous volatility rather than levels), regime 
uncertainty would seem to play an im portant role in the euro crisis along with 
the knowledge of auction market traders. So, moving towards a New Keynesian 
model and accounting for at least partial endogeneity are two lines that may be 
worth pursuing towards the aim of improving our understanding of risk shocks 
in emerging markets and peripheral euro area economies. It is often difficult to 
match small open economy models with the data and improving the model's ability 
to match the data, while simultaneously separately identifying the effects of risk
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shocks in isolation is a task left for future research.
While chapters 2 and 3 cover a w^ide sample, chapter 4 benefits from extra 

depth by narrowing in on one country, namely Ireland. Following the narrative 
introduction to the events surrounding Ireland's Celtic Tiger, the first few years 
of the euro area and the European sovereign debt crisis, I provide extra detail on 
the evolution of Irish sovereign spreads and their volatility along with relations 
between variables such as CBOE's VIX volatility index and Irish external debt. 
Within the context of the DSGE model from chapter 3, Ireland displays sizable 
responses to country spread level and country spread volatility shocks.

Extensions towards examining volatility from economic and computational 
perspectives are also the subject of chapter 4. Section 4.5 of chapter 4 explores 
additional extensions to the model of chapter 3 for the case of Ireland. Third 
order approximations are shown to be important for understanding the effects of 
risk shocks and risk is shown to be a potentially sizable factor in explaining the 
dynamics of debt as percentage of GDP and the absolute deviations of the ratios of 
the current account to GDP and of net exports to GDP with respect to their ergodic 
means. The model is shown to be fairly robust or at least conservative in its effects 
with respect to the inclusion of working capital. Furthermore, sensitivity analysis 
and further experiments dem onstrate a number of revealing facts. For instance, 
responses are magnified in the presence of higher debt levels, stronger risk aversion 
and larger risk shocks.

The final section of the chapter contributes to the literature on computational 
economics by comparing the results from my model with that of FGRU and BP14 
for the case of Argentina, Brazil, Ecuador and Venezuela, in addition to Ireland. 
Argentina, Brazil, Ecuador and Venezuela were the original four countries studied 
by FGRU and BP14. However, Argentina is a special case. Argentina is a sample that 
intersects with FGRU, BP14 and this thesis and code is available that benefits from 
having the same set of pseudo random numbers as in FGRU through knowing 
the seed to their random number generator for Argentina alone; furthermore, 
Argentina is the most volatile country in terms of country spread volatility in those 
studied within this thesis and by FGRU and BP14. One lesson that emerges from 
this section is the sensitivity to calibration, the sample studied and the method 
conducted.

Future research may involve extending the analysis to other countries or periods. 
Similar analysis within a New Keynesian model or adding further frictions to the 
existing model may help to match the empirical facts more closely, such as the
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delay in the response of debt to volatility shocks, incorporating a multi-sector open 
economy m odel as in Garci'a-Cicco et al. (2013) except allowing for heterogeneous 
labour m arket rigidity between sectors or incorporating time-varying volatility in 
other sectors of the economy simultaneously.

O ne caveat raised by BP14, also suggested earlier in Garcla-Cicco et a l  (2010) 
pertains to the observed empirical fact of countercyclical trade balance to ou tpu t 
ratios in emerging markets, which contrasts with the result from the real business 
cycle model considered in chapter 3 that trade balance to output ratios are procycli
cal. Moreover, the model tends to overpredict the volatility of net exports. Further 
research m ay be necessary such as the incorporation of perm anent productivity  
shocks such as in A guiar and G opinath (2007). Following along this line, it may 
be productive to explore the relation betw een volatility and grow th by m apping 
short-run fluctuations that movements in volatility create with long run impacts on 
an economy's growth via investment in research and development. Indeed, Aguiar 
and G opinath (2007) dem onstrate that changes in the productivity  grow th trend 
m ay be one driver of business cycle fluctuations. W hile ou tpu t volatility fell in 
the second half of the tw entieth century in advanced economies, ou tpu t volatil
ity tended to be fairly constant across em erging markets; however, tim e-varying 
country spread volatility is clearly evident from the countries studied in this thesis 
th roughout the 1990s, 2000s and early 2010s. A n alternative approach seeking to 
improve the perform ance of the m odel in term s of m atching the cyclicality of net 
exports w ould be to introduce further financial frictions such as in Garcla-Cicco 
et al. (2010).

One final caveat to this thesis is that volatility is treated as being exogenously 
determ ined. For emerging markets, swings in country spread levels and sovereign 
credit default swaps are determined largely by conditions exogenous to the dom es
tic economy (Uribe and Yue, 2006; Longstaff et al., 2011). Furthermore, the median 
correlation betw een the m easures of country spread volatility in this thesis and 
CBOE's VIX m easure is 0.36 w ith lower and upper quartiles of 0.25 and 0.69, re
spectively. However, endogenising volatility would be the next logical step. Clearly, 
one aspect of the data generating process underlying euro area economies through
out the global financial crisis and the European sovereign debt crisis was regime 
uncertainty, which may have lead to volatile swings in interest rates countries faced, 
especially in the euro area periphery. Avenues to explore endogenising volatility 
include the relation betw een firm s' project selection and volatility (lachan, 2011; 
Navarro, 2014), relating time-varying volatility to states of the economy for instance
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noting heightened world financial risk surrounding uncertain times, applying 
political economy mechanisms such as political credit cycles (Fernandez-Villaverde 
et ai, 2013) or incorporating political instability possibly with mechanisms from the 
literature on political economy and game theory and finally the relation between 
information volume and volatility (Ross, 1989; Andersen, 1996).'

Nonetheless, this thesis indicates that the precautionary savings channel appears 
to be a significant mechanism behind the distinctive size and dynamics of the 
business cycle. High performance computing, parallelisation and automation 
greatly aided the task of conducting many experiments over multiple countries in 
this thesis, which applied significant computational improvements with respect to 
earlier studies. Risk matters across a wide range of economies.

^FernSndez-Villaverde and Rubio-Rami'rez (Forthcoming) review different mechanisms in the 
literahire that have been proposed to generate the time-varying nature of volatility that we observe.
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A .l Data Coverage and VIX 

A.1.1 Country Interest Rate Coverage

EMBIP C ountry Period EA C ountry Period

A rgentina 1993.12-2013.02 Austria 1993.12-2013.02

Brazil 1994.04-2013.02 B elgium 1993.12-2013.02

Bulgaria 1994.08-2013.02 Finland 1996.01-2013.02

C olom bia 1999.05-2013.02 France 1993.12-2013.02

Ecuador 1995.02-2013.02 G erm anyR IN T 1997.12-2013.02

Indonesia 2006.10-2013.02 G reece 1998.08-2013.02

M exico 1993.12-2013.02 Ireland 1993.12-2013.02

Panam a 1996.07-2013.02 Italy 1993.12-2013.02

Peru 1997.03-2013.02 Malta 2008.02-2013.02

Philipp ines 1999.04-2013.02 N etherlands 1993.12-2013.02

Russia 1993.12-2013.02 Portugal 1997.04-2013.02

RINTEMBIP 1990.12-2013.02 Slovenia 2007.04-2013.02

South Africa 2002.04-2013.02 Spain 1993.12-2013.02

Turkey 1997.07-2013.02

Ukraine 2001.07-2013.02

V enezuela 1993.12-2013.02

Table A.l: EM BIP sample: yield difference o f jP  Morgan EMBI+ bond over a 3 month US T-Bill; 
loans are denominated in US dollars. EA sample: 3rd polynomial, constant m aturity, stored yield 
curves on 10 year governm ent bonds fo r  loans denominated in Euros. Available in frequencies 
from  daily downwards (monthly, quarterly, etc.). Source: Datastream. R IN TE M B IP  is the real 
international risk-free rate described in chapter 2.3 and appendix A .I .  Periods were chosen based 
on the availability o f bond yield data. For spreads (all are nominal) one could go back even further  
to 1990.09 (except fo r  Finland (1996.01), Greece (1998.08), M alta (2008.02), Portugal (1995.01) 
and Slovenia (2007.04)). G erm anyRIN T  is the real (inflation expectations adjusted) German 10 
year government benchmark bid yield -  it is the nominal version o f this (dating back to 1990.09) for  
which spreads are relative to, fo r  the EA sample. The HICP index converted to expected inflation 
dates from  1997.12.
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A.1.2 VIX
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Figure A.l: VIX  (Close) Index from 2004 to 2012. Units are in percentage points. Source: Central 
Bank o f England. Note spike in September 2008.

A .l  More on Data

The following exposition closely m irrors that of N eum eyer and Perri (2005). For 
EMBIP and EA sam ples, I decom pose the real interest rate at w hich countries 
borrow  internationally r\ into the sum  of the country  spread (difference betw een 
the nom inal yield on an EMBI+ or a sovereign bond and the nom inal yield on a 
com parable international risk free bond) and the real international risk free rate 

(yield on a com parable international risk free bond adjusted for expected 
inflation).

r\ =  country spread^ +

For the EMBIP sam ple, I use the EMBI+ stripped  spread, w hich is the spread  in 
basis points of the yield on a JP M organ EMBI+ bond over that on a 3-m onth US
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T-Bill (TB3MS). Data on the T-Bill was obtained from the St Louis FRED database. 
The spread I use for the EA sample is relative to the German 10 year sovereign 
bond yield.

To convert nominal interest rates into real ones, I subtract expected inflation 
from the nominal risk free rate; hence, I am looking at nominal spreads and real 
international risk free rates and summing both produces the real interest rate. Since 
the EMBI+ rate is on loans denominated in US dollars and the comparable risk free 
international interest rate -  the 3 month T-Bill -  is on loans denom inated also in 
US dollars, the relevant inflation rate for the EMBIP sample is US inflation. I use 
monthly, non-seasonally adjusted CPI figures for all urban consumers (all items) 
from St Louis FRED database (CPIAUCSL). As for the EA sample, with bonds for 
which loans are denominated in Euros, the appropriate rate is the HICP inflation 
rate. In particular, I use the evolving membership EA HICP monthly constant tax 
rate with an index of 100 in 2005 obtained from Eurostat. Inflation is calculated 
from

J h-12

and since inflation tends to follow a random walk in the US (Atkeson and Ohanian, 
2001; Stock and Watson, 2007) and in the euro area (Hofmann, 2009), I compute 
expected inflation as

E,{n,) =
1=0

3 Month T-Bill, -  E, ( )  US
So

IN T  I  ^  iv iu i i i i i  i - u i i i f  — i L f y / i f

10 year German bund, — £f(;r,^'^) EA

Popular in academic publications, the EMBI+ is an interest rate that proxies for 
the cost of international borrowing for emerging markets. See Neumeyer and Perri 
(2005) for a discussion on the EMBI+.'

National Income and Product Account (NIPA) data is available from the IMF's 
IFS database. Output is real GDP, consumption is private consumption expenditure 
and investment is the sum of gross fixed capital formation and changes in inven-

'EMBI+ tracks secondary market prices of actively traded emerging market bonds denominated 
in US dollars in units of percent per annum  (not seasonally adjusted), i.e. total returns for traded 
external debt instrum ents in emerging markets (external m eaning foreign currency denom inated 
fixed income). EMB1+ covers US dollar-denom inated Brady bonds, loans and Eurobonds with an 
outstanding face value of at least $500 million.
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tories. NIPA data is either in units of national (local) currency or sometimes in 
constant prices /  US dollars. Real values are obtained by dividing nominal ones by 
the GDP deflator or taking constant value series. Real variables are deseasonalised 
using the US Census Bureau's X-12 ARIMA program and then logarithms of the 
deseasonalised data are detrended using a HP filter. Data was transformed from 
quarterly (aggregate data) to monthly data, which was necessary since interest rates 
used were at a monthly frequency. I linearly interpolated the data and also checked 
transforming the data into monthly frequency through cubic spline interpolation. 
Initial investigations revealed that there was not much difference in the results 
between both transformations, so I linearly interpolated the data to convert from 
lower frequencies to monthly.

A.2.1 Data Plots

Figures in this subsection graph country spreads versus international risk-free rates 
for the EMBIP and EA samples. The Corralito crisis in Argentina is evident from 
the huge spread hitting over 70% in 2001. The real 10 year US T-Bill is low and 
negative for most of the 2000s, especially from 2007. Most country spreads within 
the EMBIP sample are larger than the the international risk-free rate and fluctuate 
more. Spreads within the EA sample are negligible from the introduction of the 
Euro until the crisis in late 2008. The peripheral euro area economies subsequently 
display higher spreads and fluctuate more than the international risk-free rate (real 
German 10 year Bund).
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A.3 Estimation and Smoothing Algorithms for Stochastic 
Volatility Model

Initial investigations revealed that the dem eaned interest rate series displayed 
leptokurtosis and asym m etry (right skewness). These features were evident from 
an inspection of histogram s and QQ-plots, w hich represent deviations from  the 
norm ality assum ption. Right skewness also was apparent from positive skewness 
statistics and leptokurtosis was clear from  kurtosis values in excess of 3. Jarque- 
Bera (JB) formal tests of deviations from normality were implemented and the null 
hypothesis of norm ality was rejected for each sam ple, w ith positive values of the 
JB statistics having associated p-values less than 0.001. Time varying volatility was 
detected graphically by plotting the square of these series. These stylised facts 
are com m on for unconditional distributions of financial returns. Time varying 
volatility and clustering volatility, which are features not only of the interest rates 
in the main paper but also more generally of financial time series, can be accounted 
for by stochastic volatility models, which partially explains w hy these m odels are 
w idely used in finance.^

Stochastic volatility models are popular in finance since they generate fat tailed 
behaviour relative to the N orm al distribution (kurtosis greater than 3) and they 
generate persistent, time-varying volatility. The time-varying nature of volatility is 
incorporated by the tim e subscript on (7/, i G { r , tb } ;  som etim es, cr, , is called the 
stochastic log-volatility process.

The fact that the stochastic volatility model models the logarithm of the volatility 
as (in this case) following an AR(1) process implies that we have both logs and levels, 
so we have a nonlinear m odel. I conduct likelihood inference on the param eter 
vector 9 -  (pr, par, o'r, tjr), which is finite dimensional, i.e. dim{9)  =  4 < oo (5 in the 
case of accounting for correlation between Ur,t and Ua^,), so the likelihood principle 
does not break down.

Regarding empirical implementation, the nonlinear aspect of the model requires 
more complicated m ethods, in order to adequately estimate the param eters of the 

process , i.e. ptb>Pr,Pa,t,,PcTr>( t̂b><^r, f]ib> ^r- In particular, it is challenging to evaluate 
the likelihood of the stochastic volatility m odel due  to the nonlinear interaction

^Graphs and tests for these initial investigations are not presented. The interested reader can 
follow the course notes presented at the Summer School on Bayesian Methods in Economics and 
Finance to get an idea on how these investigations were carried out: http ://venus .unive . it/r. 
casarin/BayesSchool2012.htm.
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between innovations to levels Urj) and volatilities iicrr,t)-

Early strategies to estim ate stochastic volatility m odels essentially acted 'as 
if' the m odel was G aussian, w hich it is not and used quasi m axim um  likelihood 
or GMM.^ The m odern  solution involves sim ulation. In particular, I em ploy a 
particle filter, which is a sequential M onte Carlo algorithm . In this case, I use the 
basic, bootstrap particle filter, m aking use of resam pling m ethods. The particle 
filter is general enough to allow estim ation of the likelihood for non-linear, non- 
G aussian models. In order to find the posterior m ode, w hich is proportional to 
the likelihood -  and this is calculated by the particle filter -  tim es the prior, I 
use the M etropolis-H astings algorithm , w hich is a M arkov Chain M onte Carlo 
(MCMC) m ethod. The particular flavour 1 use is the random -w alk version of the 
M etropolis-Hastings algorithm. So, I embed the particular sequential Monte Carlo 
m ethod (bootstrap particle filter) into the particular MCMC m ethod (random-walk 
M etropolis-H astings algorithm);^ the M etropolis-H astings algorithm  is the only 
known valid MCMC m ethod of which the Gibbs sam pler is a special case.

The sequential M onte Carlo m ethod, in term s of the bootstrap  particle filter 
employed in this thesis follows that dem onstrated in macroeconomics by Fernandez- 
Villaverde and Rubio-Ramirez (2004, 2005, 2007) and Fernandez-Villaverde et al. 

(2011), which was developed by Gordon et al. (1993).'’ Making use of the Chapman- 
K olm ogorov equation to predict one-step ahead and Bayes' Theorem  to update  
the conditional density  of states given the new  observation, the particle filter 
provides one estim ate of the likelihood, w hich can be m ultip lied  by our prior 
density  to form a p roduct that is proportional to the posterior density, by Bayes'

■^Other methods included extended Kalman filters and unscented Kalman filters.

^There are more efficient particle filters, e.g. Efficient Importance Sampling (EIS) filter of Dejong 
et  al . (2013). However, the bootstrap particle filter is a sufficient filtering method to achieve the aim of 
this paper, which is to extend the results from Ferndndez-Villaverde et  al. (2011).

^Sampling importance resampling (SIR) m ethods (Rubin, 1987, 1988; Gordon e t  a l ,  1993) over
com e the issue of degeneracy, but they are not numerically efficient -  they suffer from sample 
impoverishment; w hile Rubin (1987) proposed SIR, he had actually applied this technique earlier 
(1983), albeit in the context of small sample logistic regressions. This 'blindness' problem was solved 
by conditionally optimal filters such as the auxiliary particle filter by Pitt and Shephard (1999). 
Particle-based algorithms approximate distributions through discrete approximations, as opposed  
to the efficient importance sam pling (EIS) filter, w hich attains unconditional optimality through 
continuous approximations. Dramatic gains in efficiency were demonstrated by Dejong e t  al. (2013), 
for instance a reduction of the numerical standard error in one case from 19.023 (bootstrap particle 
filter) to 0.000051 (EIS filter) for an RBC model (2013, p. 26). N evertheless, the bootstrap particle 
filter is used here for comparison purposes since one of the main goals of this thesis is to extend the 
results from four countries to 27 countries.
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Theorem. For further details, including pseudo code, see the technical appendix  
to Fernandez-Villaverde et al. (2011).

I im plem ent a Markov Chain M onte Carlo (MCMC) algorithm , which is called 
the M etropolis-H astings algorithm  to generate draw s from the posterior.^ The 
particular flavour I use is the random -walk M etropolis-Hastings algorithm, i.e. the 
jum ping rule, or equivalently, the candidate generating density follows a random - 
walk. An alternative approach is the independent M etropolis-Hastings algorithm , 
which essentially is adaptive rejection sam pling and generates independent sam 
ples, rather than auto-correlated samples. Chib and Greenberg (1995) and An 
and Schorfheide (2007) detail how to sim ulate draw s from the posterior th rough 
employing a random -walk M etropolis-Hastings algorithm.

Fixed-interval sm oothing, which relates to the full set of sm oothed estim ators 
for a fixed span  of data is an offline technique, producing estim ates of the state 
CTr,t\T> f =  1/ • • • / T; hence, fixed-interval sm oothing is the m ost w idely used algo
rithm  for social and economic data. The particular form  of the sm oother used in 
this paper is a forw ard-filtering backw ard-sm oothing algorithm  by Godsill et al. 

(2004) and Fernandez-Villaverde and Rubio-Rami'rez (2007); see the latter paper for 
more details and im plem entation, in addition to Fernandez-Villaverde et al. (2011).

A.3.1 Sim ulation

After preparing the data and eliciting the priors, a first pass at locating the posterior 
m ode was attem pted  by grid search, using the priors to initialise the particle 
filter for one com plete run  through each sample. There were 2000 particle filter 
iterations per tim e period. I partitioned the grid for the param eter vector 6 € 
(0,1) X (0,1) X ( - 1 2 , - 1 )  X (0,1).

Using the resulting first attem pt at finding the posterior mode as the subsequent 
initial value for the param eter vector and specifying the Cholesky decom position 
of the initial proposal density  to be diagonal -  w ith the entries being the prior 
standard  deviations of the param eters -  perm itted  a search for the appropriate  
proposal density by running the particle filter nested inside the Metropolis-Hastings 
algorithm for 2,000 particle filter iterations per time period and 20,000 Metropolis- 
H astings iterations. After one full run, the d istribution of the posterior (i.e. the 
target density) was then used as the proposal density for the second run, along with

^Metropolis-Hastings is the only known valid MCMC algorithm. It was developed by Metropolis 
et al (1953) and generalised by Hastings (1970).
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the resulting (approximate) posterior mode becoming the initial value for the next 
run. Consistent with Gelman et al (1996), the search was run by modifying the scale 
of the proposal density and watching for acceptance rates of around 0.269 (a cut off 
was specified below .23 and above .4). For the cases where parameters converged, 
acceptance ratios were all above .23 and under .30. In addition, traceplots of the 
param eter draws against iterations were checked at each attem pt to monitor the 
how well the chain mixed, a proxy for convergence. The priors turned out to 
be reasonable for most countries, though sometimes a few runs were necessary, 
occasionally updating the proposal density for the next attem pt with the target 
density of the previous attempt, along with updating the initial value of the next 
attempt with the posterior mode of the previous attempt. In some cases, a smaller 
tuning factor c was needed.

The proposal densities, scaling factors and initial values of the runs for which the 
parameters converged -  according to the acceptance rates and traceplots described 
above -  were used for estimations. With a burn-in of 5,000 iterations to reduce the 
impact of initial conditions on the estimation, 20,000 extra Metropolis-Hastings 
iterations were run to estimate the posterior of the parameters. Given the parametric 
instability of these algorithms, checking diagnostics is a vital component of any 
study using this method. Appendix A.6.1 describes some of the post-estimation 
diagnostics. Since the parameter space is only four-dimensional (five in the case 
where I accounted for correlation between Wr,( and Ua„t), convergence was attained 
relatively quickly, even in light of the short sample sizes of the countries studied.

A.3.2 Computation for Stochastic Volatility Model

Computation for the stochastic volatility model was programmed in F ortran  90, 
requiring the use of Intel Fortran Compiler, SDK, MKL and most importantly 
IMSL libraries.^ Commands were issued batch-wise, parallelising in Bash script 
and called in the Cygwin Linux console on Windows through DOS on an oct-core 
Intel Xeon 64-bit processor.*^ Diagnostics were carried out through F ortran  90, 
MATLAB and R. Graphs, smoothing and most post-estimation computational work

^Still one of the most powerful programming languages for numeric calculations, FORmula 
TRANslation (FORTRAN) dates back to 1957.

®Given a good number of available threads for execution and high fractions in m ost of the 
algorithms that can be strictly serial, Amdahl's law suggested a significant maximum expected 
improvement in the overall system even when only part of the system would be improved.



Appendix A; Appendix to Chapter 2 141

was conducted through MATLAB over multiple processors on the Lonsdale cluster of 
the Trinity Centre for High Performance Computing.

Command line operations operate at a lower level than a graphical user interface 
(GUI) and are more flexible and powerful. Scripts are non-compiled programming 
languages and Bourne Again SHell (Bash) is the default shell (text based command 
interpreter) in many UNIX operating system variants -  most high performance 
computing applications run on UNIX; GNU/Linux (a UNIX-like operating system) 
distributions come with Bash as the default shell.‘̂ It is easy to obtain examples of 
Bash syntax since most built in system scripts are written in Bash. Furthermore, 
Bash is compatible with the original shell language command interpreter, sh. 
Countries were parallelised over 8 cores through Bash, for instance manipulating 
files and folders and editing, compiling and running FORTRAN.

System allocation on the Lonsdale cluster -  an Opteron cluster capable of 11.3 
TFLOPs -  at the Trinity Centre for High Performance Computing was managed 
through the Simple Linux Utility for Resource Management (SLURM) batch system. 
SLURM scripts were mainly used for parallelising through the cluster running 
MATLAB through the command line in multiple instances.

Numerical computational issues necessitated the use of high performance 
computing. Automation and parallelisation were particularly useful given the 
international macroeconomic aspect with multiple countries and tests, rendering 
the project feasible. The overall compute time (including setup, compilation, 
initialisation (grid search and proposal density matrix search), running and post
estimation computation) outweighed computational complexity issues.

^High performance computing enables bigger projects (using many machines together to over
come problems that are infeasible to resolve on a single computer) and faster computing; see 
http: //«ww. top500. org for a semi-annually updated list of the most powerful systems in the world.
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A.4 Priors

C ountry Pr a r Pffr t]r

Argentina 8 (0 .9 ,0 .0 2 ) A f -5 .3 ,0 .4) 6(0.9,0.1) 0.5,0.3)
Austria 6 (0 .9 ,0 .0 2 ) M -9 .5 ,0 .4) 6(0.9,0.1) M ' 0.5,0.3)
Belgium 6 (0 .9 ,0 .0 2 ) M -8 .9 ,0 .4) 6(0.9,0.1) M + 0.5,0.3)

Brazil fi(0.9,0.02) M -6 .8 ,0 .4) 6(0.9,0.1) 0.5,0.3)
Bulgaria ;B(0.9,0.02) N -6 .7 ,0 .4) 6(0.9,0.1) AA' 0.5,0.3)

Colombia 6(0.9,0.02) M -7 .5 ,0 .4 ) 6(0.9,0.1) AA + 0.5,0.3)
Ecuador 6(0.9,0.02) N -6 .1 ,0 .4) 6(0.9,0.1) 0.5,0.3)
Finland 6(0.9,0.02) N -9 .3 ,0 .4) 6(0.9,0.1) 0.5,0.3)
France 6(0.9,0.02) N -9 .3 ,0 .4) 6(0.9,0.1) AT* 0.5,0.3)

GermanyRINT 6(0.9,0.02) M -7 .9 ,0 .4) 6(0.9,0.1) A/"* 0.5,0.3)
Greece 6(0.9,0.02) M -6 .2 ,0 .4) 6(0.9,0.1) AA* 0.5,0.3)

Indonesia 6(0.9,0.02) M -7 .8 ,0 .4) 6(0.9,0.1) AA+ 0.5,0.3)
Ireland 6(0.9,0.02) M -7 .7 ,0 .4) 6(0.9,0.1) AA' 0.5,0.3)

Italy 6(0.9,0.02) M -7 .7 ,0 .4) 6(0.9,0.1) A"' 0.5,0.3)
Malta 6(0.9,0.02) N -8 .6 ,0 .4) 6(0.9,0.1) AT* 0.5,0.3)

Mexico 6(0.9,0.02) Af -7 .3 ,0 .4) 6(0.9,0.1) A^' 0.5,0.3)
N etherlands 6(0.9,0.02) M -9 .9 ,0 .4) 6(0.9,0.1) AA* 0.5,0.3)

Panama 6(0.9,0.02) A/"(-8,0.4) 6(0.9,0.1) AA+ 0.5,0.3)
Peru 6(0.9,0.02) M -7 .5 ,0 .4 ) 6(0.9,0.1) AÂ 0.5,0.3)

Philippines 6(0.9,0.02) N -7 .9 ,0 .4) 6(0.9,0.1) AT* 0.5,0.3)
Portugal 6(0.9,0.02) M -7 .2 ,0 .4) 6(0.9,0.1) 0.5,0.3)

RINTEMBIP 6(0.9,0.02) M -7 .6 ,0 .4) 6(0.9,0.1) 0.5,0.3)
Russia 6(0.9,0.02) M -5 .8 ,0 .4) 6(0.9,0.1) 0.5,0.3)

South Africa 6(0.9,0.02) M -8 .2 ,0 .4) 6(0.9,0.1) AA+ 0.5,0.3)
Spain 6(0.9,0.02) M -7 .8 ,0 .4 ) 6(0.9,0.1) AA+ 0.5,0.3)

Turkey 6(0.9,0.02) M -7 .4 ,0 .4) 6(0.9,0.1) AT* 0.5,0.3)
Ukraine 6(0.9,0.02) N -6 .5 ,0 .4) 6(0.9,0.1) 0.5,0.3)

Venezuela 6(0.9,0.02) M -6 .7 ,0 .4) 6(0.9,0.1) ATt 0.5,0.3)

Table A.2: Prior means and standard deviations are in parentheses, zvhere B, A'” and denote 
Beta, Normal and truncated Normal distributions, respectively. RINTEMBIP is the real (inflation 
expectations adjusted) 3 Month US T-Bill -  it is the nominal version o f this for which EMBI+ 
spreads are relative to. Sensitivity of priors was checked with respect to the following: (i) changing 
mean of tjr prior from 0.5 to 0.25; (ii) changing mean and standard deviation of pr and priors 
from (0.9, 0.02) to (0.5, 0.1) and from (0.9, 0.1) to (0.5, 0.2), respectively; (Hi) combining (i) and (ii). 
These checks were also conducted for pre- and post-September 2008 samples.
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A.5 Posterior Medians

Sample pr ar Per, Vr

Austria 0.92 -9.56 0.95 0.19
Austria [0.89,0.94] [-10.03,-9.07] [0.88,0.99] [0.12,0.30]
Belgium 0.95 -9.25 0.97 0.20
Belgium [0.94,0.97] [-9.80,-8.48] [0.92,0.99] [0.13,0.30]
Finland 0.93 -9.49 0.96 0.28
Finland [0.91,0.95] [-10.00,-8.78] [0.87,0.99] [0.18,0.42]
France 0.94 -9.52 0.97 0.21
France [0.92,0.96] [-10.01,-8.81] [0.90,0.99] [0.13,0.33]

GermanyRINT 0.95 -8.42 0.96 0.11
GermanyRINT [0.93,0.96] [-8.71,-7.56] [0.77,0.99] [0.04,0.24]

Greece 0.99 -6.38 0.99 0.30
Greece [0.99,0.99] [-7.12,-5.62] [0.98,0.99] [0.22,0.42]
Ireland 0.98 -7.94 0.99 0.17
Ireland [0.97,0.99] [-8.71,-7.19] [0.97,0.99] [0.11,0.25]

Italy 0.99 -7.88 0.99 0.18
Italy [0.98,0.99] [-8.59,-7.08] [0.98,0.99] [0.13,0.25]

Malta 0.92 -8.80 0.85 0.20
Malta [0.89,0.95] [-9.20,-8.31] [0.55,0.99] [0.02,0.58]

N etherlands 0.91 -9.79 0.96 0.17
N etherlands [0.87,0.94] [-10.23,-9.35] [0.88,0.99] [0.10,0.26]

Portugal 0.98 -7.38 0.99 0.23
Portugal [0.97,0.98] [-8.14,-6.57] [0.97,0.99] [0.15,0.35]
Slovenia 0,91 -7.96 0.82 0.31
Slovenia [0.88,0.94] [-8.37,-7.46] [0.52,0.98] [0.14,0.54]

Spain 0.98 -8.00 0.99 0.16
Spain [0.98,0.99] [-8.72,-7.24] [0.97,0.99] [0.11,0.24]

Table A.3: Posterior Medians, EA Sample. ("95% set in brackets.)
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Sample pr (Tr Par fir

Argentina 0.97 -6.05 0.93 0.39
Argentina [0.96,0.98] [-6.64,-5.05] [0.83,0.99] [0.29,0.52]

Brazil 0.97 -7.17 0.97 0.23
Brazil [0.95,0.98] [-7.69,-6.42] [0.90,0.99] [0.17,0.33]

Bulgaria 0.98 -6.99 0.98 0.25
Bulgaria [0.97,0.99] [-7.66,-6.14] [0.92,0.99] [0.16,0.38]

Colombia 0.94 -7.78 0.92 0.20
Colombia [0.92,0.96] [-8.16,-7.28] [0.76,0.99] [0.11,0.34]
Ecuador 0.96 -6.62 0.89 0.46
Ecuador [0.94,0.97] [-7.07,-6.03] [0.78,0.97] [0.35,0.62]

Indonesia 0.91 -7.98 0.87 0.34
Indonesia [0.87,0.94] [-8.47,-7.43] [0.63,0.98] [0.18,0.58]

Mexico 0.96 -7.68 0.97 0.20
Mexico [0.95,0.97] [-8.23,-6.86] [0.92,0.99] [0.13,0.30]
Panama 0.93 -8.13 0.83 0.27
Panama [0.90,0.95] [-8.39,-7.83] [0.54,0.97] [0.13,0.47]

Peru 0.94 -7.76 0.93 0.21
Peru [0.92,0.96] [-8.14,-7.25] [0.74,0.99] [0.12,0.37]

Philippines 0.93 -8.09 0.90 0.14
Philippines [0.91,0.95] [-8.36,-7.80] [0.63,0.99] [0.05,0.30]

RINTEMBIP 0.97 -8.37 0.97 0.21
RINTEMBIP [0.96,0.98] [-8.88,-7.25] [0.86,0.99] [0.14,0.30]

Russia 0.98 -6.08 0.99 0.28
Russia [0.98,0.99] [-6.90,-5.20] [0.96,0.99] [0.20,0.39]

SouthAfrica 0.92 -8.39 0.92 0.24
SouthAfrica [0.89,0.95] [-8.79,-7.93] [0.73,0.99] [0.14,0.39]

Turkey 0.93 -7.65 0.95 0.19
Turkey [0.90,0.95] [-8.10,-7.12] [0.81,0.99] [0.11,0.32]
Ukraine 0.95 -6.79 0.95 0.31
Ukraine [0.93,0.97] [-7.42,-6.03] [0.85,0.99] [0.21,0.46]

Venezuela 0.95 -6.97 0.89 0.31
Venezuela [0.93,0.97] [-7.31,-6.56] [0.78,0.97] [0.21,0.43]

T able A.4: Posterior Medians, EMBIP Sample. (95% set in brackets.)
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Sample Pr ar Par Vr K

Austria 0.92 -9.31 0.95 0.17 0.67
Austria [0.89,0.94] [-9.69,-8.90] [0.89,0.98] [0.12,0.26] [0.35,0.88]
Belgium 0.95 -9.17 0.95 0.17 0.60
Belgium [0.93,0.96] [-9.55,-8.67] [0.90,0.98] [0.12,0.26] [0.25,0.84]
Finland 0.93 -9.38 0.95 0.29 0.26
Finland [0.91,0.95] [-9.88,-8.75] [0.87,0.99] [0.19,0.43] [-0.07,0.54]
France 0.94 -9.45 0.96 0.21 0.30
France [0.91,0.95] [-9.92,-8.83] [0.89,0.99] [0.13,0.31] [-0.04,0.58]

GermanyRINT 0.95 -8.32 0.98 0.08 -0.31
GermanyRINT [0.93,0.96] [-8.69,-7.60] [0.82,0.99] [0.03,0.20] [-0.86,0.12]

Greece 0.99 -6.39 0.98 0.27 0.58
Greece [0.99,0.99] [-7.11,-5.64] [0.96,0.99] [0.20,0.37] [0.28,0.79]
Ireland 0.98 -8.13 0.96 0.17 0.77
Ireland [0.97,0.98] [-8.53,-7.53] [0.93,0.99] [0.12,0.25] [0.49,0.95]

Italy 0.97 -7,92 0.98 0.18 0.62
Italy [0.98,0.99] [-8.51,-7.21] [0.96,0.99] [0.13,0.24] [0.32,0.82]

Malta 0.92 -8.76 0.90 0.13 0.47
Malta [0.89,0.95] [-9.09,-8.22] [0.60,0.99] [0.02,0.47] [-0.17,0.96]

N etherlands 0.91 -9.73 0.96 0.16 0.23
Netherlands [0.87,0.94] [-10.25,-9.30] [0.88,0.99] [0.10,0.26] [-0.17,0.56]

Portugal 0.98 -7.48 0.98 0.20 0.55
Portugal [0.97,0.98] [-8.10,-6.73] [0.95,0.99] [0.14,0.30] [0.11,0.84]
Slovenia 0.91 -7.88 0.85 0.23 0.54
Slovenia [0.88,0.94] [-8.23,-7.44] [0.62,0.98] [0.10,0.44] [0.03,0.93]

Spain 0.98 -8.11 0.97 0.15 0.77
Spain [0.97,0.99] [-8.59,-7.56] [0.95,0.99] [0.11,0.21] [0.44,0.96]

Table A.5: Posterior Medians with Correlation, EA Sample. (95% set in brackets.)
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Sample pr ar pLT, n r K

Argentina 0.97 -5.94 0.92 0.38 0.49
Argentina [0.96,0.98] [-6.45,-5.21] [0.84,0.97] [0.29,0.50] [0.27,0.65]

Brazil 0.96 -6.74 0.93 0.22 0.88
Brazil [0.95,0.98] [-7.07,-6.37] [0.89,0.96] [0.17,0.29] [0.70,0.97]

Bulgaria 0.98 -6.79 0.95 0.21 0.79
Bulgaria [0.97,0.98] [-7.21,-6.33] [0.90,0.97] [0.16,0.31] [0.54,0.93]

Colombia 0.94 -7.55 0.90 0.17 0.87
Colombia [0.92,0.96] [-7.80,-7.31] [0.79,0.95] [0.11,0.27] [0.52,0.99]
Ecuador 0.95 -6.21 0.89 0.39 0.57
Ecuador [0.94,0.97] [-6.66,-5,67] [0.81,0.95] [0.30,0.53] [0.32,0.75]

Indonesia 0.90 -7.59 0.92 0.20 0.92
Indonesia [0.86,0.93] [-7.99,-7.17] [0.81,0.98] [0.12,0.33] [0.42,0.99]

Mexico 0.96 -7.29 0.93 0.21 0.91
Mexico [0.94,0.97] [-7.58,-6.93] [0.89,0.96] [0.16,0.29] [0.77,0.97]
Panama 0.93 -7.93 0.85 0.23 0.69
Panama [0.91,0.95] [-8.14,-7.69] [0.69,0.94] [0.15,0.34] [0.41,0.86]

Peru 0.94 -7.39 0.86 0.22 0.99
Peru [0.91,0.95] [-7.57,-7.19] [0.79,0.91] [0.17,0.28] [0.91,0.99]

Philippines 0.93 -8.00 0.85 0.13 0.71
Philippines [0.91,0.96] [-8.19,-7.82] [0.64,0.95] [0.06,0.24] [0.28,0.97]
RINTEMBIP 0.97 -8.41 0.96 0.21 -0.02
RINTEMBIP [0.96,0.98] [-8.87,-7.29] [0.84,0.99] [0.13,0.31] [-0.27,0.25]

Russia 0.98 -5.94 0.96 0.25 0.79
Russia [0.97,0.99] [-6.56,-5.29] [0.93,0.98] [0.19,0.33] [0.58,0.92]

SouthAfrica 0.92 -8.11 0.91 0.21 0.82
SouthAfrica [0.89,0.95] [-8.41,-7.72] [0.81,0.96] [0.14,0.32] [0.54,0.94]

Turkey 0.93 -7.31 0.91 0.17 0.95
Turkey [0.90,0.95] [-7.54,-7.04] [0.84,0.95] [0.12,0.25] [0.77,0.99]
Ukraine 0.95 -6.63 0.93 0.25 0.70
Ukraine [0.92,0.96] [-7.08,-6.09] [0.86,0.97] [0.19,0.36] [0.40,0.87]

Venezuela 0.95 -6.72 0.89 0.27 0.63
Venezuela [0.93,0.96] [-7.01,-6.35] [0.81,0.95] [0.19,0.37] [0.41,0.79]

Table A.6: Posterior Medians with Correlation, EM BIP Sample. (95% set in brackets.)
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A.6 Diagnostics and Robustness for Stochastic Volatility 

A.6.1 Diagnostics

Diagnostics are an essential step with the tools used in this paper. Estimates of stan
dard deviations with the particle filter are relatively unstable (Fernandez-Villaverde 
and Rubio-Rami'rez, 2007). Following an extensive grid search to approxim ate the 
posterior m ode, the proposal density was initialised by a diagonal m atrix whose 
elem ents were the standard  deviations of the param eters specified by the priors. 
The M etropolis-H astings algorithm  was run  to discover the target density, such 
that the acceptance ratio was between .23 and about .40 (ideal .269) and such that 
the traceplots indicated good mixing. In all cases, the acceptance ratio was above 
.23 and below .3. After the initial run, the posterior m ode found was used as 
the next initial value and the Cholesky decomposition of the covariance matrix of 
the posterior d istribution for the param eters was used to form  the next proposal 
density. Tuning the proposal density involved a scaling m atrix w ith coefficient 
c =  1.2, though for some countries c =  1 or c =  0.8 was used, in order to yield 
appropriate acceptance ratios and satisfactory traceplots. The estimation was con
ducted using 5,000 burn-ins and 20,000 M etropolis-Hastings iterations. So, while 
25,000 M etropolis-Hastings iterations were run in total, diagnostics and estimation 
reports were conducted on the final 20,000 draws. These num bers were found to 
be adequate for convergence across the countries studied. Diagnostics run included 
country traceplots, running means, correlograms and histogram s for each param e
ter. Typically, posterior m edians were close to posterior means, though time-series 
standard  errors varied m ore.“’ Overall, diagnostics support the estim ation, w ith 
good mixing, running means approximately converging and low serial-correlation -  
we w ould only expect zero correlation for iid data, bu t current draw s depend on 
past draws within the M etropolis-Hastings algorithm, so a little serial-correlation is 
to be expected. Knowing the posterior distribution of the param eters is a further 
benefit of the Bayesian m ethod and histograms provided posterior distributions for 
each parameter.

addition, a battery of statistical tests were run to assess convergence of the estimation of 
parameters, both individually and jointly for each sample.
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A.6.2 Robustness of Posterior Medians to Priors and Samples

Sample P r CTr Par f]r

PreSeptOSAustria 0.88 -10.02 0.95 0.21
PreSeptOSAustria [0.84,0.92] [-10.77,-9.59] [0.81,0.99] [0.12,0.36]
PreSeptOSBelgium 0.93 -9.74 0.95 0.21
PreSept08Belgium [0.91,0.95] [-10.19,-9.10] [0.85,0.99] [0.12,0.35]
PreSeptOSFinland 0.93 -9.24 0.98 0.21
PreSeptOSFinland [0.90,0.95] [-9.96,-8.40] [0.92,0.99] [0.12,0.34]
PreSept08France 0.91 -9.76 0.97 0.20
PreSeptOSFrance [0.87,0.94] [-10.33,-9.07] [0.91,0.99] [0.12,0.31]

PreSeptOSGermanyRINT 0.93 -8.65 0.87 0.11
PreSeptOSGermanyRINT [0.91,0.95] [-8.85,-8.28] [0.56,0.99] [0.01,0.27]

PreSeptOSGreece 0.95 -8.69 0.98 0.25
PreSeptOSGreece [0.93,0.96] [-9.42,-7.91] [0.94,0.99] [0.16,0.40]
PreSept08Ireland 0.94 -9.01 0.99 0.14
PreSeptOSIreland [0.93,0.96] [-9.63,-8.26] [0.95,0.99] [0.08,0.24]

PreSeptOSItaly 0.98 -7.85 0.99 0.18
PreSeptOSItaly [0.98,0.99] [-8.63,-7.01] [0.98,0.99] [0.12,0.26]

PreSeptOSMalta 0.89 -10.26 0.95 0.55
PreSeptOSMalta [0.85,0.93] [-11.02,-9.48] [0.72,0.99] [0.20,0.99]

PreSeptOSNetherlands 0.88 -10.14 0.97 0.13
PreSeptOSNetherlands [0.83,0.92] [-11.03,-9.74] [0.85,0.99] [0.07,0.25]

PreSeptOSPortugal 0.89 -9.76 0.86 0.37
PreSeptOSPortugal [0.85,0.93] [-10.41,-9.37] [0.65,0.98] [0.21,0.56]
PreSeptOSSlovenia 0.90 -8.69 0.92 0.52
PreSeptOSSlovenia [0.85,0.93] [-9.40,-8.01] [0.65,0.99] [0.21,0.97]

PreSeptOSSpain 0.98 -8.06 0.99 0.15
PreSeptOSSpain [0.97,0.98] [-8.83,-7.21] [0.98,0.99] [0.09,0.24]

Table A.7: Posterior Medians Pre-September 2008, EA Sample. (95% set in brackets.)
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Sample pr O-r Per,

PreSeptOSArgentina 0.97 -5.70 0.96 0.39
PreSeptOS Argentina [0.97,0.98] [-6.45,-4.83] [0.87,0.99] [0.28,0.53]

PreSeptOSBrazil 0.95 -7.11 0.94 0.28
PreSeptOSBrazil [0.93,0.97] [-7.57,-6.43] [0.84,0.99] [0.19,0.41]

PreSeptOSBulgaria 0.99 -6.83 0.98 0.23
PreSept08Bulgaria [0.97,0.99] [-7.54,-6.05] [0.94,0.99] [0.13,0.38]

PreSeptOSColombia 0.93 -7.69 0.92 0.20
PreSeptOSColombia [0.91,0.95] [-8.07,-7.20] [0.71,0.99] [0.10,0.34]
PreSep tOSEcuador 0.95 -6.48 0.94 0.34
PreSeptOSEcuador [0.93,0.97] [-7.02,-5.70] [0.82,0.99] [0.20,0.51]

PreSeptOSIndonesia 0.90 -8.35 0.90 0.20
PreSep tOSIndonesia [0.86,0.94] [-8.93,-7.92] [0.56,0.99] [0.01,0.63]

PreSeptOSMexico 0.96 -7.46 0.98 0.19
PreSeptOSMexico [0.95,0.98] [-8.12,-6.64] [0.92,0.99] [0.11,0.31]
PreSeptOSPanama 0.92 -8.13 0.84 0.27
PreSeptOSPanama [0.89,0.95] [-8.44,-7.73] [0.51,0.99] [0.10,0.47]

PreSep tOSPeru 0.93 -7.67 0.95 0.18
PreSeptOSPeru [0.91,0.96] [-8.16,-7.13] [0.74,0.99] [0.08,0.37]

PreSeptOSPhilippines 0.92 -8.04 0.92 0.11
PreSeptOSPhilippines [0.89,0.95] [-8.35,-7.62] [0.66,0.99] [0.03,0.28]
PreSeptOSRINTEMBIP 0.97 -12.27 0.99 0.21
PreSeptOSRINTEMBIP [0.95,0.98] [-13.02,-11.47] [0.99,1.00] [0.14,0.30]

PreSeptOSRussia 0.99 -5.81 0.99 0.27
PreSep tOSRussia [0.98,0.99] [-6.62,-4.98] [0.97,0.99] [0.18,0.39]

PreSeptOSSouthAfrica 0.96 -8.69 0.92 0.19
PreSept08SouthAfrica [0.88,0.94] [-9.18,-8.19] [0.71,0.99] [0.08,0.38]

PreSep tOSTurkey 0.93 -7.52 0.96 0.18
PreSeptOSTurkey [0.90,0.95] [-8.01,-6.94] [0.84,0.99] [0.10,0.33]
PreSeptOSUkraine 0.93 -7.09 0.98 0.19
PreSeptOSUkraine [0.90,0.95] [-7.72,-6.38] [0.88,0.99] [0.10,0.38]

PreSeptOSVenezuela 0.95 -6.92 0.94 0.28
PreSeptOSVenezuela [0.93,0.97] [-7.40,-6.24] [0.84,0.99] [0.19,0.41]

Table A.8: Posterior Medians Pre-September 2008, EMBIP Sample. (95% set in brackets.)
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Sample Pr d r Par nr

PostSeptOSAustria 0.90 -9.09 0.88 0.10
PostSeptOSAustria [0.B6,0.93] [-9.49,-8.77] [0.56,0.99] [0.00,0.31]
PostSeptOSBelgium 0.90 -8.72 0.88 0.24
PostSept08Belgium [0.B6,0.93] [-9.19,-8.21] [0.58,0.99] [0.08,0.50]
PostSept08Finland 0.90 -9.54 0.82 0.50
PostSeptOSFinland [0.B6,0.93] [-10.21,-9.03] [0.52,0.98] [0.28,0.79]
PostSeptOSFrance 0.91 -9.21 0.81 0.34
PostSeptOSFrance [0.B7,0.94] [-9.67,-8.74] [0.51,0.99] [0.07,0.67]

PostSeptOSGermanyRINT 0.92 -8.19 0.89 0.09
PostSeptOSGermanyRINT [0.B9,0.95] [-8.48,-7.65] [0.57,0.99] [0.00,0.34]

PostSeptOSGreece 0.94 -6.06 0.91 0.48
PostSept08Greece [0.91,0.96] [-6.75,-5.31] [0.72,0.99] [0.28,0.77]
PostSeptOSIreland 0.92 -7.71 0.87 0.22
PostSeptOSIreland [0.89,0.95] [-8.11,-7.20] [0.56,0.99] [0.05,0.51]

PostSept08Italy 0.91 -7.91 0.93 0.19
PostSeptOBItaly [0.88,0.94] [-8.37,-7.29] [0.68,0.99] [0.07,0.43]

PostSeptOSMalta 0.92 -8.78 0.83 0.31
PostSeptOSMalta [0.89,0.95] [-9.21,-8.24] [0.53,0.99] [0.02,0.69]

PostSeptOBNetherlands 0.B9 -9.63 0.88 0.33
PostSeptOBNetherlands [0.85,0.93] [-10.36,-9.13] [0.62,0.99] [0.16,0.59]

PostSeptOSPortugal 0.93 -7.10 0.93 0.26
PostSeptOSPortugal [0.90,0.95] [-7.62,-6.39] [0.74,0.99] [0.12,0.49]
PostSeptOSSlovenia 0.91 -7.93 0.81 0.32
PostSeptOSSlovenia [0.87,0.94] [-8.38,-7.45] [0.48,0.98] [0.13,0.60]

PostSeptOSSpain 0.92 -7.94 0.90 0.28
PostSeptOBSpain [0.89,0.95] [-8.42,-7.36] [0.61,0.99] [0.10,0.57]

Table A.9: Posterior Medians Post-September 2008, EA Sample. (95% set in brackets.)
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Sample pr ar Pî r fir

PostSeptOSArgentina 0.90 -6.81 0.87 0.31
PostSeptOSArgentina [0.86,0.94] [-7.40,-6.28] [0.56,0.99] [0.12,0.63]

PostSeptOSBrazil 0.90 -8.34 0.87 0.26
PostSeptOSBrazil [0.87,0.93] [-8.86,-7.80] [0.54,0.99] [0.08,0.52]

PostSeptOSBulgaria 0.90 -7.81 0.88 0.32
PostSeptOSBulgaria [0.86,0.94] [-8.36,-7.24] [0.57,0.99] [0.12,0.63]

PostSeptOSColombia 0.91 -8.15 0.88 0.33
PostSeptOSColombia [0.87,0.94] [-8.68,-7.49] [0.56,0.99] [0.14,0.63]
PostSeptOSEcuador 0.93 -6.06 0.95 0.46
PostSeptOSEcuador [0.91,0.96] [-6.79,-5.27] [0.81,0.99] [0.28,0.75]

PostSeptOSIndonesia 0.91 -7.70 0.93 0.31
PostSeptOSIndonesia [0.87,0.94] [-8.24,-7.04] [0.69,0.99] [0.15,0.57]

PostSeptOSMexico 0.90 -8.44 0.88 0.31
PostSeptOSMexico [0.86,0.94] [-8.99,-7.90] [0.60,0.99] [0.13,0.57]
PostSeptOSPanama 0.90 -8.12 0.92 0.27
PostSeptOSPanama [0.86,0.93] [-8.68,-7.51] [0.65,0.99] [0.12,0.51]

PostSeptOSPeru 0.90 -8.17 0.88 0.31
PostSeptOSPeru [0.86,0.93] [-8.73,-7.62] [0.55,0.99] [0.13,0.63]

PostSeptOSPhilippines 0.90 -8.26 0.84 0.37
PostSeptOSPhilippines [0.87,0.94] [-8.81,-7.71] [0.56,0.99] [0.14,0.71]

PostSeptOSRINTEMBIP 0.90 -12.42 0.99 0.41
PostSept08RINTEMBIP [0.87,0.93] [-13.19,-11.62] [0.97,0.99] [0.26,0.63]

PostSeptOSRussia 0.90 -7.87 0.89 0.30
PostSeptOSRussia [0.86,0.94] [-8.46,-7.32] [0.63,0.99] [0.13,0.57]

PostSept08SouthAfrica 0.90 -8.08 0.87 0.34
PostSeptOSSouthAfrica [0.86,0.93] [-8.65,-7.49] [0.53,0.99] [0.14,0.66]

PostSeptOBTurkey 0.90 -8.00 0.86 0.29
PostSeptOBTurkey [0.86,0.93] [-8.55,-7.50] [0.55,0.99] [0.11,0.55]

PostSeptOBUkraine 0.92 -6.41 0.95 0.32
PostSeptOBUkraine [0.88,0.94] [-7.10,-5.67] [0.80,0.99] [0.16,0.63]

PostSeptOBVenezuela 0.90 -7.06 0.84 0.28
PostSeptOBVenezuela [0.85,0.93] [-7.63,-6.60] [0.48,0.99] [0.09,0.59]

Table A.IO: Posterior Medians Post-September 2008, EM BIP Sample. (95% set in brackets.)
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Sample pr dr Pa, Vr

LPAustria 0.90 -9.59 0.91 0.23
LPAustria [0.86,0.93] [-9.92,-9.23] [0.79,0.97] [0.14,0.37]

LPBelgium 0.95 -9.40 0.95 0.23
LPBelgium [0.94,0.97] [-9.81,-8.82] [0.88,0.98] [0.15,0.34]
LPFinland 0.92 -9.60 0.92 0.32
LPFinland [0.89,0.95] [-10.01,-9.02] [0.82,0.98] [0.21,0.47]
LPFrance 0.93 -9.64 0.93 0.25
LPFrance [0.91,0.96] [-10.05,-9.14] [0.85,0.98] [0.16,0.38]

LPGermanyRINT 0.95 -8.55 0.72 0.21
LPGermanyRINT [0.93,0.97] [-8.71,-8.36] [0.27,0.94] [0.08,0.40]

LPGreece 0.99 -6.51 0.98 0.32
LPGreece [0.99,0.99] [-7.31,-5.74] [0.97,0.99] [0.23,0.45]
LPIreland 0.98 -8.18 0.98 0.19
LPIreland [0.98,0.99] [-8.88,-7.40] [0.95,0.99] [0.13,0.29]

LPItaly 0.99 -8.03 0.99 0.20
LPItaly [0.99,0.99] [-8.74,-7.23] [0.97,0.99] [0.14,0.27]

LPMalta 0.89 -8.80 0.47 0.27
LPMalta [0.84,0.93] [-9.06,-8.54] [0.13,0.83] [0.03,0.61]

LPNetherlands 0.87 -9.77 0.92 0.20
LPNetherlands [0.82,0.91] [-10.07,-9.44] [0.79,0.98] [0.12,0.33]

LPPortugal 0.98 -7.63 0.98 0.26
LPPortugal [0.97,0.99] [-8.38,-6.82] [0.95,0.99] [0.18,0.38]
LPSlovenia 0.84 -7.95 0.55 0.39
LPSlovenia [0.77,0.90] [-8.23,-7.66] [0.18,0.84] [0.20,0.65]

LPSpain 0.99 -8.20 0.98 0.19
LPSpain [0.98,0.99] [-8.87,-7.38] [0.96,0.99] [0.13,0.28]

Table A.11: Posterior Medians (Loose Priors: pr ~  B(0.5,0.1), ~  B{0.5,0.2)), EA Sample.
(95% set in brackets.)
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Sample pr O-r Pit,

LPArgentina 0.98 -6.35 0.87 0.44
LPArgentina [0.97,0.99] [-6.73,-5.65] [0.77,0.96] [0.33,0.58]

LPBrazil 0.97 -7.35 0.93 0.28
LPBrazil [0.96,0.98] [-7.75,-6.82] [0.85,0.98] [0.19,0.40]

LPBulgaria 0.99 -7.26 0.95 0.31
LPBulgaria [0.98,0.99] [-7.76,-6.48] [0.87,0.98] [0.20,0.47]

LPColombia 0.94 -7.84 0.78 0.29
LPColombia [0.91,0.96] [-8.09,-7.58] [0.38,0.94] [0.16,0.51]
LPEcuador 0.96 -6.71 0.84 0.52
LPEcuador [0.94,0.98] [-7.08,-6.24] [0.72,0.93] [0.38,0.67]

LPIndonesia 0.81 -7.93 0.67 0.38
LPIndonesia [0.73,0.88] [-8.24,-7.61] [0.30,0.88] [0.21,0.65]

LPMexico 0.97 -7.84 0.94 0.24
LPMexico [0.95,0.98] [-8.26,-7.26] [0.85,0.98] [0.15,0.39]
LPPanama 0.91 -8.14 0.52 0.40
LPPanama [0.87,0.94] [-8.32,-7.97] [0.20,0.84] [0.24,0.56]

LPPeru 0.9254 -7.79 0.74 0.34
LPPeru [0.8866,0.95] [-8.03,-7.54] [0.29,0.94] [0.17,0.53]

LPPhilippines 0.92 -8.08 0.57 0.24
LPPhilippines [0.89,0.95] [-8.27,-7.93] [0.16,0.89] [0.10,0.41]

LPRINTEMBIP 0.97 -8.67 0.89 0.24
LPRINTEMBIP [0.96,0.98] [-8.92,-8.19] [0.77,0.97] [0.16,0.35]

LPRussia 0.99 -6.32 0.98 0.32
LPRussia [0.98,0.99] [-7.14,-5.45] [0.93,0.99] [0.22,0.44]

LPSouthAfrica 0.87 -8.42 0.70 0.35
LPSouthAfrica [0.82,0.92] [-8.66,-8.16] [0.29,0.91] [0.19,0.54]

LPTurkey 0.91 -7.67 0.85 0.26
LPTurkey [0.87,0.95] [-7.97,-7.35] [0.59,0.96] [0.14,0.44]

LPUkraine 0.95 -6.99 0.91 0.35
LPUkraine [0.92,0.97] [-7.44,-6.31] [0.80,0.97] [0.23,0.51]

LPVenezuela 0.95 -7.01 0.84 0.345
LPVenezuela [0.93,0.97] [-7.28,-6.70] [0.70,0.93] [0.25,0.48]

Table A.12: Posterior M edians (Loose Priors: pr ~  B(0.5,0.1), ~  6(0.5,0.2)), EM BIP
Sample. (95% set in brackets.)
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Sample Pr Pr Par Vr

TAustria 0.92 -9.57 0.96 0.18
TAustria [0.89,0.94] [-10.04,-9.07] [0.89,0.99] [0.11,0.28]

TBelgium 0.95 -9.24 0.97 0.19
TBelgium [0.94,0.97] [-9.79,-8.43] [0.92,0.99] [0.13,0.29]
TFinland 0.93 -9.47 0.96 0.27
TFinland [0.91,0.95] [-10.03,-8.75] [0.88,0.99] [0.18,0.40]
TFrance 0.94 -9.52 0.97 0.20
TFrance [0.92,0.95] [-10.01,-8.84] [0.90,0.99] [0.13,0.31]

TGermanyRINT 0.95 -8.43 0.97 0.10
TGermanyRINT [0.93,0.96] [-8.73,-7.62] [0.81,0.99] [0.04,0.21]

TGreece 0.99 -6.39 0.99 0.29
TGreece [0.99,0.99] [-7.14,-5.59] [0.98,0.99] [0.21,0.40]
TIreland 0.98 -7.92 0.99 0.17
TIreland [0.97,0.99] [-8.68,-7.08] [0.97,0.99] [0.12,0.25]

TItaly 0.99 -7.89 0.99 0.18
TItaly [0.98,0.99] [-8.62,-7.09] [0.98,0.99] [0.13,0.25]

TMalta 0.92 -8.79 0.89 0.13
TMalta [0.89,0.95] [-9.12,-8.22] [0.58,0.99] [0.01,0.45]

TNetherlands 0.91 -9.77 0.96 0.16
TN etherlands [0.88,0.94] [-10.26,-9.34] [0.88,0.99] [0.10,0.26]

TPortugal 0.98 -7.40 0.99 0.22
TPortugal [0.97,0.98] [-8.19,-6.64] [0.97,0.99] [0.15,0.32]
TSlovenia 0.9086 -7.94 0.84 0.28
TSlovenia [0.87,0.94] [-8.35,-7.52] [0.57,0.98] [0.12,0.48]

TSpain 0.98 -7.98 0.99 0.16
TSpain [0.98,0.99] [-8.73,-7.18] [0.97,0.99] [0.11,0.24]

Table A.13: Posterior M edians (Loose Priors: rjr ~  (0.25,0.3)), EA Sample. (95% set in
brackets.)
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Sample P r ar par n r

TArgentina 0.97 -6.04 0.94 0.39
TArgentina [0.96,0.98] [-6.63,-5.08] [0.84,0.99] [0.29,0.50]

TBrazil 0.97 -7.16 0.97 0.23
TBrazil [0.95,0.98] [-7.70,-6.34] [0.90,0.99] [0.16,0.33]

TBulgaria 0.98 -6.99 0.98 0.24
TBulgaria [0.97,0.99] [-7.65,-6.20] [0.92,0.99] [0.16,0.37]

TColombia 0.94 -7.79 0.93 0.20
TColombia [0.92,0.96] [-8.17,-7.18] [0.76,0.99] [0.11,0.33]
TEcuador 0.96 -6.62 0.89 0.46
TEcuador [0.94,0.97] [-7.05,-6.03] [0.79,0.97] [0.34,0.60]

TIndonesia 0.90 -7.98 0.87 0.31
TIndonesia [0.87,0.94] [-8.42,-7.44] [0.64,0.99] [0.17,0.54]

TMexico 0.96 -7.66 0.98 0.19
TMexico [0.95,0.97] [-8.21,-6.84] [0.92,0.99] [0.13,0.30]
TPanama 0.93 -8.12 0.85 0.25
TPanama [0.90,0.95] [-8.37,-7.73] [0.56,0.98] [0.13,0.43]

TPeru 0.94 -7.76 0.94 0.20
TPeru [0.92,0.96] [-8.18,-7.27] [0.76,0.99] [0.11,0.35]

TPhilippines 0.93 -8.09 0.91 0.13
TPhilippines [0.91,0.95] [-8.36,-7.79] [0.64,0.99] [0.05,0.26]

TRINTEMBIP 0.97 -8.30 0.97 0.20
TRINTEMBIP [0.96,0.98] [-8.86,-7.26] [0.88,0.99] [0.13,0.28]

TRussia 0.98 -6.06 0.99 0.27
TRussia [0.98,0.99] [-6.86,-5.30] [0.96,0.99] [0.20,0.38]

TSouthAfrica 0.92 -8.38 0.93 0.22
TSouthAfrica [0.89,0.95] [-8.82,-7.88] [0.78,0.99] [0.14,0.37]

TTurkey 0.93 -7.65 0.95 0.18
TTurkey [0.90,0.95] [-8.09,-7.05] [0.83,0.99] [0.11,0.30]
TUkraine 0.95 -6.81 0.96 0.30
TUkraine [0.93,0.97] [-7.43,-5.98] [0.88,0.99] [0.20,0.43]

TVenezuela 0.95 -6.98 0.90 0.30
TVenezuela [0.93,0.97] [-7.33,-6.53] [0.78,0.97] [0.21,0.42]

Table A .14: Posterior Medians (Loose Priors: rjr ~  (0 .25,0.3)), EM BIP Sample. (95% set in
brackets.)



A ppendix A: Appendix to Chapter 2 169

Sample pr ar Par fir

TLPAustria 0.90 -9.59 0.92 0.22
TLPAustria [0.86,0.93] [-9.91,-9.24] [0.81,0.97] [0.13,0.34]

TLPBelgium 0.95 -9.40 0.95 0.22
TLPBelgium [0.94,0.97] [-9.81,-8.79] [0.87,0.98] [0.15,0.35]
TLPFinland 0.92 -9.57 0.92 0.31
TLPFinland [0.89,0.95] [-9.99,-9.05] [0.82,0.97] [0.21,0.46]
TLPFrance 0.93 -9.64 0.94 0.25
TLPFrance [0.90,0.95] [-10.02,-9.10] [0.83,0.98] [0.15,0.38]

TLPGermanyRINT 0.95 -8.54 0.74 0.19
TLPGermanyRINT [0.93,0.97] [-8.71,-8.32] [0.26,0.95] [0.06,0.38]

TLPGreece 0.99 -6.51 0.98 0.32
TLPGreece [0.99,0.99] [-7.26,-5.77] [0.97,0.99] [0.23,0.44]
TLPIreland 0.98 -8.19 0.98 0.19
TLPIreland [0.98,0.99] [-8.88,-7.37] [0.95,0.99] [0.13,0.28]

TLPItaly 0.99 -8.03 0.99 0.20
TLPItaly [0.99,0.99] [-8.72,-7.29] [0.97,0.99] [0.14,0.27]

TLPMalta 0.89 -8.79 0.49 0.21
TLPMalta [0.83,0.93] [-9.04,-8.54] [0.13,0.84] [0.02,0.55]

TLPNetherlands 0.87 -9.76 0.92 0.19
TLPNetherlands [0.82,0.91] [-10.07,-9.42] [0.80,0.98] [0.12,0.31]

TLPPortugal 0.98 -7.66 0.98 0.26
TLPPortugal [0.98,0.99] [-8.40,-6.85] [0.94,0.99] [0.17,0.38]
TLPSiovenia 0.84 -7.94 0.55 0.37
TLPSlovenia [0.77,0.90] [-8.21,-7.65] [0.18,0.85] [0.18,0.60]

TLPSpain 0.99 -8.19 0.98 0.19
TLPSpain [0.98,0.99] [-8.88,-7.39] [0.96,0.99] [0.13,0.27]

Table A.15: Posterior Medians (Loose Priors: rjr ~   ̂(0-25,03), pr ~  S(0.5,0.1), ~
B(0.5,0.2)^, EA Sample. (95% set in brackets.)
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Sample Pr ar PcTr nr

TLPArgentina 0.98 -6.33 0.88 0.43
TLPArgentina [0.97,0.99] [-6.76,-5.68] [0.77,0.95] [0.33,0.57]

TLPBrazil 0.97 -7.31 0.94 0.27
TLPBrazil [0.96,0.98] [-7.72,-6.68] [0.85,0.98] [0.19,0.38]

TLPBulgaria 0.99 -7.23 0.95 0.30
TLPBulgaria [0.98,0.99] [-7.75,-6.44] [0.88,0.99] [0.19,0.46]

TLPColombia 0.94 -7.83 0.80 0.27
TLPColombia [0.91,0.96] [-8.06,-7.53] [0.43,0.94] [0.15,0.47]
TLPEcuador 0.96 -6.70 0.84 0.50
TLPEcuador [0.95,0.98] [-7.08,-6.27] [0.73,0.93] [0.37,0.65]

TLPIndonesia 0.81 -7.93 0.69 0.36
TLPIndonesia [0.73,0.88] [-8.25,-7.61] [0.33,0.90] [0.20,0.61]

TLPMexico 0.97 -7.83 0.94 0.24
TLPMexico [0.95,0.98] [-8.25,-7.23] [0.85,0.98] [0.15,0.38]
TLPPanama 0.91 -8.14 0.55 0.38
TLPPanama [0.87,0.94] [-8.31,-7.96] [0.22,0.84] [0.23,0.54]

TLPPeru 0.93 -7.79 0.76 0.32
TLPPeru [0.89,0.95] [-8.02,-7.54] [0.31,0.94] [0.17,0.50]

TLPPhilippines 0.92 -8.08 0.59 0.22
TLPPhilippines [0.88,0.95] [-8.24,-7.92] [0.17,0.89] [0.08,0.41]

TLPRINTEMBIP 0.97 -8.65 0.90 0.23
TLPRINTEMBIP [0.96,0.98] [-8.92,-8.17] [0.78,0.97] [0.15,0.34]

TLPRussia 0.99 -6.36 0.98 0.31
TLPRussia [0.98,0.99] [-7.18,-5.51] [0.93,0.99] [0.21,0.42]

TLPSouthAfrica 0.87 -8.41 0.74 0.32
TLPSouthAfrica [0.81,0.92] [-8.68,-8.14] [0.34,0.93] [0.17,0.52]

TLPTurkey 0.91 -7.67 0.87 0.24
TLPTurkey [0.88,0.95] [-7.98,-7.35] [0.64,0.96] [0.13,0.40]

TLPUkraine 0.95 -6.98 0.91 0.34
TLPUkraine [0.92,0.97] [-7.45,-6.29] [0.79,0.97] [0.22,0.51]

TLPVenezuela 0.95 -7.01 0.85 0.34
TLPVenezuela [0.93,0.97] [-7.30,-6.67] [0.70,0.94] [0.24,0.47]

Table A .16: Posterior M edians (Loose Priors: rjr ~  (0 .25 ,0 .3), pr ~  23(0.5,0.1), p̂ -̂  ~
B{0.5 ,0 .2)), EM BIP Sample. (95% set in brackets.)



Appendix A: A ppendix to Chapter 2 171

Sample Pr ar Par nr

LPPreSeptOSAustria 0.73 -9.92 0.88 0.26
LPPreSeptOSAustria [0.63,0.81] [-10.30,-9.61] [0.69,0.96] [0.15,0.43]
LPPreSept08Belgium 0.92 -9.82 0.89 0.27
LPPreSeptOBBelgium [0.88,0.95] [-10.17,-9.36] [0.73,0.97] [0.15,0.45]
LPPreSeptOSFinland 0.91 -9.57 0.95 0.25
LPPreSeptOSFinland [0.87,0.94] [-10.07,-8.77] [0.85,0.99] [0.15,0.42]
LPPreSeptOBFrance 0.86 -9.84 0.94 0.23
LPPreSeptOSFrance [0.80,0.90] [-10.27,-9.26] [0.86,0.98] [0.13,0.35]

LPPreSeptOSGermanyRINT 0.93 -8.67 0.49 0.20
LPPreSeptOSGermanyRINT [0.89,0.95] [-8.83,-8.52] [0.14,0.85] [0.03,0.40]

LPPreSep t08G reece 0.95 -8.87 0.96 0.30
LPPreSeptOSCreece [0.92,0.97] [-9.51,-8.12] [0.90,0.99] [0.19,0.48]
LPPreSeptOSIreland 0.94 -9.26 0.96 0.19
LPPreSeptOSIreland [0.92,0.96] [-9.71,-8.64] [0.85,0.99] [0.11,0.33]

LPPreSeptOSItaly 0.99 -8.03 0.99 0.20
LPPreSeptOSItaly [0.98,0.99] [-8.83,-7.23] [0.97,0.99] [0.14,0.30]

LPPreSeptOSMalta 0.46 -10.03 0.63 0.51
LPPreSeptOSMalta [0.28,0.66] [-10.82,-9.39] [0.19,0.92] [0.09,1.00]

LPPreSeptOSNetherlands 0.64 -10.07 0.89 0.19
LPPreSeptOSNetherlands [0.54,0.75] [-10.52,-9.78] [0.61,0.98] [0.09,0.39]

LPPreSeptOSPortugal 0.73 -9.70 0.62 0.48
LPPreSeptOSPortugal [0.63,0.81] [-9.96,-9.44] [0.26,0.87] [0.28,0.70]
LPPreSeptOSSlovenia 0.50 -8.54 0.64 0.49
LPPreSeptOSSlovenia [0.32,0.69] [-9.15,-8.02] [0.22,0.91] [0.13,0.87]

LPPreSeptOSSpain 0.98 -8.32 0.98 0.18
LPPreSeptOSSpain [0.97,0.99] [-9.06,-7.45] [0.96,0.99] [0.11,0.30]

Table A.17: Posterior M edians Pre-September 2008 (Loose Priors: pr ~  B(0.5,0.1), pa, ~  
5(0.5,0.2)), EA Sample. (95% set in brackets.)



A ppendix A; A ppendix to Chapter 2 172

Sample pr ar PcTr fir

LPPreSeptOS Argentina 0.98 -6.08 0.91 0.44
LPPreSeptOSArgentina [0.97,0.99] [-6.62,-5.24] [0.79,0.97] [0.32,0.60]

LPPreSeptOSBrazil 0.96 -7.19 0.88 0.32
LPPreSeptOSBrazil [0.93,0.97] [-7.58,-6.75] [0.75,0.96] [0.22,0.46]

LPPreSeptOSBulgaria 0.99 -7.08 0.96 0.30
LPPreSeptOSBulgaria [0.98,0.99] [-7.67,-6.31] [0.88,0.99] [0.18,0.47]

LPPreSeptOSColombia 0.91 -7.72 0.69 0.32
LPPreSeptOSColombia [0.87,0.95] [-7.97,-7.45] [0.29,0.92] [0.17,0.52]
LPPreSeptOSEcuador 0.95 -6.62 0.88 0.40
LPPreSept08Ecuador [0.92,0.97] [-7.03,-6.11] [0.75,0.96] [0.25,0.58]

LPPreSeptOSIndonesia 0.68 -8.17 0.45 0.20
LPPreSeptOSIndonesia [0.53,0.81] [-8.54,-7.82] [0.10,0.84] [0.01,0.57]

LPPreSeptOSMexico 0.97 -7.70 0.95 0.24
LPPreSeptOSMexico [0.95,0.98] [-8.17,-7.03] [0.85,0.99] [0.14,0.39]
LPPreSeptOSPanama 0.88 -8.14 0.46 0.42
LPPreSeptOSPanama [0.83,0.92] [-8.32,-7.94] [0.15,0.77] [0.25,0.60]

LPPreSeptOSPeru 0.91 -7.69 0.61 0.37
LPPreSeptOSPeru [0.86,0.94] [-7.92,-7.45] [0.15,0.91] [0.19,0.56]

LPPreSeptOSPhilippines 0.89 -8.04 0.54 0.22
LPPreSeptOSPhilippines [0.84,0.93] [-8.23,-7.86] [0.14,0.89] [0.05,0.42]

LPPreSeptOSRINTEMBIP 0.97 -12.12 0.99 0.23
LPPreSeptOSRINTEMBIP [0.96,0.98] [-12.97,-11.27] [0.98,0.99] [0.16,0.33]

LPPreSeptOSRussia 0.99 -6.00 0.98 0.32
LPPreSeptOSRussia [0.99,0.99] [-6.76,-5.21] [0.94,0.99] [0.22,0.46]

LPPreSeptOSSouthAfrica 0.86 -8.68 0.66 0.26
LPPreSeptOSSouthAfrica [0.79,0.91] [-8.94,-8.39] [0.19,0.92] [0.10,0.52]

LPPreSeptOSTurkey 0.90 -7.54 0.83 0.28
LPPreSeptOSTurkey [0.85,0.94] [-7.86,-7.18] [0.39,0.96] [0.13,0.51]
LPPreSeptOSUkraine 0.88 -7.41 0.84 0.34
LPPreSeptOSUkraine [0.82,0.94] [-7.82,-6.70] [0.47,0.98] [0.16,0.60]

LPPreSeptOSVenezuela 0.95 -7.01 0.89 0.32
LPPreSeptOSVenezuela [0.93,0.97] [-7.38,-6.53] [0.76,0.96] [0.22,0.47]

Table A.18: Posterior M edians Pre-September 2008 (Loose Priors: pr ~  6(0.5,0.1), pa, ~  
B {0.5 ,0 .2)), EM BIP Sample. (95% set in brackets.)



A ppendix A: Appendix to Chapter 2 173

Sample pr ar pa, t]r

TPreSeptOSAustria 0.88 -10.01
TPreSept08Austria [0.84,0.92] [-10.69,-9.57]
TPreSeptOSBelgium 
TPreSeptOSBelgium 
TPreSept08Finland 
TPreSeptOSFinland 
TPreSept08France 
TPreSeptOSFrance 

TPreSeptOSGermanyRINT 
TPreSeptOSGermanyRINT 

TPreSept08Greece 
TP reSep tOSGreece 
TPreSeptOSIreland 
TPreSept08Ireland 

TPreSept08Italy 
TPreSept08Italy 

TPreSeptOSMalta 
TPreSept08Malta 

TPreSept08Netherlands 
TPreSept08Netherlands 

TPreSept08Portugal 
TPreSept08Portugal 
TPreSeptOSSlovenia 
TPreSept08Slovenia 

TPreSept08Spain 
TPreSept08Spain

0.93 -9.72
[0.91,0.95] [-10.17,-9.09]

0.93 -9.26
[0.90,0.95] [-9.93,-8.45]

0.91 -9.73
[0.87,0.93] [-10.26,-9.08]

0.93 -8.65
[0.91,0.96] [-8.87,-8.16]

0.95 -8.70
[0.93,0.96] [-9.41,-7.92]

0.95 -9.02
[0.92,0.96] [-9.63,-8.17]

0.98 -7.83
[0.81,0.99] [-8.64,-7.00]

0.90 -10.21
[0.85,0.93] [-10.94,-9.45]

0.88 -10.14
[0.83,0.92] [-10.89,-9.74]

0.89 -9.76
[0.85,0.93] [-10.35,-9.35]

0.90 -8.61
[0.85,0.94] [-9.28,-8.00]

0.98 -8.06
[0.97,0.98] [-8.85,-7.27]

0.95 0.20
[0.84,0.99] [0.12,0.33]

0.95 0.20
[0.85,0.99] [0.12,0.35]

0.98 0.20
[0.93,0.99] [0.12,0.33]

0.97 0.19
[0.90,0.99] [0.11,0.30]

0.89 0.10
[0.63,0.99] [0.01,0.24]

0.98 0.25
[0.95,0.99] [0.16,0.39]

0.99 0.14
[0.94,0.99] [0.08,0.24]

0.99 0.17
[0.98,0.99] [0.12,0.25]

0.95 0.45
[0.70,0.99] [0.11,0.85]

0.97 0.12
[0.85,0.99] [0.06,0.25]

0.88 0.34
[0.70,0.98] [0.20,0.52]

0.92 0.43
[0.65,0.99] [0.14,0.83]

0.99 0.14
[0.98,0.99] [0.09,0.23]

Table A.19: Posterior M edians Pre-September 2008 (Loose Priors: rjr ~  (0.25,0.3)), EA
Sample. (95% set in brackets.)



A ppendix A: A ppendix to Chapter 2 174

Sample p r (Tr Pt^r 1]r

TPreSeptOS Argentina 0.98 -5.65 0.96 0.38
TPreSeptOSArgentina [0.97,0.98] [-6.43,-4.74] [0.87,0.99] [0.27,0.52]

TPreSeptOSBrazil 0.95 -7.11 0.94 0.27
TPreSeptOSBrazil [0.93,0.97] [-7.58,-6.49] [0.83,0.99] [0.18,0.39]

TPreSeptOSBulgaria 0.98 -6.84 0.98 0.22
TPreSeptOSBulgaria [0.97,0.99] [-7.54,-6.05] [0.94,0.99] [0.13,0.36]

TPreSeptOSColombia 0.93 -7.69 0.92 0.19
TPreSeptOSColombia [0.90,0.95] [-8.06,-7.20] [0.72,0.99] [0.09,0.35]
TPreSeptOSEcuador 0.95 -6.48 0.94 0.32
TPreSeptOSEcuador [0.93,0.97] [-6.99,-5.82] [0.84,0.99] [0.20,0.48]

TPreSeptOSIndonesia 0.90 -8.32 0.91 0.14
TPreSeptOSIndonesia [0.86,0.94] [-8.89,-7.93] [0.59,0.99] [0.01,0.49]

TPreSeptOSMexico 0.96 -7.51 0.98 0.18
TPreSeptOSMexico [0.95,0.97] [-8.12,-6.75] [0.93,0.99] [0.11,0.30]
TPreSeptOSPanama 0.92 -8.12 0.86 0.24
TPreSeptOSPanama [0.89,0.95] [-8.46,-7.77] [0.55,0.99] [0.09,0.45]

TPreSept08Peru 0.94 -7.67 0.95 0.17
TPreSeptOSPeru [0.91,0.96] [-8.13,-7.06] [0.79,0.99] [0.08,0.34]

TPreSeptOSPhilippines 0.92 -8.04 0.93 0.10
TPreSeptOBPhilippines [0.89,0.95] [-8.36,-7.64] [0.67,0.99] [0.03,0.26]

TPreSeptOBRINTEMBIP 0.97 -12.27 0.99 0.20
TPreSeptOSRINTEMBIP [0.95,0.97] [-13.08,-11.51] [0.99,1.00] [0.14,0.28]

TPreSeptOBRussia 0.99 -5.81 0.99 0.26
TPreSeptOSRussia [0.98,0.99] [-6.62,-5.04] [0.97,0.99] [0.18,0.38]

TPreSeptOSSouthAfrica 0.91 -8.67 0.93 0.18
TPreSeptOSSouthAfrica [0.88,0.94] [-9.19,-8.19] [0.74,0.99] [0.07,0.35]

TPreSeptOSTurkey 0.93 -7.52 0.96 0.17
TPreSeptOSTurkey [0.90,0.95] [-8.03,-6.91] [0.84,0.99] [0.09,0.31]

TPreSeptOSUkraine 0.93 -7.09 0.98 0.18
TPreSeptOSUkraine [0.90,0.95] [-7.67,-6.43] [0.91,0.99] [0.10,0.34]

TPreSeptOSVenezuela 0.95 -6.91 0.94 0.27
TPreSeptOSVenezuela [0.93,0.97] [-7.40,-6.24] [0.86,0.99] [0.18,0.39]

Table A.20: Posterior Medians Pre-September 2008 (Loose Priors: tjr ~  (0.25,0.3)), EMBIP
Sample. (95% set in brackets.)



Appendix A: A ppendix to Chapter 2 175

Sample Pr O-r Pl̂ r nr

TLPPreSeptOSAustria 0.73 -9.91 0.88 0.25
TLPPreSeptOSAustria [0.64,0.80] [-10.30,-9.59] [0.72,0.96] [0.14,0.41]
TLPPreSeptOSBelgium 0.92 -9.81 0.90 0.26
TLPPreSeptOSBelgium [0.88,0.95] [-10.16,-9.36] [0.73,0.97] [0.15,0.43]
TLPPreSeptOSFinland 0.91 -9.57 0.95 0.23
TLPPreSeptOSFinland [0.88,0.94] [-10.04,-8.76] [0.86,0.99] [0.14,0.39]
TLPPreSeptOSFrance 0.86 -9.84 0.94 0.22
TLPPreSeptOSFrance [0.80,0.90] [-10.29,-9.29] [0.86,0.98] [0.14,0.35]

TLPPreSeptOSGermanyRINT 0.93 -8.67 0.50 0.17
TLPPreSeptOSGermanyRINT [0.89,0.95] [-8.82,-8.51] [0.14,0.85] [0.02,0.37]

TLPPreSeptOSGreece 0.95 -8.87 0.96 0.29
TLPPreSeptOSGreece [0.92,0.97] [-9.49,-8.14] [0.90,0.99] [0.18,0.45]
TLPPreSeptOSIreland 0.94 -9.25 0.96 0.18
TLPPreSeptOSIreland [0.92,0.96] [-9.71,-8.57] [0.87,0.99] [0.10,0.31]

TLPPreSeptOSItaly 0.99 -8.04 0.99 0.19
TLPPreSeptOSItaly [0.98,0.99] [-8.85,-7.20] [0.97,0.99] [0.13,0.28]

TLPPreSeptOSMalta 0.46 -9.89 0.63 0.37
TLPPreSeptOSMalta [0.28,0.65] [-10.73,-9.32] [0.19,0.92] [0.03,0.83]

TLPPreSeptOSNetherlands 0.64 -10.05 0.90 0.18
TLPPreSeptOSNetherlands [0.54,0.75] [-10.41,-9.76] [0.64,0.98] [0.09,0.35]

TLPPreSeptOSPortugal 0.72 -9.70 0.66 0.45
TLPPreSeptOSPortugal [0.63,0.81] [-9.97,-9.43] [0.29,0.89] [0.26,0.66]
TLPPreSeptOSSlovenia 0.50 -8.48 0.65 0.39
TLPPreSeptOSSlovenia [0.32,0.68] [-9.13,-7.99] [0.21,0.91] [0.07,0.76]

TLPPreSeptOSSpain 0.98 -8.31 0.98 0.18
TLPPreSeptOSSpain [0.97,0.99] [-9.05,-7.46] [0.95,0.99] [0.11,0.29]

Table A.21: Posterior Medians Pre-September 2008 (Loose Priors: t]r ~  A/” ̂  (0.25,0.3), pr ~  
S(0.5,0.1), Pa, ~  8 (0 3 ,0 .2 )), EA Sample. (95% set in brackets.)



A ppendix A: A ppendix to Chapter 2 176

Sample Pr (Xr PlTr Vr

TLPPreSep tOSArgentina 0.98 -6.06 0.91 0.42
TLPPreSeptOSArgentina [0.97,0.99] [-6.59,-5.15] [0.80,0.98] [0.31,0.57]

TLPPreSeptOSBrazil 0.96 -7.18 0.89 0.31
TLPPreSeptOSBrazil [0.93,0.97] [-7.52,-6.73] [0.76,0.96] [0.21,0.45]

TLPPreSeptOSBulgaria 0.99 -7.07 0.96 0.29
TLPPreSeptOSBulgaria [0.98,0.99] [-7.66,-6.35] [0.90,0.99] [0.17,0.45]

TLPPreSep tOSColombia 0.91 -7.71 0.72 0.29
TLPPreSeptOSColombia [0.87,0.95] [-7.95,-7.44] [0.28,0.92] [0.14,0.50]
TLPPreSeptOSEcuador 0.95 -6.60 0.89 0.38
TLPPreSeptOSEcuador [0.92,0.97] [-7.02,-6.07] [0.75,0.96] [0.24,0.55]

TLPPreSeptOSIndonesia 0.69 -8.17 0.47 0.15
TLPPreSeptOSIndonesia [0.53,0.81] [-8.53,-7.87] [0.12,0.86] [0.01,0.50]

TLPPreSeptOSMexico 0.97 -7.67 0.95 0.22
TLPPreSeptOSMexico [0.95,0.98] [-8.12,-6.98] [0.87,0.99] [0.13,0.36]
TLPPreSeptOSPanama 0.88 -8.13 0.48 0.39
TLPPreSeptOSPanama [0.83,0.92] [-8.31,-7.94] [0.16,0.80] [0.24,0.57]

TLPPreSeptOSPeru 0.91 -7.68 0.65 0.34
TLPPreSeptOSPeru [0.86,0.94] [-7.91,-7.42] [0.18,0.93] [0.17,0.53]

TLPPreSeptOSPhilippines 0.89 -8.03 0.55 0.19
TLPPreSeptOSPhilippines [0.84,0.93] [-8.23,-7.86] [0.15,0.89] [0.03,0.40]

TLPPreSeptOSRINTEMBIP 0.97 -12.13 0.99 0.23
TLPPreSeptOSRINTEMBIP [0.96,0.98] [-12.94,-11.32] [0.99,0.99] [0.16,0.32]

TLPPreSeptOSRussia 0.99 -5.97 0.98 0.30
TLPPreSeptOSRussia [0.99,0.99] [-6.79,-5.18] [0.94,0.99] [0.21,0.44]

TLPPreSeptOSSouthAfrica 0.86 -8.68 0.69 0.24
TLPPreSeptOSSouthAfrica [0.79,0.91] [-8.97,-8.39] [0.24,0.93] [0.06,0.46]

TLPPreSeptOSTurkey 0.91 -7.53 0.85 0.26
TLPPreSeptOSTurkey [0.86,0.94] [-7.88,-7.18] [0.46,0.96] [0.12,0.48]

TLPPreSeptOSUkraine 0.89 -7.38 0.87 0.30
TLPPreSeptOSUkraine [0.82,0.94] [-7.81,-6.67] [0.51,0.98] [0.15,0.56]

TLPPreSeptOSVenezuela 0.95 -7.00 0.89 0.32
TLPPreSep tOSVenezuela [0.93,0.97] [-7.37,-6.53] [0.77,0.96] [0.21,0.45]

Table A.22: Posterior Medians Pre-September 2008 (Loose Priors: rjr ~  (0.25,0.3), pr ~
^3(0.5,0.1), Par ~  ^(0.5,0.2)), EMBIP Sample. (95% set in brackets.)



Appendix A: Appendix to Chapter 2 177

Sample pr ar PP'r Vr

LPPostSeptOSAustria 0.76 -9.05 0.45 0.24
LPPostSeptOSAustria [0.65,0.84] [-9.32,-8.82] [0.11,0.82] [0.02,0.52]
LPPostSeptOSBelgium 0.79 -8.70 0.44 0.46
LPPostSeptOSBelgium [0.71,0.86] [-9.02,-8.39] [0.12,0.81] [0.19,0.77]
LPPostSeptOSFinland 0.69 -9.30 0.54 0.49
LPPostSeptOSFinland [0.53,0.81] [-9.74,-8.93] [0.20,0.83] [0.27,0.78]
LPPostSeptOSFrance 0.82 -9.19 0.47 0.42
LPPostSeptOSFrance [0.74,0.89] [-9.52,-8.87] [0.14,0.80] [0.15,0.71]

LPPostSeptOSGermanyRINT 0.89 -8.17 0.47 0.16
LPPostSeptOSGermanyRINT [0.84,0.94] [-8.41,-7.92] [0.12,0.84] [0.01,0.45]

LPPostSeptOSGreece 0.90 -6.21 0.73 0.58
LPPostSeptOSGreece [0.82,0.95] [-6.69,-5.64] [0.42,0.91] [0.35,0.87]
LPPostSeptOSIreland 0.87 -7.69 0.47 0.33
LPPostSeptOSIreland [0.81,0.92] [-7.99,-7.40] [0.13,0.82] [0.08,0.63]

LPPostSeptOSItaly 0.84 -7.89 0.51 0.36
LPPostSeptOSItaly [0.77,0.90] [-8.18,-7.58] [0.13,0.85] [0.12,0.65]

LPPostSeptOSMalta 0.88 -8.78 0.47 0.33
LPPostSeptOSMalta [0.82,0.93] [-9.08,-8.49] [0.13,0.82] [0.03,0.68]

LPPostSept08Netherlands 0.67 -9.44 0.52 0.45
LPPostSeptOSNetherlands [0.54,0.78] [-9.84,-9.11] [0.18,0.85] [0.22,0.74]

LPPostSeptOSPortugal 0.89 -7.14 0.68 0.35
LPPostSeptOSPortugal [0.81,0.94] [-7.50,-6.75] [0.22,0.92] [0.17,0.62]
LPPostSeptOSSlovenia 0.83 -7.91 0.46 0.42
LPPostSeptOSSlovenia [0.75,0.89] [-8.22,-7.61] [0.13,0.78] [0.20,0.71]

LPPostSeptOSSpain 0.87 -7.92 0.54 0.36
LPPostSeptOSSpain [0.80,0.92] [-8.27,-7.61] [0.16,0.86] [0.10,0.68]

Table A.23: Posterior Medians Post-September 2008 (Loose Priors: pr ~  6(0.5,0.1), pa, ~  
6(0.5,0.2)^, EA Sample. (95% set in brackets.)



A ppendix A: A ppendix to Chapter 2 178

Sample pr CTr Pt̂ r

LPPostSeptOSArgentina 0.78 -6.80 0.46 0.42
LPPostSeptOBArgentina [0.67,0.87] [-7.13,-6.47] [0.12,0.84] [0.20,0.71]

LPPostSeptOSBrazil 0.7B -8.30 0.55 0.34
LPPostSeptOBBrazil [0.67,0.86] [-8.61,-7.98] [0.17,0.86] [0.14,0.60]

LPPostSeptOSBulgaria 0.75 -7.77 0.53 0.44
LPPostSept08Bulgaria [0.64,0.85] [-8.13,-7.44] [0.16,0.86] [0.21,0.75]

LPPostSept08Colombia 0.81 -8.13 0.51 0.43
LPPostSept08Colombia [0.70,0.88] [-8.47,-7.78] [0.16,0.87] [0.20,0.72]
LPPostSept08Ecuador 0.92 -6.31 0.85 0.54
LPPostSeptOSEcuador [0.86,0.96] [-6.94,-5.56] [0.58,0.96] [0.32,0.85]

LPPostSeptOSIndonesia 0.81 -7.75 0.69 0.40
LPPostSeptOSIndonesia [0.70,0.88] [-8.11,-7.33] [0.26,0.92] [0.20,0.69]

LPPostSeptOSMexico 0.76 -8.37 0.58 0.36
LPPostSeptOSMexico [0.65,0.85] [-8.73,-8.02] [0.20,0.89] [0.16,0.61]
LPPostSept08Panama 0.77 -8.14 0.60 0.39
LPPostSept08Panama [0.67,0.85] [-8.49,-7.76] [0.20,0.90] [0.20,0.65]

LPPostSeptOBPeru 0.75 -8.11 0.52 0.40
LPPostSeptOSPeru [0.63,0.85] [-8.44,-7.78] [0.17,0.85] [0.20,0.70]

LPPostSeptOBPhilippines 0.81 -8.21 0.52 0.41
LPPostSeptOBPhilippines [0.72,0.88] [-8.57,-7.88] [0.16,0.84] [0.18,0.71]
LPPostSeptOBRINTEMBIP 0.84 -12.29 0.97 0.48
LPPostSeptOBRINTEMBIP [0.79,0.89] [-13.14,-11.52] [0.94,0.99] [0.30,0.72]

LPPostSeptOBRussia 0.77 -7.80 0.59 0.38
LPPostSeptOBRussia [0.67,0.85] [-8.16,-7.46] [0.20,0.88] [0.19,0.64]

LPPostSeptOBSouthAfrica 0.77 -8.09 0.49 0.44
LPPostSeptOBSouthAfrica [0.67,0.85] [-8.42,-7.72] [0.15,0.86] [0.24,0.72]

LPPostSeptOBTurkey 0.76 -7.99 0.45 0.43
LPPostSeptOBTurkey [0.66,0.84] [-8.32,-7.67] [0.11,0.81] [0.21,0.71]
LPPostSeptOBUkraine 0.83 -6.50 0.82 0.40
LPPostSeptOBUkraine [0.72,0.91] [-6.99,-5.94] [0.51,0.96] [0.20,0.71]

LPPostSeptOSVenezuela 0.69 -6.98 0.52 0.36
LPPostSeptOSVenezuela [0.55,0.81] [-7.30,-6.67] [0.14,0.87] [0.15,0.64]

Table A.24: Posterior M edians Post-September 2008 (Loose Priors: pr ~  i?(0.5,0.1), pa, ~  
B(0.5,0.2)), EM BIP Sample. (95% set in brackets.)
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Sample Pr d r Pffr Vr

TPostSeptOSAustria 0.90 -9.09 0.89 0.09
TPostSept08Austria [0.86,0.93] [-9.52,-8.80] [0.59,0.99] [0.00,0.30]
TPostSept08Belgium 0.90 -8.72 0.88 0.21
TPostSeptOSBelgium [0.86,0.93] [-9.21,-8.25] [0.58,0.99] [0.06,0.47]
TPostSept08Finland 0.90 -9.54 0.83 0.45
TPostSept08Finland [0.86,0.93] [-10.23,-9.03] [0.59,0.99] [0.24,0.71]
TPostSeptOSFrance 0.90 -9.20 0.83 0.27
TPostSept08France [0.87,0.94] [-9.66,-8.74] [0.53,0.99] [0.04,0.59]

TPostSeptOSGermanyRINT 0.92 -8.18 0.90 0.08
TPostSeptOSGermanyRINT [0.89,0.95] [-8.49,-7.72] [0.60,0.99] [0.00,0.30]

TPostSeptOSGreece 0.94 -6.07 0.92 0.44
TPostSeptOSGreece [0.90,0.96] [-6.70,-5.31] [0.73,0.99] [0.26,0.72]
TPostSept08Ireland 0.92 -7.69 0.89 0.19
TPostSept08Ireland [0.89,0.95] [-8.09,-7.17] [0.58,0.99] [0.03,0.44]

TPostSept08Italy 0.92 -7.92 0.93 0.18
TPostSept08Italy [0.88,0.94] [-8.41,-7.34] [0.69,0.99] [0.06,0.39]

TPostSept08Malta 0.92 -8.77 0.87 0.20
TPostSept08Malta [0.89,0.95] [-9.17,-8.25] [0.57,0.99] [0.01,0.60]

TPostSeptOBNetherlands 0.90 -9.63 0.90 0.29
TPostSeptOSNetherlands [0.85,0.93] [-10.45,-9.14] [0.66,0.99] [0.14,0.53]

TPostSept08Portugal 0.93 -7.10 0.94 0.25
TPostSeptOSPortugal [0.90,0.96] [-7.63,-6.38] [0.75,0.99] [0.12,0.46]
TPostSept08Slovenia 0.91 -7.93 0.83 0.28
TPostSept08Slovenia [0.87,0.94] [-8.38,-7.44] [0.52,0.99] [0.11,0.54]

TPostSeptOSSpain 0.92 -7.93 0.90 0.25
TPostSeptOSSpain [0.89,0.95] [-8.45,-7.30] [0.66,0.99] [0.07,0.50]

Table A.25: Posterior M edians Post-September 2008 (Loose Priors: rjr ~  (0.25,0.3)j, EA
Sample. (95% set in brackets.)
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Sample p r O-r Pt^r n r

TPostSeptOSArgentina 0.90 -6.80 0.89 0.27
TPostSeptOSArgentina [0.86,0.94] [-7.34,-6.29] [0.57,0.99] [0.11,0.54]

TPostSeptOSBrazil 0.90 -8.34 0.89 0.23
TPostSept08Brazil [0.87,0.94] [-8.81,-7.81] [0.57,0.99] [0.07,0.46]

TPostSept08Bulgaria 0.90 -7.81 0.90 0.28
TPostSeptOSBulgaria [0.86,0.94] [-8.40,-7.26] [0.61,0.99] [0.11,0.56]

TPostSeptOSColombia 0.90 -8.13 0.89 0.29
TPostSeptOSColombia [0.87,0.94] [-8.66,-7.53] [0.58,0.99] [0.12,0.57]
TPostSeptOSEcuador 0.93 -6.06 0.96 0.43
TPostSeptOSEcuador [0.90,0.96] [-6.80,-5.22] [0.82,0.99] [0.25,0.69]

TPostSept08Indonesia 0.91 -7.66 0.94 0.28
TPostSept08Indonesia [0.87,0.94] [-8.23,-6.92] [0.75,0.99] [0.14,0.51]

TPostSeptOSMexico 0.90 -8.43 0.89 0.28
TPostSeptOSMexico [0.86,0.93] [-8.97,-7.90] [0.60,0.99] [0.11,0.53]
TPostSeptOBPanama 0.90 -8.12 0.93 0.24
TPostSeptOBPanama [0.86,0.93] [-8.62,-7.48] [0.67,0.99] [0.11,0.46]

TPostSeptOSPeru 0.90 -8.16 0.90 0.27
TPostSept08Peru [0.86,0.93] [-8.71,-7.61] [0.62,0.99] [0.11,0.55]

TPostSeptOSPhilippines 0.90 -8.25 0.86 0.33
TPostSept08Philippines [0.87,0.94] [-8.78,-7.70] [0.59,0.99] [0.11,0.62]

TPostSeptOSRINTEMBIP 0.90 -12.39 0.99 0.38
TPostSeptOSRINTEMBIP [0.87,0.93] [-13.23,-11.60] [0.97,0.99] [0.25,0.60]

TPostSept08Russia 0.90 -7.85 0.91 0.26
TPostSeptOSRussia [0.86,0.94] [-8.43,-7.32] [0.67,0.99] [0.12,0.52]

TPostSept08SouthAfrica 0.90 -8.06 0.90 0.30
TPostSeptOSSouthAfrica [0.86,0.93] [-8.63,-7.46] [0.59,0.99] [0.13,0.57]

TPostSept08Turkey 0.90 -7.99 0.88 0.25
TPostSeptOSTurkey [0.85,0.93] [-8.53,-7.49] [0.57,0.99] [0.10,0.50]
TPostSeptOSUkraine 0.92 -6.40 0.96 0.29
TPostSeptOSUkraine [0.88,0.94] [-7.02,-5.65] [0.82,0.99] [0.15,0.54]

TPostSept08Venezuela 0.90 -7.06 0.88 0.24
TPostSeptOBVenezuela [0.86,0.93] [-7.70,-6.63] [0.55,0.99] [0.08,0.51]

Table A.26: P osterior M ed ia n s  P ost-Sep tem ber 2008  (Loose Priors: t]r ~  A^+(0.25,0.3)J, E M B IP  
Sam ple. (95%  se t in brackets.)
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Sample pr (Tr P(7r nr

TLPPostSeptOBAustria 0.76 -9.04 0.49 0.20
TLPPostSeptOSAustria [0.65,0.85] [-9.30,-8.81] [0.13,0.85] [0.01,0.47]
TLPPostSeptOSBelgium O.BO -8.69 0.47 0.39
TLPPostSeptOSBelgium [0.71,0.87] [-9.01,-8.38] [0.13,0.84] [0.16,0.69]
TLPPostSeptOBFinland 0.68 -9.27 0.55 0.46
TLPPostSeptOBFinland [0.52,0.81] [-9.70,-8.92] [0.22,0.83] [0.24,0.74]
TLPPostSeptOSFrance 0.82 -9.17 0.49 0.36
TLPPostSeptOBFrance [0.74,0.88] [-9.49,-8.87] [0.14,0.82] [0.08,0.67]

TLPPostSeptOBGermanyRINT 0.89 -8.17 0.48 0.12
TLPPostSeptOSGermanyRINT [0.84,0.93] [-8.41,-7.93] [0.13,0.85] [0.01,0.39]

TLPPostSeptOBGreece 0.90 -6.20 0.76 0.52
TLPPostSeptOBGreece [0.82,0.95] [-6.68,-5.66] [0.45,0.92] [0.30,0.80]
TLPPostSeptOBIreland 0.87 -7.69 0.49 0.27
TLPPostSeptOBIreland [0.81,0.92] [-7.96,-7.39] [0.13,0.85] [0.04,0.55]

TLPPostSeptOBIta ly 0.84 -7.88 0.55 0.31
TLPPostSeptOBItaly [0.76,0.90] [-8.18,-7.58] [0.13,0.88] [0.09,0.59]

TLPPostSeptOBMalta 0.88 -8.77 0.48 0.25
TLPPostSeptOBMalta [0.82,0.93] [-9.06,-8.48] [0.14,0.83] [0.02,0.62]

TLPPostSeptOBNetherlands 0.66 -9.43 0.56 0.40
TLPPostSeptOBNetherlands [0.54,0.78] [-9.81,-9.11] [0.20,0.87] [0.19,0.66]

TLPPostSeptOBPortugal 0.88 -7.14 0.70 0.32
TLPPostSeptOBPortugal [0.81,0.94] [-7.51,-6.80] [0.25,0.93] [0.14,0.56]
TLPPostSeptOSSlovenia 0.82 -7.90 0.48 0.38
TLPPostSeptOSSlovenia [0.75,0.89] [-8.22,-7.61] [0.14,0.82] [0.19,0.64]

TLPPostSeptOBSpain 0.87 -7.91 0.56 0.31
TLPPostSeptOBSpain [0.80,0.92] [-8.23,-7.60] [0.17,0.87] [0.06,0.62]

Table A.27; Posterior Medians Post-September 2008 (Loose Priors: rjr ~  7V+(0.25,0.3), pr ~  
23(0.5,0.1), ~  ;B(0.5,0.2)j, EA Sample. (95% set in brackets.)
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Sample pr Ur Po-r nr

TLPPostSeptOSArgentina 0.78 -6.77 0.51 0.37
TLPPostSept08 Argentina [0.66,0.86] [-7.09,-6.45] [0.13,0.88] [0.16,0.65]

TLPPostSept08Brazil 0.7B -8.30 0.57 0.30
TLPPostSept08Brazil [0.68,0.86] [-8.59,-7.99] [0.18,0.88] [0.13,0.55]

TLPPostSeptOSBulgaria 0.76 -7.76 0.56 0.39
TLPPostSeptOSBulgaria [0.64,0.85] [-8.10,-7.41] [0.17,0.88] [0.18,0.67]

TLPPostSept08Colombia 0.80 -8.12 0.55 0.38
TLPPostSeptOSColombia [0.70,0.88] [-8.44,-7.80] [0.16,0.88] [0.19,0.65]
TLPPostSeptOSEcuador 0.91 -6.31 0.86 0.51
TLPPostSeptOSEcuador [0.86,0.95] [-6.92,-5.65] [0.60,0.96] [0.30,0.80]

TLPPostSeptOBIndonesia 0.80 -7.74 0.72 0.36
TLPPostSeptOSIndonesia [0.70,0.88] [-8.14-7.29] [0.30,0.93] [0.18,0.64]

TLPPostSeptOBMexico 0.76 -8.35 0.62 0.32
TLPPostSeptOSMexico [0.64,0.85] [-8.68,-8.03] [0.21,0.90] [0.14,0.57]
TLPPostSeptOSPanama 0.77 -8.13 0.63 0.35
TLPPostSeptOSPanama [0.67,0.86] [-8.46,-7.77] [0.24,0.90] [0.18,0.60]

TLPPostSeptOSPeru 0.75 -8.10 0.55 0.37
TLPPostSeptOSPeru [0.64,0.84] [-8.42,-7.79] [0.16,0.86] [0.17,0.63]

TLPPostSeptOSPhilippines 0.81 -8.19 0.54 0.37
TLPPostSeptOSPhilippines [0.71,0.88] [-8.54,-7.87] [0.18,0.86] [0.16,0.64]

TLPPostSeptOSRINTEMBIP 0.84 -12.32 0.98 0.45
TLPPostSeptOSRINTEMBIP [0.79,0.89] [-13.09,-11.46] [0.94,0.99] [0.29,0.68]

TLPPostSept08Russia 0.77 -7.80 0.62 0.34
TLPPostSeptOSRussia [0.66,0.86] [-8.13,-7.48] [0.25,0.89] [0.17,0.60]

TLPPostSeptOSSouthAfrica 0.77 -8.08 0.52 0.41
TLPPostSept08SouthAfrica [0.66,0.85] [-8.40,-7.74] [0.16,0.87] [0.22,0.66]

TLPPostSeptOBTurkey 0.76 -7.98 0.47 0.39
TLPPostSeptOSTurkey [0.65,0.84] [-8.31,-7.70] [0.12,0.84] [0.18,0.66]
TLPPostSeptOSUkraine 0.83 -6.48 0.85 0.35
TLPPostSeptOBUkraine [0.72,0.90] [-7.01,-5.89] [0.55,0.97] [0.18,0.63]

TLPPostSeptOSVenezuela 0.69 -6.96 0.54 0.33
TLPPostSeptOSVenezuela [0.53,0.81] [-7.32,-6.68] [0.15,0.88] [0.14,0.59]

Table A.28: Posterior Medians Post-September 2008 (Loose Priors: rjr ~  A/"+(0.25,0.3), pr ~  
S(0.5,0.1), pa, ~  B{0.5,0.1)), EMBIP Sample. (95% set in brackets.)
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Figure A .16: Detrended Consumption and Smoothed Country Spread Volatility
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Figure A.22: Detrended Investment and Smoothed Country Spread Volatility
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A.8 Correlations

Country O utput Consum ption Investment

Argentina -0 .39 -0 .31 -0 .39
Austria -0 .32 -0 .06 -0 .23
Belgium -0 .22 0.04 -0 .10

Brazil -0 .29 -0 .28 -0 .2 7
Bulgaria -0 .07 -0 .16 -0 .12

Colombia -0 .43 -0 .20 -0 .0 7
Ecuador -0 .06 -0 .10 -0 .09
Finland -0.31 -0 .27 -0 .29
France -0 .22 -0 .20 -0 .13
Greece -0 .24 -0 .13 -0 .1 8

Indonesia -0 .51 -0 .25 0.59
Ireland -0 .34 -0.21 -0 .34

Italy -0 .24 -0 .22 -0 .15
Malta 0.17 -0 .08 -0 .08

Mexico -0 .29 -0 .26 -0 .26
N etherlands -0 .31 -0 .38 -0 .28

Peru -0 .14 0.22 -0 .08
Philippines -0 .22 -0 .18 0.16

Portugal -0 .03 -0 .12 0.01
Russia -0 .46 -0.11 -0 .41

Slovenia -0 .29 -0 .20 -0 .24
South Africa -0 .15 -0.21 -0 .08

Spain -0 .30 -0 .22 -0 .29
Turkey -0 .60 -0 .60 -0 .51
Ukraine -0 .63 -0 .52 -0 .62

Venezuela -0 .28 N /A N /A

AVERAGE -0.276 -0 .2 -0 .178

Table A.29: Contemporaneous Correlation Between RGDP/C/I and Volatiliti/



A ppendix A: A ppendix to Chapter 2 198

A.9 References

An, s. and S c h o r f h e i d e , F. (2007). Bayesian Analysis of DSGE Models. Econometric 
Reviews, 26 (2-4), 113-72.

A t k e s o n , a .  and O h a n i a n , L. (2001). Are Phillips Curves Useful for Forecasting 
Inflation? Federal Reserve Bank of Minneapolis Quarterly Review, 25 (1), 2-11.

C h i b , S. and G r e e n b e r g , E. (1995). U nderstanding the M etropolis-Hastings Algo
rithm. The American Statistician, 49 (4), 327-335.

D e j o n g , D . ,  L i e s e n f e l d , R., M o u r a , G., R i c h a r d , J.-F. and D h a r m a r a j a n , H. 
(2013). Efficient Likelihood Evaluation of State-Space Representations. The Review 
of Economic Studies, 80 (2), 538-67.

F e r n a n d e z -V i l l a v e r d e , G u e r r o n - Q u i n t a n a , P, R u b i o -R a m i r e z , J. and U r i b e , 
M. (2011). Risk Matters: The Real Effects of Volatility Shocks. American Economic 
Review, 101 (6), 2530-61.

— and R u b i o - R a m i r e z , J. (2007). Estimating Macroeconomic Models: A Likelihood 
Approach. Review o f Economic Studies, 74 (4), 1059-1087.

— and R u b i o - R a m i r e z , J. F. (2004). C om paring Dynamic Equilibrium  M odels to 
Data: a Bayesian Approach. Journal o f Econometrics, 123 (1), 153-187.

— and R u b i o - R a m i r e z , J. F. (2005). Estimating Dynamic Equilibrium  Economies: 
Linear Versus Nonlinear Likelihood. Journal of Applied Econometrics, 20 (7), 891-910.

G o d s i l l , s., D o u c e t , A. and W e s t , M. (2004). Monte Carlo Smoothing for Nonlin
ear Time Series. Journal o f the American Statistical Association, 99 (465), 156-168.

Gordon, N., Salmond, D. and Smith, A. (1993). Novel Approach to 
Nonlinear/Non-G aussian Bayesian State Estimation. lEE Proceedings F (Radar 
and Signal Processing), 140, 107-113(6).

H a s t i n g s , W. (1970). M onte Carlo Sam pling M ethods Using Markov Chains and 
Their Applications. Biometrika, 57 (1), 97-109.

H o f m a n n , B. (2009) .  Do M onetary Indicators Lead Euro Area Inflation? Journal of 
International Money and Finance, 28 (7), 1165-1181.

L a n e , P. R. and  M i l e s i - F e r r e t t i , G. M. (2007). The External W ealth of N ations 
M ark II. Journal of International Economics, 73 (2), 223-50.

M e t r o p o l i s , N., R o s e n b l u t h , A ., R o s e n b l u t h , M .  and T e l l e r , A. (1953). Equa
tion of State Calculations by Fast C om puting  M achines. The Journal o f Chemical 
Physics, 21 (6), 1087-1092.



A ppendix A; A ppendix to Chapter 2 199

N e u m e y e r , p. and P e r r i , F. (2005). Business Cycles in Emerging Economies: the 
Role of Interest Rates. Journal of monetary Economics, 52 (2), 345-80.

P it t , M. K. and S h e p h a r d , N. (1999). Filtering via Simulation: Auxiliary Particle 
Filters. Journal o f the American Statistical Association, 94 (446), 590-599.

R u b i n , D. B. (1983). Progress Report on Project for M ultiple Imputation o f 1980 codes. 
Tech. rep.. University of Chicago.

— (1987). The Calculation of Posterior D istributions by Data A ugm entation: 
Com m ent: a N oniterative Sam pling /Im portance Resam pling A lternative to the 
Data A ugm entation A lgorithm  for Creating a Few Im putations W hen Fractions 
of M issing Inform ation are M odest: the SIR Algorithm . Journal o f the American  
Statistical Association, 82 (398), 543-546.

— (1988). Using the SIR Algorithm  to Simulate Posterior Distributions. In M. H, 
Bernardo, K. M. Degroot, D. V. Lindley and A. F. M. Smith (eds.), Bayesian Statistics 
3, Oxford University Press.

S c h m i t t -G r o h e , s. and U r ib e , M. (2003). Closing Small O pen Economy Models. 
Journal o f International Economics, 61 (1), 163-85.

S t o c k , J. H. and W a t s o n , M. W. (2007). Why Has U .S . Inflation Become Harder to 
Forecast? Journal o f Money, Credit and Banking, 39 (si), 3-33.



Appendix B

Appendix to Chapter 3



Appendix B: A ppendix to Chapter 3 201

B.l Descriptive Statistics

B.1.1 Summary Statistics for Real Interest Rates

Sum m ary statistics for the m ean real interest rates for the EMBIP sam ple are 
available in table B. 1. The average real T-Bill from 1993.12-2013.02 was 0.005. This 
re tu rn  proxies the international risk-free rate (in annualised terms). Sum m ary 
statistics for the mean real interest rate for the EA sample are available in table B.2.

Sample Time Period r Real T-Bill

Argentina 1993.12-2013.02 0.167 0.005
Brazil 1994.04-2013.02 0.064 0.005

Bulgaria 1994.08-2013.02 0.058 0.004
Colombia 1999.05-2013.02 0.035 -0.003
Ecuador 1995.02-2013.02 0.130 0.004

Indonesia 2006.10-2013.02 0.017 -0.012
Mexico 1993.12-2013.02 0.040 0.005
Panama 1996.07-2013.02 0.033 0.002

Peru 1997.03-2013.02 0.037 0.001
Philippines 1999.04-2013.02 0.032 -0.003

Russia 1997.08-2013.02 0.077 0.001
South Africa 2002.04-2013.02 0.010 -0.008

Turkey 1999.07-2013.02 0.038 -0.003
Ukraine 2001.07-2013.02 0.052 -0.008

Venezuela 1993.12-2013.02 0.096 0.005

Table B.l: Mean o f Real Interest Rates (EMBIP)
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Sample Time Period r Real Bund

Austria 1997.12-2013.02 0.021 0.019
Belgium 1997.12-2013.02 0.023 0.019
Finland 1997.12-2013.02 0.020 0.019
France 1997.12-2013.02 0.021 0.019
Greece 1998.08-2013.02 0.056 0.019
Ireland 1997.12-2013.02 0.031 0.019

Italy 1997.12-2013.02 0.027 0.019
Malta 2008.02-2013.02 0.023 0.007

N etherlands 1997.12-2013.02 0.020 0.019
Portugal 1997.12-2013.02 0.034 0.019
Slovenia 2007.04-2013.02 0.029 0.010

Spain 1997.12-2013.02 0.027 0.019

T able B.2: Mean o f Real Interest Rates (EA)
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B.2 Empirical Moments

Country Period a y
iTy

a
i7 y

£MX
ITy P n x ,y ^  (%) ( ^ N X / Y P n x / y ,y

Argentina 1993Q1:2012Q3 4.76 1.23 3.19 15.05 -0.64 1.47 1.37 -0.67
Austria 1999Q1:2012Q4 1.62 0.66 2.73 12.5 0.53 2.09 0.41 0.38
Belgium 1999Q1:2012Q4 1.37 0.79 4.99 22.45 -0.28 1.88 0.57 -0.35

Brazil 1995Q1:2011Q4 2.16 1.02 3.66 163.1 -0.073 0.08 0.47 -0.05
Bulgaria 1999Q1:2012Q3 2.32 1.49 5.85 17.41 -0.70 -5.45 1.88 -0.70

Colombia 2000Q1:2010Q4 1.58 0.94 3.68 23.63 0.07 -1.37 0.52 0.15
Ecuador 1994Q1:2012Q3 2.07 2.25 8.17 520.8 -0.42 -0.01 2.13 -0.53
Finland 1999Q1:2012Q3 2.75 0.54 3.56 10.47 0.37 2.85 0.74 0.30
France 1999Q1:2012Q3 1.36 0.64 4.03 53.77 -0.51 -0.29 0.24 -0.48
Greece 2001Q1:2012Q4 1.86 1.27 5.18 8.93 -0.58 -6.06 0.93 -0.48

Indonesia 2001Q1:2012Q4 1.29 1.75 6.20 31.12 0.32 1.95 0.67 -0.18
Ireland 1999Q1:2012Q3 2.52 1.10 4.46 4.76 -0.40 8.15 1.01 -0.56

Italy 1999Q1:2012Q4 1.63 0.86 2.88 425.1 -0.12 0.07 0.39 -0.16
Malta 2008Q1:2012Q3 1.55 0.80 12.56 130.5 -0.00 0.78 1.63 -0.02

Mexico 1993Q1:2012Q4 3.43 1.34 2.85 25.79 -0.53 -0.75 0.77 -0.58
Netherlands 1990Q1:2012Q3 1.48 0.73 3.36 7.51 0.30 3.57 0.39 0.01

Peru 1997Q1:2012Q3 1.81 1.39 4.94 70.46 -0.18 0.67 1.07 -0.20
Philippines 1997Q1:2012Q3 1.18 0.95 10.11 45.67 0.14 -2.59 1.46 -0.01

Portugal 1999Q1:2011Q4 1.36 1.17 3.53 11.15 -0.34 -4.73 0.70 -0.38
Russia 1995Q1;2012Q1 3.57 0.95 105.8 8.59 0.26 5.43 2.00 0.03

Slovenia 2007Q1:2012Q4 2.71 0.81 3.99 62.39 -0.84 0.53 0.80 -0.84
SouthAfrica 2001Q1:2012Q4 1.55 1.22 3.76 130.6 -0.45 -0.19 0.61 -0.50

Spain 1999Q1:2012Q3 1.41 1.16 3.41 23.1 -0.78 -1.79 0.54 -0.74
Turkey 1997Q1:2012Q3 3.87 1.09 4.15 18.3 -0.68 -1.47 1.21 -0.60
Ukraine 2001Q1:2012Q3 4.61 0.84 3.97 38.28 -0.52 -0.70 1.58 -0.47

Venezuela 1998Q1:2013Q2 5.88 0.94 3.79 6.71 -0.51 -6.51 2.83 -0.48

Table B.3: Empirical M oments.
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Figure B.l: Empirical D istribution for Ratio o f Investment Volatility to O utput Volatility

B.3 Calibration and M odel M oments

V rj S OL p x  U)

5 1000 0.014 0.32 0.95 1

Table B.4: Calibration fo r  Parameters Fixed Across Countries.
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Ml Ml Ml Ml M2 M2 M2 M2

Countries D <t>D (p o-x D o-x

Argentina 15 0.0004 30 0.04 3 0.007 16 0.0425
Austria 50 0.01 12 0.015 50 0.01 12 0.015
Belgium 42 0.0001 2 0.0075 40 0.0001 2 0.0075

Brazil 12 0 16 0.0175 11 0.0003 16 0.0175
Bulgaria -25 0 16 0.0175 2 0.0002 10 0.0175

Colombia -18 0.0002 4 0.0125 -12 0.001 2 0.0125
Ecuador 0 0.0005 26 0.005 0 0.006 20 0.0025
Finland 72 0.01 2 0.0225 72 0.01 2 0.0225
France -6 0.0002 2 0.0075 -7 0.0002 2 0.0075
Greece -36 0.001 34 0.015 4 0.0007 20 0.0175

Indonesia 64 0.0005 20 0.0025 48 0.0003 20 0.0025
Ireland 130 0.005 2 0.0175 102 0.0001 6 0.0125

Italy 20 0 40 0.0125 30 0.0001 30 0.0125
Malta 28 0 2 0.0025 28 0.0001 2 0.0025

Mexico -9 0.01 14 0.03 -4 0.01 14 0.03
Netherlands 90 0.01 2 0.0125 95 0.01 4 0.0125

Peru 11 0.0001 8 0.0075 31 0.0001 10 0.0075
Philippines -38 0.0001 2 0.005 -24 0.0001 2 0.005

Portugal -36 0 60 0.01 1 0 40 0.01
Russia 33 0.01 14 0.0325 20 0.0005 40 0.03

Slovenia 9 0.01 2 0.0225 8 0.01 2 0.0225
South Africa -1 0 10 0.0075 10 0 10 0.0075

Spain -24 0 26 0.01 8 0 16 0.01
Turkey -19 0.01 2 0.0325 -13 0.01 2 0.0325
Ukraine -5 0.001 2 0.04 0 0.001 2 0.04

Venezuela -30 0.01 2 0.0475 -20 0.01 4 0.0475

Table B.5: Calibration from  Fine Grid Search
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D-y £Ty
£L
Uy

NX
~Y~ C^NX/Y P N X/ Y . Y

A rgentina Data 4.76 1.23 3.19 1.48 1.37 -0.67
Argentina M l 4.66 0.61 3.23 1.39 4.78 0.59
Argentina M2 4.87 0.52 3.11 1.49 2.63 0.44

A ustria Data 1.62 0.66 2.73 2.10 0.41 0.38
Austria M l 1.74 0.37 2.66 2.10 0.88 0.30
Austria M2 1.74 0.37 2.67 2.12 0.90 0.30
Belgium Data 1.37 0.79 4.99 1,88 0.57 -0.35
Belgium Ml 0.89 0.23 4.98 1.92 1.25 0.22
Belgium M2 0.90 0.24 5.15 1.87 1.31 0.21

Brazil Data 2.16 1.02 3.65 0.08 0.47 -0.05
Brazil Ml 2.08 0,36 3.65 0.10 2.63 0,59
Brazil M2 2.05 0.38 3.71 0.06 2.51 0.49

Bulgaria Data 2.32 1.49 5.85 -5.50 1.89 -0.70
Bulgaria Ml 2.17 0.38 5.80 -5.44 3.79 0.48
Bulgaria M2 2.11 0.32 5.61 -5.40 3.59 0.36

Colombia Data 1.59 0.94 3.68 -1.37 0.52 0.15
Colombia Ml 1.46 0.22 3.73 -1.37 1.52 0.43
Colombia M2 1.46 0.24 3.66 -1.35 1.11 0.25
Ecuador Data 2.07 2.25 8.17 -0.01 2.13 -0.53
Ecuador M l 0.64 1.05 8.31 -0.27 1.39 0.32
Ecuador M2 0.30 1.37 8.38 -0.53 0.70 0.20
Finland Data 2.75 0.54 3.56 2.85 0.74 0.30
Finland M l 2.66 0.26 3.13 2.88 1.12 0.04
Finland M2 2.66 0.26 3.14 2.83 1.15 0.04
France Data 1.36 0.64 4.03 -0.29 0.24 -0.48
France Ml 0,88 0.20 4.01 -0.27 0.93 0.28
France M2 0.88 0.20 4.19 -0.30 0.98 0.26
Greece Data 1.86 1.27 5.18 -6,06 0.93 -0.48
Greece M l 1.81 1.29 5.06 -6,10 2.75 0.55
Greece M2 2,09 1.26 5.19 -6.02 3.49 0.51

Indonesia Data 1.29 1.75 6.20 1.95 0.67 -0.18
Indonesia M l 0.30 1.14 6.56 2.17 0.77 0.23
Indonesia M2 0.30 0.98 6.33 2.54 0,74 0.26

Ireland Data 2.52 1.10 4.46 8.15 1,01 -0.56
Ireland Ml 2.08 0.64 4.41 8.21 2,54 0.00
Ireland M2 1.49 0.44 4.38 8.18 2.32 0.34

Italy Data 1.63 0.86 2.88 0.07 0.39 -0.16
Italy M l 1.49 0.56 2.92 0.04 2.07 0.63
Italy M2 1.48 0.44 2.87 0.04 1.97 0.62

Table B.6: Matched M oments from  Fine Grid Search (1 o f 2)
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a y 2c
(Ty

El
(7y

N X
^ N X / Y P n x / y ,y

Malta Data 1.55 0.81 12.56 0.78 1.63 -0.02
Malta Ml 0.35 0.37 12.71 1.25 1.31 0.08
Malta M2 0.35 0.40 12.74 1.26 1.30 0.08

Mexico Data 3.44 1.34 2.85 -0.75 0.77 -0.58
Mexico Ml 3.47 0.39 2.65 -0.75 1.62 0.42
Mexico M2 3.47 0.39 2.66 -0.69 1.62 0.41

Netherlands Data 1.48 0.73 3.36 3.57 0.39 0.01
Netherlands Ml 1.48 0.28 3.34 3.60 0.87 0.02
Netherlands M2 1.47 0.33 3.29 3.59 0.96 0.09

Peru Data 1.81 1.39 4.94 0.67 1.07 -0.20
Peru Ml 0.90 0.33 5.00 0.71 1.42 0.40
Peru M2 0.90 0.34 5.14 0.67 1.52 0.39

Philippines Data 1.18 0.95 10.11 -2.59 1.46 -0.01
Philippines Ml 0.66 0.21 10.52 -2.58 1.89 0.13
Philippines M2 0.66 0.22 10.63 -2.51 1.95 0.12

Portugal Data 1.36 1.17 3.53 -4.73 0.70 -0.38
Portugal Ml 1.22 0.51 3.79 -4.34 1.91 0.63
Portugal M2 1.20 0.40 3.52 -4.65 1.71 0.61
Russia Data 3.57 0.95 4.29 5.43 2.00 0.03
Russia Ml 3.81 1.19 4.26 5.39 5.48 0.13
Russia M2 3.57 0.90 4.36 5.43 6.03 0.39

Slovenia Data 2.71 0.81 3.99 0.53 0.80 -0.84
Slovenia Ml 2.65 0.26 3.16 0.53 0.97 0.10
Slovenia M2 2.65 0.26 3.15 0.55 0.97 0.11

SouthAfrica Data 1.55 1.22 3.77 -0.19 0.61 -0.50
SouthAfrica Ml 0.90 0.25 3.89 -0.14 1.32 0.51
SouthAfrica M2 0.89 0.23 3.74 -0.15 1.26 0.50

Spain Data 1.41 1.16 3.41 -1.79 0.54 -0.74
Spain Ml 1.20 0.35 3.36 -1.87 1.65 0.62
Spain M2 1.19 0.28 3.37 -1.81 1.59 0.58

Turkey Data 3.87 1.09 4.15 -1.47 1.21 -0.60
Turkey Ml 3.83 0.27 3.26 -1.49 1.39 0.16
Turkey M2 3.83 0.27 3.30 -1.53 1.39 0.16
Ukraine Data 4.61 0.84 3.97 -0.70 1.58 -0.47
Ukraine Ml 4.68 0.26 3.75 -0.72 3.30 0.27
Ukraine M2 4.69 0.27 3.76 -0.67 3.42 0.24

Venezuela Data 5.88 0.94 3.79 -6.51 2.83 -0.48
Venezuela Ml 5.61 0.33 3.86 -6.40 2.25 0.28
Venezuela M2 5.56 0.36 3.76 -6.59 2.35 0.34

Table B.7: Matched Moments from Fine Grid Search (2 of 2)
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B.4 Variance Decompositions

Argentina Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

ay 4.76 4.66 4.62 4.60 4.59 0.67 0.47 0.12

ac 5.85 2.86 2.35 1.93 1.89 2.07 1.38 0.41
15.16 14.96 11.14 6.83 6.34 13.38 9.10 2.65

Table B.8: Variance Decomposition -  Argentina

Austria Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

£7y 1.62 1.74 1.74 1.74 1.74 0.04 0.04 0.00
ac 1.07 0.64 0.63 0.62 0.62 0.15 0.15 0.00

4.42 4.62 4.61 4.52 4.52 0.95 0.91 0.03

Table B.9: Variance Decomposition -  Austria

Belgium Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

ay 1.37 0.89 0.89 0.88 0.88 0.16 0.14 0.00

ac 1.08 0.21 0.20 0.16 0.16 0.14 0.13 0.00

<̂i 6.83 4.42 4.14 2.25 2.25 3.80 3.49 0.04

Table 8.10: Variance Decomposition -  Belgium

Brazil Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

ay 2.16 2.08 2.06 2.04 2.04 0.37 0.30 0.03
2.20 0.75 0.62 0.38 0.38 0.63 0.49 0.05

cri 7.89 7.57 6.07 1.96 1.90 7.31 5.77 0.52

Table B .ll: Variance Decomposition -  Brazil
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Bulgaria Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

cry 2.32 2.17 2.09 2.04 2.04 0.64 0.47 0.04

ac 3.45 0.82 0.61 0.38 0.38 0.71 0.47 0.07
13.60 12.56 9.10 2.08 1.99 12.37 8.88 0.67

Table B.12: Variance Decomposition -  Bulgaria

Colombia Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

cry 1.59 1.46 1.46 1.45 1.45 0.18 0.16 0.00
(Tc 1.49 0.33 0.32 0.31 0.31 0.11 0.10 0.00

0-; 5.83 5.42 4.93 3.23 3.23 4.32 3.72 0.04

Table B.13: Variance Decomposition -  Colombia

Ecuador Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

cry 2.07 0.63 0.60 0.57 0.57 0.25 0.18 0.00
ac 4.66 0.67 0.49 0.21 0.21 0.63 0.44 0.01

<̂i 16.90 5.26 3.79 0.84 0.84 5.19 3.69 0.07

Table B.14: Variance Decomposition -  Ecuador

Finland Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

cry 2.75 2.66 2.66 2.66 2.66 0.06 0.06 0.00
1.49 0.68 0.68 0.66 0.66 0.16 0.15 0.00
9.78 8.30 8.27 8.11 8.11 1.71 1.57 0.05

Table B.15; Variance Decomposition -  Finland
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France Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod, Rate 
& vol.

Rate Vol.

ay 1.36 0.88 0.88 0.88 0.88 0.10 0.10 0.00
ac 0.87 0.18 0.18 0.17 0.17 0.06 0.05 0.00

5.49 3.52 3.40 2.33 2.33 2.64 2.49 0.02

Table B.16: Variance Decomposition - France

Greece Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

ay 1.86 1.81 1.73 1.73 1.72 0.45 0.20 0.20

ac 2.36 2.33 1.16 0.86 0.54 2.25 1.03 0.67
9.64 9.33 4.68 4.77 2.71 8.80 3.81 3.89

Table B.17: Variance Decomposition -  Greece

Indonesia Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

(Ty 1.29 0.30 0.30 0.29 0.29 0.09 0.08 0.00

ac 2.27 0.34 0.28 0.07 0.07 0.34 0.28 0.01

o-i 8.02 1.98 1.66 0.45 0.45 1.93 1.60 0.04

Table B.18: Variance Decomposition -  Indonesia

Ireland Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

ay 2.52 2.08 2.07 2.06 2.06 0.25 0.20 0.03
ac 2.78 1.32 1.03 0.63 0.56 1.18 0.87 0.29

O’; 11.24 9.15 8.06 6.35 6.31 6.25 4.87 0.64

Table B.19: Variance Decomposition -  Ireland
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Italy Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

cry 1.63 1.49 1.48 1.46 1.46 0.24 0.19 0.04

ac 1.40 0.84 0.61 0.27 0.21 0.81 0.58 0.16
4.69 4.35 3.29 0.95 0.76 4.27 3.20 0.59

Table B.20: Variance Decomposition -  Italy

Malta Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

O-y 1.55 0.35 0.35 0.30 0.30 0.18 0.18 0.00
ac 1.25 0.13 0.12 0.03 0.03 0.12 0.12 0.00

19.49 4.42 4.22 0.71 0.71 4.37 4.17 0.05

Table B.21: Variance Decomposition -  Malta

Mexico Data All shocks Prod. Prod. 
& rate & vol.

Prod. Rate 
& vol.

Rate Vol.

cry 3.44 3.47 3.47 3.47 3.47 0.02 0.01 0.00
ac 4.59 1.34 1.34 1.34 1.34 0.06 0.05 0.01

9.80 9.21 9.21 9.21 9.21 0.38 0.31 0.11

Table B.22: Variance Decomposition -  Mexico

N etherlands Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

ay 1.48 1.48 1.48 1.48 1.48 0.08 0.07 0.00

ac 1.08 0.42 0.41 0.37 0.37 0.19 0.18 0.00

o-i 4.96 4.92 4.87 4.50 4.50 1.98 1.89 0.02

Table B.23: Variance Decomposition -  Netherlands
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Peru Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

(7y 1.81 0.90 0.89 0.87 0.87 0.20 0.17 0.00
(7c 2.51 0.30 0.26 0.15 0.15 0.26 0.22 0.00

CTl 8.92 4.45 3.84 1.20 1.20 4.29 3.65 0.07

Table B.24: Variance Decomposition -  Peru

Philippines Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

cry 1.18 0.66 0.64 0.59 0.59 0.28 0.25 0.00
CTc 1.13 0.14 0.13 0.09 0.09 0.11 0.09 0.00

^1 11.97 6.86 6.01 1.48 1.48 6.70 5.83 0.08

Table B.25: Variance Decomposition -  Philippines

Portugal Data Ail shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

(Ty 1.36 1.22 1.19 1.18 1.18 0.26 0.18 0.03
ac 1.59 0.63 0.41 0.14 0.14 0.61 0.39 0.02

4.80 4.63 3.13 0.58 0.40 4.61 3.10 0.42

Table B.26: Variance Decomposition -  Portugal

Russia Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

C7y 3.57 3.81 3.77 3.77 3.76 0.50 0.27 0.18
crc 3.39 4.54 2.73 2.27 1.65 4.13 2.14 1.56

o-i 15.31 16.28 11.98 10.69 10.01 11.43 6.06 3.49

Table B.27: Variance Decomposition -  Russia
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Slovenia Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

cry 2.71 2.66 2.66 2.66 2.66 0.02 0.02 0.00

(Tc 2.19 0.69 0.69 0.68 0.68 0.05 0.04 0.00
10.79 8.39 8.38 8.35 8.35 0.69 0.62 0.04

Table B.28: Variance Decomposition -  Slovenia

SouthAfrica Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

ay 1.55 0.90 0.89 0,88 0.88 0.17 0.14 0.00
ac 1.89 0.22 0.19 0.07 0.07 0.21 0.17 0.00
CTl 5.84 3.45 2.94 0.87 0.86 3.34 2.82 0.06

Table B.29: Variance Decomposition -  SouthAfrica

Spain Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

cry 1.41 1.20 1.18 1.17 1.17 0.22 0.18 0.01
dc 1.63 0.42 0.33 0.15 0.15 0.39 0.30 0.01

^1 4.80 4.02 3.22 0.75 0.73 3.95 3.14 0.20

Table B.30: Variance Decomposition -  Spain

Turkey Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

cry 3.87 3.84 3.84 3.84 3.84 0.04 0.03 0.00
ac 4.22 1.02 1.02 1.02 1.02 0.09 0.08 0.01

16.08 12.49 12.48 12.46 12.46 0.86 0.74 0.10

Table B.31: Variance Decomposition -  Turkey
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Ukraine Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

C7y 4.61 4.69 4.68 4.67 4.67 0.29 0.22 0.01

(7C 3.87 1.24 1.23 1.22 1.22 0.21 0.15 0.01

CTJ 18.29 17.55 16.27 14.88 14.88 8.56 6.23 0.29

Table B.32: Variance Decomposition -  Ukraine

Venezuela Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

ay 5.88 5.61 5.61 5.61 5.61 0.14 0.12 0.00
(7c 5.52 1.83 1.81 1.78 1.78 0.42 0.35 0.02

O-I 22.25 21.67 21.52 21.30 21.30 3.18 2.63 0.33

Table B.33: Variance Decomposition -  Venezuela
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B.5 Generalised Impulse Response Functions
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Figure B.2: Generalised Impulse Response Functions, Argentina
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Figure B.6: Generalised Impulse Response Functions, Bulgaria
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Figure B.7: Generalised Impulse Response Functions, Colombia
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Figure B.8: Generalised Impulse Response Functions, Ecuador
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Figure B.14: Generalised Impulse Response Functions, Italy
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Figure B.15: Generalised Impulse Response Functions, Malta
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Figure B.18: Generalised Impulse Response Functions, Peru
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Figure B.19: Generalised Impulse Response Functions, Philippines
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Figure B.20; Generalised Impulse Response Functions, Portugal
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Figure B.22: Generalised Impulse Response Functions, South Africa
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Figure B.26: Generalised Impulse Response Functions, Ukraine
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C.l Data

C.l.O.l In terest rate data

Interest rates are 3rd polynom ial, constant m aturity, stored yield curves on 10 
year governm ent bonds for loans denom inated in Euros. These are available from 
Datastream in frequencies from daily downwards (monthly, quarterly, etc.). Periods 
w ere chosen based on the availability of bond yield data. The coverage for Irish 
nom inal interest rates is from 1993.12:2013.02. GermanyRINT is the real (inflation 
expectations adjusted) German 10 year government benchmark bid yield -  it is the 
nominal version of this (dating back to 1990.09) for which Irish spreads are relative 
to. The HICP index converted to expected inflation dates from 1997.12 and so the 
coverage period for GermanyRINT is 1997.12:2013.02. Chapter 2 describes how the 
data was transform ed in further detail.

C.1.1 National Income and Product Account Data

N ational Incom e and Product A ccount (NIPA) data  for Ireland come from  the 
IMF's IPS database. Consum ption C is household spending on goods and services, 
investment I is the sum  of gross fixed capital formation and the change in invento
ries, net exports NX is exports m inus im ports of goods and services and output Y  
is the sum  of  C + I + NX .  The units are in local currency, which are converted to 
real values by dividing by the GDP deflator. NIPA data is then seasonally adjusted 
via the US C ensus B ureau's X-12 program . Finally, logarithm s of Y, C and I are 
H-P filtered. The ratio of net exports to ou tpu t N X / Y  is only H-P filtered w hen 
com puting the first-order autocorrelation betw een this ratio and ou tp u t and the 
volatility of this ratio; N X / Y  is no t filtered w hen com puting the m ean of N X / Y  

used for m om ent m atching in the calibration exercises.



Appendix C: Appendix to Chapter 4 230

C.2 Empirical Results

C.2.1 Country Spread for Ireland vis-a-vis Germany

Germ anyRINT Ireland

-2
1995 1997 1999 2001 2003 2005 2007 2009 2011 2013

Figure C.l: Country Spread for Ireland vis-a-vis Germany
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1991.12:1998.12 Ireland G erm any Spread Ireland (real) Germ any (real)

Average 7.41 6.42 0.98 3.79 4.77
Volatility 1.50 1.05 0.63 0.53 0.95

Max 10.04 8.34 2.57 5.03 6.42
9^th Percentile 9.38 8.17 2.13 4.75 6.16
U pper Quartile 8.75 7.18 1.44 4.08 5.63

M edian 7.56 6.46 0.89 3.83 4.72
Lower Quartile 6.41 5.76 0.59 3.46 4.18

5 f/i Percentile 4.69 4.51 0.10 2.86 3.11
Min 4.06 4.02 0.02 2.47 2.95

1999.01:2008.08 Ireland Germ any Spread Ireland (real) Germ any (real)

Average 4.45 4.42 0.03 2.38 2.41
Volatility 0.69 0.66 0.12 0.91 0.92

Max 5.79 5.82 0.35 4.63 4.60
95*̂ ' Percentile 5.47 5.47 0.23 4.30 4.26
U pper Quartile 5.09 4.98 0.12 2.85 2.93

Median 4.39 4.32 0.03 2.30 2.29
Lower Quartile 3.96 3.97 -0.07 1.67 1.75

^th  Percentile 3.33 3.39 -0.14 1.14 1.12
Min 3.08 3.11 -0.18 0.87 0.94

2008.09:2013.02 Ireland Germ any Spread Ireland (real) Germ any (real)

Average 6.32 2.64 3.68 0.66 4.33
Volatility 1.68 0.90 2.06 1.49 1.74

Max 10.06 4.18 7.02 3.23 7.83
95̂ '̂ Percentile 9.34 3.76 6.59 3.01 7.36
U pper Quartile 7.54 3.34 5.56 1.79 5.26

M edian 5.56 2.86 4.07 0.78 4.29
Lower Quartile 4.89 1.76 1.50 -0.92 3.09

5 f/i Percentile 4.51 1.24 0.90 -1.35 1.24
Min 4.15 1.11 0.46 -1.61 0.76

Table C.l: D escriptive S ta tistics fo r  Interest Rates
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C.2.2 Posterior Medians
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Sample p r iJr Pl̂ r 'Jr

GermanyRINT 0.95 -8.42 0.96 0.11
GermanyRINT [0.93,0.96] [-8.71,-7.56] [0.77,0.99] [0.04,0.24]

Ireland 0.98 -7.94 0.99 0.17
Ireland [0.97,0.99] [-8.71,-7.19] [0.97,0.99] [0.11,0.25]

Sample p r Ur Par n r K

GermanyRINT 0.95 -8.32 0.98 0.08 -0.31
GermanyRINT [0.93,0.96] [-8.69,-7.60] [0.82,0.99] [0.03,0.20] [-0.86,0.12]

Ireland 0.98 -8.13 0.96 0.17 0.77
Ireland [0.97,0.98] [-8.53,-7.53] [0.93,0.99] [0.12,0.25] [0.49,0.95]

Table C.2: Posterior Medians. (95% set in brackets.)
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C.2.3 Smoothed Country Spread Volatility

C ountry  s p re a d  (%) — — — Volatility
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Figure C.2: C o u n try  Spread and Volatil ity
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Figure C.3: V I X  and  C ou n try  Spread
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Figure C.4: V IX  and C o un try  Spread V o la tility
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Figure C.6: Country Spread V o la tility  and Macro Aggregates
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C.3 Dynamic Stochastic General Equilibrium Model

Households have standard  preferences for consum ption and labour:

The representative agent is subject to a household budget constraint:

(C.l)

So, households rent capital and earn a wage from their supply of labour, where H; 
denotes hours worked. They consume, invest and purchase one-period noncontin- 
gent bonds, w here Df >  0 m eans the household owes debt, w hich they pay back 
next period at a real interest rate of r i .  O ne m ethod that helps close the m odel is 
allowing for the cost of holding net foreign debt positions, following Schmitt-Grohe 
and Uribe (2003).''' This is taken account by the last term in equation (C.l), where 
<t>n is the param eter that controls for the adjustment cost of net foreign debt and D 
is the param eter determ ining debt in steady state. Capital accum ulates according 
to

where <̂ >  0 influences the size of the adjustment costs and tempers the investment 
volatility in response to real interest rate changes for small open-economy models. 
Representative agents are subject to the typical no-Ponzi game condition, D( < A Vf, 
where A is some arbitrarily large positive constant.

On the production side, firms turn  capital and labour into a final hom ogenous 
good according to the production function

^FGRU motivate this method as more appropriate in this present context than alternative ways 
of closing open-economy models. Other methods include endogenous discounting, im posing a risk 
premium on foreign debt and assum ing complete markets.

I t

^In FGRU, 4>d is referred to as the net foreign asset (NFA) adjustment cost. However, given that 
there is neither domestic nor foreign equity in the model, it is more precise to label Df as net foreign 
debt.



Appendix C: A ppendix to Chapter 4 237

in which technology evolves according to

= Px^t-\ + o'xux,t W x , f ~ A ^ ( 0 , 1)

The household budget constraint (C.l) can be rearranged to yield an expression for 
net exports:

N X ,  = Y , - C , - l ,  = D , ~  ^  -  D)2

The current account is
CA, = Df — D m

The laws of motion for real interest rates follow those outlined in section 4.3. In 
addition, I also allow for correlation of shocks through assuming^

The interest rate at which individuals borrow at follow these processes. Parameter 
calibration for the DSGE m odel of Ireland is reported in table C.3. The final four 
param eters are chosen by m inim ising a weighted quadratic distance of m odel 
m om ents to em pirical m om ents {cry, and so these will be different in
M l (without correlation) and M2 (with correlation). Further details on solving the 
m odel and com putation, including m om ents and generalised im pulse response 
functions, are relegated to chapter 3, in particular sections 3.3.2 and 3.4.1.

^W hile in  chap te r 2, 1 report the results from  assum ing  u ,k  and  are  correlated , I do  not 
shock U(j,, an d  hence in the version of the m odel including for such correlation in  chap ters 3 
and 4.
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D esc rip tio n P aram eter M l M 2

Fixed param eters:
D iscount factor 0.997 0.997
lE S -i V 5 5
Frisch E lastic ity " ' '7 1000 1000
D epreciation S 0.014 0.014

C apital incom e share ft 0.32 0.32
AR of p roduc tiv ity P x 0.95 0.95
Taste param eter CO 1 1

Interest ra te processes:

B u n d

Level persistence p t b 0.9477 0.9473
Volatility persistence 0.9599 0.9815
Average volatility (^th -8.4165 -8.321
Stochastic volatility Utb 0.1064 0.0799
C orrela tion  param eter Xth 0 -0.3138
Irish spread

Level persistence Pr 0.9792 0.9772
Volatility persistence Par 0.992 0.9623
Average volatility <Jr -7.9385 -8.1343
Stochastic volatility >lr 0.1725 0.1741
C orrela tion  p aram eter Kr 0 0.7717

Steady sta te  deb t D 130 102
NFA ad ju stm en t cost 0.005 0.0001
C apital ad ju stm en t cost 2 6
Technology volatility o-x 0.0175 0.0125

Table C.3: Calibration
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C.3.1 Moments, Variance Decompositions and Generalised Impulse Re
sponse Functions

cry cry
a
ITy ^ ( % )

D ata 2.52 1.1 4.46 8.15
M l 2.08 0.64 4.41 8.21
M2 1.49 0.44 4.38 8.18

Table C.4: Moments

Ireland Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

cry 2.52 2.08 2.07 2.06 2.06 0.25 0.20 0.03
2.78 1.32 1.03 0.63 0.56 1.18 0.87 0.29

11.24 9.15 8.06 6.35 6.31 6.25 4.87 0.64

Table C.5: Variance Decomposition -  Ireland (Ml )
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Figure C.8: Generalised Impulse Response Functions
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C.4 Extensions

C.4.1 Higher Order Approximations
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Figure C.9: Generalised Impulse Response Functions at Different Orders (Level Shock)
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C.4.2 Working Capital
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Figure C .ll: Ireland -  Working Capital 

C.4.3 Adjustment Cost of Capital and Debt

OutputConsump Invest Labor Interest

Figure C.12: Ireland -  Adjustment Cost o f Capital and Debt
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C.4.4 Further Sensitivity Analysis
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In this subsection, I plot GIRFs to a one-standard deviation volatility shock to the 
country spread. Each colum n represents a different variable, nam ely consum p
tion, investm ent, ou tput, labour, interest and debt, respectively, while the rows 
correspond to the experim ent. The red dashed line m arks the GIRFs from  the 
benchm ark m odel and the blue line represents GIRFs caused by departures from 
the benchmark model. For each country, there are three figures of GIRFs. The first 
set of graphs comprises of the following experiments: (i) reducing persistence of 
country spread volatility to 0.75; (ii) com paring a tw o-standard deviation shocks 
to the volatility of the country spread to a one-standard deviation shock; (iii) low 
capital share of incom e a. =  0.28; (iv) high capital share of income a. = 0.38; and 
(v) high capital share of incom e a. =  0.4. The second set of GIRFs correspond 
the following experiments: (i) reducing risk aversion from 5 to 2; (ii) increasing 
risk aversion from 5 to 10; (iii) reducing Frisch elasticity from 0.001 to 0.0001; (iv) 
increasing Frisch elasticity from 0.001 to 0.01; and (v) increasing Frisch elasticity 
from 0.001 to 0.1. The third set of GIRFs are results from the following experiments: 
(i) low depreciation rate 6 =  0.0001; (ii) low persistence of technology px  =  0.9; 
(iii) low persistence of technology px  =  0.93; (iv) high persistence of technology 
px  =  0.97; and (v) high persistence of technology px =  0.99.
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C.4.5 Loose Priors and Subsample Analysis

This robustness check concerns loose priors for persistence ('Low Prior Persistence' 
or 'LP'), a conservative prior for stochastic volatility ('Low Prior Stoch Vol' or 'T'), 
the pre-Septem ber 2008 sam ple ('PreSeptOS'), the post-Septem ber 2008 sam ple 
('PostSeptOS') and com binations of priors w ith  different sam ples ('Low Priors' 
or 'T'). Firstly, I loosen the priors for the m eans and standard  deviations of the 
persistence (LP) of levels p, and volatility p^., where i G {r, tb} from p, ~  B{0.9,0.02) 
and p^. ~  ;B(0.9,0.1) to p, ~  S(0.5,0.1) and  pâ  ~  S(0.5,0.2), respectively. In 
addition, I also loosen the m ean of the prior for stochastic volatility (T) rji (i 6 
{r , tb})  from  0.5 to 0.25 (less volatile), i.e. instead of rjj ~  (0.5,0.3), I have
tji ~  AT* (0.25,0.3). As a further exercise, I re-estim ate the m odel for sam ples 
including data up to 2008.08 (PreSeptOS) and  from  2008.09-2013.02 (PostSept08). 
When looking at different samples, for instance before September 2008 (pre-crisis), 
priors m ust be altered. Tables with the posterior m edians from these estimations are 
available in section A.6.2. I plot the GIRFs of variables responding to a one-standard 
deviation volatility, using the priors in cases LP, T, PreSeptOS and PostSeptOS along 
w ith  com binations of these cases. The blue lines represent the GIRFs w ith  the
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alternate priors and subsamples while the dashed red line represents the benchmark 
case. The first set of graphs depict GIRFs for the cases of low priors for persistence 
of country spreads and persistence of volatility, LP, conservative priors for stochastic 
volatility, T and the combination of LP and T (TLP). The second set of graphs depict 
the results from the post-Septem ber 2008 sample w ith various combinations of LP 
and T, while the third set of graphs illustrate the GIRFs from the pre-Septem ber 
2008 sample w ith combinations of LP and T.
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C.5 Comparison with 'Risk Matters'

248

The following abbreviations denote different versions: (i) FGRU; results of
FGRU (FGRU data  set, calibration and m ethod) -  I also use TA (correcting for 
time aggregation as in BP14) and TA+NX (correcting for both time aggregation and 
com putation of net exports as in BP14); (ii) BP14: results of BP14, i.e. FGRU data 
set and BP14 calibration and method -  same data set as FGRU; (iii) MC: data set and 
calibration of this thesis w ith  m ethod of BP14; (iv) BPS; FGRU data  set ('Short'), 
recalibrated using moment matching through the model of this thesis and then run 
on the m odel of BP14; (v) BPL: data set of this thesis ('Long'), recalibrated using 
m om ent m atching through the model of BP14 and then run  on the model of BP14; 
(vi) MCFGRU: FGRU calibration run on model of this thesis; (vii) MCBP14; BP14 
calibration run  on m odel of this thesis; (viii) MCI; FGRU data  set, recalibrated 
using m om ent m atching through  the m odel of this thesis and then run  on the 
m odel of this thesis; and (ix) MCII; results of this thesis (data set, calibration and 
model). I run  all experim ents for Argentina, Brazil, Ecuador and Venezuela; I 
ru n  MC, BPL and MCII for Ireland. I focus on m odel version M l (no correlation 
between spread shocks and volatility shocks).
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<t>D D 4> (̂ x

A rgentina
FG RU /TA /N X l.OOe-03 4.00 95.00 0.015

BP14 5.92e-04 18.80 47.84 0.040
BPS 7.00e-04 12.00 34.00 0.040
BPL 3.12e-04 15.02 30.09 0.042
MC 4.00e-04 15.00 30.00 0.040

MCFGRU l.OOe-03 4.00 95.00 0.015
MCBP14 5.92e-04 18.80 47.84 0.040

MCI 7.00e-04 12.00 34.00 0.040
MCII 4.00e-04 15.00 30.00 0.040

Brazil
FG RU /TA /N X 5.00e-04 3.00 50.00 0.013

BP14 1.69e+00 0.55 101.06 0.042
BPS l.OOe-02 1.00 98.00 0.040
BPL 1.84e-05 12.00 16.00 0.018
MC 3.00e-05 12.00 16.00 0.018

MCFGRU 5.00e-04 3.00 50.00 0.013
MCBP14 1.69e+00 0.55 101.06 0.042

MCI l.OOe-02 1.00 98.00 0.040
MCII 3.00e-05 12.00 16.00 0.017

Ecuador
FG RU/TA /N X LOOe-03 13.00 35.00 0.005

BP14 1.51e-04 26.30 18.98 0.011
BPS 2.00e-04 20.00 16.00 0.013
BPL 7.60e-05 2.66 26.14 0.006
MC 5.00e-04 0.00 26.00 0.005

MCFGRU l.OOe-03 13.00 35.00 0.006
MCBP14 1.51e-04 26.30 18.98 0.011

MCI 2.00e-04 20.00 16.00 0.012
MCII 5.00e-04 0.00 26.00 0.005

Ireland
BPL 5.22e-04 133.88 2.91 0.021
MC 5.00e-03 130.00 2.00 0.018

MCII 5.00e-03 130.00 2.00 0.017

Venezuela
FG RU /TA /N X 5.00e-04 22.00 12.00 0.013

BP14 l.OOe+01 21.46 5.08 0.041
BPS l.OOe-02 21.00 8.00 0.040
BPL 1.57e-01 -30.91 2.77 0.051
MC l.OOe-02 -30.00 2.00 0.048

MCFGRU 5.00e-04 22.00 12.00 0.013
MCBP14 l.OOe+01 21.46 5.08 0.041

MCI l.OOe-02 21.00 8.00 0.040
MCII l.OOe-02 -30.00 2.00 0.048

Table C.6: Parameters Obtained by Moment Matching
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ay Uc/ay ffl/Uy ^

Ecuador
cry (Tc/cry (7;/cry NX 1

1
FGRU 2.23 2.13 9.05 3.95

TA 0.74 2.17 9.52 3.95
Argentina TA+NX 0.73 2.22 9.89 3.95

FGRU 5.30 1.54 3.90 1.75 BP14 1.61 1.57 9.35 3.91
TA 1.77 1.53 3.90 1.75 BPS 1.73 1.23 9.10 3.96

TA+NX 1.78 1.52 4.06 1.75 MCFGRU 0.73 2.18 9.76 3.85
BP14 4.77 1.31 3.81 1.78 MCBP14 1.51 1.35 9.67 4.37
BPS 4.76 0.97 4.10 2.76 MCI 1.64 1.14 9.31 3.87

MCFGRU 1.78 1.43 3.93 0.50 Short Data 2.46 2.48 9.32 3.86
MCBP14 4.68 1.01 3.54 2.16 BPL 0.84 1.05 8.30 -0.02

MCI 4.67 0.83 3.84 1.77 MC 0.63 1.05 8.04 -0.05
Short Data 4.77 1.31 3.81 1.78 MCII 0.63 1.05 8.28 -0.27

BPL 4.83 0.70 3.32 1.48 Long Data 2.07 2.25 8.17 -0.01
MC 4.62 0.71 3.36 2.52

MCII 4.66 0.61 3.21 1.39 Ireland
Long Data 4.76 1.23 3.19 1.48 BPL 2.42 0.60 4.45 8.18

MC 2.04 0.67 4.57 8.05
Brazil MCII 2.08 0.64 4.41 8.21
FGRU 4.52 0.44 1.67 0.52 Long Data 2.52 1.10 4.46 8.15

TA 1.46 0.45 1.74 0.52
TA+NX 1.50 0.45 1.73 0.52 Venezuela

BP14 4.64 1.02 1.64 0.10 FGRU 4.56 0.51 3.81 4.14

BPS 4.44 0.66 1.67 0.14 TA 1.47 0.51 3.89 4.14

MCFGRU 1.50 0.45 1.73 0.46 TA+NX 1,51 0.51 3.94 4.14

MCBP14 4.78 1.02 1.64 0.11 BP14 4.71 0.53 3.26 4.08

MCI 4.58 0.65 1.63 0.19 BPS 4.52 0.43 3.29 3.98

Short Data 4.64 1.10 1.65 0.10 MCFGRU 1.51 0.51 3.88 4.12

BPL 2.05 0.38 3.66 0.08 MCBP14 4.85 0.53 3.33 4.12

MC 2.04 0.38 3.61 0.69 MCI 4.65 0.42 3.31 4.00

MCII 2.08 0.36 3.63 0.10 Short Data 4.72 0.87 3.42 4.07

Long Data 2.16 1.02 3.65 0.08 BPL 5.87 0.38 3.62 -6.51
MC 5.45 0.33 3.75 -6.37

MCII 5.61 0.33 3.86 -6.40
Long Data 5.88 0.94 3.79 -6.51

Table C.7: Targeted Moments



FGRU Calib. 

FGRU TA TA+NX

BP14 BPS MCFGRU MCBP14 MCI Short Data BPL MC MCII Long Data

Argentina
P n x ,y

P n x / y ,y

O ' N X / Y

0.05
0.48

0.05
1.43

0.43
1.63

0.43
1.08
0.41
6.55

0.46
1.48
0.44
6.16

0.45
4.70
0.44
2.91

0.52
3.54
0.49
5.40

0.53
3.32
0.51
5.16

-0.76
0.39
-0.75
3.47

0.54
1.20
0.53
5.23

0.54
1.20
0.53
5.23

0.60
3.44
0.59
4.81

-0.64
15.05
-0.67
1.37

Brazil
P n x ,y 0.18 0.17 0.78 0.14 0.67 0.77 0.15 0.69 -0.26 0.58 0.58 0.60 -0.07

O ' N X / O ’Y 0.60 1.95 3.87 0.91 7.55 3.10 0.10 1.71 0.23 2.34 2.34 4.77 163.10
P n x / y ,y - - - - - - - - - 0.58 0.58 0.60 -0.05

< ^ N X / Y - - - - - - - - - 2.63 2.63 2.64 0.47

Ecuador
Pn x ,y -0.04 -0.04 0.24 0.24 0.26 0.25 0.28 0.29 -0.60 0.33 0.33 0.32 -0.42

o'n x /^^y 1.77 9.15 1.38 1.43 2.12 10.48 8.78 8.11 0.65 19.74 19.74 7.33 520.80
Pn x / y ,y - - - - - - - - - 0.33 0.33 0.32 -0.53

O ' N X / Y - - - - - - - - - 1.36 1.36 1.39 2.13

Ireland
P n x .y 0.07 0.07 0.07 -0.40

O’h t x f o ' Y - - - - - - - - - 0.23 0.23 5.01 4.76
P n x / y ,y - - - - - - - - - -0.01 -0.01 0.00 -0.56

^ N X / Y - - - - - - - - - 2.55 2.55 2.54 1.01

Venezuela
P n x ,y -0.10 -0.10 0.47 -0.01 0.28 0.46 -0.01 0.30 -0.11 0.07 0.07 0.13 -0.51

( ^ N x / ^ Y 1.60 13.33 1.87 0.05 0.14 4.15 0.71 1.79 0.18 0.07 0.07 1.41 6.71
P n x / y .y - - - - - - - - - 0.22 0.22 0.28 -0.48

^ N X / Y - - - - - - - - - 2.21 2.21 2.24 2.83

Table C.8: Cyclicality and Volatility o f Net Exports ro
CJI
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C.5.1 Variance Decompositions

A rgentina Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol. Vol.
FGRU

FGRU: TA

CTy 4.77 1.77 1.70 1.67 1.67 0.41 0.23 0.05 0.16
CTc 6.25 2.71 1.68 0.94 0.91 2.55 1.45 0.26 0.77

O'/ 18.17 6.88 4.42 2.03 1.70 6.69 4.07 1.03 3.09
B P U
cry 4.77 4.77 4.52 4.48 4.47 1.17 0.60 0.42 0.16
CTc 6.25 6.25 4.20 3.42 3.01 5.44 3.08 1.87 0.77

o-i 18.17 18.17 11.37 8.97 6.37 16.81 9.31 6.14 3.09
M C

(Ty 4.76 4.62 4.51 4.46 4.45 0.83 0.52 0.16
CTc 5.85 3.28 2.63 2.06 2.02 2.57 1.74 0.50

O-l 15.16 15.51 11.60 7.07 6.48 13.91 9.52 2.58
BPS

O-y 4.77 4.76 4.50 4.45 4.44 1.14 0.55 0.26 0.16
CTc 6.25 4.64 3.31 2.70 2.57 3.79 2.16 0.91 0.77

18.17 19.49 12.45 8.70 7.27 17.84 10.01 4.49 3.09
BPL

(Ty 4.76 4.83 4.71 4.65 4.65 0.89 0.55 0.17
CTc 5.85 3.37 2.70 2.13 2.09 2.63 1.78 0.56

o-i 15.16 16.04 11.88 7.03 6.35 14.57 9.94 2.79
M CFGRU
CTy 4.77 1.78 1.74 1.73 1.73 0.37 0.22 0.05 0.16

0-c 6.25 2.55 1.63 0.94 0.90 2.35 1.35 0.25 0.77

o-i 18.17 6.99 4.39 1.97 1.68 6.76 4.05 1.04 3.09
M CBP14

cry 4.77 4.68 4.62 4.61 4.60 0.77 0.44 0.30 0.16
ac 6.25 4.72 3.26 3.02 2.54 3.87 2.00 1.65 0.77

o-l 18.17 16.58 10.43 8.70 6.25 15.29 8.41 6.26 3.09
M C I

ay 4.77 4.67 4.60 4.58 4.58 0.80 0.47 0.21 0.16

CTc 6.25 3.86 2.88 2.49 2.36 2.93 1.62 0.80 0.77
18.17 17.95 11.78 8.37 7.10 16.26 9.33 4.56 3.09

M C II

CTy 4.76 4.66 4.62 4.60 4.59 0.67 0.47 0.12

<7C 5.85 2.86 2.35 1.93 1.89 2.07 1.38 0.41

cri 15.16 14.96 11.14 6.83 6.34 13.38 9.10 2.65

Table C.9: Variance Decomposition -  Argentina'
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Brazil Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol. Vol,
FGRU

FGRU: TA
(T y 4.64 1.46 1.45 1.45 1.45 0.09 0.07 0.00 0,17

5.10 0.65 0.59 0.50 0.50 0.42 0.33 0.01 0,61
7.66 2.53 2,22 1.66 1.66 1.86 1.48 0.06 3,20

BP14
cry 4.64 4.64 4.64 4.64 4.64 0.05 0.05 0.05 0,17

ffc 5.10 4.73 4.73 4.73 4.73 0.04 0.03 0.02 0.61
7.66 7.60 7.60 7.60 7.60 0.17 0.17 0.17 3.20

MC
(T y 2.16 2.04 2.01 1.98 1.98 0.37 0.29 0.03

ac 2.20 0.78 0.65 0.39 0.39 0.69 0.54 0.08
7.89 7.37 5.97 1.95 1.87 7.07 5.63 0.50

BPS
cry 4.64 4.44 4.44 4.44 4.44 0.06 0.06 0.06 0.17
ac 5.10 2.91 2.90 2.90 2.90 0.21 0.16 0.03 0.61

c ^ i 7.66 7.43 7.43 7.43 7.43 0.35 0.29 0.18 3.20
BPL
CTy 2.16 2.05 2.02 1.98 1.98 0.39 0.30 0.03
ac 2.20 0.79 0.65 0.39 0.38 0.73 0.57 0.17

c ri 7.89 7.58 6.12 1.84 1.73 7.32 5.82 0.54
MCFGRU

cry 4.64 1.50 1.50 1.49 1.49 0.10 0.08 0.00 0.04

CTC 5.10 0.67 0.61 0.51 0.51 0.42 0.33 0.01 0.08

CTl 7.66 2.59 2.28 1.68 1.68 1.93 1.53 0.06 0.54
MCBP14
ay 4.64 4.78 4.78 4.78 4.78 0.01 0.01 0.01 0.04
ac 5.10 4.87 4.88 4.87 4.87 0.05 0.05 0.04 0.08

7.66 7.83 7.83 7.83 7.83 0.14 0.14 0.14 0.54
MCI
ay 4.64 4.58 4.58 4.58 4.58 0.01 0.01 0.01 0.04
ac 5.10 2.97 2.97 2.96 2.96 0.21 0.16 0.02 0.08

cri 7.66 7.48 7.48 7.48 7.48 0.33 0.27 0,15 0.54
MCII
ay 2.16 2.08 2.06 2.04 2.04 0.37 0.30 0,03
ac 2.20 0.75 0.62 0.38 0.38 0.63 0.49 0,05

CTl 7.89 7.57 6.07 1.96 1.90 7.31 5.77 0,52

Table C.IO: Variance Decomposition -  Brazil'
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Ecuador Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol. Vol.
FGRU

FGRU: TA

0-̂ 2.46 0.74 0.66 0.61 0.61 0.35 0.23 0.05 0.01
a c 6.10 1.61 1.06 0.34 0.27 1.59 1.03 0.20 0.03

o-i 22.93 7.08 4.73 1.49 1.02 6.99 4.61 1.05 0.18
B P U
CTy 2.46 1.61 1.38 1.29 1.27 0.82 0.47 0.22 0.01
ac 6.10 2.53 1.63 0.86 0.63 2.49 1.57 0.69 0.03

cri 22.93 15.07 9.58 4.55 1.76 14.95 9.41 4.16 0.18
M C

CTy 2.07 0.63 0.59 0.56 0.56 0.24 0.17 0.01
o-c 4.66 0.66 0.48 0.20 0.20 0.63 0.44 0.01

o-i 16.90 5.03 3.68 0.83 0.83 4.97 3.59 0.07
BPS

O-y 2.46 1.73 1.51 1.41 1.40 0.83 0.48 0.18 0.01
(Tc 6.10 2.13 1.40 0.71 0.57 2.07 1.32 0.45 0.03

o-i 22.93 15.76 10.12 4.10 2.15 15.58 9.88 3.42 0.18
BPL

cry 2.07 0.84 0.78 0.72 0.72 0.37 0.26 0.01
crc 4.66 0.88 0.64 0.22 0.22 0.87 0.61 0.06

0-1 16.90 7.01 5.11 0.67 0.64 6.99 5.06 0.19
M CFGRU
cry 2.46 0.73 0.67 0.63 0.63 0.34 0.23 0.05 0.17
CTc 6.10 1.59 1.05 0.34 0.27 1.56 1.01 0.20 0.61

o-i 22.93 7.13 4.75 1.46 1.02 7.05 4.64 1.06 3.20
M C B P U
cry 2.46 1.51 1.39 1.33 1.31 0.69 0.45 0.21 0.17

6.10 2.04 1.30 0.75 0.46 1.97 1.21 0.60 0.61

O'; 22.93 14.60 9.30 4.56 1.80 14.50 9.14 4.26 3.20
M CI
cry 2.46 1.64 1.52 1.45 1.44 0.70 0.46 0.17 0.17

(Tc 6.10 1.86 1.23 0.65 0.51 1.78 1.12 0.41 0.61

o-l 22.93 15.23 9.90 4.06 2.16 15.07 9.67 3.49 3.20
M C ll

a y 2.07 0.63 0.60 0.57 0.57 0.25 0.18 0.00
crc 4.66 0.67 0.49 0.21 0.21 0.63 0.44 0.01

16.90 5.26 3.79 0.84 0.84 5.19 3.69 0.07

Table C .ll :  Variance Deco?)iposition -  Ecuador'
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Ireland Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol.

M C

cry 2.52 2.04 2.02 2.00 2.00 0.29 0.23 0.11

o-c 2.78 1.36 1.05 0.64 0.56 1.22 0.89 0.30

o-i 11.24 9.31 7.99 6.21 6.21 6.48 4.95 0.73
BPL
(Ty 2.52 2.42 2.39 2.36 2.36 0.38 0.29 0.11

ac 2.78 1.44 1.11 0.71 0.61 1.28 0.93 0.34

o-i 11.24 10.75 9.00 6.34 6.34 8.20 6.29 0.50
Mcn
cry 2.52 2.08 2.07 2.06 2.06 0.25 0.20 0.03

(Jc 2.78 1.32 1.03 0.63 0.56 1.18 0.87 0.29
11.24 9.15 8.06 6.35 6.31 6.25 4.87 0.64

Table C.12: Variance Decomposition -  Ireland
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Venezuela Data All shocks Prod. 
& rate

Prod. 
& vol.

Prod. Rate 
& vol.

Rate Vol. Vol.
FGRU

FGRU: TA
(Ty 4.72 1.47 1.47 1.45 1.45 0.22 0.18 0.01 0.04

CTc 4.11 0.75 0.67 0.48 0.48 0.58 0.47 0.02 0.08

cri 16.14 5.72 4.96 2.87 2.86 4.92 4.06 0.18 0.54
BPU
0-y 4.72 4.71 4.71 4.71 4.71 0.15 0.14 0.10 0.04

ac 4.11 2.50 2.48 2.45 2.45 0.53 0.43 0.04 0.08

o-i 16.14 15.37 15.29 15.07 15.07 2.82 2.30 0.31 0.54
MC
cry 5.88 5.45 5.45 5.46 5.46 0.17 0.15 0.09
ac 5.52 1.80 1.78 1.75 1.75 0.43 0.36 0.04

(̂ i 22.25 20.46 20.25 20.16 20.16 3.15 2.62 0.28
BPS

cry 4.72 4.52 4.52 4.51 4.51 0.15 0.13 0.08 0.04
ac 4.11 1.93 1.91 1.87 1.87 0.48 0.39 0.04 0.08

CT] 16.14 14.86 14.73 14.47 14.47 3.31 2.67 0.25 0.54
BPL
cry 5.88 5.87 5.87 5.87 5.87 0.19 0.17 0.12
ac 5.52 2.24 2.21 2.17 2.17 0.55 0.46 0.05

cr\ 22.25 21.26 21.00 20.75 20.75 3.91 3.22 0.36
MCFGRU
ay 4.72 1.51 1.50 1.49 1.49 0.23 0.19 0.01 0.01
ac 4.11 0.76 0.68 0.49 0.49 0.58 0.47 0.02 0.03

CTl 16.14 5.86 5.06 2.93 2.92 5.05 4.11 0.18 0.18
MCBP14
ay 4.72 4.85 4.85 4.85 4.85 0.11 0.09 0.00 0.01
ac 4.11 2.59 2.56 2.53 2.53 0.51 0.41 0.04 0.03

cr\ 16.14 16.15 16.04 15.82 15.82 2.82 2.28 0.12 0.18
MCI

cry 4.72 4.65 4.64 4.64 4.64 0.13 0.11 0.00 0.01

ac 4.11 1.97 1.95 1.91 1.91 0.47 0.38 0.02 0.03

cri 16.14 15.39 15.25 14.95 14.95 3.30 2.68 0.28 0.18
MCII
ay 5.88 5.61 5.61 5.61 5.61 0.14 0.12 0.00

crc 5.52 1.83 1.81 1.78 1.78 0.42 0.35 0.02

cri 22.25 21.67 21.52 21.30 21.30 3.18 2.63 0.33

Table C.13: Variance Decomposition -  Venezuela'
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C.5.2 Steady States, Ergodic Means in the Absence of Shocks and Er
godic Means

SS EMAS EM

M C

D 130.000 129.821 129.854
K 4.352 4.415 4.408
C 0.955 0.960 0.955
H -0.004 -0.004 -0.004
Y 1.390 1.410 1.408
I 0.084 0.147 0.124

N X / Y 0.082 0.080 0.082
C A 0.000 0.000 0.000
BPL

D 133.882 132.116 132.444
K 4.352 4.417 4.411
C 0.951 0.958 0.952
H -0.004 -0.004 -0.004
Y 1.390 1.411 1.409
I 0.084 0.148 0.123

N X / Y 0.085 0.082 0.084
C A 0.000 0.000 -0.000

MCII

D 130.000 129.834 129.854
K 4.352 4.413 4.408
C 0.955 0.959 0.955
H -0.004 -0.004 -0.004
Y 1.390 1.410 1.408
I 0.084 0.144 0.124

N X / Y 0.082 0.081 0.082
C A 0.000 -0.000 -0.000

Table C.14: Steady States, Ergodic Means in the Absence of Shocks and Ergodic Means -  Ireland
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SS EMAS EM SS EMAS EM SS EMAS EM

TA+NX BPS MCBP14
D 4.000 2.551 2.090 D 12.000 4.341 4,015 D 18.802 9.952 4.251
K 3.293 3.287 3.309 K 3.294 3.374 3.400 K 3.294 3.380 3.463
C 0.878 0.888 0.905 C 0.811 0.897 0,909 C 0.750 0.844 0.919
H -0.004 -0.004 -0.004 H -0.003 -0.004 -0.004 H -0.003 -0.004 -0.004
Y 1.051 1.049 1.056 Y 1.052 1.077 1.085 Y 1.052 1.079 1.106
I -0.975 -0.982 -0.969 I -0.975 -0.895 -0.927 I -0.975 -0.896 -0.860

N X / Y 0.027 0.018 0.005 N X / Y 0.082 0.028 0.018 N X / Y 0.129 0.074 0.022
CA 0.000 0.000 0.000 CA 0.000 0.000 -0.000 CA 0.000 0.000 0.000

BP14 BPL MCI
D 18.802 3.595 4.251 D 15.022 4.002 3.040 D 12.000 6.577 4.011
K 3.294 3.461 3.463 K 3.635 3.697 3.732 K 3.294 3.344 3.400
C 0.750 0.933 0.919 C 0.904 0.973 0.991 C 0.811 0.866 0.909
H -0.003 -0.004 -0.004 H -0.004 -0.004 -0.004 H -0.003 -0.004 -0.004
Y 1.052 1.105 1.106 Y 1.161 1.180 1.191 Y 1.052 1.068 1.085
I -0.975 -0.807 -0 860 I -0.634 -0.572 -0.596 I -0.975 -0.928 -0.927

N X / Y 0.129 0.018 0.022 N X / Y 0.060 0.015 0,001 N X / Y 0.082 0.048 0,018
CA 0.000 0,000 -0.000 CA 0.000 0.000 -0,000 CA 0.000 0.000 -0.000
M C MCFGRU M CII

D 15.000 6,581 5.967 D 4.000 2.715 2,090 D 15.000 8.638 5,967
K 3.635 3,696 3.727 K 3.293 3.285 3.309 K 3.635 3.677 3,727
C 0.904 0,960 0.974 C 0.878 0.886 0.905 C 0.904 0.942 0,974
H -0.004 -0.004 -0 004 H -0.004 -0.004 -0.004 H -0.004 -0.004 -0,004
Y 1.161 1.180 1.190 Y 1.051 1.049 1.056 Y 1.161 1.174 1,190
I -0.634 -0.572 -0.595 1 -0.975 -0.984 -0.969 I -0.634 -0.594 -0,595

N X / Y 0.060 0.025 0.014 N X / Y 0.027 0.019 0.005 N X / Y 0.060 0.037 0,014
CA 0.000 0.000 0.000 CA 0.000 0.000 0.000 CA 0.000 -0.000 -0.000

Table C.15: S teady  S ta tes , Ergodic M eans in the A bsence o f  Shocks and E rgodic M ean s -  A rg en tin a



SS EMAS EM SS EMAS EM SS EMAS EM

TA+NX BPS MCBP14
D 3.000 2.709 2.651 D 1.000 0,717 0,697 D 0.554 0,547 0,546
K 4.001 4.003 4.005 K 4.001 4,035 4,025 K 4.001 4,034 4,013
C 1.030 1.031 1.032 C 1.035 1.040 1.037 C 1.036 1.041 1.035
H -0.004 -0.004 -0.004 H -0.004 -0.004 -0.004 H -0.004 -0.004 -0.004
Y 1.278 1.278 1.279 Y 1.278 1.288 1.285 Y 1.278 1.288 1.281
I -0.267 -0.266 -0.265 I -0.267 -0.234 -0.253 I -0.267 -0.235 -0.260

N X / Y 0.006 0.005 0.005 N X / Y 0.002 0.001 0.002 N X / Y 0.001 0.001 0.001
CA 0.000 0.000 0.000 CA 0.000 0.000 0.000 CA 0.000 -0,000 -0.000

BP14 BPL MCI
D 0.554 0.547 0.546 D 12.000 0,584 -2,936 D 1.000 0,721 0,697
K 4.001 4.034 4.013 K 4.134 4.136 4.145 K 4.001 4.035 4,025
C 1.036 1.041 1.035 C 1.032 1.053 1.063 C 1.035 1.040 1,037
H -0.004 -0.004 -0.004 H -0.004 -0.004 -0.004 H -0.004 -0.004 -0,004
Y 1.278 1.288 1.281 Y 1.320 1.321 1.323 Y 1.278 1.288 1,285
I -0.267 -0.235 -0.260 I -0.134 -0.132 -0.141 I -0.267 -0.234 -0,253

N X / Y 0.001 0.001 0.001 N X / Y 0.017 0.001 -0.007 N X / Y 0.002 0,001 0,002
CA 0.000 0.000 0.000 CA 0.000 0.000 0.000 CA 0.000 0,000 0,000
MC M CFGRU M CII

D 12.000 5.020 2.921 D 3.000 2.712 2.651 D 12.000 6,063 2,921
K 4.134 4.136 4.145 K 4.001 4.003 4.005 K 4.134 4,135 4,145
C 1.032 1.045 1.052 C 1,030 1.031 1.032 C 1.032 1,043 1,052
H -0.004 -0.004 -0.004 H -0.004 -0.004 -0.004 H -0.004 -0,004 -0,004
Y 1.320 1.321 1.323 Y 1,278 1.278 1.279 Y 1.320 1,320 1,323
I -0.134 -0.132 -0.140 I -0,267 -0.266 -0.265 I -0.134 -0.133 -0,140

N X / Y 0,017 0.007 0.001 N X / Y 0,006 0,005 0.005 N X / Y 0.017 0.008 0.001
CA 0.000 0.000 0.000 CA 0,000 0,000 0.000 CA 0.000 0,000 -0,000

Table C.16: Steadi/ States, Ergodic M eans in the Absence o f Shocks and Ergodic M eans -  Brazil
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SS EMAS EM SS EMAS EM SS EMAS EM

TA+NX BPS MCBP14
D 13.000 12.040 12.072 D 20.000 12.229 12.562 D 26.304 16.722 13.606
K 3.745 3.757 3.757 K 3.745 3.777 3.780 K 3.746 3.776 3.792
C 0.945 0.951 0.951 C 0.915 0.954 0.953 C 0.887 0,933 0.949
H -0.004 -0.004 -0.004 H -0.004 -0.004 -0.004 H -0.004 -0.004 -0.004
Y 1.196 1.200 1.200 Y 1.196 1.206 1.207 Y 1.196 1.206 1.211
/ -0.523 -0.512 -0.518 I -0.523 -0.492 -0.522 I -0.523 -0.494 -0.509

N X / Y 0.043 0.039 0.038 N X / Y 0.066 0.040 0.039 N X / Y 0.087 0.057 0.044
CA 0.000 -0.000 -0.000 CA 0.000 0.000 0.000 CA 0.000 0.000 -0.000

BP14 BPL MCI
D 26.304 12.293 13.606 D 2.664 -0.063 -1.421 D 20.000 13.968 12.557
K 3.746 3.796 3.792 K 3.791 3.788 3.797 K 3.745 3.767 3.780
C 0.887 0.959 0.949 C 0.996 1.006 1.015 C 0.915 0.944 0.953
H -0.004 -0.004 -0.004 H -0.004 -0.004 -0.004 H -0.004 -0.004 -0.004
Y 1.196 1.212 1.211 Y 1.210 1.209 1.212 Y 1.196 1.203 1.207
I -0.523 -0.473 -0.509 I -0.478 -0.480 -0.484 1 -0.523 -0.502 -0.522

N X / Y 0.087 0.039 0.044 N X / Y 0.008 -0.000 -0.008 N X / Y 0.066 0.047 0.039
CA 0.000 0.000 -0.000 CA 0,000 0.000 -0.000 CA 0.000 0.000 -0.000
M C MCFGRU M CII

D 0.000 -0.174 -0.326 D 13.000 12.086 12.072 D 0.000 -0.172 -0.326
K 3.791 3.788 3.793 K 3.745 3.756 3.757 K 3.791 3.788 3.793
C 1.006 1.006 1.009 C 0.945 0.950 0.951 C 1.006 1.006 1.009
H -0.004 -0.004 -0.004 H -0.004 -0.004 -0.004 H -0.004 -0.004 -0.004
Y 1.210 1.209 1.211 Y 1.196 1.199 1.200 Y 1.210 1.209 1.211
I -0.478 -0.481 -0.480 I -0.523 -0.513 -0.518 I -0.478 -0.481 -0.480

N X / Y 0.000 -0.001 -0.003 N X / Y 0.043 0.040 0.038 N X / Y 0.000 -0.001 -0.003
CA 0.000 0.000 -0.000 CA 0.000 0.000 0.000 CA 0.000 0.000 -0.000

Table C.17: Steady States, Ergodic Means in the Absence o f Shocks and Ergodic Means -  Ecuador



SS EMAS EM SS EMAS EM SS EMAS EM

TA+NX BPS MCBP14
D 22.000 21.422 21.445 D 21.000 20.845 20.832 D 21.462 21.462 21.462
K 4.002 4.009 4.010 K 4.002 4.049 4.054 K 4.002 4.061 4.055
C 0.982 0.985 0.985 C 0.985 0.992 0.993 C 0.984 0.992 0.991
H -0.004 -0.004 -0.004 H -0.004 -0.004 -0.004 H -0.004 -0.004 -0.004
Y 1.278 1.280 1.280 Y 1.278 1.293 1.295 Y 1.278 1.297 1.295
I -0.267 -0.260 -0.265 I -0.267 -0.220 -0.249 I -0.267 -0.208 -0.246

N X / Y 0.043 0.041 0.041 N X / Y 0.041 0.040 0.040 N X / Y 0.042 0.041 0.041
CA 0.000 0.000 0.000 CA 0.000 -0.000 -0.000 CA 0.000 0.000 0.000

BP14 BPL M CI
D 21.462 21.462 21.462 D -30.909 -30.923 -30.933 D 21.000 20.850 20.832
K 4.002 4.060 4.055 K 3.955 4.024 4.032 K 4.002 4.048 4.054
C 0.984 0.992 0.991 C 1.111 1.120 1.123 C 0.985 0.992 0.993
H -0.004 -0.004 -0.004 H -0.005 -0.005 -0.005 H -0.004 -0.004 -0.004
Y 1.278 1.297 1.295 Y 1.262 1.285 1.287 Y 1.278 1.293 1.295
I -0.267 -0.208 -0.246 I -0.314 -0.244 -0.300 I -0.267 -0.221 -0.249

N X / Y 0.042 0.041 0.041 N X / Y -0.067 -0.065 -0.065 N X / Y 0.041 0.040 0.040
CA 0.000 -0.000 -0.000 CA 0.000 -0.000 -0.000 CA 0.000 -0.000 -0.000
MC MCFGRU M CII

D -30.000 -30.118 -30.140 D 22.000 21.434 21.445 D -30.000 -30.112 -30.140
K 3.955 4.008 4.024 K 4.002 4.009 4.010 K 3.955 4.007 4.024
C 1.109 1.116 1.120 C 0.982 0.985 0.985 C 1.109 1.116 1.120
H -0.005 -0.005 -0.005 H -0.004 -0.004 -0.004 H -0.005 -0.005 -0.005
Y 1.262 1.280 1.284 Y 1.278 1.280 1.280 Y 1.262 1.279 1.284
I -0.314 -0.260 -0.305 I -0.267 -0.260 -0.265 I -0.314 -0.262 -0.305

N X / Y -0.065 -0.064 -0.064 N X / Y 0.043 0.041 0.041 N X / Y -0.065 -0.064 -0.064
CA 0.000 0.000 0.000 CA 0.000 0.000 -0.000 CA 0.000 -0.000 -0.000

T a b le  C .18: Steady States, Ergodic M eans in the Absence o f  Shocks and Ergodic M eans -  Venezuela
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C.5.3 M ultiple Short Sim ulations vs. Single Long Simulation

Data Short Sim. Long Sim.

MC

ay 2.52 2.08 2.37

ac/CTy LIO 0.65 0.91

a i l  ay 4.46 4.42 5.69

o ’n x / cty 0.05 0.34 0.22

p N X , Y -0.40 0.07 0.01
N X / Y 8.15 8.05 8.05

BPL
cry 2.52 2.46 2.83

a c /d y LIO 0.58 0.81
CTllay 4.46 4.32 6.15

o 'n x / o 'y 0.05 0.30 0.25

P n x ,y -0.40 0.23 0.07
N X / Y 8.15 8.18 8.18
MCII

ay 2.52 2.08 2.35
a c !  ay 1.10 0.64 0.88
a i l  ay 4.46 4.41 5.63

4.76 5.00 6.69

p N X , Y -0.40 0.07 0.02
N X I Y 8.15 8.21 8.21

Table C.19: Second M oments o f Long versus Short Simulations -  Ireland



Data Short Sim. Long Sim. Data Short Sim. Long Sim. Data Short Sim. Long Sim.

TA+NX BPS MCBP14
a y 4.77 1.78 2.05 ffY 4.77 4.72 5.44 a y 4.77 4.68 5.30

a c /c T Y 1.31 1.52 1.74 (Tq/ cry 1.31 0.99 1.09 £T c/(7y 1.31 1.01 1.13
cti/ cty 3.81 4.06 5.60 cf\ / ( T y 3.81 4.18 5.67 (Tl/Cry 3.81 3.54 4.85

c t n x / o'y 0.39 4.72 5.42 O'NXIO'Y 0.39 3.01 1.51 c n x /<^y 39.33 3.54 4.28
P n x ,y -0.76 0.41 0.38 P n x ,y -0.76 0.45 0.31 P n x .y -0.76 0.52 0.42

N X / Y 1.78 1.75 1.75 N X / Y 1.78 2.76 2.76 N X / Y 1.78 2.16 2.16
BP14 BPL MCI

£7y 4.77 4.73 5.46 cty 4.76 4.87 5.53 0-y 4.77 4.67 5.30
O'c/O'Y 1.31 1.33 1.49 (Tq / (7y 1.23 0.71 0.77 c r c / c y 1.31 0.83 0.91
( T i /a y 3.81 3.91 5.32 £7-// c r y 3.19 3.40 4.46 a i / a y 3.81 3.84 5.27

<^NX/<^Y 0.39 1.01 0.72 (^N x lo -Y 0.15 2.05 22.37 <^NX/<^Y 39.33 3.32 4.12
P n x ,y -0.76 0.43 0.31 P n x .y -0.64 0.55 0.41 P N X ,Y -0.76 0.53 0.40

N X / Y 1.78 1.78 1.78 N X / Y 1.48 1.48 1.48 N X / Y 1.78 1.77 1.77
MC M CFGRU M C Il

cry 4.76 4.67 5.28 (7y 4.77 1.78 2.04 a y 4.76 4.66 5.23
CTq /U y 1.23 0.72 0.78 a c /c r y 1.31 1.43 1.62 a c / a y 1.23 0.61 0 .6 6

cri/o -y 3.19 3.44 4.49 cr ,/o -y 3.81 3.93 5.44 a \ / a y 3.19 3.23 4.25
<^NX/<^Y 0.15 1.55 1.02 O'NX/O'Y 39.33 4.70 5.82 ^ N x l ^ Y 15.05 3.42 3.98

P n x .y -0.64 0.54 0.40 P n x ,y -0.76 0.45 0.40 P n x ,y -0.64 0.60 0.49
N X / Y 1.48 2.52 2.52 N X / Y 1.78 0.50 0.50 N X / Y 1.48 1.39 1.39

Table C.20: Second Moments of Long versus Short Simulations -  Argentina
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Data Short Sim. Long Sim. Data Short Sim. Long Sim. Data Short Sim. Long Sim.

TA+NX BPS MCBP14
£7y 4.64 1.50 1.67 a y 4.64 4.57 5.08 a y 4.64 4.78 5.33

( T c / a Y 1.10 0.45 0.47 a c / a y 1.10 0.66 0.67 a c / a y 1.10 1.02 0.99
f f l / f f Y 1.65 1.73 2.19 a , / a y 1.65 1.66 1.94 a \ / a y 1.65 1.64 1.81

<^NX/0'Y 0.23 6.23 1.88 <^Nx/<^Y 0.23 7.87 1.83 ‘̂ n x / ^ y 23.00 0.10 0.09
P N X .Y -0.26 0.77 0.71 P n x .y -0.26 0.67 0.58 P n x .y -0.26 0.15 0.11

N X / Y 0.10 0.52 0.52 N X / Y 0.10 0.14 0.14 N X / Y 0.10 0.11 0.11
BP14 BPL MCI

cry 4.64 4.78 5.33 a y 2.16 2.08 2.39 a y 4.64 4.58 5.08
d e l  cry 1.10 1.02 0.99 a c / a y 1.02 0.38 0.42 a c / a y 1.10 0.65 0.66
CTilay 1.65 1.63 1.81 a i / a y 3.65 3.71 4.90 a i / a y 1.65 1.63 1.89

^ N X /O -Y 0.23 0.27 0.22 <^Nx/0 'Y 1.63 8.65 2.62 a N x / a y 23.00 1.71 1.68
P n x ,y -0.26 0.13 0.09 PN X .Y -0.07 0.58 0.45 P n x ,y -0.26 0.69 0.60

N X / Y 0.10 0.10 0.10 N X / Y 0.08 0.08 0.08 N X / Y 0.10 0.19 0.19
MC MCFGRU MCII

(7y 2.16 2.08 2.38 a y 4.64 1.50 1.67 a y 2.16 2.08 2.37
a c /u y 1.02 0.38 0.42 a c / a y 1.10 0.45 0.46 a c / a y 1.02 0.36 0.38
(7]/ a y 3.65 3.65 4.82 a \ / a y 1.65 1.73 2.16 a ] / a y 3.65 3.65 4.77

O'n x /O'Y 1.63 5.64 7.52 ‘̂ N X / ‘̂ Y 23.00 3.10 3.27 0 'N X /(^Y 163.10 4.74 5.55
P n x .y -0.07 0.58 0.45 P n x .y -0.26 0.77 0.72 P n x .y -0.07 0.59 0.48

N X / Y 0.08 0.69 0.69 N X / Y 0.10 0.46 0.46 N X / Y 0.08 0.10 0.10

T able C.21: Second M oments o f Long versus Short Simulations -  Brazil



Data Short Sim. Long Sim. Data Stiort Sim. Long Sim. Data Short Sim. Long Sim.

TA+NX BPS MCBP14
a y 2.46 0.73 0.95 (Ty 2.46 1.68 2.22 (Ty 2.46 1.51 1.92

CTQ/ay 2.48 2.22 2.22 v q /(T y 2.48 1.28 1.26 O 'z/O 'y 2.48 1.35 1.37
a ilC T y 9.32 9.89 12.00 (T]/(Ty 9.32 9.51 11.46 (T\/<Ty 9.32 9.67 11.81

0.65 2.41 0.97 O 'N x /f^Y 0.65 2.49 0.84 (^n x / cty 65.00 8.78 10.28
P n x ,y -0.60 0.24 0.23 P n x .y -0.60 0.25 0.17 P N X .Y -0.60 0.28 0.23

N X / Y 3.86 3.95 3.95 N X / Y 3.86 3.96 3.96 N X / Y 3.86 4.37 4.37
BP14 BPL M CI

(Ty 2.46 1.56 2.11 cry 2.07 0.85 1.06 (Ty 2.46 1,64 2.05
( T c l f fy 2.48 1.63 1.58 (T c / (Ty 2.25 1.07 1.03 ( r c /c r y 2,48 1,14 1.15
a i / a y 9.32 9.86 11.66 (T\/(Ty 8.17 8.67 10.08 (T \/(Ty 9.32 9,31 11.54

(’’n x / o'y 0.65 3.45 0.75 o’n x / o'y 5.21 12.87 3.33 O’N X /O 'Y 65.00 8,11 9.73
P n x .y -0.60 0.24 0.17 P n x .y -0.42 0.33 0.31 P n x .y -0.60 0,29 0.23

N X / Y 3.86 3.91 3.91 N X / Y -0.01 -0.02 -0.02 N X / Y 3.86 3,87 3.87
MC MCFGRU M CII

(7y 2.07 0.63 0.76 a y 2.46 0.73 0.92 a y 2.07 0.64 0.76
ctc/ cty 2.25 1.06 1.05 (Tq / cry 2.48 2.18 2.18 (T c/(Ty 2.25 1.05 1.03
CTi /CTy 8.17 8.35 9.83 (T i/a -y 9.32 9.76 11.83 a i / ( T y 8.17 8.31 9.77

^H X I< ^Y 5.21 23.71 8.89 <^NX/I^Y 65.00 10.48 11.79 <^NX/<^Y 520.80 7.32 8.27
P N X ,Y -0.42 0.31 0.30 p N X .Y -0.60 0.25 0.25 P n x .y -0.42 0.32 0.30

N X / Y -0.01 -0.05 -0.05 N X / Y 3.86 3.85 3.85 N X / Y -0.01 -0.27 -0.27

Table C.22; Second Moments of Long versus Short Simulations -  Ecuador
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Data Short Sim. Long Sim. Data Short Sim. Long Sim. Data Short Sim. Long Sim.

TA+NX BPS MCBP14
(Ty 4.72 1.51 1.69 (Ty 4.72 4.65 5.22 cry 4.72 4.85 5.44

f fQ /ay 0.87 0.51 0.52 (Tc/cry 0.87 0.43 0.42 ctq/ cry 0.87 0.53 0.50
a i/cry 3.42 3.94 4.62 a i / u y 3.42 3.31 3.52 U\/(Ty 3.42 3.33 3.43

c"Nx/<^y 0.18 0.34 0.31 ^ N X I < ^ Y 0.18 0.13 0.12 ‘̂ N X f O ' Y 18.00 0.71 0.73
P N X . Y -0.11 0.45 0.37 P N X , Y -0.11 0.27 0.16 P N X , Y -0.11 -0.01 -0.01

N X / Y 4.07 4.14 4.14 N X / Y 4.07 3.98 3.98 N X / Y 4.07 4.12 4.12
BP14 BPL MCI

O-y 4.72 4.85 5.45 ay 5.88 6.05 6.82 cry 4.72 4.65 5.21
cr^ /a y 0.87 0.53 0.50 U c/V y 0.94 0.38 0.37 crc/cry 0.87 0.42 0.42
a i / a y 3.42 3.28 3.40 aj/o-y 3.79 3.63 3.74 0-i/CTy 3.42 3.31 3.53

ĈNX / O'Y 0.18 0.05 0.05 ( ^ N X / ^ Y 0.07 0.04 0.04 (’’N X / < ^ Y 18.00 1.79 1.71
P n x .y -0.11 -0.01 -0.01 P n x ,y -0.51 -0.04 -0.06 P n x .y -0.11 0.30 0.20

N X / Y 4.07 4.08 4.08 N X / Y -6.51 -6.51 -6.51 N X / Y 4.07 4.00 4.00
MC MCFGRU MCII

cry 5.88 5.62 6.34 ily 4.72 1.51 1.69 cry 5.88 5.61 6.31
(Tq I ^ Y 0.94 0.33 0.33 (Jc/ 0.87 0.51 0.51 Crc/CTy 0.94 0.33 0.33
a , / a y 3.79 3.76 3.89 U\/Uy 3.42 3.88 4.55 a , / a y 3.79 3.86 4.01

( ^ N x / O ' Y 0.07 0.07 0.06 < ^ n x l ^ Y 18.00 4.15 4.51 (’’N x / O ' Y 6.71 1.42 1.34
P n x .y -0.51 0.07 0.00 P n x ,y -0.11 0.46 0.38 P N X , Y -0.51 0.13 0.06

N X / Y -6.51 -6.37 -6.37 N X / Y 4.07 4.12 4.12 N X / Y -6.51 -6.40 -6.40

Table C.23: Second M oments ofLoyjg versus Short Simulations -  Venezuela
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C.5.4 Comparisons of Generalised Impulse Response Functions
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Figure C.19; Comparisons o f Generalised Impulse Response Functions -  Argentina 1 o f 2
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Figure C.20: Comparisons o f Generalised Impulse Response Functions -  Argentina 2 o f 2
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Figure C.21: Comparisons o f Generalised Impulse Response Functions  -  B razil l o f l
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Figure C.23: Comparisons o f Generalised Impulse Response Functions -  Ecuador 1 o f 2
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Figure C.24: Comparisons o f Generalised Im pulse Response Functions -  Ecuador 2 o f 2
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Figure C.25: Comparisons o f Generalised Impulse Response Functions -  Ireland
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Figure C.26: Comparisons o f Generalised Impulse Response Functions -  Venezuela 1 o f 2
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Figure C.27: Comparisons o f Generalised Impulse Response Functions -  Venezuela 2 o f 2
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Figure C.28: Generalised Impulse Response Functions: D/Y, CA/Y, N X /Y  -  Argentina 1 o f 2



Appendix C; Appendix to Chapter 4 271

10 20 30 10 20 30 10 20  30 10 20  30

Figure C.29: Generalised Impulse Response Functions: D/Y, CAfY, N X /Y  -  Argentina 2 o f 2
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Figure C.30: Generalised Impulse Response Functions: DfY, CA/Y, N X /Y  -  Brazil 1 o f 2
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Figure C.31: Generalised Impulse Response Functions: D/Y, CA/Y, N X /Y  -  Brazil 2 o f 2
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Figure C.32: Generalised Impulse Response Functions: D/Y, CA/Y, N X /Y  -  Ecuador 1 o f 2
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Figure C.33: Generalised Impmlse Response Functions: D/Y, CA/Y, N X /Y  -  Ecuador 2 o f 2
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Figure C.34: Generalised Impulse Response Functions: D/Y, CA/Y, N X /Y  -  Ireland
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Figure C.35: Generalised Impulse Response Functions: D/Y, CAfY, N X /Y  -  Venezuela 1 of 2
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Figure C.36: Generalised Impulse Response Functions: D/Y, CA/Y, N X /Y  -  Venezuela 2 of 2


