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Abstract

The research concerning differences in duration of the Great Recession is limited 
and inconclusive. We define duration of crisis as the count of years lost due 
to the crisis, and estimate the determinants of crisis duration on the dataset 
of 54 developed and developing countries. This thesis contrasts with previous 
literature by employing Bayesian Model Averaging (BMA) to accommodate 
for the large amount of potential explanatory variables and to address model 
uncertainty. Moreover, an innovative measure of export competitiveness, which 
accounts for the changes in non-price factors such as quality, is used. The results 
bring suggestive evidence of positive impact of developed financial markets, 
high share of private consumption and improvements in export competitiveness. 
We also find positive effect of fiscal policy stimulus once it is controlled for the 
feedback loop of uncertainty which appears when heavily indebted countries 
finance fiscal stimulus through issuance of additional debt. Lastly, it needs 
to be concluded, that the results are not robust to all prior specifications. In 
particular, the more restrictive Beta binomial model prior shrinks the statistical 
significance of aforementioned results heavily.
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Abstrakt

Výzkum týkající se rozdílů v délce Velké recese je omezeny a nejednoznačný. 
V této préci definujeme délku trvéní krize jako počet let, které jsou v jejím 
důusledku ztraceny. To jest dobu, za kterou se HDP dostane zpčet na pčredkrizovou 
uérovenč. Na datech pokryévajécéch 54 zemé tato préace odhaduje faktory, kterée 
stéaly za odličsnou déelkou trvéané mezi růuznéymi zemčemi. Oproti ostatném studiém 
zamčečrenyém na toto téema je v téeto préaci vyučzita metoda Bayesiaénskéeho průumčerovéané 
modelůu, kterée dovoluje včetčsé mnočzstvé vysvčetlujécéch promčennyéch a bere v 
uévahu nejistotu ohlednče zvolenéeho modelu. V textu je takée vyučzita novaé 
metoda mčečrené konkurenceschopnosti vyévozu, kteréa bere v potaz necenovée 
faktory, jako je napčréklad kvalita. Vyésledky dokléadajé pozitivné dopad silnčeji 
rozvinutyéch finančcnéch trhůu, vysokéem podélu soukromée spotčreby a zlepčsenéch v 
konkurenceschopnosti vyévozu. Déale je zdokumentovéan pozitivné uéčcinek fiskaélné 
expanze ve chvéli, kdy je do modelu zahrnuta promčennéa zachytaévajécé efekt 
silnče zadlučzenéych zemé, ječz fiskéalné expanzi provéadčejé pomocé vydéavéané novéeho 
dluhu. Vyésledky nejsou robustné vůučci specifikaci alternativnéch pčredpokladůu v 
réamci Bayesovskéeho průumčerovéané a to pčredevčsém pro silnčeji omezujécé Beta bi- 
nomickéy pčredpoklad, kteryé vyéraznče sničzuje statistickyé vyéznam vyéčse uvedenyéch 
véysledkůu.
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Motivation While the topic of Great Recession has already been widely discussed 
by the economists, the research concerning the differences in duration of the Great 
Recession across countries is limited and inconclusive. I am going to argue, that 
not only the severity of crises matters, but also the time it takes for the economy to 
recover from the shock is important, as prolonged crisis negatively affects the utility 
of people and their expectations, which are of such a large importance in modern 
macroeconomics. Consequently, it is vital to determine which policies were effective 
in shortening the duration of the last major crisis, the Great Recession, and which 
were ineffective. The limited research in the field of duration of financial crises is not 
conclusive. Craigwell et al. (2013) used a dataset of 55 developed and developing 
countries and found the effect of fiscal stimulus to be negative in relation to shortening 
duration of the financial crisis. On the other hand, Kannan et al. (2012) investigate 
the effect of both monetary and fiscal policy stimulus on 21 advanced economies. 
They conclude, that fiscal stimulus is particularly helpful during financial crises, 
while monetary easing is much less effective. Moreover, Bluhm et al. (2014) reveal 
that good institutions are capable of shortening the crisis. However, none of the 
aforementioned studies include the Great Recession in their dataset.

My thesis will therefore attemp to contribute to the debate by answering e.g. 
following questions. How effective was fiscal and monetary policy in shortening 
the duration of the Great Recession? Were the pre-crisis fundamentals and other 
explanatory variables (such as employment, trade openness, undervaluation of cur
rency, etc.) more important than the policies implemented during the recession?
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Hypotheses

Hypothesis #1: Countercyclical fiscal policy proved to be more effective in 
shortening the duration of the Great Recession than monetary policy inter
ventions.

Hypothesis #2: Pre-crisis fundamentals and other variables were significant 
determinants of length of the recession in given country.

Hypothesis #3: Countries with undervalued currency experienced faster re
covery from the crisis.

Methodology I will be estimating the relationship between multitude of country
specific variables and the duration of recession in given country using Bayesean model 
averaging method, which allows for high number of variables. Since there is no 
common definition of recovery of a country, I will be using two different definitions 
and estimating the relationships for both of them. The first is defined as the time it 
takes for the economy to return to the peak level before the recession. The second one 
is measured by cumulative growth achieved after a certain time period following the 
trough. My dataset will consist of data taken from the World Development Indicators 
published by the World Bank and from International Financial Statistics database 
published by the International Monetary Fund. Rodriks (2008) methodology will be 
used to calculate the explanatory variable of currency undervaluation.

Expected Contribution My thesis will contribute to not very deeply explored 
area of determinants of crisis duration. To my knowledge, it will be the first lit
erature which will estimate the effect of both pre-crisis variables as well as policies 
implemented during the crisis on the duration of the Great Recession. The results 
of my thesis should be interesting in particular for politicians and central bankers.

Outline

1. Motivation

2. Introduction Short summary of the Great Recession and its comparison with 
other recessions. Review of relevant literature concerning the duration of crises 
and resilience of countries, i.e. their ability to recover from negative shock.

3. Data and related work

4. Methods: I will describe the Bayesean model averaging method and Rodriks 
(2008) methodology of calculating currency undervaluation, as well as my 
model and other relevat methodology.
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Chapter 1

Introduction

A decade ago, the global economy has experienced the longest and deepest 
downturn in economic activity since the post World War II period, often called 
the Great Recession. While the symptoms of an upcoming crisis have been 
creeping out earlier, the full scale eruption of the Great Recession is often as
sociated with the bankruptcy of Lehman Brothers on 15th of September 2008, 
when the wheels of the financial system across the globe came to a standstill. 
All countries have been affected in one way or another, but interestingly, some 
were vastly more damaged than others. Especially struck have been advanced 
economies, notably Ireland, Greece or Hungary, while developing countries in 
many cases avoided serious consequences. There are several ways of measuring 
the impact of a crisis on a country, ranging from absolute GDP per capita 
reduction to currency depreciation, equity market drop and bond spread. In
terestingly, although the crisis was born from sub-prime mortgage market in 
the US, it was not struck the worst in any of the criteria. Quite the contrary, 
compared to many other countries, it recovered from the crisis surprisingly fast. 
Among other things, this demonstrates two important facts. The massive in
terconnection of economies and their financial systems, which was unforeseen 
by many. And more importantly for the matters of this thesis, there must 
be other underlying factors that affected the speed of recovery in individual 
countries.

The aim of this thesis is to find and attempt to quantify these factors. Now, 
twelve years after the financial crisis, when most countries have already entered 
to a next stages of a business cycle and the world is dealing with increasing 
protectionist tendencies of trade behemoths, many economists warn of dangers 
that could potentially trigger a new recession. Now it seems like the right time 
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to assess which factors and policies were effective at steering the economy out 
of the crisis and which were ineffective. A primary focus of this paper is not 
to determine what caused the Great Recession, as this topic has already been 
discussed in overwhelming amount of literature. Instead, this paper provides 
an empirical study which determines the factors that effectively shortened the 
duration of crisis, where the duration is defined as the number of quarters it 
took for the country GDP to recover to pre-crisis level. Reader will find answers 
to questions such as how effective was the monetary and fiscal policy? Were the 
pre-crisis fundamentals more important than the policies implemented during 
the recession? Why did some countries show remarkable resilience, while other 
seemed to be swimming upstream?

The thesis is structured as follows: Chapter 2 shortly introduces common 
types of financial crises. Chapter 3 reviews related literature. Chapter 4 dis
cusses data used in this thesis. Chapter 5 proceeds to the thorough analysis of 
methodology used to produce the results presented. Chapter 6 investigates the 
outcomes of this thesis. Chapter 7 summarizes our findings.



Chapter 2

Types and History of Financial 
Crises

To put the Great Recession into perspective and see how it compares to previous 
crises, it is useful to make a short overview of different types of financial crises 
and their historical occurrences.

In its essence, a financial crisis is an extreme demonstration of complex 
linkages between the financial sector and the real economy. However, they 
are not a product of current financial system, history serves with examples of 
crises at least since the beginning of capitalism in 17th century (Kindleberger 
& Aliber (1978) and Schwartz (1986)).

Although any type of crisis can take on indescribable amount of shapes and 
forms, financial crises are usually related to a combination of major changes 
in credit volume and asset prices, disruption in financial intermediation and 
large scale balance sheets problems. Very often, this is associated with a loss 
of confidence in the financial intermediaries, firms, households and sovereigns, 
which leads to a spiral of events that decrease the confidence even further (eg. 
bank runs, contagion and spillovers among financial markets). A simplified 
example of such sequence of events would be a shock that leads to a decline in 
assets value which serves as a collateral for the financial institution. With a 
declining net worth of these assets, lenders are less protected and exposed to 
greater risk of moral hazard for lending to households or firms that now have 
less to lose. Inevitable rise in the interest rates and therefore in households 
and firms interest payments deteriorates their balance sheet, which leads to 
even higher risk of adverse selection and moral hazard. This situation repeats, 
leading to decline in lending and economic activity in each cycle.
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In the literature (e.g. Claessens & Kose (2013)) financial crises are classified 
into four groups, which are highly motivated by theoretical economic models. 
They are currency, sudden stop, foreign debt and banking crises. Each group 
will shortly be discussed in subsequent paragraphs. It should also be noted, 
that since financial crises are usually caused by a loss of confidence in the 
economy or financial institution, they oftentimes appear simultaneously.

2.1 Currency Crises

There are in fact three generations of currency crisis models, which naturally 
emerged throughout the second half of 20th century as a responses to different 
crises happening around the globe. Currency crises usually evolve around a 
fixed exchange rate of country, which is deemed unsustainable.

The first generation of currency crisis models have been motivated by fall 
in price of gold in 1970s, at the time important nominal anchor of pegged ex
change rate regimes. Their inspiration are the balance of payments crises of 
Mexico, Argentina and Chile in 1970s. The classic first-generation models are 
those of Krugman (1979) and P.Flood & M.Garber (1984), which build on ear
lier work of Salant & Henderson (1978). In these models, the collapse of fixed 
exchange rate regime is caused by unsustainable fiscal policy. In fact, the (not 
so unrealistic) assumption is, that the government runs a persistent primary 
deficit. This deficit must be financed through assets such as foreign reserves, 
or borrowed. Since these sources of income are not unlimited, eventually the 
government must start printing money to finance its deficit. That is inconsis
tent with keeping fixed exchange rate, since agents exchange additional money 
for foreign currency, foreign reserves decrease and when a threshold level is 
reached, peg collapses.

The second generation of currency crisis models have been motivated by the 
speculative attacks in Europe and Mexico in 1990s. These attacks were aimed 
at government-controlled exchange rates. Unlike the first generation, the sec
ond generation emphasizes the importance of multiple equilibria. In the first 
generation models, a crisis does not need to be a consequence of misaligned 
economic fundamentals. A currency is vulnerable to speculative attack if the 
government's commitment to maintaining pegged exchange rate is doubtful. 
Self-fulfilling prophecies are possible in second generation models, as specu
lators might attack a currency based on their belief that others will do so, 
too.
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The third generation of currency crisis models started forming as a response 
to the outburst of the Asian crises in 1997. These models emphasize the role of 
financial system in causing currency crises and propagating their effect, in par
ticular the balance-sheet effects of currency devaluation. The basic principle is, 
that firms have currency mismatches because they borrow in foreign currency, 
which makes them vulnerable to exchange rate changes. Especially vulnerable 
are financial institutions, which borrow in foreign and lend in local currency. 
Eichengreen & Hausmann (1999) argues that such vulnerability is an inherent 
feature of emerging markets, which often undergo financial liberalization.

2.2 Sudden Stop Crises

The term 'sudden stop' has been inspired by a banker's comment ”...it is not 

speed that kills, it is the sudden stop” on the Mexican crisis in 1994 (Eichengreen 
& Gupta (2016)). What he meant was a sudden stop of private capital inflow to 
a country, which disrupts the current account balance. Simply put, if country 
is a net importer, it must find a way to finance that difference. The sudden stop 
can be triggered either by foreign investors who reduce their capital inflows, 
and/or by households who pull their money out from the economy, resulting in 
capital outflow. The reasons for such behaviour can be reasoned for example 
by foreign creditors' doubt of of country's ability to serve its obligations or 
political instability. Without access to foreign funds, the country has to restore 
the balance immediately, which often leads to a currency crisis.

2.3 Foreign Debt Crises

A foreign debt crisis occurs, when a highly indebted country is deemed to be 
unable, or actually is unable, to service their debt. The loss of confidence leads 
to a sharp increase in risk premium on interest rate, making it harder or even 
impossible for countries to finance their budget deficits. As a result, govern
ments have to resolve to increases in taxes, wage cuts and lower investments. 
The resulting decrease in income of residents, spike in unemployment and de
crease in confidence in the economy can turn the country to a downward spiral 
and is often accompanied by other types of financial crises.
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2.4 Banking Crises

Banking crises occur when many people try to withdraw their deposits at the 
same time. This behaviour is commonly called a 'bank run'. The reason is 
usually a loss in confidence either in the local currency or in the credibility of a 
bank. Since the majority of bank's capital is tied up in long-term investment, 
the bank's liquidity can fail to meet consumer demand. In such case, the bank 
has either go bankrupt, or be bailed out by the central authority. Moreover, if 
the bail out is financed through large amounts of debt, it can further decrease 
the overall confidence in financial system.

2.5 The Beginning of Great Recession

Although indications of upcoming crisis have been appearing at least a year 
prior to the crisis, it took almost everyone by surprise. As late as April 2007, the 
International Monetary Fund (IMF) claimed that risks to the global economy 
were extremely low, and there was no reason for concern (World Economic 
Outlook (2007)). The same month a US company New Century, specializing 
in sub-prime mortgages, went bankrupt. In retrospective, this was one of the 
first major red flags which were warning of dangers of forthcoming sub-prime 
mortgage crisis. While a popular view among the public is that of ”greedy 
bankers” who caused the crisis, the actual cause is, unsurprisingly, not that 
simple.

The immediate trigger has been the plunge of U.S. real estate market in 
2006, which followed a housing price bubble. In 1992, U.S. Congress assigned 
the Department of Housing and Urban Development the task to increase the 
home ownership rate of low and middle income citizens, which was handled by 
issuing government supported mortgages to them (Matthews & Driver (2015)). 
The target was initially that 30% of mortgages supported by government pro
grams should be issued to low to moderate income buyers. This target gradu
ally increased and by 2008 it reached 56% (Wallison (2015)). It was common 
and politically well supported view, that almost anyone can own a house. The 
historically high standards of U.S. mortgage lenders, who required 20% down 
payment 1 ) and monthly payments should be no more than 36% of monthly 
income. Because of these high requirements, U.S. housing markethas been per
ceived as a safe investment. However, after the year 2000 these requirements 

1 or private insurance
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started to be relaxed and by 2006 it was common to get a mortgage with no 
down payment and no verification of income (Matthews & Driver (2015)).

All of this was accompanied by unusually low interest rates which were 
Feds reaction to a mild recession in 2001. Although the U.S. economy recov
ered quickly, the unemployment stayed high, so Fed kept the interest rates 
at 1% until July 2004, when it started gradually increasing them to 5.25% 
in July 2006. In response, monthly mortgage payments started also adjust
ing upwards and many marginal buyers found themselves unable to meet their 
mortgage repayments and defaulted on their loans. Since houses were serving 
as a collateral, banks started selling these at an already saturated market. The 
prices of homes started falling. At certain point the home-owners realised that 
their house is worth less on the market than is their mortgage, which led to 
even higher rate of defaults. House prices plummeted. Fear and uncertainty 
prevailed on the interbank market and it froze completely.



Chapter 3

Literature review

The limited research in the field of duration of financial crises is not conclusive. 
Craigwell et al. (2013) use annual data between 1970 and 2007 for 55 developed 
and developing countries to estimate the effect of fiscal stimulus on shortening 
the duration of recovery. In their empirical model, they use two fiscal policy 
variables. The first is government expenditure, proxied by real government 
consumption, and the second is fiscal shock variable, which is obtained from 
residuals of a regression of real government spending on GDP. The latter cap
tures extra government expenditures spent as a response to the crisis. Their 
study includes several control variables which account for changes in important 
macroeconomic or financial conditions. While the overall government expen
diture is insignificant, the fiscal shock is found to be prolonging the duration 
of crisis. Authors propose that this outcome might be a consequence of not 
allowing the investors the opportunity to reduce their portfolios in an orderly 
fashion. The interactions of fiscal shock with trade and financial openness also 
reveal that this effect is not linear and is stronger for countries with more lib
eral trade policies. Their recommended policy is to increase the confidence in 
sustainability of public finances.

Kannan et al. (2012) use a dataset of 21 advanced economies between 1960 
and 2012. Over this period, they are able to identify 122 recessions. Out 
of these, 15 are identified with financial crises. They identify, that recessions 
which are associated with financial crises are more severe and the recoveries are 
slower, domestic demand is weaker and credit conditions tighter. Recessions 
that are synchronized across countries also last longer and are deeper than 
those limited into one region, especially because exports are playing much less 
important role in the recovery. They find that during financial crises monetary 
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policy is less effective in shortening the duration of crisis. On the other hand, 
fiscal stimulus appears to be particularly helpful, which is in direct contrast 
with findings of Craigwell et al. (2013). However, they also stress that this 
effect is weaker for heavily indebted countries. Also Perotti (1999) argues that 
in such circumstance, fiscal stimulus reduces private consumption. In terms of 
policy recommendation, Kannan et al. (2012) recommend to be aggressive on 
both monetary and fiscal front. Health and confidence in the financial system 
needs to be restored.

The above mentioned conclusions are in line with findings of Cerda (2009), 
who analyses 20 Latin American countries between the years 1900 and 2000. 
Cerda (2009) also stresses the importance of exchange rate regime and economy 
structure, as both fixed exchange rate regime and high share of manufacturing 
in output seem to shorten the crisis. Shambaugh & Shen (2018) Analyse 125 
countries between 1990 and 2010 and find that transparency of government and 
central bank is also a vital component in shortening the duration of currency 
and inflation crises. Additionally, Bluhm et al. (2014) analyse the effect of 
institutions on the duration of economic declines. Their database consists of 
data from 138 countries between 1950 and 2008. Polity IV database is used as 
the primary source of institutional and political variables. Their results suggest 
that strong institutions shorten the duration of crises and that countries with 
weak institutions often experience positive reforms in the wake of the crisis. In 
this sense, economic slumps might actually work as a catalyst for improvement 
of the institutions.

Gregorio (2012) discusses the remarkable resilience demonstrated by the 
emerging economies during the Great Recession. His primary focus are Latin 
American countries, where the effect of crisis was surprisingly mild compared 
to the developed economies. He emphasizes the importance of good pre-crisis 
fundamentals, in particular low debt levels, and sharp depreciation of national 
currencies. The depreciation boosted competitiveness and together with high 
levels of international reserves warded off any incentives for speculative attack 
and decreased a risk of sudden stop. Gregorio (2012) also accents well regulated 
and simple financial institutions in Latin American countries.

Compared to the previous literature, the analysis performed in this thesis 
differs in following respects. It fills the gap in the crisis duration literature, 
where aforementioned papers leave out the Great Recession period and focus on 
historical data. Unlike most of the literature which deals with crisis duration, 
this thesis does not look for patterns in historical crises, but it is focused 
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solely on the Great Recession. It analyses both the length of the economic 
decline and time it took for the economy to recover, building on the knowledge 
gathered from economic theory and previous crises. In view of vast amount of 
potential explanatory factors and not entirely consistent findings of previous 
studies (Craigwell et al. (2013), Kannan et al. (2012) Bayesian model averaging 
(BMA) is employed in order to decrease the model uncertainty. Compared 
to previous studies, utilization of BMA also allows higher level of freedom in 
choosing potential explanatory variables. These will also include an indicator of 
country competitiveness on the international markets in both price and quality 
sense, using the novel approach of Benkovskis & Worz (2013).



Chapter 4

Data

4.1 Price and non-price competitiveness index

The trade data used for computation of Benkovskis & Worz (2013) price and 
non-price competitiveness index is gathered from United Nations (UN) Com- 
trade database. It fits the needs of this paper, as it contains import and ex
port data of nearly 200 countries, disaggregated into 6132 Harmonized system 
96 (HS96) categories. Although the ultimate goal is to create an export price in- 
dex1, import data will be used as a proxy for exports in the fundamental part of 
the index creation, as it has a significant advantage of accounting for expenses 
on Cost, insurance and freight (CIF). Unit values calculated from import data 
therefore reflect the final price of product, as presented to the consumer, with 
higher accuracy.

1 Which also incorporates non-price factors, such as quality.

A couple of transformations are made to clean the dataset. Firstly, following 
Benkovskis & Woorz (2013), data which have been estimated by the statistical 
authorities are dropped, resulting in a loss of approximately 15% of data points. 
This constitutes a significant hit to the database, as it accounts for about 
17% of world import value in the observed period between 1996 and 2016. 
However, it makes the calculated unit values more reliable, since we avert the 
inherent risk of different estimation methodologies used by national statistical 
authorities. Secondly, goods are compared inside the HS96 categories, because 
in some cases the disaggregation might be insufficient and apples could be 
compared to oranges within the category, so to say. One possible identification 
of such and issue might be a high unit value difference within the category. 
Again, following the steps of Benkovskis & Woorz (2013), data point is treated 
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as an outlier if the absolute difference between its unit value and the median 
unit value across all varieties of this product in particular year exceed three 
median absolute deviations. This has a less pronounced effect on the dataset, 
as less than 2% of data are affected.

4.2 Other explanatory variables

Apart from the aforementioned price and non-price competitiveness variables, 
a large amount of economic, political, demographic and financial variables is 
used to produce as faithful image of country profiles as possible. Extensive part 
of the dataset has been retrieved from World Development Indicators (WDI) 
database which is maintained by the World Bank (WB) and also from IMF 

International Financial Statistics (IFS) database. If not stated otherwise, the 
data was obtained from WDI database.

The economic variables contained in the dataset are government expen
diture, private consumption, exports, imports, gross capital formation, Gross 
domestic product (GDP) per capita in constant Local currency unit (LCU), in
flation, trade openness, Current account (CA) balance, reserves in months of 
imports, unemployment, terms of trade, savings (% of GDP), oil rents, debt (% 
GDP), M3 money, ease of doing business score obtained from the Doing Busi
ness database (WB) and labour market efficiency index of TCdata360 initiative 
(WB).

The political variables include government regulations score from TCdata360 
(WB), absence of corruption and rule of law scores from World Justice Pro ject 
(WJP) database and democracy index compiled by the Economist Intelligence 
Unit (EIU).

Variables measuring demographic conditions are life expectancy, labour force 
participation rate, percentage of Christian and Muslim population and popu
lation growth.

Financial indicators include non-performing loans as a share of total loans 
(IFS), domestic credit, bank capital to assets (IFS), central authority interest 
rate (IFS), liquid liabilities as a share of GDP, ease of loan access and financial 
market development score from TCdata360 (WB).
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The complex relationship between geography and economic growth has been 
well established by the literature (e.g. Gallup et al. (1998), Radelet et al. 

(1998)). The location and climate have large effects on the macroeconomic 
fundamentals through their effects on transportation costs, disease burdens 
and agricultural productivity. The effect of distance from the equator is con
trolled for by including longitude of country centroids among the explanatory 
variables.
The data is collected for 54 countries, more specifically, out dataset contains 
Armenia, Australia, Austria, Belgium, Botswana, Brazil, Bulgaria, Canada, 
Chile, Costa Rica, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Fin
land, France, Georgia, Germany, Greece, Guatemala, Hong Kong, Hungary, 
Iceland, Ireland, Israel, Italy, Japan, Kazakhstan, Kenya, Latvia, Lithuania, 
Madagascar, Malaysia, Malta, Mexico, Moldova, Netherlands, Norway, Philip
pines, Portugal, Romania, Russian Federation, Saudi Arabia, Senegal, Singa
pore, Slovak Republic, Slovenia, South Africa, Spain, Sweden, Switzerland, 
Thailand, Turkey, United Kingdom and United States. The dataset used in 
this thesis is available upon request.



Chapter 5

Methodology

5.1 Export Competitiveness Index

The competitiveness of country on the international goods markets is frequently 
used in analysis of macroeconomic performance. However, such measure is 
generally associated with price competitiveness , measured for instance by Real 
effective exchange rate (REER). This approach intrinsically assumes that con
sumer's utility depends solely on consumed quantities and does not depend on 
the quality of purchased product.

Moreover, assessing country international competitiveness using REER comes 
with fundamental flaws. REER based on Consumer price index (CPI) bears the 
premise of identical conditions on domestic and foreign markets, i.e. an in
crease of product price on domestic market implies appropriate increase in 
price of such good when exported. Yet, each market has consumers with vari
ous tastes, different level of competition or demand elasticities. The Producer 
price index (PPI) appears to be a more appropriate solution, as it is connected 
to the supply side of the economy. However, only a fraction of firms are ex
porters and the differences between exporters and non-exporters have been 
revealed as significant (recently e.g. Montinari et al. (2015) and Berthou et al. 

(2015)). In particular, they find pronounced differences in wages, productivity 
and research and development expenses between exporters and non-exporters.

With these considerations in mind, shifts in country competitiveness will 
be assessed using the approach of Benkovskis & Woorz (2013), who construct 
an index that incorporates developments in competitiveness of price, quality1 

and changes in the set of competitors. The index is constructed by approaching 
1 Or more precisely, non-price factors. These also embody any intangible properties of 

the product that increase consumer's valuation of the product, such as shifts in their tastes.
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market for each product within all countries individually, specifying supply and 
demand equations and estimating import demand elasticities.

This Section follows the work of Benkovskis & Worz (2013) and builds 
extensively on knowledge of Broda & Weinstein (2006) and Feenstra (1994).

5.1.1 Adjusting for Varieties in the Import Price Index

Feenstra (1994) builds on work of Diewert (1976) and updates Diewert's exact 
price index by incorporating a new term, which captures changes in available 
varieties* 2 of products. The updated Import price index for good g the looks as

The term 'quality' will be used throughout the thesis to alleviate the suffering of the reader's 
eyes.

2Varieties are understood in a country sense. For example, imports of beer from countries 
c1 and c2 compose two varieties of beer.

P(pg,t-i,pg,t,xg,t-i,xg,t,Cg) (5-1)

Where P(pg,t-1,pg,t,Xg,t-1,Xg,t,Cg) is Diewert (1976)'s exact price index, pgc,t 

and xgc,t are the vectors of prices and cost minimizing quantity for the price 
pgc,t of product g in period t, respectively. Cg is the set of varieties of product 
g and 5g is the elasticity of substitution among these goods. Finally

''PPcqC Pgc,txgc,t
Xg,t = (5.2)

2^cecg,t Pgc,t xgc,t

represents the ratio of expenditures on varieties of product g which are avail
able both in t and t - 1 to varieties only available in t. In words of Feenstra 
(1994) himself, it ”... measures 1 minus the share of expenditure in period t on 

the product varieties that are new or have a change in their taste parameters.”. 
The magnitude of new term in (5.1) is also dependent on the elasticities of 
substitution between varieties of good g. Introduction of a new variety of het
erogeneous product (low Elasticity of substitution (EoS) parameter 5g) yields 
higher increase in utility than introduction of homogeneous good. In other 
words, if the new or disappearing varieties are easily substitutable, then the 
effect of additional variety on import price index will be marginal. Imagine 
gaining access to a new variety of highly homogeneous product such as milk, 
compared to having access to a new medicine. Under most circumstances, the 
utility from a new drug will indisputably be higher. This reflection of reality 
is clearly visible in the estimated elasticities. The mean of EoS in the Chemi- 
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cal products category is 3.7, while in Animal products category it equals 8.7. 
Additionally, the weight of different varieties in Equation (5.2) is proportional 
to their expenditure share in the set Cg , resulting in putting more emphasis to 
varieties which have higher share in the consumption bundle. The noticeable 
feature of Equation (5.1) is, that it does not depend on non-price factors, such 
as quality or shifts in consumer tastes. Feenstra (1994) relaxes this assumption 
by including varieties that experienced shift in quality in the set of new vari
eties. This approach is cumbersome, because a large amount of products, if not 
most, are constantly improving. It is not clear where to draw the line and treat 
the variety as completely new and when to ignore its quality improvements. 
Benkovskis & Worz (2013) adress this issue by separating the quality to an 
individual term and estimating its value. We will return to this topic in the 
Section 5.1.2.

Estimation of Elasticities

While the product quantities are observable and prices can be measured by 
unit values, elasticity of substitution in (5.1) is unobservable and has to be 
estimated. The methodology used to produce the estimates of elasticities is 
arguably the most remarkable section of Feenstra (1994)'s paper. It is also a 
section that is relied upon heavily in the updated index of Benkovskis & Woorz 
(2013). Feenstra (1994) specifies supply and demand function for individual 
varieties of goods. These equations contain only two variables, quantities and 
unit values. While this brings a huge convenience of easily available data, it 
also means that the supply and demand equations are unidentified and the lack 
of exogenous variables needs to be addressed. Feenstra (1994) tackles this issue 
by exploiting the panel nature of the dataset and by utilizing the knowledge 
of Leamer (1981). Leamer (1981) investigates properties of under-identified 
supply and demand system of equations of following shape

Qt = a + (Pt + et

Qt = Y + 0Pt + ut, t =1,...,T

Where Qt are quantities and Pt prices, which are both observable. On the 
other hand, a,(,Y and 0 are fixed unobservable parameters. Assuming that 
the error terms et and ut are serially and contemporaneously uncorrelated, 
Leamer (1981) shows that the Maximum likelihood estimates (MLE) of ( and 
0, ( and 0 respectively, are located on the hyperbola characterized by sample
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variances of prices and quantities and their mutual covariance. The hyperbola 
has following form

( ■ 

Vpsq
s2 

q

s2 
p

Where sp and sq are sample standard deviations of prices and quantities re
spectively and spq is their sample covariance. Each branch of the hyperbola 
then represents MLE of either supply or demand. At this point, elementary 
economics comes to the rescue and supply is distinguished from demand using 
the premise of diminishing demand with increasing price. The MLE of demand 
therefore lies on the negative interval of the hyperbola while supply lies on 
the positive interval. The under-identification problem is still present and is 
reflected in non-uniqueness of solutions, as the solution can be any point on the 
hyperbola. Leamer (1981) also demonstrates that point estimate of either one 
uniquely identifies the other. This implies that both the elasticity of supply 
and demand need to be assumed constant within the variety group. Feenstra 
(1994) estimates the hyperbola for each variety of selected product and uses 
the assumption of equal elasticities within varieties to define the intersection 
of these hyperbolas as the point estimate of searched elasticity.

A noteworthy comment on deficiency of described method is raised by 
Soderbery (2013), who shows that under the tractability assumptions, almost 
40% of the estimates produced are complex numbers. This thesis follows 
Benkovskis & Woorz (2013) in accordance with Soderbery (2013)'s proposition 
to use Nonlinear constrained Limited information maximum likelihood (LIML) 
estimator in such cases.

5.1.2 Including Changes in Quality

The traditional Dixit & Stiglitz (1977) model for evaluation of consumer gains 
from variety assumes single EoS for all goods. Broda & Weinstein (2006) further 
build on this model and updates the assumption of uniform EoS by allowing for 
different EoS in the market for each product. The utility function3 is defined 
in three levels. The uppermost level is specified as

3 of representative agent

Ut = (DtK-11/K + Mt(K-1)/K^~X) , K > 1 (5.3)
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Where Ut represents utility at time t from consumption of composite domestic 
good Dt and composite imported good Mt. K is the elasticity of substitution 
between domestic and imported products. As our interest lies in the comparison 
of imported products, we focus our attention on the dynamics of the composi
tion of imported goods, Mt. In the intermediate level, composite import good 
is defined as

(
\ Y/(Y-1)

EMgY-1)/J • Y> 1 (5.4)

9&G /

Where Mg,t is utility at time t acquired from consumption of good g from the 

set of imported products G and Y is the elasticity of substitution between such 
products. Finally, the lowest level describes Mg,t as a combination of multiple 

varieties of product g. It is defined by non-symmetric Constant elasticity of 
substitution (CES) function as follows.

Vg G G, 5g > 1 :

/ \ G/(ág-1)

Mg,t = I E dTtI (5.5)
\ceCg )

Where dgc,t denotes quality of product g imported from country c from the 
set of exporters C at time t. Consumed quantity is captured by mgct and the 
elasticity of substitution between varieties of products is denoted by 5g. It 
follows from the equation (5.5) that the utility of consumer can be increased 
either by higher consumption (f m), market entrance of a new variety (f in 
the set C) or by improvements in quality of already accessible varieties (f d). 
Analogically to (5.2), the value of EoS parameter 5g plays decisive role in the 
interpretation of the Equation (5.5), as it embodies the relative importance of 
quality and quantity of consumed goods. Products with 5g < 2 the utility from 
consumption is influenced more by changes in quality, rather than quantity4.

4 In percentage terms.

After solving the utility maximization problem with budget constraint, min-
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imum unit cost function for each product is obtained.

^(Pg,ty dg,t, Cg ) dgc,tP^ (5.6)

Using the knowledge of Sato (1976) and Vartia (1976), the Equation (5.6) can 
be rewritten as a geometric mean of the individual price changes, weighted by 
the cost-shares in the two periods. This simplifies the Equation (5.6) into

(5.7)

The weights wgc,t from Equation (5.7) are defined as

wgc,t =

sgc,t - sgc,t-1

ln sgc,t ln sgc,t-1

sgc,t - sgc,t-1 

ceCg ln Sgc,t - ln Sgc,t-1

(5.8)

and the cost shares sgc,t from Equation (5.8) are

s __ pgc,txgc,tsgc,t
Z^CgCg Pgc,txgc,t

(5.9)

Under the assumption of invariable quality parameter (dgc,t-1 _ dgc,t, Vt G T), 
Feenstra (1994)'s import price index defined in Equation (5.1) can then be 
rewritten as

1/(&9-1)

(5.10)

As discussed in Section 5.1 , Feenstra (1994) tackles the assumption of invariable 
quality by including varieties with quality improvements in the second term of 
(5.10). Benkovskis & Worz (2013) alleviate the dilemma of deciding which 
products should be considered as enhanced and those which experienced no 
quality improvement. Benkovskis & Woorz (2013) further modify the import 
price index to include additional term, which represents shifts in taste and
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quality of goods.

1/(1-<59)
P B & WPg

^^Pgytj dg,t-> Cg,t} 

^^Pgit—li dg,t-11 Cg,t-l)

/ / Ic C

\SceCg,t-i

g,t
d .n'" dgc,tPgc,t
~ i—;
dgc,t-1pgc,t-1

/ p \ wgc,t / \ \ 1/(ág-1) / d \ wgc,t/(1-Sg)
TT I pgc,t \ I *g,t \ TT I dgc,t \

ceCg Vrpgc,t-i/ \Xg,t-iJ c€CAdgc’t-id

(5.11)

5.1.3 Transforming the Import Index Into Export Index

The interpretation of xgc,t as import of product g from country c at time t can 
easily be reinterpreted as c's export to country k's market. Market share Sgk,t 

of country c on k 's market with good g is decomposed from Equations (5.6) 
and (5.9) as

Sgk,t =
pgk,txgk,t

SceC pgc,txgc,t

pgk,t xgk,t

^g,tMg,t

Pgk,t dgk,t í= pgk,t dgk,t

0g,t 9 \ SceCg dgc,tpgc,tB

5 Visible from the last equation (in the parentheses).
6 To maintain established interpretation where decline in the index implies increasing 

competitiveness.

í= Pgk,t dgk,t \

\ SceCg dgctpgc,tB /

(5.12)

In Equation (5.12) nominator is the price and quality of observed country 
k . Under a reasonable assumption that the products within one category are 
substitutes and not complements (i.e. óg > 1), it is visible that the increase in 
price is reflected by decrease in market share. This effect is more pronounced 
for goods with high elasticity of substitution, that is, for products which are 
easier to replace by a competing variety. On the other hand, improvements 
in quality result in market share increase. In the denominator lies the sum of 
all competing varieties5. The denominator increases (effectively decreasing k's 
market share) either if the price of any competing variety decreases, if they 
experience quality improvements or if new competitors join the market. The 
change in adjusted relative export price index for product g from country k in 
single export destination is defined as inverse growth6 of its market share.

RXPgk,t = Sgk,t-1

Sgk,t

pgk,t

pgk,t-1

pg,t A
pg,t-1 /

Sg-1 dgk,t

dgk,t-1

(5.13)
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By combining with Equation (5.11) equation (5.13) can be rewritten as

RXPgk,t =
C&Cg

pgk,t pgc,t-1

pgk,t-1 pgc,t

(&9 1)wgc,t í dgk,t dgc,t-1\ 

dgk,t-1 dgc,t

-wgc,t

This equation describes the adjusted relative export price index of country k 
in a market for one product g in a single destination of its exports, meaning 
that for each country we could have tens of thousands of these indices. They 
are aggregated into compound index by taking their weighted product, where 
the weights are proportional to relative size of exports they represent.

RXPk,t = RXP(i)gWki,t,t
íGl g<EG

(5.14)

where the weights are defined as

Wig,t

where Sig,t

Sig,t + Sig,t-1

2
P(i)gk,tx(i)gk,t

P(i)gk,tx(i)gk,t

and RXP (i)gk,t represents the individual indices for export destination i and 
p(i)gk,t and x(i)gk,t are corresponding prices and quantities.

5.1.4 Elasticities of Substitution

Elasticities of substitution are estimated using the methodology described in 
Section 5.1.1, building on the knowledge of Feenstra (1994) and Leamer (1981). 
The system of demand and supply equations is specified as

Demand: A ln^'^ = (1 — 8g) A ln + Egc t

sgc,l pgl,t

Supply: A ln pgc^ = ^g A ln Sgct + ngc>t 

pgc,l 1 + ^'g sgl,t

5g > 1 (5.15)

ug > 0 (5.16)

where sgc,t is the market share of country c on a market with product g, 5gis 
elasticity of substitution between varieties of g, i^g is the inverse supply elas
ticity and Egc,t with ngc,t are the error terms. Note, that £gc>t also embodies 
the unobservable changes in quality parameter, i.e. Egc,t = Aln dgc,t + £gc,t. To 
cancel out fixed product-specific terms in the supply and demand equations, 
reference country l is chosen and its variety is subtracted from the equation.
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In line with the recommendation of Mohler (2009) and following Benkovskis & 
Woorz (2013), the benchmark country l is chosen to be the one with the highest 
count of available data points in particular market.

Following further the methodology described in Section 5.1.1, the under
identification problem is dealt with using knowledge of Leamer (1981) and a 
rather strong assumption of both serially and contemporaneously uncorrelated 
error terms Egc,t and ngc,t- Although, as also noted by Benkovskis & Worz 
(2013), it is not very likely that this assumption meets with reality. As stated 
above, the changes in taste or quality enter the residual Egc,t of demand equa
tion. The independence assumption is therefore equivalent to assumption that 
taste or quality does not enter the residual ngc,t of supply equation. Quoting 
Benkovskis & Woorz (2013), ”... the assumption of the irrelevance for the sup

ply function seems realistic for taste (if we ignore the possibility that taste is 

manipulated by advertisement; however, advertisement costs can be viewed as 

fixed, which should reduce the correlation with the error term). But it is diffi

cult to argue that changes in physical quality of a product should not affect the 

ngc,t-”- Soderbery (2013) uses Monte Carlo simulation to estimate the potential 
bias caused by relying on this assumption. The bias is estimated to be between 
10-20% in the case of positive correlation between errors and up to 25% in the 
case of negative correlation.

Relying on this assumption, supply (5.16) and demand (5.15) equations are 
multiplied a transformed using the insight of Leamer (1981) to produce

Aln P '

pgl,t
y_ <Aln e)2P+ 02( Aln

Pgl,t

)(Aln s)+(5.17)

where the parameters are

01

62

_________^g_________

(1 + ^g- 1) 
1 - ^g (^g - 2)

(1 - ^gM - 1)

(5.18)

and ugc,t _ Egc,tngc,t- LIML is used to estimate 01 and 02. Once these are 
available, estimates of 5g and .e,, (5g and ujg respectively) are calculated by 
solving the system of two equations (5.18). Nonlinear constrained LIML is 
employed in cases when economically unfeasible results are obtained, i.e. 5g < 
17 or Ag < 0. The summary statistics of estimated elasticities are available in

7For 8g < 1 the products within one category would be complements.
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Table 5.1.

Table 5.1: Summary statistics of elasticities

# estimated mean median s.d.
429718 6.34 2.98 12.8

5.1.5 Relative Quality

Building on the methodology pioneered by Hummels (2005), Benkovskis & 
Worz (2013) infer relative quality or taste parameter of varieties from imported 
quantities and prices8.

8 A noticeable difference between the estimation design of Hummels (2005) and Benkovskis
& Worz (2013) is, that Hummels (2005) use single uniform elasticity of substitution for all 
products.

ln (= ^g ln (—+ln (~(5.19) 
dgk,t pgk,t xgk,t

The logic followed by Equation (5.19) is straightforward. If a relatively bigger 
quantity of some variety is continuously sold for relatively higher prices, it is 
concluded that such good is of superior quality. The importance of price and 
quantity is weighted by the elasticity of substitution 5g and puts more emphasis 
on relative price for highly homogeneous products.

5.2 Model Averaging

5.2.1 Bayesian Estimation

In this Section, basic concepts of Bayesian estimation will be introduced. In 
contrast with frequentist methods, Bayesian approach replaces estimated point 
coefficients by their probability distributions. The cornerstone of Bayesian 
methods is the Bayes' theorem. Suppose random variables A and B. Then it 
holds that

P (A|B) = P (PA(B )B) P (B) = 0 (5.20)

and reversily P(B|A) = P(B A) p(A) = 0 (5.21)
P(A) * &
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whereP(A|B) andP(A|B) are conditional probabilities, i.e. P(A|B) represents 
the probability that A happens, given that B is observed. By rearranging the 
equations one gets

P(A n B) _P(A|B)P(B) _ P(B|A)P(A)

P(A|B)
_ P (B |A)P (A)
_ P(B)

(5.22)

where the Equation (5.22) is Bayes' Theorem. Further, one can imagine A to 
represent a hypothesis H and B as an evidence E. Substituting A and H into 
(5.22) yields

P(H|E)
_ P (E |H )P (H)
_ P(E) (5.23)

The Equation (5.23) can be decomposed to and interpreted in three parts:

• Prior probability P(H): The probability of hypothesis H before observing 
the evidence E.

• Posterior probability P(H|E): The probability of the hypothesis after 
accounting for the evidence E.

Likelihood ratio 

bility.

P (E |H)
P (E)

The factor relating prior and posterior proba-

How this knowledge is used to estimate the distribution of coefficients in a 
model is discussed in the next Section.

5.2.2 Bayesian Model Averaging

In this Section, basic concepts of BMA will be introduced, relying heavily on 
Hoeting et al. (1999), Zeugner (2011) and Steel (2019). Bayesian model av
eraging is an empirical tool to deal with model uncertainty, which has until 
recently been infeasible due to its high computational requirements. In statis
tical theory, it is common to acknowledge parametric uncertainty of a chosen 
model. However, it is less common to acknowledge structural uncertainty about 
the model itself. A widely used approach is to choose a single plausible model 
structure and then proceed as if this structure was correct. Such procedure of
ten leads to understatement about the uncertainty of inference or predictions. 
It is especially problematic in social sciences, where there is a possibility of 
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multiple competing theories about a phenomenon. Such situations are far from 
uncommon and examples of said errors are discussed by e.g. Regal & Hook 
(1991), Draper (1995) or Raftery (1996).

To illustrate the thought behind BMA, lets begin with a simple Ordinary 
least square (OLS) model structure

y = a + \> + e, e N(0,a2I) (5.24)

9 For more comprehensive and detailed list, interested reader can consult Steel (2019).

where y is a vector of dependent variables, a is a constant, X is a matrix of 
explanatory variables and a vector of their corresponding coefficients. The 
vector e represents Independent identically distributed (IID) error terms. This 
model suffers from aforementioned uncertainties. Should all explanatory vari
ables be included in the model, the precision of estimates would be lower due to 
smaller degrees of freedom of the model. A researcher would usually approach 
some method to decrease the number of variables. Some well known methods 
include for example9:

• Stepwise regression: Basic model selection technique which relies on se
quential entering and deleting variables in a regression model based on 
their importance, for example the t-statistic.

• Shrinkage methods: Aim to decrease the number of covariates by shrink
ing coefficient estimates toward zero. A common method is the Least 
absolute shrinkage and selection operator (LASSO) introduced by Tibshi- 
rani (1996).

• Information criteria: Uses likelihood ratio principle with penalizing for 
the number of covariates. Commonly used are for instance the Akkaike 
information criterion (AIC) and the Bayesian information criterion (BIC).

• Cross-validation: An empirical method of choosing a well fitting model, 
which is powerful if we have a large dataset. The sample is split to training 
and test part, where the test part is used to determine the precision of 
predictions.

A major criticism of these methods is, that they are methods of model selec
tion, meaning that they are searching for a single model with the best possible 
fit to the data. This search is usually iterative, and different iteration paths
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may lead to distinct solutions. Moreover, even assuming that the best fitting 
model would indeed be found, disregarding all other models rarely leads to 
optimal solution. The main strength of BMA lies in averaging over the model 
space, giving particular models weights based on their posterior probability10. 
It examines all11 combinations of regressors from X and performs a weighted 
average over them. Because of this feature, the information contained in al
ternative models is not neglected, as it would be with usual methods of model 
selection. Furthermore, as noted by George (1999), if the whole model class 
is misspecified, averaging of models yields better predictive results than single 
model. In BMA framework, Equation (5.24) is replaced by

10The posterior model probability is discussed in Section 5.2.3.
11Actually, for larger number of parameters, not all models are estimated. More informa

tion can be found in Section 5.2.5.

y — aY + X7 ^y + £ £ N(0, a2I)

with y G [1, 2K] where K is the number of explanatory variables. Return
ing back to Equation (5.23), the posterior density of individual coefficients is 
defined by equation

P (^y My ,y,X ) = P (y|^Y M ,X )P ((3y My )
P (y|M7 ,X)

(5.25)

where My G M, M being the set of all models and P(@y |My) is the prior 
coefficient probability, which is further discussed in Section 5.2.4.

5.2.3 Posterior Probabilities

Posterior Model Probability

The weight of individual model My G M is a fundamental part of BMA frame
work. It is determined by the Posterior model probability (PMP) that arises 
from Bayes' theorem (5.22)

P(M l X) = P^My,X)P(My) = P(yM,X)P(My)
( yly’ ) P(ylX) E2k p(y|Ms,X)p(ms) 

(5.26)

where P(My|y, X) is the PMP of model My from equation given the vector 
of dependent variable values y and matrix of variables X. The denominator 
is integrated likelihood of the model P(y|X) and is constant over all models.
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For this reason, it is often disregarded. PMP is therefore proportional12 to a 
product of marginal likelihood of the model P(y|MY, X), that is the probability 
of data conditional on model MY, and a prior model probability p(MY), i.e. a 
priory belief of researcher on probability of model MY. Such belief might be 
based for example on previous research or personal experience, or alternatively, 
to indicate lack of any prior knowledge, uniform prior probability for each 
model can be used (P(MY) x 1). The discussion on different choices of priors 
continues in Section 5.2.4.

12 Quantities are said to be proportional if their ratio yields a constant. In this case the 
constant is P(y|X). Proportionality is denoted by x.

13Relevant in the sense of high PMP.

Posterior Inclusion Probability

PIP is probability which can be calculated for each regressor and can be inter
preted as a measure of likelihood that, given the data, the regressor is included 
in the 'true' model. Mathematically, it is the sum of all PMPs that include 
mentioned variable k.

2K

PIP = E P (My \/3k = 0,y,X) (5.27)
Y=1

Conditional Positive Sign

Following PIP, Conditional positive sign (CPS) is another qualitative measure 
of variables. It represents the probability that the variable is positively related 
to the dependent variable, that is, that its coefficient is > 0. Values close to 
1 suggest that the coefficient is positive in vast majority of relevant13 models, 
while values close to 0 indicate the opposite. Values in-between are a warning 
signal, as it means that the variable is changing its sign in models with high 
PMP. Formally it is derived as

2K

P(& > 0|y,X) = £ P(Ak)|My,y,X)P(My|y,X) (5.28)
Y=1

where P(MY|y, X) is the PMP from Equation (5.26).
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Posterior Mean

While BMA framework does not provide point estimates for model parameters 
directly, the mean value of posterior distribution of coefficients is readily aval- 
able. From Zeugner (2011) the weighted posterior distribution for coefficients 
fi is:

2K

P(fi|y,X) _ £ P(fiMy,y,X)P(My|y,X) (5.29)
7=1

where P(MY|y,X) is the PMP of model MY from Equation (5.26). The point 
estimates are obtained by an expectations of Equation (5.30)

2K

E(fi|y,X)_ E(fiy|My,y,X)P(My|y,X) (5.30)
y=1

whereE(fiy|My,y,X) isanestimateofcoefficientsfifrommodelMy.

Posterior Variance

Once the posterior means are available, Moral-Benito (2009) show that the 
posterior variance of coefficients can be obtained as

2K

Var(fi|y,X)_ P(My|y,X)[Var(fiy|My,y,X)
y=1

+(E(fiy|My,y,X)-E(fi|y,X))2]

From Equation (5.31) it is visible that the posterior variance of coefficients 
is affected by two factors. The first are the variance estimates of coefficients 
within individual models, V ar(fiy|My, y, X). The second one is the variance of 
parameters across all models, (E(fiy|My,y,X)-E(fi|y,X))2,where E(fi|y,X) 
is the posterior mean defined in previous Section (Equation (5.30)). The second 
factor ensures that the coefficient estimate will show a large share of uncertainty 
(i.e. large variance) if the estimates differ significantly across model specifica
tions. Both factors are weighted by the PMP of individual models P(My|y, X), 
defined in Equation (5.26).

(5.31)
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5.2.4 Model and Parameter Priors

In BMA, priors can be set before the estimation procedure to reflect the prior 
belief on the outcome of the estimation. Such priors can be utilized for ex
ample to build on and enrich the results of other studies. However, to avoid 
controversy, this approach is rarely used and researchers more often result to 
setting some type of 'neutral' prior. There are two types of priors that need 
to be set in the BMA framework. One is on the models space and the other on 
the regression parameters. Both will be discussed in this Section.

Model Priors

The prior on model space has an effect on the size of the resulting model. A 
popular choice is the binomial distribution prior, where each covariate has an 
equal probability 0 of being included (Moral-Benito (2009)). Given 0, the prior 
probability of model My with k variables is then

P(My) = 0kY (1 - 0)K-kY (5.32)

K being the number of regressors. 
uniform probability P(My) = 2-K

It is common to use 0 = ^ as it assigns
to all models. Another prior is proposed by

Ley & Steel (2009), who point out that the uniform prior tends to be biased 
towards intermediate sized models. To illustrate on a simple example, under the

K
uniformly distributed prior, expected model size with 10 covariates is — = 5. 
There are 150 = 252 models that correspond specifically to this size, but only 
10 possible models with number of covariates equal to 1. To correct for this 
effect, Ley & Steel (2009) propose an alternative model prior, which draws 0 
from the Beta distribution. In this thesis we will utilize uniform prior and Ley 
& Steel (2009)'s prior will be used as a robustness check.

Parameter Priors

Apart from the prior on model probability, also prior on model parameters have 
to be specified. That is, the researcher expresses prior belief on the the mean 
and variance of normal distribution of coefficients. From the Equation (5.25) it 
is visible that the choice of prior can have a significant effect on the estimated 
coefficients, which makes it highly discussed topic among researchers. To avoid 
controversy, it is common practice to express no pre-existing knowledge about
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the coefficients value by setting the prior mean to zero. Such practice is called 
Zellner's g prior structure. When setting the prior on variance of parameters, 
Zellner's g prior structure cheats a little, as it looks at the data and defines it 
in such a way, that it is broadly consistent with the variance in the dataset. 
Under Zellner's g prior structure, the distribution of coefficients is then

■lg - N
GXY X) (5.33)

where g is a parameter which can be chosen arbitrarily. It represents uncer
tainty about the coefficients /-. Small g expresses high certainty, because the 
variance is small, and shrinks the coefficients towards 0. On the contrary, 
large g displays researcher's uncertainty and attaches great weight to the data. 
As noted by Zeugner (2011), the effects of different choices of g are appar
ent on the posterior distribution of the coefficients, which conveniently follows 
t-distribution with expected value

E (^Y|y,X,g,MY) = Y1 +g (5.34)

where pY is the standard OLS estimator for model MY. It is visible that the 
expected coefficient values depend on pre-set prior on model coefficients and 
the information contained in the data (recall that the prior mean is set to 
zero). The parameter g places weights on these two effects. If g 0 then the 
expected value also shrinks to zero. Inversely, if g ' x then the expected 
value is limitedly closing to OLS estimator. The posterior variance of /3Y is 
described by 

Var(^Y |y,X,g,MY) =
(y - y) y - y) g 

n-3 1 + g
g

1 + g
(X; Xy )-1

where y is sample mean of y and R2 is the OLS R-squared of model MY. The 
final marginal likelihood is then proportional to

/ g \ -(n-1)/2
P(»|M,,X,g) x (y - y) (y - y)-(N-1)/2 (1 + g)-kY' 1 - (r+g- \ 

where kY is the number of covariates in MY and jointly with g it determines 
the penalty factor for model size.

It is evident, that sensible choice of g is of high importance, since it per- 
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meates the whole model structure. Different ways of choosing g are an un
resolved topic of academic debate. Fernandez et al. (1998) prove that if g is 
monotonously increasing in observation count N , then BMA is consistent in the 
sense that if the 'true' model is included in the model space, then the PMP of 
such model reaches 100% as N x. However, there is no agreement on the 
size of g. For instance, Fernandez et al. (1998) supports a choice of large g to 
represent a lack of prior knowledge. Ciccone & Jarocinski (2008) oppose this 
view by showing that by choosing large g the results are more prone to over-fit 
if the data contains a lot of noise. Common approaches of choosing g-prior 
include for example:

• Unit information prior (UIP): Gives the prior the same weight as that of 
one observation by setting g = N for all models. This is considered to be 
a 'safe' method and is a popular default choice.

Hyper-g prior: Was proposed by Liang et al. (2008). They suggest a Beta 
ga

prior on------ Beta I 1,---------1 ), where a is the parameter of choice and
1 + g 2

2 < a < 4.

• Empirical Bayes g-local (EBL): Uses the information contained in the 
data by setting gy = argmaxgp(y|My, X, g). That is, for each model My 

it chooses g so that the probability of obtained data is maximal. However, 
it is critiqued for looking at the data in the process of forming the prior.

For more informations, reader can refer to Zeugner (2011), who offers wonderful 
examples of BMA usage with various prior definitions.

5.2.5 Markov Chain Monte Carlo Samplers

Recall, that the number of models in the model space is 2K. That means that 
for twenty covariates there is just over one million of possible models. By adding 
ten more covariates, this number reaches over one billion and for fifty covariates, 
there are more than quadrillion (^ 1015). It is apparent that with increasing 
number of covariates, evaluating the whole model space becomes infeasible very 
quickly. BMA tackles this issue by using Markov chain Monte Carlo (MCMC) 
samplers which gather the results on the most important part of posterior model 
distribution and thus approximate the posterior model distribution as closely 
as possible. BMA frequently walks through the model space using Metropolis- 
Hastings algorithm (Zeugner (2011)). This algorithm works as follows: Lets
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assume that at the step n, the sampler has selected a model Mi which has PMP 

equal to p(Mi|y, X). In the subsequent step a candidate model Mj is proposed. 
The sampler switches to Mj with probability

pi,j = min
1; p(Mj |y,X) \ 

; p(Mi[y,X
(5.35)

In words, if Mj has higher PMP than Mi, it will be chosen as the selected 
model. On the other hand, if Mi has significantly higher PMP than Mj, it is 
likely to remain the selected model. However, the probability that the sampler 
will switch is still greater than zero. This way, the sampler maps also parts of 
the model space with lower PMP, searching for potential other peaks of PMP 

in the model space, but spends significantly more time at parts with higher 
importance. There are more algorithms for the search in the model space and 
the way candidate models are proposed.

• Birth-death sampler: Chooses a random covariate from the set of all K 
potential covariates. Mj from Equation (5.35) is equal to the model Mi 

where the randomly chosen covariate either gets included in Mi if Mi does 
not include the variable yet, or it gets dropped from it if the variable is 
in Mi.

• Reversible jump sampler: Proposed by Madigan & York (1995), reversible 
jump sampler has 50% chance that the proposed model is chosen using 
birth-death sampler. In the other 50% of cases, the proposed model is 
equal to Mi where one variable is randomly swapped for a variable that 
was previously not included.

Since the sampler starts off with a random model, it is very unlikely that the 
model will be of high quality. For this reason, a number of initial draws, so- 
called burn-ins, is usually dropped, as it takes some time for the sampler to 
reach models with higher levels of PMP. The count of necessary burn-ins can 
vary, mainly based on the quality of the model that was initially chosen. As 
noted by Zeugner (20 1 1 ) , a good level of convergence can be evaluated from the 
correlation of analytically obtained PMP and PMPs provided by the sampler. 
Zeugner (2011) states, that correlation > 0.9 signifies a satisfactory degree of 
convergence.
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5.2.6 Cox proportional hazard model

This Section will briefly introduce Cox proportional hazard model. For inter
ested reader, more information on theory can be found either directly in Cox 
(1972) or Fox (2008) who also provides examples.

First introduced by Cox (1972), Cox proportional hazard model evaluates 
the effects of multiple factors on the rate of particular event happening at 
a particular point in time. The basic model which does not include time
dependent covariates or non-proportional hazards is written as:

hi(t) = Ao(t) exp(fiixn +------+ fikXik)

where t represents the survival time, hi(t) is the hazard function of country 
i, fij are the coefficients which measure effect size of covariates xij and A0(t) 
represents the 'baseline hazard', a value of hazard at time t if all covariates 
are equal to zero. It can be interpreted as an intercept which varies over time. 
A0(t) does not need to be specified, except that it can not be negative. The 
quantities exp(fij) are called Hazard ratios (HR). A hazard ratio greater that 1 
indicates that particular covariate is positively associated with the probability 
of event happening. That is, it shortens the length of 'survival'. The model 
is called proportional hazard model, because the hazard for any subject i is a 
fixed proportion of hazard of subject j. This becomes evident from the ratio 
of hazards of two subjects

hi (t) 
hj(t)

= exp[fii(xii - Xij) +------+ fik(xik - Xjk)]

Since A0(t) have cancelled out, the right hand side of the equation is indepen
dent of time. As a result, the hazard functions of any two subjects are parallel, 
which means that ratio of the hazards is constant over time.
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Results

In this Chapter, the results of the thesis are presented, as well as multiple ro
bustness checks. We begin by presenting the calculated adjusted export price 
indices from Section 5.1. Next, we move to the description of the dependent 
variable, i.e. crisis duration. Following are the main results of the thesis, where 
we estimate two models. The first one uses only explanatory variables which 
were available at the beginning of the crisis and checks how the fundamentals 
affected the speed of recovery. The second one adds selected crisis response 
variables, such as change in non-performing loans, fiscal policy or the effect 
of financing government consumption through debt. Finally, the Chapter con
cludes with robustness checks.

6.1 Export Competitiveness Indices

The adjusted export price index discussed in Section 5.1 is calculated for each 
of the 54 countries in the dataset1. This section briefly presents the results for 
selected countries2. The adjusted export price indices are displayed in Figure 
6.1. The dashed line is the unit-value based REER and represents pure price 
competitiveness of exports. It is obtained by dismantling the Equation (5.11) 
and calculating only the price term in the index. The solid line represents 
the full index from Equation (5.11), that is, it incorporates changes in qual- 
ity3 and changes in the set of competitors. The difference between dashed and 

1 I would like to express my gratitude to Konstantin Benkovskis and Julia Worz for sharing 
their m-file scripts with me. I take full responsibility for all errors and omissions that might 
appear in this paper.

2 Results for all 54 countries are available upon request.
3 In a broad sense.
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solid line represents correction of the price index for the changes in non-price 
factors. Increase in the index is interpreted as a decrease in competitiveness, 
whereas decrease marks competitiveness improvements. For instance, accord
ing to 6.1, Czech Republic, Lithuania and Turkey experienced stable or minor 
decrease in price competitiveness throughout the observed period. However, the 
remarkable improvements in non-price factors overcompensated for the price 
competitiveness deterioration. On the other hand, France and USA appear to 
be unable to capitalize on their gains in price competitiveness and they show 
signs of significant decrease in quality of their exported products.
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Figure 6.1: Adjusted price indices in selected countries
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The indices seem to be largely unaffected by the Great Recession in 2009. 
Such observation may be explained by long-term, structural drivers of non
price improvements, making it less prone to short-term disruptions to global 
demand.

6.2 Calculation of Crisis Durations

Since there is no common definition of recovery of a country, two ways of crisis 
durations are calculated.

The first is defined as the time it takes for the economy to return to the 
GDP per capita level before the recession. Such measure can be interpreted as a 
”years lost due to crisis”. For this, yearly GDP per capita in constant LCU was 
used. Our sample contains multiple countries, that did not achieve recovery 
yet. These are Cyprus, Finland, Greece, Italy and Madagascar. Whereas 
Cyprus, Finland and Madagascar experienced stable growth in recent years, 
Greece and Italy are clear outliers with uncertain date of recovery. For this 
reason, they are dropped from the sample. For the remaining three countries, 
the GDP is extrapolated using the growth rate from past three years. GDP of 
these countries is available for inspection in Figure A.3. The duration is also 
linearly interpolated within years to account for the excess GDP in the last year, 
compared to the GDP before crisis4 .

4 To illustrate on an example, if some country had a GDP 100 before the crisis, let's say 
in year 2008, and GDP 95 in 2010 and 105 in 2011, the duration would be calculated as 2.5 
years.

Figure 6.2: Geographical distribution of recovery durations

The second definition of crisis duration will be used as a robustness check 
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and is measured in count of years it took to achieve cumulative growth of 6% 
following the trough. This number is chosen rather arbitrarily as a double 
of long-term world growth rate, which is around 3%, and also such that the 
distributions align moderately nicely, as can be seen on Figure 6.3.

Duration

type
□ Baseline

Cumm. growth

Figure 6.3: Calculated crisis durations

The summary statistics for both definitions of duration are presented in 
Table 6.1.

Table 6.1: Summary statistics of durations

Type mean median s.d.
Baseline 4.65 3.65 3.10
Cumm. growth 4.04 3.54 2.84

6.3 BMA analysis

6.3.1 Estimating on pre-crisis variables

As a first step, a BMA model is estimated without the crisis-response variables. 
That is, only economic fundamentals and pre-crisis values of variables are in
cluded. The pre-crisis values are calculated as a weighted average of last 3 
observations before the crisis5. For the sake of brevity and to spare reader's 
eyes, the variables represent their pre-crisis values, unless specified otherwise. 
To reflect no prior knowledge, the baseline estimations utilize commonly used 
set of non-informative priors, the uniform model prior and fixed UIP parameter 

5 The weights decrease exponentially, assigning weight 1 to the year before crisis, then 0.5 
and 0.25 for preceding years.
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prior, which sets g from Equation (5.34) as g = N , where N is the number of 
observations. Birth-death MCMC sampler is used to approximate the posterior 
model distribution. Sufficient convergence of the sampler is ensured by a high 
amount of burn-ins and iterations. 5 000 000 burn-ins and 20 000 000 iterations 
are specified. A summary of the estimation process is provided in table 6.2.

Table 6.2: Estimation summary, pre-crisis variables

Mean no. regressors Draws
12.4691 2e+07

Modelspace 2K % visited
1.1e+12 0.00091

No. Obs. Model Prior
54 uniform / 20

Burnins No. models visited
5e+06 10022791

% Topmodels Corr PMP
0.95 0.8471

g-Prior Shrinkage-Stats
UIP Av=0.9818

The mean number of regressors is above 12, which suggests that the data do 
have some explanatory power6 . However, looking at the results of estimation 
in Table 6.3, the model lacks stronger variables. In particular, only financial 
market development, ease of loan access, private consumption, inflation, in
vestment, upper middle income and export competitiveness have PIP greater 
than 50%. From the results, it appears that countries with less strict regulation 
for granting loans and higher investment to GDP ratio suffered through longer 
crisis. On the other hand, countries with more developed financial market, 
higher share of private consumption on GDP, inflation and export competitive- 
ness7 had an advantage. The upper middle income dummy also suggests, that 
compared to high income countries8 , countries with lower income experienced 
shorter crisis by a full year. All of the mentioned variables also have convincing 
CPS, suggesting that they rarely change the direction of their effect. Conversely, 
the posterior standard deviations are quite high, undermining the reliability of 
the results. Indebtedness of countries before the crisis seems to have negligi
ble effect on the length of recovery, which is unanticipated and contradicts the 
findings of Gregorio (2012), who studies Latin American countries and asserts 
low debt as one of the ma jor factors of their remarkable resilience to the Great 
Recession. Looking at the Figure A.1 in the Appendix, the effect of initial debt 
indeed proves to be doubtful.

6 Remember equation (5.35).
7 Export competitiveness is the adjusted export price index (Section 5.1). Also note, that 

decrease of the index marks improvements in competitiveness. Positive estimated coefficient 
value therefore corresponds to shortening effect of export competitiveness on crisis duration.

8 High income countries are the base category.
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Table 6.3: Results, pre-crisis variables

PIP Post Mean Post SD Cond.Pos.Sign

Fin. mark. dev. 0.745 -2.933 2.305 0.004
Ease of loan access 0.622 1.449 1.427 0.989

Priv. cons. 0.604 -0.103 0.119 0.007
Inflation 0.565 -0.227 0.251 0.005

Investment 0.564 0.123 0.141 0.989
Upper middle income 0.523 -1.001 1.209 0.0001

Export competitiveness 0.509 0.041 0.051 0.994
Terms of trade 0.468 -0.013 0.018 0.0004

Eurozone 0.401 0.604 0.930 0.997
GDP growth 0.375 -0.144 0.243 0.030
Current acc. 0.365 -0.049 0.096 0.075
Dom. credit 0.358 0.006 0.011 0.988

Reserves 0.327 -0.061 0.118 0.021
Pop. growth 0.327 0.229 0.437 0.979

Christian 0.310 0.006 0.012 0.990
Exports 0.304 -0.031 0.135 0.106

Trade open. 0.295 0.011 0.066 0.326
Oil rents 0.272 -0.027 0.069 0.082
Savings 0.272 -0.024 0.081 0.183

Wom. in lab. force 0.267 1.011 2.449 0.942
Nonperf. loans 0.262 -0.055 0.133 0.044

Lab. market efficiency 0.238 -0.304 0.877 0.114
Unemployment 0.233 -0.029 0.082 0.088

Muslim 0.231 -0.004 0.013 0.083
Lower middle income 0.223 -0.335 1.125 0.166

Longitude 0.215 -0.002 0.005 0.035
Gov. expenditure 0.209 0.021 0.090 0.840
Life expectancy 0.199 -0.015 0.067 0.265

Bank capital to assets 0.198 -0.025 0.094 0.158
Democracy index 0.192 -0.032 0.300 0.456

Rule of law 0.188 0.606 3.785 0.657
OECD 0.186 0.123 0.610 0.805

Gov. regulations index 0.183 0.085 0.361 0.815
Ease of doing buss. 0.180 -0.008 0.041 0.236

Initial debt 0.177 0.004 0.025 0.597
Init. debt x Gov. exp 0.175 -0.0002 0.001 0.329

Init. debt squared 0.166 -0.00001 0.0001 0.246
Money 0.166 0.001 0.006 0.696

Low income 0.165 -0.077 0.763 0.409
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Further, Table 6.4 reports variables included in 3 best models, according to 
their PMP.

Table 6.4: Top 3 models inclusion, pre-crisis variables

1. 2. 3.

Current acc. 0 0 1
Eurozone 0 1 0

GDP growth 1 1 0
Inflation 1 0 1

Investment 1 1 0
Export competitiveness 0 0 1

Priv. cons. 0 0 1
Terms of trade 1 0 0

Christian 1 0 0
Fin. mark. dev. 1 0 1

Wom. in lab. force 0 1 0
Ease of loan access 1 0 1

PMP (Exact) 0.00002 0.00002 0.00002
PMP (MCMC) 0.00002 0.00002 0.00002

6.3.2 Adding crisis response variables

Following the estimation on pre-crisis variables, in this Section, variables that 
reflect the events during crisis are added. For readability purposes, they will be 
referred to as 'crisis variables' for the rest of the thesis. Crisis variables have to 
be chosen carefully, so that no covariates with reverse causality are added. For 
example, high level of debt after the crisis would definitely be a great 'predictor' 
of crisis length, but it would most likely be a symptom of prolonged crisis, not 
the other way around. Despite the careful selection, causality is a big topic in 
any estimation and in many cases, it can be questioned. Variables which cap
ture change compared to their pre-crisis value are marked by A. These include 
inflation, current account, central bank interest rate, non-performing loans and 
domestic credit. Additionally, fiscal policy and government consumption debt 
financing variables are included. Two approaches are employed in calculation of 
fiscal expansion variable. The first is formulated as an increase in government 
expenditures during the crisis, compared to pre-crisis expenditure. The second 
one follows Craigwell et al. (2013) who gather the fiscal expansion from residu
als of regression of government expenditure on GDP. Models are estimated for 
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both definitions individually. Due to the discussed causality issue, debt in the 
course of crisis is not included directly. To compensate for this, a 'government 
expenditure through debt financing' variable is added, constructed as a mean 
of interactions between debt increases and government expenditure increases. 
It can therefore be interpreted as an indicator of financing government fiscal 
expansion through debt. The new variable is also interacted with initial debt, 
which serves as a proxy for the debt throughout the crisis (see Figure A.2 in 
the Appendix). Mean debt growth is added to control for the effect of debt 
increases in the interaction term. Initially, model with the first definition of 
fiscal shock is estimated9 . A summary of the estimation is reported in Table 
6.5.

9 That is, increase in government expenditures during the crisis, compared to pre-crisis 
expenditures.

Table 6.5: Estimation summary, all variables

Mean no. regressors Draws
17.3160 2.5e+07

Modelspace 2K % visited
2.8e+14 4.5e-06

No. Obs. Model Prior
54 uniform / 24

Burnins No. models visited
1e+07 12673505

% Topmodels Corr PMP
0.42 0.8102

g-Prior Shrinkage-Stats
UIP Av=0.9818

Compared to the estimation without crisis variables, the number of mean 
regressors increased substantially. The correlation between analytical and sam
pler PMP is 0.81, not quite reaching the 0.9 correlation ratio proposed by 
Zeugner (2011). However, experimenting with lower counts of burn-ins and 
iterations, the results on PIPs and coefficients remain virtually the same even 
for lower correlations. The convergence therefore appears to be sufficient. The 
results of estimation are available in Table 6.6. The most prominent variable 
(PIP=0.82) is a change in non-performing loans, which has a strong effect on 
prolonging the crisis. Other variables with relatively high PIP are financial 
market development, private consumption, population growth, share of Mus
lims in population, terms of trade, export competitiveness, change in domestic 
credit, reserves and ease of loan access. Overall, the variables with high PIP 

remain broadly similar to the model with only pre-crisis variables. Such results 
suggest, that the duration of crisis was to a large extent affected by the variety 
of factors which compose the fundamentals of the economy and its resilience.

The estimated coefficient of fiscal expansion is in direct contrast with the 
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findings of Craigwell et al. (2013), who find the fiscal expansion to have detri
mental effects on duration of financial crises. The difference can be explained by 
aforementioned different methodology on obtaining the fiscal expansion vari
able. The model is re-estimated with the fiscal expansion variable retrieved 
using the methodology of Craigwell et al. (2013) (results available in Table 
A.1) and the positive relationship is indeed found, as further documented by 
the plot of marginal density of fiscal expansion variable A.4. A possible expla
nation is, that the residuals method is directly dependent on GDP and residuals 
are artificially inflated by significant GDP drops. Inclusion of previously men
tioned 'government expenditure through debt financing' variable can also play 
a role, as it is designed to capture the effect of feedback loop of government ex
panding consumption through issuance of large amounts of debt, which further 
worsens confidence in the economy. Especially its interaction with pre-crisis 
debt appears to be fairly significant. Although it has relatively low PIP of 0.34, 
its CPS is stable10.

10 The marginal density distribution of the coefficient is presented in the Appendix, A.5
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Table 6.6: Results, all variables

PIP Post Mean Post SD Cond.Pos.Sign

ANonperf. loans 0.818 3.174 2.060 0.0002
Fin. mark. dev. 0.726 -2.716 2.296 0.004

Priv. cons. 0.706 -0.128 0.121 0.004
Pop. growth 0.675 0.815 0.731 0.990

Muslim 0.616 -0.026 0.026 0.003
Terms of trade 0.609 -0.022 0.022 0.005

Export competitiveness 0.599 0.052 0.053 0.995
ADom. credit 0.594 3.718 3.871 0.002

Upper middle income 0.550 -1.032 1.212 0.002
Reserves 0.543 -0.146 0.172 0.010

Ease of loan access 0.527 1.086 1.409 0.929
Unemployment 0.459 -0.111 0.156 0.007

Inflation 0.443 -0.151 0.216 0.020
Eurozone 0.426 0.637 0.968 0.963
Exports 0.415 -0.014 0.130 0.151

Gov. regulations index 0.406 0.541 0.871 0.939
Trade open. 0.392 -0.003 0.064 0.187

Fiscal expansion 0.382 -0.104 0.170 0.008
Lab. market efficiency 0.366 -0.653 1.221 0.087

Life expectancy 0.363 -0.062 0.113 0.064
ACurrent acc. 0.351 0.058 0.108 0.060

Init. debt x Gov. exp. financing 0.338 0.021 0.041 0.953
Investment 0.327 0.049 0.103 0.951
Initial debt 0.307 0.024 0.056 0.883

Democracy index 0.305 -0.194 0.452 0.122
Oil rents 0.298 -0.036 0.085 0.101

Initial debt squared 0.294 -0.0001 0.0003 0.167
Dom. credit 0.294 0.004 0.009 0.958

Wom. in lab. force 0.283 0.187 3.200 0.664
GDP growth 0.280 -0.074 0.170 0.064

Ease of doing buss. 0.252 -0.017 0.062 0.263
Christian 0.238 0.002 0.011 0.736

Nonperf. loans 0.226 -0.008 0.146 0.476
Current acc. 0.214 -0.008 0.067 0.345
Rule of law 0.210 -0.555 2.450 0.260

Mean debt increase 0.207 0.208 1.889 0.627
Savings 0.204 -0.003 0.059 0.471

Lower middle income 0.202 -0.220 1.042 0.288
Money 0.200 0.001 0.006 0.791

Initial debt x Gov. exp. 0.200 -0.00003 0.001 0.560
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Table 6.7: Results, all variables (continued)

PIP Post Mean Post SD Cond.Pos.Sign

OECD 0.195 -0.017 0.663 0.513
Low income 0.192 -0.202 0.879 0.218
AInflation 0.190 0.010 0.034 0.087

Gov. expenditure 0.189 0.008 0.088 0.590
Gov. exp. financing 0.188 0.045 0.478 0.634

Bank capital to assets 0.187 -0.009 0.087 0.403
Longitude 0.184 -0.0002 0.004 0.415

ACB int. rate 0.145 0.001 0.012 0.348

6.4 Robustness Checks

6.4.1 Prior sensitivity

As a first robustness check, the estimated model is subjected to estimation 
under different priors on models and coefficients . To test the model priors, 
Beta-binomial and Binomial prior specifications are employed. Hyper-g and 
Empirical Bayes-g priors are used to test the robustness of parameter prior. 
The test is performed by estimating the model for each set of priors and com
paring the PIPs of individual variables. Should they differ significantly, it can 
be concluded that our results are driven mainly by the prior selection and have 
a limited informative value. The differences in 15 highest PIPs under differently 
specified priors are presented in Figure 6.4. The results appear to be robust 
in the parameter prior choice, as the difference between baseline UIP, Hyper-g 
and Empirical Bayes-g model estimates is relatively small. The highest dif
ference is in Anon-performing loans and financial market development, where 
both Empirical Bayes-g and Hyper-g differ from baseline estimation by about 
12 and 8 percentage points for Anon-performing loans and financial market 
development respectively.

For the model prior choice, the results differ very significantly for the Beta 
binomial prior, while being broadly similar for the Binomial prior. The large 
difference for Beta-binomial prior suggests, that PIPs from the baseline model 
and consequently the model size, could be artificially inflated by the prior 
choice. Proposed results should therefore be taken with a pinch of salt.
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Figure 6.4: Robustness of PIPs on prior selection

6.4.2 Alternative Duration Definition

Further, the sensitivity of results on different specification of dependent variable 
is tested by comparing the estimated models under different definitions of crisis 
duration, as was discussed in Section 6.2. Similarly to Section 6.4.1, the differ
ences between values of estimated PIPs and parameter values will be checked to 
determine, whether the sets of important variables are similar. The differences 
in PIPs can be seen in Figure 6.5. The differences between both estimations 
are immediately visible. Under the alternative specification, the highest rated 
variables are pre-crisis GDP growth, share of investments to GDP and bank 
capital-to-assets ratio. Table with detailed estimation results is available in 
the Appendix (A.2). Although the coefficients of vast majority of variables are 
similar in sign, there is no doubt, that the results differ significantly. Although 
this does not have direct implications on the baseline results, it indicates the 
need for a specific definition of crisis duration or point of recovery. Whereas 
the baseline definition counts the crisis duration as the ”number of lost years”, 
the alternative defines it along the lines ”until sustained growth is achieved”. 
And the results differ dramatically based on this definition.
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° Baseline, 
A Alternative

a.... Á.....A

Figure 6.5: PIPs comparison under alternative dependent variable

6.4.3 Cox proportional hazards regression

Following Bluhm et al. (2014), Craigwell et al. (2013) and Deb (2005), who em
ploy Cox proportional hazard regression in their analysis of recovery durations, 
ten most significant variables from the baseline model will be further analysed 
using this framework. Variables depicting fiscal expansion and government 
consumption financing through debt are also included due to their interesting 
interpretation and relatively high statistical significance in the baseline model. 
Although such restriction on the count of regressors does poses a significant hit 
to the dependability of the model, it allows to check whether the coefficients 
are generally similar. The estimation results are reported in Table 6.8. The 
Anon-performing loans, population growth, Adomestic credit, ease of loan ac
cess and init. debt x gov. exp. financing11 all decrease the hazard ratios with 
statistical significance12. On the other hand, developed financial market, high 
private consumption and percentage of Muslims as well as large reserves and 
aggressive fiscal expansion all helped to shorten the duration of recovery. These

11 Represents an interaction of initial debt and increases in government consumption fi
nanced through issuance of debt.

12The coefficients P of Cox proportional hazards model represent hazard ratios. P > 0 is 
a 'bad prognostic factor', meaning that it increases the hazard ratio. In our case, the 'event' 
(described in Section 5.2.6) whose hazard is increased, is the end of crisis. Increase in hazard 
ratio therefore implies shortening effect on the duration of recovery. The opposite holds for 
P < 0.
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Table 6.8: Cox proportional hazard results

coef ecoef se z P(> |z|)
ANonperf. loans -1.512 4.536 0.571 -2.648 0.008 **
Financial market development 1.783 5.945 0.812 2.195 0.028 *

Private consumption 0.050 1.051 0.025 2.000 0.046 *

Population growth -0.691 0.501 0.268 -2.574 0.010 *

Muslim 0.026 1.027 0.009 2.805 0.005 **
Export competitiveness -0.029 0.972 0.022 -1.330 0.184
ADomestic credit -2.474 11.870 0.986 -2.509 0.012 *

Reserves 0.091 1.095 0.052 1.731 0.084
Ease of loan access -0.761 0.467 0.455 -1.674 0.094
Fiscal expansion 0.381 1.464 0.135 2.816 0.005 **
Init debt x Gov. exp. financing -0.051 0.951 0.023 -2.249 0.025 *

Gov. exp. financing 0.004 1.004 0.657 0.006 0.996
Mean debt increase 1.460 4.306 2.173 0.672 0.502

estimates are in line with the results of baseline model, with the exception of 
the index of export competitiveness, which is not statistically significant in this 
model. Further, tests on the proportional hazards assumption of Cox's model, 
test for influential observations and test for outliers are carried out successfully. 
The tests are reported in the Appendix(A.3, A.6 and A.7).



Chapter 7

Conclusion

This thesis attempts to find and quantify factors which affected the time of 
recovery from the Great Recession. We define the time of recovery, or crisis 
duration, as ”years lost due to crisis”. That is, the time it took for the economy 
to recover to pre-crisis level of GDP per capita. The distinctive factor between 
this thesis and previous literature on crisis durations is the narrow focus on the 
Great Recession, whereas previous research concerns historical data and longer 
time spans. This thesis builds on the knowledge assembled by the literature 
and includes characteristic variables, that were previously found significant in 
affecting the duration of crises. Moreover, the traditional measure of changes in 
country competitiveness, which is based on price competitiveness, is adjusted 
for variation in non-price factors, such as improvements in quality or shifts 
in consumer tastes using the methodology of Benkovskis & Worz (2013). To 
adapt to a large number of potential covariates and to address the concerns of 
model uncertainty, Bayesian Model Averaging (BMA) is employed. The model 
is estimated on two sets of variables.

The first aims to estimate the effect of economic, financial and political 
fundamentals and uses only covariates which were available at the beginning 
of the crisis. The results indicate, that the prominent factors affecting the 
speed of recovery were development of financial market, ease of loan access, 
private consumption, inflation, investment, Gross Domestic Product (GDP) in
come level and the change in competitiveness of exports. Countries with less 
strict regulation for granting loans and higher share of investment to GDP suf
fered through longer crisis. On the other hand, countries with more developed 
financial markets, higher share of private consumption to GDP and improved 
exports competitiveness had an advantage. Surprisingly, the estimates indicate
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only marginal effect of initial debt on the speed of recovery. The positive effect 
of stronger financial market development can be explained by faster propaga
tion of monetary policy and higher resilience, leading to greater confidence in 
the financial sector, which the literature argues to be highly significant in the 
financial crises and our results confirm that.

The second estimated model also includes variables that reflect the crisis 
response variables, which describe changes in inflation, current account, central 
bank interest rate, ratio of non-performing loans and domestic credit. Addi
tionally, fiscal policy and interaction of increases in government spending with 
growth in indebtedness is included. The second mentioned variable can be 
interpreted as an indicator of financing government fiscal expansion through 
debt. This variable is also interacted with initial debt, which serves as a proxy 
for the debt throughout the crisis. In contrast with some previous literature, 
the results bring suggestive evidence of positive impact of fiscal policy expan
sion on crisis recovery once a more robust definition of fiscal expansion is used 
and the financing through debt is controlled for.

However, taking into consideration the robustness checks, it has to be con
cluded that results presented in this thesis are not entirely resistant to varying 
prior definitions. Specifically, the more restrictive Beta binomial model prior 
yields widely different results than the baseline estimation. To further check 
our results, Cox proportional hazards regression is employed. The outcomes 
are indefinite. While it confirms significance of most aforementioned variables, 
it shows negligible effect of export competitiveness improvements.

In conclusion, the evidence provided should be taken with a grain of salt. 
Nevertheless, this thesis contributes to the literature of shallowly explored area 
of determinants of crisis duration by presenting an innovative evidence focused 
on the Great recession.
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Appendix A

Figure A.1: Plot of initial debt and duration



A. II

Table A.1: Estimation results with alternative fiscal expansion vari
able

PIP Post Mean Post SD Cond.Pos.Sign

ANonperf loans 0.928 3.798 1 . 717 0.00003
Terms of trade 0.753 -0.031 0.023 0.001

Priv. cons. 0.738 -0.133 0.117 0.003
Fin. mark. dev. 0.733 -2.615 2.200 0.002

Reserves 0.589 -0.164 0.175 0.007
ADom. credit 0.557 3.348 3.797 0.002

Export competitiveness 0.557 0.045 0.051 0.992
Pop. growth 0.548 0.578 0.668 0.991

Muslim 0.512 -0.019 0.024 0.007
Upper middle income 0.495 -0.827 1.057 0.001

Ease of loan access 0.490 0.936 1.343 0.917
Unemployment 0.444 -0.102 0.150 0.008

Inflation 0.414 -0.134 0.206 0.021
Fiscal expansion 0.413 0.040 0.061 0.996

Exports 0.410 -0.013 0.124 0.153
Eurozone 0.391 0.568 0.923 0.974

Trade open. 0.387 -0.003 0.061 0.179
Gov. regulations index 0.385 0.491 0.833 0.946

Life expectancy 0.342 -0.056 0.107 0.068
Initial debt 0.322 0.025 0.056 0.918

Wom. in lab. force 0.306 0.461 3.296 0.715
Democracy index 0.302 -0.193 0.448 0.113

Oil rents 0.300 -0.038 0.086 0.087
Lab. market efficiency 0.295 -0.420 1.062 0.160

Initial debt squared 0.294 -0.0001 0.0003 0.203
Investment 0.292 0.040 0.096 0.936
Christian 0.274 0.004 0.011 0.867

GDP growth 0.261 -0.065 0.159 0.064
ACurrent acc. 0.256 0.029 0.079 0.126
Dom. credit 0.244 0.003 0.008 0.929

Init. debt x Gov. exp. financing 0.227 0.008 0.028 0.825
Current acc. 0.224 -0.014 0.070 0.263

Ease of doing buss. 0.223 -0.008 0.050 0.334
Mean debt increase 0.221 0.423 1 . 987 0.739

Rule of law 0.217 -0.636 2.401 0.218
Money 0.210 0.002 0.006 0.850
Savings 0.208 -0.009 0.060 0.341

Nonperf. loans 0.205 -0.001 0.124 0.510
OECD 0.195 -0.092 0.682 0.387

Init. debt x Gov. exp. 0.190 -0.0001 0.001 0.557
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Table A.2: Results with alternative measure of crisis duration

PIP Post Mean Post SD Cond.Pos.Sign

GDP growth 0.857 -0.462 0.257 0.00004
Investment 0.798 0.195 0.131 0.999

Bank capital to assets 0.769 -0.269 0.192 0.0003
Christian 0.562 0.014 0.015 0.998
Reserves 0.484 -0.093 0.123 0.001

Initial Gov. exp. financing 0.464 -0.565 0.767 0.006
Life expectancy 0.427 -0.057 0.086 0.005

AInflation 0.422 0.043 0.063 0.00001
Rule of law 0.326 1 .407 2.653 0.993
Pop. growth 0.323 0.230 0.441 0.990

Ease of loan access 0.314 0.342 0.700 0.980
Inflation 0.293 -0.070 0.151 0.032
OECD 0.292 -0.407 0.884 0.042

Trade open. 0.283 -0.002 0.029 0.078
ANonperf. loans 0.280 0.445 1.000 0.039

Exports 0.272 -0.005 0.059 0.114
ADom. credit 0.266 0.805 1.835 0.012

Export competitiveness 0.239 0.009 0.023 0.978
Fin. mark. dev. 0.238 -0.319 0.961 0.165

Initial debt 0.237 0.009 0.028 0.928
Fiscal expansion 0.223 -0.032 0.088 0.021
Unemployment 0.222 0.019 0.057 0.911

Dom. credit 0.211 0.002 0.006 0.922
Nonperf. loans 0.207 -0.025 0.097 0.219

Democracy index 0.205 -0.024 0.262 0.398
Initial debt squared 0.201 -0.00003 0.0001 0.311

Priv. cons. 0.199 -0.006 0.040 0.332
Current acc. 0.197 -0.007 0.049 0.325

Oil rents 0.196 -0.007 0.041 0.278
Muslim 0.192 -0.002 0.010 0.295

ACurrent acc. 0.190 0.011 0.049 0.214
Lower middle income 0.189 -0.212 0.706 0.031

Savings 0.185 0.002 0.042 0.487
Init. debt x Gov. exp. 0.176 0.00001 0.001 0.661

Ease of doing buss. 0.173 -0.006 0.031 0.237
Lab. market efficiency 0.171 -0.093 0.489 0.243

Terms of trade 0.169 0.001 0.007 0.790
Gov. expenditure 0.168 0.001 0.058 0.523

Init. debt x Gov. exp. financing 0.166 0.002 0.018 0.642
Upper middle income 0.166 -0.077 0.422 0.224

Money 0.162 -0.001 0.004 0.307
Wom. in lab. force 0.161 0.052 1.330 0.579

Gov. regulations index 0.158 -0.015 0.254 0.447
Eurozone 0.150 0.017 0.352 0.517
Longitude 0.144 0.0003 0.003 0.714

Low income 0.143 0.017 0.488 0.560
ACB int. rate 0.141 0.002 0.012 0.042



A. IV

Figure A.2: Plot of initial debt and debt after crisis

Figure A.3: GDP development of Cyprus, Finland, Greece, Italy and 
Madagascar



A. V

Figure A.4: Marginal density of alternative fiscal expansion

Figure A.5: Marginal density of Init debt x Gov exp. financing



A. VI

Table A.3: Cox proportional hazards model - test of proportional haz
ards assumption (Schoenfeld Test)

chisq p
ANonperf. loans 1.768 0.18
Financial market development 0.245 0.62
Private consumption 0.540 0.46
Population growth 0.127 0.72
Muslim 0.058 0.81
Export competitiveness 1.224 0.27
ADomestic credit 0.014 0.91
Reserves 0.420 0.52
Ease of loan access 0.217 0.64
Fiscal expansion 2.080 0.15
Init debt x Gov. exp. financing 1.242 0.27
Gov. exp. financing 0.661 0.42
Mean debt increase 0.061 0.81
GLOBAL 11.061 0.61
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Figure A.6: Cox proportional hazards model - test of influential ob
servations



A. VII

Observation Id

Figure A.7: Cox proportional hazards model - test of outliers


