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Abstract: The aim of this study is to identify the impact of
macroeconomic uncertainty on macroeconomic variables for 10

developed countries. Our main purpose is to find the sign effect of such
uncertainty on investment and other macroeconomic fundamentals per
country and compare the empirical results among three main unit root
tests, ADF, KPSS and DF-GLS. Using GARCH models, the conditional
variance is a good proxy in order to estimate macroeconomic
uncertainty. Basically, our results mostly follow economic theory and
several empirical studies. Hence, it is found that macroeconomic
uncertainty has a different sign effect in the majority of the examined
countries, which is our principal reason conducting this work.
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1. Introduction

The effect of uncertainty on investment attracts a great attention in
the literature. In order to identify what is the sign of the relationship
between uncertainty and investment we must start from the meaning of
uncertainty and what are the sources of uncertainty.

Uncertainty is a term applied to expectations of a future event to
which profitability analysis cannot be applied, such as a financial crisis.
We know that uncertainty comes out also with the name “volatility” in
Economics and does not related to the risk. If uncertainty increases, this
doesn’t mean necessary that even risk must increase. So, uncertainty and
risk are not equal. However, uncertainty involves risk in her meaning and
that can be seen through the variance but the vice versa does not hold. An
uncertain situation does not only involve risk, but also the possibility of
learning more about the situation if one waits respectively. It is the
possibility and profitability of deferring decisions-waiting-until one has
learned more about one’s situation that is the key to distinguishing
uncertain situations from merely risky ones. From now on we will use the
terms “uncertainty” and “volatility” as equal.

Moreover, the main sources of uncertainty are: input prices, sales,
stock prices, inflation rates and exchange rates. Many researchers use in
their work those macroeconomic variables because they are more volatile
in developing countries than in industrial countries (Serven, 2002). Such
kind of volatility creates an uncertain environment for investment
decisions, growth or trade and also, attracts some attention in recent
empirical literature because in order to understand the fluctuations in
investment, it is important to understand fully the impact of uncertainty
on investment.

This paper examines empirically the relationship between
uncertainty and investment in 10 developed countries: Australia, Canada,
Germany, Greece, Ireland, Netherlands, New Zealand, Norway, Sweden
and United States of America. Thus, a complementary purpose of this
paper is to provide a thorough observation of investment activity in a
macro-level in order to have a better understanding of cyclical investment
behavior in the examined countries.



A further investigation will be to identify the impact of uncertainty
on several macroeconomic fundamentals such as unemployment rate,
Gross Domestic Product (GDP), industrial production, interest rates,
exchange rates, CPI and inflation per country.

As a main observation of this paper, it is going to answer if all 10
countries follow the theory until present time. Clearly, this issue is
intrigued by a lot of researchers and thus we are going to test the
volatility in three different ways: real exchange rate uncertainty,
uncertainty about the unemployment rate and a proxy of uncertainty
about Gross Domestic Product (GDP).

This paper is organized as follows. Section 2 summarizes the
literature review from the Neoclassical Theory, the Real Option Theory,
and as well as the empirical studies on the relationships between
uncertainty and investment, the real exchange rate uncertainty and
investment and finally, uncertainty and other macroeconomic variables.
Section 3 presents the data and the econometric modeling. Section 4
elaborates the empirical results. Section 5 illustrates a comparison of our
findings with other empirical analysis and Section 6 concludes.



2. Literature Review

There are 2 categories of dynamic models in Neoclassical Theory
that represent investment under uncertainty. In the first category, there are
models which assume reversible investment and in the second at least
partial reversible investment.

The main factors which influence the effect of uncertainty on
investment are: 1) the degree of reversibility, 2) the degree of competition
in the market good, 3) the degree of returns to scale, and 4) the risk
attitude of the firm. Oi (1961), Hartman (1972), Abel (1983) and
Caballero (1991) are some of the researchers who examined the previous
Issues in their papers.

A more recent category of investment models under uncertainty
assumes investment is partial irreversible. Bernakne (1980), Pindyck
(1988), Dixit & Pindyck (1994) and Patillo (1998) deal with irreversible
investment and the impact of uncertainty on investment. Moreover, we
have the rising of a new theory, Real Option Theory, which deals with the
irreversibility and the option to wait before invest. Nevertheless, we will
elaborate Real Option Theory in Section 2.2.

2.1. The Neoclassical Theory

Neoclassical investment models relate the meaning of reversibility
with the ability of a firm to substitute capital with labor. Those assume
perfect substitution between production’s factors, which leads equally to
full reversibility of capital. According to the neoclassical theory, a firm
decides whether to invest or not in a program if only the present value of
expected cash flows from investment exceeds the total cost.

The accurate sign of the relationship between uncertainty and
investment depends on the model’s specification that adopted and on the
assumptions in regards to investor’s behavior on risk, the degree of
competition in product market, the characteristics of the adopted
technology that is used in the production and the form of adjustment cost.
Adjustment costs have to do not only with the selling part but also, with



the purchase of capital goods and depend on the capital stock rate of
change which is convex on investment.

According to the Neoclassical Theory uncertainty has a positive
Impact on investment, although recent studies shows that with the insert
of frictions in the model the relationship between uncertainty and
investment has a negative sign (Oi 1961; Hartman 1972; Abel 1983;
Stiglitz & Weiss 1981). Lee and Shin (2000) argue that the sign effect of
uncertainty may depend strongly on the labor share of firms’ cost.

A very common Neoclassical model of investment behavior is been
introduced by Jorgenson (1963). Initially, it is assumed that the time form
of lagged response will be fixed and the replacement investment is
proportional to capital stock. Jorgenson argue that demand for capital is
not demand for investment and the desired amount of capital stock is
given from the above form:

where p is the output price, Q is the output quantity, y is the
elasticity of output with respect to capital an C is the user cost of capital.
If IZ is the investment in new projects and I is the level of starts of new
projects, then investment is a weighted average of past starts:

IF = willly = w()ly
7=0

where w, is the proportion of projects completed in time t and
w(L) is the lag operator, so the total investment will be given by the sum
of investment for expansion, IZ, and the replacement investment, I%,:

I, =IF + IF.

From the assumption that the replacement investment is proportion
to capital stock, I® = §K,, in which & is the replacement proportion, the
equation of investment will be given from the following:

Iy = w(D)IK{ — K{_41] + 6K,

Jorgenson argues that the short-run determination of investment
behavior depends on the time form of lagged response to changes in the
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demand capital and lastly, the author examines the changes in the long-
run horizon and the time form from changes in underlying market
conditions and in the tax structure.

A deviation from the Neoclassical Theory is the irreversibility of
investment being the loss value of capital goods. Furthermore, the capital
Is impossible to be sold again because of the irreversibility which makes
the replacement cost bigger than the value of selling the capital goods
(Lee& Shin 2000; Abel & Eberly 1994; Caballero 1991; Drakos &Goulas
2006).

2.2. The Real Option Theory

A current theory that deals also with the relationship between
uncertainty and investment is Real Option Theory. Its hypothesis is that
irreversibility and uncertainty affect the timing of investment. Moreover,
Real Option Theory describes the option but not the obligation of a firm
to come in its possession one asset in predetermined value and a given
time. Also it is related only to long-run investment in which uncertainty is
playing an important role.

Let’s start with some definitions. A call option is the right to buy
the underlying asset by paying a specified cost within a given period to
exercise the option. The profit of an option is the discrepancy between the
value of the underlying asset and the exercise price. If there are no
opportunity costs of waiting, the holder of the option will postpone the
decision to invest until the expiration date. The opposite of a call option is
a put option which is the right to sell the underlying asset to receive the
exercise price. According to real options, the underlying asset is the
present value of the cash flows from a completed project, V., the exercise
price is present value of investment outlays, I; . If V> I; the firm can
make the investment and obtain the project’s net present value at that
time, NPV = V.- I;. If, however, the value of the project tends to be
lower (V; < Iy ), management can decide not to make any investment
(Smit and Trigeorgis, 2004). So, in such models firm invests only if the
net present value of an investment plan exceeds the value of the option to
postpone.
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In uncertain and unstable environments, the value of an option is a
viable matter and depends in 6 important variables. The first variable is
the value of underlying risky asset which if it increases, also increases the
value of a call option. Second variable is the exercise price being the
amount of money invested to exercise the option if you are investing into
the asset or the amount of money if you are selling it. Third is the time to
expiration of an option, and then there is the standard deviation of the
value of underlying risky asset. Fifth variable is the risk-free rate of
interest over the life of the option and final is the cash outflows or inflows
over its life (Copeland and Antikarov, 2003).

The opportunity to invest is analogous to a call option because
management has the option to wait before investing. In higher levels of
uncertainty, the waiting option becomes more valuable, making firm
more likely to invest. Hence, waiting is particularly important in order to
have any new information. So, investors must compensate for the loss of
waiting option if investment has been carried out.

According to the Real Option Theory, if a firm can use correctly
and appropriate the options then uncertainty may have positive
consequences on investment. The most important factor is time because
the owner of the option will choose when s/he will practice it using
investment in a time that will be more beneficial. However, one major
problem with this theory is the lack of competition when it is applied.
Being more accurate, the Real Option Theory implies that competition is
an element of general uncertainty for the future.

Two basic assumptions implemented in the Real Option Theory is
the fact that uncertainty has a negative impact on investment and the
absolute value of this effect is monotonically increasing function of the
irreversibility of capital. Also a very early example of real options is
given through Aristotle scripts and it is about an excessive investment of
the philosopher and mathematician Thales. According to this investment,
Thales was going to investigate the weather conditions by reading the tea
leaves and interpreted them as forecasting a bountiful olive harvest that
year. Thales found his reading very favorable and after this he collected
all his life’s savings in order to bargain with the owners of the olive
presses to grant him the right to rent their presses for the usual rate during
the harvest season in return for his life savings.
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Indeed, Thales’s projection came true about the olive production
and so all the olive producers of Milos rushed to find presses to extract
the precious oil. However, all the presses were rented by the philosopher
Thales and so he had the monopoly. Because of the increased demand
from the olive producers, Thales raised the market price in a much higher
amount for use the presses. Hence, Thales made a fortune and in the end
he paid merely the usual rent to the press owners, as required by contract.

The underlying risky asset in this example was the rental value of
the olive presses. The driving cause of uncertainty was the variability of
the olive harvest and the underlying risky asset was the standard
deviation of the value of the rental fee on the olive presses. The exercise
price was the nominal rental rate which was written into the contract. The
risk-free rate was the observable market price and the maturity time was
the time until the olive harvest. Lastly, the value of the option was the
money that Thales paid to the owners of the presses.

However, Real Option Theory is induced by researchers in the late
20" century. Dixit & Pindyck (1994), Drakos & Goulas (2006) and Bulan
(2005) are some of these researchers who induce this theory in their
papers in order to find the sign effect of uncertainty on investment.
Looking closely to Dixit and Pindyck (1994)’s work, the authors
investigate in which way Real Option Theory come close to investment
decisions. The authors included in the model of uncertainty-investment
the option to buy an asset in a predetermined value (call option). After its
purchase, the holder has the right to invest if it is beneficial for the firm.
In case of high uncertainty, the firm has the right to postpone investment
until the uncertainty decreases by a percentage. Thus, the value of waiting
option rises and so the opportunity cost of investment, which leads to
conclusion of the negative relationship between uncertainty and
investment.
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2.3 Empirical Studies

Before identifying the relationship between uncertainty and
investment, a number of issues arise in the literature. The first issue was
choosing the variable to measure the uncertainty. For example, Price
(1995) measured the uncertainty index as a variance of GDP. Butzen,
Fuss and Verment (2002), through questionnaires, measured the
uncertainty by asking firms if they expect their sales to be increased,
reduced or to remain constant in the next 3 months regards to the rest of
the year. Byrne & Davis (2002) assess a range of uncertainty measures
which were based on exchange rates, long term interest rates, inflation,
share prices and industrial production. Only exchange rates and interest
rates were found significant.

The most common ways to measure uncertainty is by using an
ARCH or a GARCH model. For example, Huizinga (1993) estimated the
manufacturing industries of U.S.A. with the use of an ARCH model in
order to identify the relationship between inflation uncertainty and
investment. Price (1995) has used a GARCH-M estimator to model the
conditional variance of GDP as a proxy of uncertainty. Serven (1998,
2002) has measured the uncertainty with the help of a GARCH model.

Last but not least, was the issue of the choice of the investment
measure. Looking specifically on the exchange rate uncertainty, empirical
work for a negative relationship between real exchange rate volatility and
investment is provided by Darby, et. all (1999) for 5 countries who use
Dixit-Pindyck option value model to identify whether rising volatility
would increase or decrease investment.
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2.3.1 The relationship between uncertainty and

Investment

The correlation between uncertainty and investment varies. In
several papers the relationship between uncertainty and investment is
positive. Initially, Hartman (1972) and Abel (1983) came to the
conclusion that under perfect competition, constant return to scale and
symmetric adjustment costs, an increase in uncertainty may arise the
value of marginal unit or capital and hence the incentive to invest. To the
same conclusions came Oi (1961) but he didn’t include adjustment cost in
his paper and the profit function was convex.

Caballero (1991) induced that even in the extreme case of
irreversible investment the correlation is still positive as long as the firm
faces a very elastic demand curve, perfect completion, constant return to
scales and risk-neutrality. The author also shows that the combination of
important degrees of imperfect competition and asymmetric adjustment
costs may reverse the positive relationship between uncertainty and
investment. Finally, the author concludes that the dominant factor in
determining the sign effect of uncertainty on investment is the convexity
of marginal profitability of capital with respect to prices.

On the other hand, Dixit & Pindyck (1994) showed that with
irreversibility, higher uncertainty lowers investment due to an option
value of waiting. Huizinga (1993) using data from the manufacture sector
of U.S.A, period 1954-1989, and estimating them by an ARCH model has
found that inflation uncertainty lowers the total investment. In the same
rate are Ghosal and Loungani (2000), who evaluate 330 firms of U.S.A
from 1958-1991 and they find that the sign of uncertainty and investment
relationship is negative. Such impact is substantially greater in industries
that are dominated by small firms in contrast to those dominated by large
firms.

Aizenman and Marion (1999) show that the main factor that
influences this relationship is the risk-attitude of firm. Using the World
Bank decomposition of aggregate investment shares into their private and
public components they test for the correlation between volatility and
investment in a set of developing countries. So, the authors conclude that
volatility is negatively related to private investment and positively related
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to public investment. Serven (1998) using panel data illustrates the
negative effect on private investment of macroeconomic uncertainty, after
controlling for other standard investment determinants. Similarly, Leahy
and White (1995) using panel data of US manufacturing firms found that
an increase in uncertainty decreases investment, primarily through its
effect on q.

Going to the same outcome from the above researchers, Guiso and
Parigi (1996) distinguish two major points that influence the investment-
uncertainty relationship, the degree of irreversibility of investment and
the market power of the firm. Also Price (1995) using the GARCH-M
estimator to model the uncertainty of the GDP finds that aggregate
uncertainty has a significant negative impact on the investment for the
UK manufacturing sector. In the next year, Price (1996) uses a non-linear
model of investment behavior for the same sector and again finds the
same impact but with the exception that there are threshold effects.

A paper with great attention to this theory is the one by List and
Haigh (2010). The authors use options model to forecast if the behavior
of undergraduate students and market professionals from Chicago Board
Trade follow the “Bad News Principle” (Bernanke, 1983). This principle
indicates that only the expected severity of future bad news have a strong
impact on deciding whether one should invest in an asset today and the
potential good news should have no effect on the temporally agent’s
investment decision. Their tools are taken from experimental economics.
The laboratory results mostly show that both market professionals and
students follow the “Bad News Principle” but they conclude that an
intense market experience is essential in reducing behavioral anomalies.

Holland, Ott and Riddiough (2002) use also the “Bad News
Principle” by examining the uncertainty-investment link from the real
estate sector, including anything commercial such as apartments, office,
retails, and industrial properties. So, the main outcome from this survey is
the fact that there is a significant negative relationship between
uncertainty and investment for most of the types of commercial real
estate.
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2.3.2 The relationship between real exchange rate

uncertainty and investment

Most of the analytical work focuses on the case of risk-neutral
investors, on the contrast recent studies empathize to the adjustment
costs, the irreversible nature of most investment projects (Dixit and
Pindyck, 1994). It is cleared that uncertainty has an independent, adverse
effect on investment decisions. Having been negative the relationship
between uncertainty and investment, current literature focuses mostly on
risk-averse investors.

Serven (2002) was one of researchers that defined a strong
negative relationship between real exchange rate volatility and investment
by using a GARCH model. The author found this negative impact
significantly larger in economies that are highly open and in those with
less developed financial system. So, the key which identified the
investment effect of real exchange rate uncertainty was the degree of
trade openness and financial development: higher openness and weaker
financial system are associated with a significant negative sign and vice
versa.

Aizenman (1992) determines the correlation between investment
and exchange rate volatility under a flexible exchange rate depending on
the nature of the shocks: real and nominal shocks. The author also
assumes that producers may diverse internationally in order to increase
the flexibility of production. Hence, under a flexible exchange rate more
uncertain real shocks will increase investment and international trade,
whereas a higher volatility of nominal shocks will reduce them.

Goldberg (1993) argues that the relationship between exchange
rate uncertainty and investment varies over time. The author distinguishes
investment in aggregate categories: All Industries, Manufacturing,
Manufacturing Durables and Nondurables, and Nonmanufacturing. The
main results are that exchange rate uncertainty tends to expand domestic
investment in manufacturing durables sectors in1970s and also depresses
investment in nonmanufacturing sectors and in U.S. industry in 1980s.

Darby et all. (1999) using the model of Dixit and Pindyck identify
when rising volatility increase or decrease investment, what types of
industries would gain, and which would suffer from a move to a fixed
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exchange rate. They estimate aggregate investment equations for 5
countries: France, Germany, Italy, the United Kingdom and the U.S.A.
and conduct a negative effect of exchange rate uncertainty on investment.
Although, in a more recent study (2000) the above authors concentrate on
the impact of exchange rate misalignment on investment and find
evidence of non-linearities and asymmetries. Their conclusion was that
volatility in the US is positive which may be related with different
measurement of uncertainty extracted from the trend component of real
exchange rate before calculating volatility.

Erdal (2001) presents real exchange rate volatility as a proxy for
real exchange rate uncertainty and investment spending as a call option
and shows that the real exchange rate uncertainty decreases real
investment spending in either export-oriented and import-oriented firms.

A more recent study from Safdari and Soleymani (2011) used
panel date from 6 countries and estimated with GARCH (1,1) model
illustrates the negative impact of uncertainty of exchange rate on
domestic investment and the investments of these countries also suffer
from lag of uncertainty of exchange rate too. Furthermore, they proposed
a solution for the time which investors need to invest. In the long-run,
they should be extra careful because uncertainty suffers the investment in
these countries. Thus, they should make investments with short-run
period in order to increase investment as a whole.

2.3.3 The relationship between macro uncertainty and

other macroeconomic variables

A lot of attention has been in the measure of uncertainty and
which variables will influence except for investment. Such an issue is
very ambiguous among researchers. For instance, Wieland (1998)
examines the optimal monetary police in the presence about the natural
unemployment rate and the short-run inflation-unemployment trade off in
a macroeconomic model. Particularly, the theory of Phillips curve is
followed in order to observe the changes in inflation from the
unemployment variations. The author concludes that optimal policy tends
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to increase current variability in both unemployment and inflation. So,
there is a positive sign.

Mullineaux (1980) analyzes the effect of inflation volatility on
unemployment and industrial production and overall, concludes that an
increased uncertainty about the short-run inflation causes an increase in
the unemployment rate and a reduction in the level of industrial
production. Thus the author suggests that monetary policy should be
carefully conducted in order to decrease uncertainty about future
inflation.

Topel and Weiss (1985) show that higher sectoral uncertainty can
attribute a higher unemployment rate, especially among young workers
because there would be reallocation of labor in sectors, a rise in the
aggregate participation rates, and a rise in employment associated with
the people who started working in the post-war “baby-boom”. The latest
influence negative the productivity, which affects wages and labor supply
respectively.

Other authors who find a positive impact of uncertainty on
unemployment rate are Groot and Oosterbeek (1992). The authors argue
that uncertainty yields positive income effects and they further investigate
empirically how unemployment rate and uncertainty on earnings can
affect the rate of return to education in two countries, Netherlands and
United States, which was found slightly negative.

However, Bo and Sterken (2001) choose the measurement of
volatility from the interest rates because they can be a great source of
uncertainty. They use panel Dutch listed firms from the time period
between 1984 and 1995 and find a positive cross-effect of the interest rate
volatility and debt on investment.

A more general paper is the one of Serven (1998) in which there
IS a thorough examination between the macroeconomic uncertainty and
aggregate private investment for 94 developing countries. Using a
GARCH (1, 1) model per country finds that macroeconomic uncertainty
has a significant negative impact on private investment. The author
measures the uncertainty from 5 different variables. Three are related to
the macroeconomic environment and the case of aggregate profitability of
capital — real GDP, inflation and relative price of capital and the rest two
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variables are related to different economic sectors — terms of trade and
real exchange rate.

Belke and Gros (2001) illustrate that a temporal rise in exchange
rate volatility can influence firms to postpone any creations of jobs since
such volatility raise the uncertainty of future earnings and thus the ‘option
value of waiting’. A more recent research paper from Feldmann (2011)
indicates that increases in exchange rate volatility leads to higher
unemployment rate, however, the author points out that the effect is
small.

Other measures of uncertainty are the one connected with
inflation and output growth which have been given a lot of attention by
plenty researchers for many years until nowadays. More specifically,
Grier and Perry (2000) find that neither inflation nor output growth
uncertainty have been connected with higher average inflation rate using
GARCH-M framework for US from 1948-1996. Their most marked result
Is that inflation uncertainty, conducted by either Consumer Price Index or
Producer Price Index, lowers output growth. However, the authors fail to
identify any effect of either type of uncertainty on output growth.

Grier et al. (2004) highlight 4 main results. In their study the
effects of growth and inflation volatility are examined on average rates of
output growth and inflation using post-war data for the United States.
The findings indicate that increasing the growth uncertainty is
accompanied with considerable lower average growth rate, whilst greater
inflation uncertainty is negatively correlated with lower output growth
and lower average inflation. Furthermore, the results display evidence of
asymmetric response to positive and negative shocks of equal magnitude.
However, the authors point out that there was not found any evidence that
greater growth uncertainty will lead to greater average inflation rate.

Fountas, Karanasos and Kim (2006) using a GARCH (1, 1) model
and Granger-Causality framework with monthly data from 1957 to 2000
for the G7 came up with 3 main findings in their work. First of all,
inflation affects negatively real growth meaning that it can have real
effects on an economy and points out why a monetary policy pursue to a
lower inflation. Secondly, few countries of G7 have been found by the
authors that higher inflation uncertainty can cause higher inflation rate.
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Especially, the authors point out two of G7, Canada and UK, having a
stronger effect than the others. The final result is that real uncertainty
shows a positive correlation with output growth.
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3. Data and Modeling Uncertainty

3.1 Data

In this paper, the main purpose is to identify the impact of
macroeconomic uncertainty on investment. The macroeconomic
uncertainty will be measured from three variables: real exchange rate, real
GDP and unemployment rate. As a further investigation will be the effect
of the macroeconomic uncertainty, according to its measure, on all the
tested variables: Consumer Price Index (CPI), Gross Domestic Product
(GDP), interest rates, inflation, industrial production, exchange rate and
unemployment rate. The data are time series having quarterly frequency
and spanning the years from 1957 to 2012". They were, also, collected
from the IMF-International Financial Statistics and Federal Reserve Bank
of St. Louis. For the variable “Real Exchange Rate” is used the Real
Effective Exchange Rate Index, for “Real GDP” the Real Gross Domestic
Product, for “Investment” the Gross Fixed Capital Formation, for “CPI”
the Consumer Price Index of all products, for “Unemployment Rate” the
Unemployment rate Index, for “Interest Rates” the Discount Interest Rate
as a percent per annum, for “Industrial Production” the Industrial
Production Index and the “Inflation” is formulated from the difference of
CPI from the previous period.

However, the Interest Rate is unavailable in Germany, Greece,
Ireland and Netherlands because of the non available data for the full
sample period that was found for each of the aforementioned countries.

Many economic phenomena have seasonal cycles, such as
agricultural production and consumer, e.g. greater consumption leading
up to Christmas. It is necessary for this paper to adjust the variables for
this component in order to understand what underlying trends are in the
economy and so, official statistics (like IMF) are often adjusted to remove
seasonal components. The use of seasonal adjusted data can result in
biased components. Thus each variable is seasonally adjusted.

* All the countries differ across the time period of estimation because the databases
where we collect the data couldn’t have much more observations.
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The countries included in our sample are 9 highly developed
countries: Australia, U.S.A, Canada, Ireland, Germany, New Zealand,
Netherlands, Norway and Sweden. These countries are placed in the list
of the highly developed countries based on the Human Development
Index (HDI), which is a composite statistic used to rank countries
according to their development levels from “very high” to “low”. Their
development levels have been estimated from each country’s life
expectancy, education, standard of living, child welfare, health care,
economic wealth, and population happiness. So, those countries are used
in this paper because developed countries suffering from a high level
degree of macroeconomic uncertainty (Serven, 2002). Macroeconomic
variables such as inflation, growth and real exchange rate are more
volatile than in other countries. Hence, such volatility creates an uncertain
environment for trade, growth and investment.

As a last but not least step, the results from the above countries will
be compared to the estimations from Greece. In this paper, it is hoped to
induce a reliable mechanism to conduct forecasts of investment activity in
a macro-level and elaborate a better understanding of cyclical investment
behavior and the general macroeconomic environment.

3.2 Econometric Methodology

A Generalized Autoregressive Conditional Heteroskedasticity
(GARCH) model is the best estimation to measure uncertainty in a
forward looking sense. This method is presumed to capture the risk in
each period to a greater extent than simple rolling standard deviations.
There are two distributed lags used to explain variance under GARCH
models, one on lag squared residuals to capture high frequency effects
and second on lagged values of variance itself to capture long term
effects.

As set out in Bollerslev (1986), GARCH ( p,q) models are of the
form,

y: =c+x(b+¢, var(g|y,,)=conditional variance
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where, Y+ is the information set available at first lag of time. The error

process let be such that & = v,/o? where o2 =1 and the variance
equation will be:

q P
2 2 2
o, =w+ E o, 50 + E ,Bjo-t_j

i=1 j=1

where y, is the dependent variable, x; is a vector of the explanatory
variables, b is a vector of the unknown parameters and ¢; denote a real
valued discrete-time stochastic process with zero mean and variance the
standard deviation of the conditional variance o; . Since {v;} is a white-
noise process, the conditional and unconditional means of &, are equal to
zero. Furthermore, o,q, B, refer to the constant term, lagged squared

residuals and lagged conditional variances respectively. Also &2, refers to
the lagged squared residuals (ARCH (i)) and o7, is the lagged

conditional variance (GARCH (i, j)). In the GARCH (1, 1) model, the
variance expected at any given data is a combination of a long run
variance and the variance expected for the last period, adjusted to take
into account the size of the last period’s observed shock. Basically, the
different measures of macroeconomic uncertainty will be derived from
the conditional variance of a GARCH model.

Before we proceed to our results, we should classify all the stages
that we follow in this paper. First of all, we use the Augmented Dickey-
Fuller, Phillips-Perron and Kwiatkowski-Phillips-Schmidt-Shin (KPSS)
Unit Root Tests to check where each of the variables is stationary such as
in its level, 1% differences or 2" differences. After this we estimate a
simple regression with the intercept, merely the three variables (real
exchange rate, unemployment rate and GDP) which we are going to use
them later in order to measure the conditional variance of the GARCH
model. In the latter stage, we check in the simple regression for ARCH
effects and serial correlation among the residuals using the
Heteroskedastisity Test (ARCH LM and White) and the Breusch-Godfrey
Serial Correlation LM Test respectively. Our next stage is to estimate a
variety of Autoregressive models, from AR (1) to AR (4), and
Generalized Autoregressive Conditional Heteroskedasticity models,
between GARCH (1, 1), GARCH (1, 2), GARCH (2, 1) and GARCH (2,
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2). Using the Schwartz information criterion because it is a much more
consistent criterion and tends to choose models with small data unlike the
Akaike information criterion which tends to choose models with large
data we will get the minimum value in order to find which will be the
best model to be estimated per country. Moreover, we are going to check
if the sum of a; and B; in each GARCH model is less than one. It is a
complementary and necessary condition in order to find the best GARCH
model. If it does not exist, we proceed to the next GARCH model with
the minimum value in Schwartz information criterion until it is found the
best model for our estimations. Also, because of the difficulty to have all
the coefficients in the variance equation statistical significant we will
seek models with at least one coefficient being statistical significant.

As a next stage, we would be to test if our results change with the
Student’s t Distribution or the Generalized Error Distribution (GED). In
the meanwhile, we would see if in the best GARCH model there are
ARCH effects and serial correlation among the residuals. A GARCH
model is best when it is consisted from the following: there are not any
remaining ARCH effects and serial correlation.

Subsequently, a Granger Causality test will indicate if the
macroeconomic uncertainty Granger causes the tested variables. The null
hypothesis is that macroeconomic uncertainty does not Granger Cause
each variable, and the alternative is that macroeconomic uncertainty does
Granger Cause each variable. Tests are performed with 2, 4, 8 and 12 lags
respectively. So,

Ho: Uncertainty” does not Granger Cause real exchange rate,
unemployment rate, interest rates, GDP, CPI, inflation and industrial
production,

Hi:  Uncertainty’ Granger Causes real exchange rate,
unemployment rate, interest rates, GDP, CPI, inflation and industrial
production.

Finally, if the null hypothesis is rejected, we will estimate the
variables influenced by the macroeconomic uncertainty in a regression
with regards to the lags using OLS method and we will get the sum of the
coefficient of the measured uncertainty in order to determine the sign
effect. All estimations are carried out in EVIEWS 7.1.
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The above regressions have the following form:

_ 2,4,8 or 12 2480r 12 2
I, = Zi:l ali_, + Z bjo-t_j )

_ w24,80712 2,4, 8 ori12, 2
Rer, = Y} a, Rery_, + Z bjo{_j,

24—801‘12 2480T12 2

GDPt 224—801‘12 GDPt L+22480r12bj0-tz_j1

INT_RATES, = ¥;°°" 2 a, INT_RATES,_, + X321 " 2 bjo },

IND_PR, = ¥:%°" 2 a, IND_PR,_, + %327 °" ** by,

CPIt — 212,=4-i8 or 12 CPIt L+ 224801‘ 12 b'O'tZ_j,

22,4,8 or 12 + 224801' 12 b 2
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where a7 is the conditional variance that is computed from the best fitted
GARCH model, I; is investment, Rer; is real exchange rates, U, presents
the unemployment rates, GDP; is the output (Gross Domestic Product),
INT_RATES; indicates the interest rates, IND_PR, illustrates the
industrial production, CPI, is the Consumer Price Index and the final
aforementioned variable generated from CPI differentials, m; , represents
inflation. Moreover, each of the above regressions is conducted for all 10
estimated countries.

(*) Uncertainty is based on the measures that we use each time in our process.
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4. Empirical Results

4.1 Unit Root Tests

First of all, we start with the Augmented Dickey-Fuller Unit Root
Test. As it can be seen through Table Al (see Appendix) the variables are
mostly stationary in their 1% differences. Main differences can be seen in
Greece, Ireland, Netherlands, Norway, Sweden and USA over the above
variables investment, unemployment rate, GDP, CPI and industrial
production.

The next unit root test that we conduct is the Phillips-Perron.
According to Table A2 (see Appendix) most of the countries have the
estimated variables stationary in first differences (I (1)). Phillips-Perron
Unit Root Test slightly different from the previous unit root test. Being
more precise Canada, Greece, Ireland, Netherlands, Sweden and USA
show some small differences in which level the variables are stationary.
The rest of the countries have similar results with the Augmented Dickey-
Fuller Unit Root Test.

ADF and Phillips-Perron Unit Root Tests have very low power
against I (0) with alternatives that are close to being I (1). Those two unit
root test cannot distinguish highly persistent stationary process from non
stationary processes very well.

Subsequently, we conduct two more unit root tests which are
more powerful, the Kwiatkowski-Phillips-Schimid-Shin (KPSS) and the
Dickey-Fuller GLS (ERS) respectively. The KPSS stationary test is
represented in the Table A3 (see Appendix). All the countries have
considerable differences among real exchange rate, GDP, CPI,
unemployment rate, investment and industrial production except Canada
which its results are unchanged from the previous two tests. Similar
results are seen even in the last unit root test (see Table A4 in the
Appendix). For maximum power against very persistent alternatives DF-
GLS unit root test is highly used among the researchers and that’s our
main reason conducting this test.

According to our results, variables such as exchange rate, interest
rates, CPl and industrial production are mostly stationary at the 1%
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differences although there are some exceptions. For instance, Norway has
exchange rate stationary at its level, | (0), for all the estimated unit root
tests. Moreover, inflation is particularly | (0) because, as it was
mentioned in the above section, inflation is the Consumer Price Index
(CPI) differential. So, if CPlis I (1), then inflation will be 1 (0). However,
looking closely to our results, we cannot find a general outcome for GDP
and unemployment rate because in every unit root test there are
significant changes such as in Greece unemployment rate is | (2) in ADF
unit root test, in Phillips-Perron is I (1), in KPPS becomes I (0) and in the
final test, DF-GLS, is not stationary at any level so we don’t use it to the
regression at all. Furthermore, in USA unemployment rate is | (0) apart
from Phillips-Perron unit root test which is 1 (1).

In the same rate with unemployment rate is GDP. For example,
Ireland is | (2) in ADF and KPSS tests, | (1) in DF-GLS and I (0) in P-P.
USA is | (0) apart from the ADF test which is | (1). Bearing in mind all
the aforementioned, our results for unemployment rate and GDP
represent marked differences among the 10 estimated countries.

However, we must point out that few variables for specific
countries are not stationary in any level of significance and we didn’t
include them in the regression. Hence, in our next step we will use those
unit root tests to compare our results. Mostly variables are | (1) but there
are some rare exceptions and they become either 1 (0) or I (2). In contrast,
in the last unit root test (DF-GLS, Table A4) we observe that few
variables, for instance, Greece have not stationary two basic variables,
unemployment rate and investment respectively.

4.2 Estimated GARCH Models

After finishing the unit root tests, we decide to estimate our
models according to the Augmented Dickey-Fuller, KPSS and DF-GLS
unit root tests because the first is more widespread in the literature and
the rest two have more power. Therefore, we are going to estimate
macroeconomic uncertainty with three different measures such as real
exchange rate uncertainty, uncertainty about the natural unemployment
rate and the GDP uncertainty.
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Initially, we find the “best” GARCH model that describes
macroeconomic uncertainty using the minimum Schwartz information
criterion as way to find the exact model. However, two constraints have
been imposed to our investigation for the best model, the sum of a; and B,
must be lower of the unit and at least one parameter must be significant in
either 5% or 10 % level of significance. In the meanwhile, each GARCH
model must have significant good estimations in the Q and Q? statistics
and ARCH LM test and even White test. From our estimations all the
models was found to have no ARCH effects and heteroskedasticity and
also, the residuals are not serially correlated which these results were
something to be expected.

According to the three measures of macroeconomic uncertainty
there were found some marked changes. Estimating the real exchange
uncertainty the most used model is a GARCH (1, 1) in all three unit root
tests. Exceptions were found in Greece, Netherlands and New Zealand
which their models vary between unit root tests. In addition, almost all
countries have the sum of o, and ; close to unit which indicates that the
fitted GARCH models have a very persistent conditional volatility. Also,
this implies that a shock at time t persists for many periods so there is
high persistence in the conditional variance (see Tables B1, B2 and B3).

In the second measure of uncertainty, uncertainty about
unemployment rate, we found significant changes among the chosen
models. Of course, each model that was identified as best to describe our
regression and followed the constraints has been tested by the
aforementioned test. One thing which needs to be pointed out is that
Greece was not estimated by any GRACH model because unemployment
rate has not been found to be stationary at any level based on Dickey-
Fuller GLS unit root test (see Tables C1, C2 and C3).

Finally, in the last measure of uncertainty, the GDP uncertainty,
we obtained again dramatically variations in order to classify the fitted
GARCH model. Roundly, the same changes were seen among all three
unit root tests. However, a significant point is that a GARCH (2, 2) is
mostly used in several variables (see Tables D1, D2 and D3).
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4.3 Sign Effects of Macroeconomic Uncertainty on

Macro Variables

4.3.1 The Impact of Uncertainty on Investment

In the final and the most significant step, we detect the impact of
macroeconomic uncertainty on investment and other macroeconomic
variables. As said in the introduction, our main purpose of this paper is to
find the relationship between macroeconomic uncertainty and investment.

TABLE 1a: The sign effect of Real Exchange Rate

Uncertainty on each variable (ADF Unit Root Tests)

RER I GDP RER U IN PR | INT_R CPI P
per ATES
country
AUSTRA ) (+)*** (+)* - _ _ _ _
LIA 2%k 4¥% & | 2,4 8& | 8&12
12*** lags 12 lags lags
CANADA| (1) | (* | m* | - | O | - - |-
VAP el 12 lags 2 lags 2** &
8** & 12* lags
12*** lags
GERMAN - - (_) (_) - NA - -
Y 2**, 4* & 4* & 8**
8* lags lags
GREECE - (_)** - (_)* - NA - -
2 lags 2 lags
RELAND |1y |- @ |- [ NA[OF | OF
12 lags 2,8 &12* 2 lags 2 lags
lags
NETHER - - - (_)** - NA (+)** -
LANDS 4 lags 2 lags
NEw e @ e 00
ZEALAN | 8812 lags | 2%, 4***, | 2 &4 lags 25*8A* | x84
D 8*** & lags * lags
12** lags (+)*** | (+)**
8&12 lags *
8&12
lags
NORWA | (1) | (1 |- ROl - o
Y 8*** & 4,8& 12 2,4,8& 8 lags
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12** lags lags 12**
lags
SWEDEN (-)** (+)*** - (+)* (+)* (-)** - -
2 lags 4 lags 2 lags 2 lags 2 lags
(+)=*
4 lags
U.S.A. - - - - (_)* (_)* - -
4 lags 4 lags
(*) indicates that this sign effect is statistical significant for 10%, (**) indicates that this sign
effect is statistical significant for 5% and (***) indicates that this sign effect is statistical
significant for 1%.
(+) illustrates a positive impact, (-) illustrates a negative impact and — represents the fact
that there was not at all any statistical impact of uncertainty over the macro-variables,
meaning that we couldn’t reject the null hypothesis, Ho.
TABLE 1b: The sign effect of Real Exchange Rate
Uncertainty on each variable (KPSS Stationary Tests)
RER per I GDP RER U IN. PR | INT_RA | CPI P
country TES
AUSTRALI (+)*** (+)*** (+) - - - - -
A 2 lags 2 lags 2%, 8** &
(_)*** (_)*** 12%**
4,8&12| 4,8&12 | lags
lags lags
CANRDA T () O T | - [ O [ - |- -
2%F | LFF* 12 lags 2 lags 2** & 12*
8** & lags
12*** lags
GERMAN - - (_) (_)* - NA - -
Y 2% 4x & | 8 lags
8* lags
GREECE - (+) - (_) - NA - -
2** & 12* 2* &4**
lags lags
(+)***
8 lags
RELAND "y [ (o [ - [ = | - [ NA [ OF | OF
2 & 4 lags 12 lags 2,8 &12* 2 lags 2 lags
lags
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NETHERL [ (#)> [ - O™~ - [N [T OT]0
ANDS 4 lags 2 &4 lags ek g | 2axg g
(_)** 8 8* lags lags
lags
NEW CHNCRNECREE - — o0
ZEALAND 8*** & 2**’ 4*** 2**, 4** 2***&4 2***&4**
12** lags | & 8** lags | & 12* ** lags lags
lags (+)** | (+)***
* gg12 | 8&12 lags
lags
NORWAY |~ (+) | ()™= |- O - o oF
g*** & 4,8&12 lags 8 lags 8 lags
12** lags lags (+)** 12
lags
SWEDEN (-)**2 | (#)*** - (+)* (+)* (-)*** - -
lags 4 lags 2 lags 2 lags 2 lags
(+)*
4 lags
U.S.A - - (+) - (_)* (_)* - -
A e 4 lags 4 lags
8*** &
12* lags
(*) indicates that this sign effect is statistical significant for 10%, (**) indicates that this sign
effect is statistical significant for 5% and (***) indicates that this sign effect is statistical
significant for 1%.
(+) illustrates a positive impact, (-) illustrates a negative impact and — represents the fact
that there was not at all any statistical impact of uncertainty over the macro-variables,
meaning that we couldn’t reject the null hypothesis, Ho.
TABLE 1c: The sign effect of Real Exchange Rate
Uncertainty on each variable (DF-GLS Unit Root Tests)
RER per I GDP RER U IN_ PR INT_ R CPI P
country ATES
AUSTRALI (_)** (+)*** (+)* - - - - -
A 2,4& 2lags | 8&12
12*** lags (_)*** lags
4,8&12
lags
CANADA -

(+) O* | (B)* - () - -
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2FF AFF* 12 lags 2 lags 2** & 12*
8** & lags
12*** |ags
GERMAN - - (_) (_)* - NA - -
Y 2** 4* & | 8lags
8* lags
GREECE - (+)** - - - NA (+)* (+)*
4 & 8 lags 8 lags 8 lags
RELAND [ (s |y [ - == [ - [ NA | (O [ O
2 lags 2 lags 2,8& 2 lags 2 lags
(+)* 12* lags
12 lags
NETHERL - - - (_)** - NA - -
ANDS 4 lags
NEW CENCEECHEE : : O 1.0
ZEALAND 8*** & 2*’ 4***1 2**, 4** 2***&4** 2***&4**
12** |ags 8*** & & 12* lags lags
12** lags lags (F)*** | (+)***
8&12 lags | 8&12 lags
NORWAY T () [ - [ - [ - | O [ O
8*** & 4,8& 12 2,4,8& 8 lags 8 lags
12** |ags lags 12** lags
SWEDEN - - - (_|_)* (_|_)* (_)*** _ _
2 lags 2 lags 2 lags
US.A. - - - - (_)* (_)* - -
4 lags 4 lags

(*) indicates that this sign effect is statistical significant for 10%, (**) indicates that this sign

effect is statistical significant for 5% and (***) indicates that this sign effect is statistical

significant for 1%.

(+) illustrates a positive impact, (-) illustrates a negative impact and — represents the fact

that there was not at all any statistical impact of uncertainty over the macro-variables,

meaning that we couldn’t reject the null hypothesis, Ho.

Looking closely to our results, more specifically on Tables 1a, 1b
and 1c, Australia is found to have a clear (with the exception of Table 1b)
negative impact of real exchange rate uncertainty on investment for short
and long periods with respect to all three unit root tests although it had
been found a positive sign effect for a few lags. For short period (2 lags
are 6 month period) Ireland is discovered to have that negative
relationship accordingly the last two unit root tests (KPSS and DF-GLS)
and for longer period (8 lags are 2 years period) Netherlands has the same
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negative relationship but only if KPSS is depicted such aftermath.
Sweden is correlated negatively in the first two unit root tests for 2 lags
but for 4 lags is positive. So, basically we can interpret from the above
results that such relationship can be negative for the majority of the
countries. However, for some lags it can be changed this outcome to a
positive relationship.

GRAPH 1. AUSTRALIA (with KPSS)
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Looking closely in the above graph, it can be seen the negative
impact of real exchange rate uncertainty on investment for Australia. In
1985 and 1986 it is represented that a high increase of such uncertainty
can lead to a low negative impact on investment. In the following years
until 2008, there are moderate fluctuations but from 2008 to 2010 a sharp
rise of uncertainty reduces investment with a lag. In the mid-2008 which
was the beginning of the Economic Crisis Australia’s investments start to
fluctuate wildly. Hence, the negative relationship between real exchange
rate uncertainty and investment is observed mainly in periods with high
persistence on volatility.
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GRAPH 2. NETHERLANDS (with KPSS)
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Although in Netherlands’ graph it is showed a similar impact
compared to Australia’s graph, there are rapid and abrupt variations as
years pass.

GRAPH 3. SWEDEN (with ADF and KPSS)
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The final country, according to Tables 1a, 1b and 1c is Sweden
which has such impact just like the above countries. In its graph, it is
clear that for short-run periods it is presented the negative impact among
the variables, especially from the end of 2008 to mid 2009. In this time
period when uncertainty hits the highest point, investment dives abruptly
and the reverse outcome happens when uncertainty plunges dramatically.

Hence, the empirical evidence that presented above shows
unequivocally that real exchange rate uncertainty is harmful to investment
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for the majority of the estimated countries and especially when the
Economic Crisis affects these countries (from 2008).

TABLE 2a: The sign effect of Uncertainty about the

Unemployment Rate on each variable (ADF Unit Root Tests)

U per I GDP RER U IN PR | INT_RA CPI P
country TES
AUSTRA | (s 1 [ |- O :
LIA 12 lags 4 lags 12 lags 12 lags
CANADA - - - (_)* - - - -
4 lags
GERMAN - - - (-)** - NA - -
Y 12 lags
GREECE (-)* - - - (-)** NA - -
8 lags 12 lags

IRELAND - (-)*4lags | - (> | () | NA () ()

(+)** 8&12 | 4&8lags 2** & 2** &

8 lags lags 4*** lags | 4*** lags
NETHER - - - (_) - NA (+)** -
lags
NEW - - - - - - - -
ZEALAN
D
NORWA |- : RO -
Y 2* & 4*** 2** & 8* &
lags 4*** |ags | 12*** lags

SWEDEN - (_)*** - (_)* - (_) - -

12 lags 4 lags 8* &

12*** Jags
usA - : e @ @
4 lags 2,4,8& 8 lags 8 lags
12 lags

(*) indicates that this sign effect is statistical significant for 10%, (**) indicates that this sign

effect is statistical significant for 5% and (***) indicates that this sign effect is statistical

significant for 1%.

(+) illustrates a positive impact, (-) illustrates a negative impact and — represents the fact

that there was not at all any statistical impact of uncertainty over the macro-variables,

meaning that we couldn’t reject the null hypothesis, Ho.
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TABLE 2b: The sign effect of Uncertainty about the
Unemployment Rate on each variable (KPSS Stationary
Tests)

U per I GDP RER U IN_PR INT_RA CPI P
country TES
AUSTRALI [ (+)* - - (+)* _ (-)** - -
A 12 lags 12 lags 12 lags
CANADA - - - (_)* - - - -

4 lags
GERMAN - - - (+)* - NA (_)*** (_)*
Y 4 lags 4 lags 4 lags

()

12 lags
GREECE - - - - - NA - -
IRELAND - (+) - - () NA (| OF

4* & 8** 2*%* & 4* 4 lags 4 lags
lags lags
NETHERL - - (_)* (_) - NA - -
ANDS 2lags | 8** & 12*
lags
NEW - - - - - - - -
ZEALAND
NORWAY - - - (_) - (+) - -
2* & 4*** 8* & 12***
lags lags

SWEDEN - - - (_)* - - - -

4 lags
U.S.A. - _ _ (+)*** (+)*** _ (_)* (_)*

4 lags 2,4,8& 12 8 lags 8 lags

lags

(*) indicates that this sign effect is statistical significant for 10%, (**) indicates that this sign
effect is statistical significant for 5% and (***) indicates that this sign effect is statistical
significant for 1%.

(+) illustrates a positive impact, (-) illustrates a negative impact and — represents the fact
that there was not at all any statistical impact of uncertainty over the macro-variables,
meaning that we couldn’t reject the null hypothesis, Ho.

36




TABLE 2c: The sign effect of Uncertainty about the
Unemployment Rate on each variable (DF-GLS Unit Root

Tests)

U per I GDP RER U IN_PR INT_RA CPI P
country TES
AUSTRALI (_)** - (+)* (+)* - (_)*** - -
A 12 lags 4 lags 12 lags 12 lags
CANADA - - - (_)* - - - -

4 lags
GERMAN - - - (+)* - NA - -
Y 4 lags

(_)**

12 lags
GREECE NA NA NA NA NA NA NA NA
RELAND [ @ |- O™ O | NA [ O[O

8 lags 8&12 2*%* & 4* 4 lags 4 lags
lags lags
NETHERL - - - (_) - NA - -
ANDS 8** & 12*
lags

NEW - - - - - - - -
ZEALAND
NORWAY - - - (_|_)** (+) - (+)* (+)*

8 lags %K AF* 2 lags 2 lags

& 12** lags

SWEDEN - - - (_)** - - - -

4 lags
U.S.A. - - - (+)*** (+)*** - - -

4 lags 2,4,8& 12

lags

(*) indicates that this sign effect is statistical significant for 10%, (**) indicates that this sign
effect is statistical significant for 5% and (***) indicates that this sign effect is statistical
significant for 1%.

(+) illustrates a positive impact, (-) illustrates a negative impact and — represents the fact
that there was not at all any statistical impact of uncertainty over the macro-variables,
meaning that we couldn’t reject the null hypothesis, Ho.

In the second measure of uncertainty, the uncertainty about
unemployment rate which the results are represented in the Tables 2a, 2b,
and 2c, Australia has solely a negative impact on investment using the
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ADF and DF-GLS unit root test for 3 years period (12 lags) but in the
KPSS shows a strict positive impact. However, a noticeable exception is
found to be Greece, mainly using the first unit root test (see Table 2a).
For a 2 year period, Greece illustrates a negative relationship between
such uncertainty and investment.

GRAPH 4. AUSTRALIA (with DE-GLS)
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From mid 1983 to late 1985 there is a gradual rise caused by a
significant drop of the uncertainty about unemployment rate. From the
1989 to 1991 the negative impact of that uncertainty is observed more
easily however, in 2000 there is a noticeable trend. Small variations of
uncertainty are followed by huge variations of investment. Finally, when
Economic Crisis is introduced in Australia’s economy (2008), there is a
high volatility among real exchange rate producing a reverse aftermath in
the investment.
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GRAPH 5. GREECE (with ADF)
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Although the sample used to estimate Greece is considerable
small compared to the other countries, from late 1998 to 2009, the above
graph for Greece shows a negative relationship between the uncertainty
about unemployment rate and investment. From the beginning of the
sample, uncertainty and investment fluctuate but from mid-2001 to 2003
we can observe that as uncertainty reduces, investment increases. In
addition, in Greece’s graph there are marked some fluctuations on
unemployment rate uncertainty only in specific periods but this is
occurred by rapid fluctuations on investment.

Nonetheless, results for uncertainty about the natural
unemployment rate do not, in contrast, suggest that such variable has a
major and consistently negative effect on investment across the 10
examined countries.

TABLE 3a: The sign effect of GDP Uncertainty on each
variable (ADF Unit Root Tests)

GDP | RER GDP U IN. PR | INT_RA CPI P

per TES

country

AUSTRA 1 (-) - (B () | () - (-)* | (-)* 2lags

LIA Vi 4&8lags | 4&12 4 lags 2 lags (+)*
B & (e | s (% | s

127 lags 12 lags 4 lags
CANADA | ()** - ] (+)* () - - -
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2, 4%** 8 2 lags %% 4x*
& 12 lags 8* &
12*** |ags
GERMAN (_)*** - - (_)** - NA - -
Y 12 lags 4 lags
GREECE | - [ (= [ - - OF [ NA [ (] =
12 lags 8 lags 4 lags 4 lags
RELAND [ -y | T () [ - NA [ (o
8 lags 2% & 4** 4 lags 4 lags
lags
NETHER [ () | - : - OF [ NA [ O
LANDS | g g, 12 lags 2,48 | 2,4&8
12* lags 8** lags lags
(B | (o
12 lags 12 lags
NEw O - - [ & T [ [eo ] o
ZEALAN 4xx* B* 4 lags 4 lags 4 &8lags | 12 lags 12 lags
D & 12%*
lags
NORWA [ (pxg || () [ 0 - ® 0
Y lags 8&12 2%** 4F* x| 2% 4F* B
(+)* 12 lags Qx| Grx & 12** | & 12** lags
lags & 12* lags lags
SWEDEN - (+)* - (_|_)* (_)* - (+)*** (+)***
8 lags 4 lags 8 lags 2 lags 2 lags
US.A. (+) 2% - - - (+)* - - -
8*** & 12 lags
12*** lags
(_)** 4
lags

(*) indicates that this sign effect is statistical significant for 10%, (**) indicates that this sign

effect is statistical significant for 5% and (***) indicates that this sign effect is statistical

significant for 1%.

(+) illustrates a positive impact, (-) illustrates a negative impact and — represents the fact

that there was not at all any statistical impact of uncertainty over the macro-variables,

meaning that we couldn’t reject the null hypothesis, Ho.
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TABLE 3b: The sign effect of GDP Uncertainty on each

variable (KPSS Stationary Tests)

GDP I RER GDP U IN_PR INT_R CPI P
per ATES
country
AUSTRA (+)*** (+)*** (+)*** _ (_) - - -
LIA 4,8&12 |2,4&8* | 2,4&12 frw & g
lags lags lags lags
(_)***
8 lags
CANADA | ()= : : (+)* ()
2, 4%** 8 2 lags 2%k A** B*
& 12 Iags & 12%**
lags
GERMAN (_)*** - - (_)* - NA - -
Y 12 lags 12 lags
GREECE [ (= [ - [ O [ ™ O O
2 lags 2 lags 2%, 4** & 12 lags 12 lags
12** lags
IRELAND - (_)** - (+) - NA (_)** (_)**
8 lags 2% & 4** 4 lags 4 lags
lags
NETHER [ () | - - o™ o0
LANDS 8*** & 12 Iags 2***’ 2***’
12* Iags 4***’ 8** 4***’ 8**
& 12** & 12**
lags lags
e O Okl e O O O @
ZEALAN | gwx'g (+) 1270ags | 4**8*& | 22**& | 127ags | 12lags
D 12%*%* lags | g gsx 12* lags 4** |ags
& ’12***
lags
NORWA (== | e - O [ - O 0
Y 8 lags 8&12 8 lags 4% 8* & | 4%, 8*&
(+)* lags 12** lags | 12** lags
12 lags
SWEDEN - (+)* - (+)* (_)* - (+)*** (+)***
8 lags 4 lags 8 lags 2 lags 2 lags
U.S.A. (_) - - - (+)* - - -
2* &G*** 12 lags
lags
(+)***
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| 8&12 lags |

(*) indicates that this sign effect is statistical significant for 10%, (**) indicates that this sign
effect is statistical significant for 5% and (***) indicates that this sign effect is statistical
significant for 1%.

(+) illustrates a positive impact, (-) illustrates a negative impact and — represents the fact

that there was not at all any statistical impact of uncertainty over the macro-variables,

meaning that we couldn’t reject the null hypothesis, H.

TABLE 3c: The sign effect of GDP Uncertainty on each

variable (DF-GLS Unit Root Tests)

GDP I RER GDP U IN. PR | INT_R CPI P
per ATES
country
AUSTRA T () RO EE - o T or
LIA as Wil 4 & 8 lags 4 lags 28&4lags | 2&4
8*** & (_)*** (_)* lags
127 lags 12 lags 12 lags
CANADA (-)** - - (+)* ) - - -
2, 4%** 8 & 2 lags 2%F 4xF
12 lags 8* &
12*** Jags
GERMAN (_)* - - (_)*** - NA - -
Y 12 lags 12 lags
GREECE - - - - (_)*** NA - -
2,4 & 8**
lags
IRELAND - - - (+) (+)* 2 NA - -
2*%* & 4* lags
lags (-)*s
lags
NETHER - - - - )* NA - -
lags fFFrx 8’** 4***:
& 12** 8** &
lags 12**
lags
NEw O 1 -1 - 1T o1 - T o [
ZEALAN | grwx gx & 4 lags 4&8 | 12lags | 12 lags
D 12** lags lags
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NORWA T (-**glags [ - [ (+)** ] - O T - T.0T0
Y (+)* 12 |ags 8 & 12 2***, 2*’ 4**’ 2*’ 4**,
lags QFFx  GE* 8* & 12** 8* &
& 12* lags lags 12**
lags
SWEDEN - - - - - - - -
U.S.A. (+)*** - - - - (_) - -
8&12 lags 2**&12*
lags
(+)*
4 lags

(*) indicates that this sign effect is statistical significant for 10%, (**) indicates that this sign
effect is statistical significant for 5% and (***) indicates that this sign effect is statistical

significant for 1%.

(+) illustrates a positive impact, (-) illustrates a negative impact and — represents the fact

that there was not at all any statistical impact of uncertainty over the macro-variables,

meaning that we couldn’t reject the null hypothesis, Ho.

As a final measure of uncertainty, the GDP uncertainty, there are
observed some significant changes (Tables 3a, 3b and 3c). For instance,
with regards to the ADF and DF-GLS unit root tests, the same countries
illustrate negative impact in both tests and even they have the same
periods of affection. The only exception is USA according to the ADF
unit root test. Although in the KPSS the same six countries with ADF
show a negative impact of GDP uncertainty on investment, instead of
Australia, Greece also depicts such negative impact for a short period —
meaning 6 month period.

GRAPH 6. AYSTRALIA (with ADF & DF-GLS)
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To begin with, as GDP uncertainty gradually rises up from 1992
to 2012 investment fluctuates wildly in Australia. One major point worth
noting out is that investment fluctuates even before 1992 but much more
gentle although that time uncertainty is steady and close to zero.

GRAPH 7. CANADA (with ADF, KPSS & DF-GLS)
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Moreover, Canada shows a significant negative impact of GDP
uncertainty on investment, especially in the period from 2008 to 2010 and
a moderate impact from approximately 2001 to 2003.

GRAPH 8. GERMANY (with ADF, KPSS & DF-GLS)
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Moving to Germany’s graph, a similar negative relationship is
represented in 1999 as GDP uncertainty decreases and investment
dramatically rise. By contrast, when uncertainty starts to rise up,
investment shows an approximate stability. After this, uncertainty
becomes steady and only investment illustrates a slight trend from 2006
to 2012.

GRAPH 9. NETHERLANDS (with ADF, KPSS & DFE-GLYS)
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As far as Netherlands graph, two major points are noticeable,
from 2000 to 2002 and from 2008 to 2011. The first point shows that
when uncertainty grows mildly (roundly 2), investment dives rapidly
(becoming negative). The last point represents the fact that when
uncertainty reaches a peak, investment hits the lowest point. Hence, both
points declare the negative relationship between uncertainty-investment.

GRAPH 10. NEW ZEALAND (with ADF, KPSS & DF-GLS)
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Looking the above graph of New Zealand we can export the
following result. The marked fluctuations strongly affect investment as
years pass. So, uncertainty in New Zealand not only harms the business
cycle by having a negative impact on investment. Hence, the more
uncertain is the environment about the real GDP, the less investment will
become in this country.

GRAPH 11. NORWAY (with ADF, KPSS & DF-GLYS)
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An interesting result is given by Norway. Although GDP
uncertainty has an upward trend, from 2007 until 2011, there are some
small variations in the level of uncertainty but after this continuous its
rising trend. However, it is noticeable that in this period investment is
considerably affected. It reaches the lowest point, mainly in the end of
20009.

GRAPH 12. USA (with ADF, KPSS & DF-GLS)
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The last graph that illustrates the negative impact of uncertainty
on investment is given by USA. From 1980 to 1997, investment remains
steady but afterwards fluctuates. In 1997 as uncertainty shows an upward
trend only then investment starts to be affected negatively. Finally, in
2000 when we observe the same trend, investment does not show to be
affected in such significant way as before.

Overall, GDP uncertainty is negatively correlated with investment
and such uncertainty provides much more efficient and consistent results
in order to examine investment and even understand the business cycle.

4.3.2 The Impact of Uncertainty on GDP

We then test for the effect of macroeconomic uncertainty on real
GDP and according to theory it is expected to show a negative
relationship with the macroeconomic uncertainty. Firstly, when the
measure of uncertainty is given by real exchange rate, Canada represents
such negative relationship in all three unit root tests. Australia is seen to
have that effect in KPSS and DF-GLS unit root tests, Greece in ADF and
Ireland only in DF-GLS unit root test. However, some of the
aforementioned countries show even positive relationship in each unit
root test. New Zealand and Norway seem to have that relationship in all
three unit root tests (see Tables 1a, 1b and 1c).

In addition, in the second measure of uncertainty, only Ireland and
Sweden depict an impact on GDP. Looking closely to Tables 2a, 2b and
2c, only Ireland and Sweden show either positive or negative impact in
each unit root test and finally, there are differences in the lags that the
variable is affected by the macroeconomic uncertainty.

Lastly, in the final uncertainty measure only 3 countries have been
found to have either positive or negative impact on GDP in all estimated
unit root tests, Australia, Greece and Norway (see Tables 3a, 3b and 3c).
According to our results, most frequent sign effect respect to the tested
lags is positive. So, the outcome of this observation is that the
relationship between uncertainty about GDP and real GDP is positive
mostly. However, for some lags it may be negative.
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4.3.3 The Impact of Uncertainty on Unemployment

Rate

Another variable that we examine its relationship with the
macroeconomic uncertainty is unemployment rate which must be positive
iIf we follow the theory but certainly there will be some differences in the
sign effect and the time period which each country is affected.

Although Ireland and Sweden are affected negatively by real
exchange rate uncertainty in all three unit root test and in the same time
period, Greece show a slight difference because in ADF unit root test
begins with a negative sing effect at least a year period. In two-year
period, it has the opposite sign effect. Also there are two countries such
as Germany and Netherlands which their unemployment rate is affected
positively by the real exchange rate uncertainty.

In addition, the correlation between unemployment uncertainty
and unemployment rate differentiated not only from the sign (positive or
negative) but also from the lags and even the unit root tests. For instance,
Norway shows a positive correlation according to ADF and KPSS unit
root tests for 2 and 4 lags although in DF-GLS unit root test has a positive
correlation but for 8 lags. In the same rate, we can see that are Germany
and Sweden. Canada, Ireland and Netherlands have negative impact while
Australia and USA positive. However, the time of affection (lags) differs
among the above countries. Greece and New Zealand are the only ones
with no evidence of any sign effect.

Lastly, the uncertainty about GDP only has positive impact on
unemployment rate in New Zealand and Canada in all three unit root tests
by contrast to Germany. Other countries like Australia, Greece, Ireland
and Sweden are also found to be positively related but there are
practically differences in the time period that they affected (lags). Our
findings are represented with more details in the Appendix.
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4.3.4 The Impact of Uncertainty on Real Exchange
Rate

To begin with the first uncertainty measure, real exchange rate
uncertainty, it can be seen that a correlation between such uncertainty and
real exchange rate is basically positive except for Germany (negative).
The only difference in these countries is based on the lags which have
been found in response to Granger-Causality test. However, no evidence
for any sign effect has been found to Greece, Ireland, Netherlands,
Norway and Sweden.

Meanwhile, as uncertainty is measured by unemployment rate
only two countries show a relationship between the latter uncertainty and
real exchange rate. Australia has a positive relationship in two unit root
tests in a year period and Netherlands has negative relationship in the half
period compared to Australia (in KPSS stationary tests). For more
specific details check Tables 2a, 2b and 2c in the Appendix.

However, when the measure of macroeconomic uncertainty is
uncertainty in GDP only in the first unit root tests we find sign effects
among the examined countries. As it is seen from Table 3a, Greece and
Ireland show negative effect of GDP uncertainty on real exchange rate for
long time periods, 3 and 2 years respectively. Finally, from Table 3b
Australia is affected positively for short and long time period, Ireland
negatively for two-year period (8 lags) but New Zealand begins with a
negative sign effect for a six-month time period (2 lags) and its sign
changes for longer time period (4, 8 and 12 lags). Sweden in both first
unit root tests shows a strong positive impact among the two variables for
the same time period (8 lags). Nevertheless, we cannot tell which sign
effect follows exactly theory because such topic is a controversial issue
among the researchers.

49



4.3.5 The Impact of Uncertainty on Industrial

Production, Interest Rates, CPI and Inflation

Looking closely to all nine tables that there illustrated the results
on the rest variables, we observe that some countries follow the theory
and others don’t. According to empirical studies, positive impact of
macroeconomic uncertainty is expected to be only on interest rates (Bo &
Sterken, 2001) and the reverse aftermath on industrial production, CPI
and inflation (Mullineaux, 1980; Grier & Perry, 2000; Fountas,
Karanasos and Km, 2006). So, many countries follow such results.
However, there are other countries that show a reverse outcome in sign
effect and lags.

On the contrary, there are several countries which do not represent
any impact in either measure of the macroeconomic uncertainty. Of
course, we have not been pessimistic when it was observed that some
countries are not found to follow precisely the theory. For instance, in
Table 2¢, in Greece, we didn’t proceed to estimate a GARCH model
because unemployment rate wasn’t a stationary variable and so there are
not any sign effects on these variables using DF-GLS unit root test.
Hence, Greece is not affected by the uncertainty about the real
unemployment rate.
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5. A comparison with other empirical studies

The sign of uncertainty’s overall effect is therefore ambiguous.
According to our findings macroeconomic uncertainty negatively and
significantly correlated with investment in long-run periods for roughly
all 10 countries. In several papers there are found similarities with our
estimations, although each author uses different hypothesis and models
for estimating the uncertainty and investment.

The basic paper that we follow as well in the empirical part is the
one written by Serven (1998). The implied estimations from our current
work are consistent with those found in Serven’s work. We both estimate
macroeconomic uncertainty using GARCH model. Also a major
similarity is found to be the fact that we both use as measure of
uncertainty the real exchange rate and GDP. So, basically not only we
have same results but also in our work there are only slight differences in
the procedure. A basic difference is that Serven shows the negative effect
of macroeconomic uncertainty on private investment, after controlling for
the standard investment determinants. However, in our study we just use
the aggregate investment in order to identify such relationship.

Moreover, Serven uses 5 economic variables: inflation, terms of
trade, exchange rate, relative price of capital and GDP, and these
variables are used to estimate uncertainty respectively. In our work we
have only 3 measures of uncertainty: exchange rate uncertainty,
unemployment rate uncertainty and GDP uncertainty.

Byrne and Davis (2004) use a diversity of measures of uncertainty
but their major outcome is that exchange rate uncertainty is detrimental to
investment for the G7, being US, Canada, Japan, UK, Germany, France
and Italy. Although the authors have panel data, they use GARCH models
in order to estimate the uncertainty. As in our work, the aforementioned
authors, also, use a variety of unit root tests.

In addition, our results about the relation between exchange rate
uncertainty and unemployment rate are consistent with a number of other
studies. Especially, this positive relationship is discussed in a research
paper by Feldmann(2011) and by Belke and Gros(2001). For instance,
Feldmann (2011) indicates that higher exchange rate uncertainty
increases the unemployment rate. The latter authors found that the
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temporary increase in exchange rate volatility can induce firms to
postpone the creations of jobs since volatile exchange rates raise the

uncertainty of future earnings and thus the ‘option value of waiting’
(Dixit, 1989).

Price (1995 & 1996) and other researchers conduct some similar
tests about autocorrelation, serial correlation and non-normality among
residuals. Also, Price uses the conditional variance of GDP as a proxy of
uncertainty and finds a negative relationship between uncertainty and
investment using a GARCH (1, 1) model. Of course, this outcome is
consistent with our findings for the majority of the estimated countries in
all three measures of uncertainty. However, some countries sometimes
might choose and the rest implied GARCH models. This depends
absolutely on the unit root test that is used.

In the same rate are the surveys of Pattillo (1998), Drakos (2005)
and Drakos and Goulas (2010). All these authors find a negative
correlation in the latter variables but the only difference is that Pattillo
uses firm level panel data while the rest of the authors use cross sectional
data. Although our findings again are consistent with theirs, a major and
significant difference is that the above authors compute their estimations
with regards to the irreversibility of capital. So, if investment is
irreversible, it is much more certain to find such relationship between
uncertainty and investment. Hence, according to Pattillo, firms proceed to
invest if firms take into account the irreversibility of investment.

Moreover, when the measurement of uncertainty in our
estimations is determined by unemployment rate, our results are found to
be similar with the works of Mullineaux (1980) and Hayford (2000).
Especially, both writers use a Granger Causality framework in order to
identify the correlation between uncertainty and any economic variable.
A similar framework we use in our paper in order to proceed to find the
sign effect. Also we prefer testing for 2 lags and more for each macro
variable such as the study of Mullineaux. Furthermore, Hayford (2000)
shows that unemployment uncertainty is positively correlated with
inflation and considerable rises in both inflation uncertainty and
unemployment uncertainty have a temporal negative impact on output
growth or a similar effect on real GDP growth. Based on our results,
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Greece, USA and Norway are found to have such impact (see Tables 2a
and 2c, respectively).

A considerable difference based on our results and several papers
Is found to be into the research of Golberg (1993) who also finds a
negative relationship between exchange rate uncertainty and aggregate
investment category but the author identifies such relationship merely
with the sub periods of the 1970s and 1980s examined separately.

In contrast to our results about US, Darby et all. (2000) found that
the effect of exchange rate uncertainty on investment is positive. This can
be interpreted probably because of the different measure of uncertainty
and the fact that the authors do not allow for separate volatility and
misalignment effects.

Another observable difference with other studies is that the results
conducted by unemployment uncertainty are not helpful in order to
explain the economic activity and find an optimal policy under
uncertainty but as Wieland (1998) shows mainly this can happen if
uncertainty is given by the parameters of the Phillips curve. Furthermore,
author highlights that if short-run inflation-unemployment tradeoff and
natural unemployment rate exist, then the findings are useful to find an
optimal policy.
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6. Conclusions

Real Option theory and several surveys demonstrate the
relationship between uncertainty and investment as negative. In this paper
it is estimated that macroeconomic uncertainty has mostly a negative
Impact on investment but a further investigation is the relationship
between such uncertainty and other macroeconomic variables helping us
to fully understand economic activity in different countries.

Overall, pretty much all countries are affected by macroeconomic
uncertainty in our empirical analysis. A GARCH (1, 1) model is mostly
used in order to explain better and more precise each measure of
uncertainty. Of course, according to Bollerslev (1986) a GARCH (1, 1) is
the most used model in theory and a variety of papers. In contrast, there
are some countries which their lag structure of using a GARCH model
changes by the minimized Schwartz information criterion (SIC). Even
though we use two powerful unit root tests, KPSS and DF-GLS, only the
first one gives us significant results when we expected the latter to show
marked results because it has more power than the other one. We can say
that KPSS stationary test shows greater and more accurate findings,
according to our study. However, Canada is the only country that has the
same results in all three unit root tests.

Looking closely to the Tables that are referred to KPSS unit root
test, especially, when we examine the correlation with real exchange rate
uncertainty and investment approximately all the countries show such
correlation, positive or negative, except for Germany, Greece and USA.
When macroeconomic uncertainty is captured by unemployment
uncertainty, merely Australia shows a positive impact but in the last
measure of uncertainty, GDP uncertainty, only Ireland and Sweden do not
have results for such correlation. Moreover, almost the same findings can
be carried out for the other macroeconomic variables as we examined
their relationship with macroeconomic uncertainty.

Results for uncertainty about the natural unemployment rate do
not, in contrast, suggest that such macroeconomic variables have a major
and consistently negative effect on investment across the 10 examined
countries. Some results following economic theory are found when we
use Augmented Dickey-Fuller unit root test.
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Finally, in the last measure of macroeconomic uncertainty
conducted from the conditional variance of GDP, we can interpret those
findings as better from the previous two measures because roundly every
country illustrates an impact on the implied variables.

Great issues for further investigation are based on our results to
use the hypothesis which investment is irreversible and also sectoral data.
Such applications might give us more accurate or different estimations
even for countries where we found no significant impact of
macroeconomic uncertainty, such as USA.
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7. Appendix

In our study the estimated variables are illustrated in the tables

with their initial letters such as:
RER is the Real Exchange Rate,

I is Investment,

GDRP is the Gross Domestic Product
U is Unemployment rate,

CPI is the Consumer Price Index,
IN_PR is the Industrial Production
INT_RATES are the Interest Rates.

TABLE Al: AUGMENTED DICKEY-FULLER UNIT

ROOT TEST- P-VALUES

AUSTRAL CANADA GERMAN GREECE IRELAND NETHERL NEW NORWAY SWEDEN USA
1A Y ANDS ZEALAND
RER: level 06672 0.7442 0.6931 0.0979**  0.6353 0.2380 0.2077 0.0185* 0.1000 0.3706
15t 0.0000* 0.0000* 0.0000* 0.0006*  0.0003* 0.0000* 0.0000* 0.0001* 0.0000*
differences
2nd
differences
I - level 1.0000 0.9812 0.5400 0.4662 0.2417 0.5329 0.9237 0.9949 0.7384 0.3501
1t 0.0000* 0.0001* 0.0000* 0.3233 0.3046 0.0002* 0.0000* 0.0023* 0.0153* 0.0000*
differences
ond 0.0000*  0.0000*
differences
GDP: level 10000 0.9765 0.4719 0.1998 0.2986 0.5921 0.9999 1.0000 0.9557 0.1467
1t 0.0000* 0.0000* 0.0000* 0.8035 0.2355 0.0008* 0.0079* 0.0087* 0.0000* 0.0000*
differences
e 0.0001*  0.0000*
differences
U - level 0.6470 0.2994 0.0850%* 0.8396 0.9693 0.0028* 0.2157 0.0450* 0.3026 0.0223*
1t 0.0002* 0.0126* 0.0482* 0.9998 0.0007* 0.0069* 0.0786**
differences
ond 0.0000* 0.0000*
differences
CPI: level 09261 0.9994 0.9917 0.9769 0.2900 0.9523 0.9856 0.0004* 0.9802 0.9252
1t 0.0000* 0.0000* 0.0000* 0.0005*  0.0083* 0.0911** 0.0000* 0.0018* 0.0000*
differences
e 0.0001*
differences
IN PR: 0.5643 0.3944 0.5340 0.9745 0.0028* 0.6561 0.5120 0.2616 0.1137 0.7717
level
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1t 0.0000% 0.0003* 0.0000% 0.0000% - 0.0000* 0.0906** 0.0000* 0.0009* 0.0000*
differences

2nd - N - - - - 0.0000* - - -
differences

INT RAT 05605 0.4945 NA NA NA NA 0.1055 0.7175 0.1549 0.4174
ES: level

15t 0.0000% 0.0000% NA NA NA NA 0.0000* 0.0000* 0.0000* 0.0000*
differences

ond - - NA NA NA NA - - - -
differences

(*) indicates that the variable is stationary for 5% level of significance and (**)
indicates that the variable is stationary for 10% level of significance.
AUSTRAL CANADA GERMAN GREECE IRELAND NETHERL NEW NORWAY SWEDEN USA
1A Y ANDS ZEALAND

RER: level 05896 0.8107 0.6500 0.1309 0.6032 0.2485 0.3326 0.0717**  0.1347 0.3882
1%t 0.0000% 0.0000% 0.0000% 0.0004*  0.0004* 0.0000* 0.0000* 0.0000* 0.0000* 0.0000*
differences

2nd _ _ _ _ _ _ _ _ _ _
differences

I - level 1.0000 0.9828 0.5423 0.3872 0.6717 0.5429 0.9237 0.9792 0.0018* 0.6536
1t 0.0000% 0.0026* 0.0000% 0.0000*  0.0000* 0.0000* 0.0000* 0.0000* = 0.0000%
differences

2nd _ _ _ _ _ _ _ _ _ _
differences

GDP: level 1.0000 0.9790 0.4625 0.1842 0.0306* 0.7574 0.9999 0.9995 0.6505 0.0131*
1%t 0.0000% 0.0013* 0.0000% 0.0000%* - 0.0006* 0.0000% 0.0000* 0.0001* -
differences

2nd _ _ _ _ _ _ _ _ _ _
differences

U . |EVE| 0.3704 0.0344* 0.3838 1.0000 0.9651 0.5493 0.3767 0.0879** 0.1333 0.2101
:|_5t 0.0000* 0.0001* 0.0001* 0.0042* 0.0010* 0.0000* 0.0000* 0.0000* 0.0000* 0.0000*
differences

2nd - _ - - - - - - - -
differences

CPI: level  0.8890 0.9998 0.9919 0.8107 05113 0.9641 0.9774 0.0002* 0.9723 0.8937
:|_St 0.0000* 0.0000* 0.0000* 0.0000* 0.0014* 0.0000* 0.0000* - 0.0000* 0.0000*
differences

2nd _ - _ - - - - - - -
differences

IN PR: 0.4016 0.4048 0.6939 0.9779 0.1394 0.6627 0.6760 0.3574 0.2099 0.8718
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level

1t 0.0000% 0.0029* 0.0000% 0.0000*  0.0000* 0.0000* 0.0000* 0.0000* 0.0008* 0.0000*
differences

2ﬂd - - - - - - - - - -
differences

INT RAT 04210 0.4323 NA NA NA NA 0.0851%* 0.7938 0.0986**  0.2013
ES: level

15t 0.0000% 0.0000% NA NA NA NA 0.0000* 0.0000* 0.0000% 0.0000*
differences

e - - NA NA NA NA - - - -
differences

(*) indicates that the variable is stationary for 5% level of significance and (**)
indicates that the variable is stationary for 10% level of significance.
LM AUSTRAL CANADA GERMAN GREECE IRELAND NETHERL NEW NORWAY SWEDEN USA
1A Y ANDS ZEALAND

STAT.

RER: level 0306794 0765578  0,651208 0.785981  0.632452  0.320607*  0.249142*  0.282414* 0505501  0.412659*
1%t - 0.356835*  0.082656* 0490357  0.267197* - - - 0.151468* -
differences

e - - - 0.066971 - - - - - -
differences

| |eve| 1.214857 1.201521 0.794956 0.207096 0.224452* 1.001299 1.139173 1.262431 0.966734 0.840620
1t 0.842113 0.115207*  0.152723* - . 0.208799*  0.150737*  0.202815%  0.247413*  0.080985*
differences

ond 0.097642* - - - - - - - - -
differences

GDP: level 1.251360 1.218005  0.607165 0.659276 0741860  1.127428 1.204524 1.343432  1.001523  0.379252*
:|_5t 1.128716 0.085218*  0.106531* 0.324519 0.758568 0.219918* 0.554649 0.419693* 0.266262* -
differences

2“d 0.179758* - - - 0.157168* - 0.045070* - - -
differences

U : |EVE| 0.852136 0.319208*  0.439295* 0.318688 0.591381 0.180969* 0.519979 0.228741* 0.409815* 0.274917*
:|_St 0.093990* - - - 0.515499 - 0.176404* - - -
differences

ond - - - - 0.272555* - - - - -
differences

CPI: |EVE| 1.291829 1.230719 0.173111* 0.887857 0.894877 1.147568 1.208513 1.383138 0.989296 1.415800
:|_St 0.159055* 0.319208* - 0.156552 0.217981* 0.070976* 0.228182* 0.846753 0.091265* 0.067847*
- *

differences
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ond . - - : - : - 0.053873* - -

differences

IN PR: 1.271150 1216131  1.103564 0534067  0.834894  1.239588 1.067395 1.084217 0504343  1.354904

level

15t 0.257179*  0.268765* 0.031389*  0.392441  0.391229*  0.050571*  0.140608*  0.744772  0.099249*  0.103347*
. *

differences

ond . . . . . - - 0.177818* - -

differences

INT RAT 0963976 0.853065  NA NA NA NA 0.913184 1.053712  0.147007* 1.047610

ES: level

15t 0.056860*  0.037788* NA NA NA NA 0.175446*  0.104680* - 0.086961*

differences

e - - NA NA NA NA - - - -

differences

(*) indicates that the variable is stationary for 5% level of significance and (**)
indicates that the variable is stationary for 10% level of significance.
We have the LM Statistics and the critical values per level of significance are:
p g
1% 0.739000
5% 0.463000
10% 0.347000
And we are still going to use the same notation as it is aforementioned.
AUSTRAL CANADA GERMAN GREECE IRELAND NETHERL NEW NORWAY SWEDEN USA
1A Y ANDS ZEALAND

RER: level 1022513  -1106946 -0.347722  -0.490506 -1.027306 - 2214900  -2.180864* -1.563804 -

— 1.767160%* 1.774900*
1%t -9.381543% - -6.352402% - -4.228750%  -6.839851* - - - -8.033001*
: 5.120873* 3.982440 5.146130*

differences *

2nd _ _ _ _ _ - - - - _

differences

I - level 5.930382 1.646582  -0.801427  -1.294919 -1.436244  -0.006008  1.047166 1.841395 0425832  -1.602611

1t -4.853902% - -8.720738*  -1.387837 -1.930315% -3.434475*  -3.426147* -3.686670* -1.017248  -6.095987*
. 5.106357*

differences

ond - - - -0.692337 - - - - 0503842 -

differences

GDP: level 3227649 1.935099  -1.306417 - -0.296189  0.491430 1.604019 2340505  0.866464  -2.192384*

i 2.744041

*

1t -4.654848% - -8.571492% - -1.949708* -3.395128*  -3.177864*  -3.736056*  -0.842627 -
. 6.282447*

differences

e - - - - - - - - 0373922 -

differences

U - level 1321390  0.079081  -2.673610*  -1.392739  -0.196491  -3.798487*  -1.504578  -1.533367  -1.606491  -2.889747*
1t 0508786  -2.90170* - 2570805  -3.626546* - -3.528338%  -3.199647* - =

1.710134*
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differences
2ﬂd

differences
CPI: level

1St
differences
2nd
differences
IN PR:
level

1St
differences
2I’1d
differences
INT RAT
ES: level

1St
differences
2nd
differences

*

- -0.928106 -
1.680490** 4.843066*
2.402416 0.849832 1.627802 -0.237988  0.295583 0.925425 3.078421 0.883318 0.854658 1.925396
-4.280683* - - - -3.456628*  -2.171542*  -6.348608*  -2.270390* - 0.912566
2.825672*  1.623858**  2.359738 3.172899*
*
14.15984* -0.445274
1.181033 0.645105 -0.583083 0.288291  0.207715 0.006901 -0.574887 0.183049 -1.437956  0.643046
-0.932540 - -5.192227* -3.957390*  -8.739887*  -0.829075 -14.97511* - -2.221740*
4.458201* 8.089094 4.321867*
*
-0.159399 0.139114
-0.452128 -1.231162  NA NA NA NA 0.003735 -0.948882 - 0.069158
2.343820*
-2.615057* - NA NA NA NA -6.313500*  -9.374189* -2.226890*
6.202098*
NA NA NA NA = = = =

(*) indicates that the variable is stationary for 5% level of significance and (**)
indicates that the variable is stationary for 10% level of significance.

We have the Elliot-Rothenberg-Stock DF-GLS test statistics and the critical values per level of
significance are:

1% -2.584055

5% -1.943471

10% -1.614984

And we are still going to use the same notation as it is aforementioned.

In Australia, industrial production is stationary in its 3" differences, -9.076639*.

In Greece, investment and unemployment rate are not stationary variables, in New Zealand
industrial production is not stationary variable, in Sweden investment and GDP are not
stationary and in USA CPI and inflation are not stationary.
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TABLE Bl: ESTIMATED GARCH MODELS OF THE
REAL EXCHANGE RATE UNCERTAINTY (ADF UNIT

ROOT TESTYS)
Coefficients in variance equation
MODEL 4 0.6) Bl BZ
AUSTRALIA AR(1)-GARCH(1,1)+!  0.045348 -  0.905624 -
(0.3161) (0.0000)*
CANADA AR(1)-GARCH(1,1) ' 0.171451 - 0.769815 -
(0.3374) (0.0008)*
GERMANY AR(4)-GARCH(1,1) >  -0.080613 -  1.059845 -
(0.0000)* (0.0000)*
GREECE AR(3)-GARCH(1,2) ! -0.211642 -  0.283477 0.168017
(0.0494)* (0.6662)  (0.7495)
IRELAND AR(1)-GARCH(1,1) >  -0.193376 -  1.062299 -
(0.0000)* (0.0000)*
NETHERLANDS AR(4)-GARCH(1,1) >  -0.095309 -  1.092291 -
(0.0362)* (0.0000)*
NEW ZEALAND AR(1)-GARCH(2,1) «>  0.407521 0.436304 -0.897634 -
(0.0506)** (0.0217)* (0.0000)*
NORWAY AR(1)-GARCH(1,1) ' 0.339100 - 0.483027 -
(0.2144) (0.0793)**
SWEDEN AR(1)-GARCH(1,1) > 0.690905 - 0.073382 -
(0.0461)* (0.8416)
USA AR(1)-GARCH(1,1) +>  -0.037982 - 1.029807 -
(0.0000)* (0.0000)*

(*) indicates that the coefficient is statistically significant for 5% level of significance and
(**) indicates that the coefficient is statistically significant for 10% level of significance.

(1) shows that in this GARCH model the student’s t distribution is used and (*2) shows that
in this GARCH model the Generalized Error Distribution (GED) is used.

For Canada, the model which fits better is the 2™ Best model.

For Norway, the model which fits better is the 3" Best model.
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TABLE C1: ESTIMATED GARCH MODELS OF THE
UNCERTAINTY ABOUT UNEMPLOYMENT RATE
(ADF UNIT ROOT TESTS)

Coefficients in variance equation

MODEL (18] a, Bl BZ
AUSTRALIA AR(4)-GARCH(L,1)+! 0.697843 -  -0123042 -
(0.0019)* (0.2919)
CANADA AR(4)-GARCH(L,1) ' 0.669914 - 0218188 -
(0.0676)** (0.3948)
GERMANY AR(4)-GARCH(2,1) > -0.045390 -0.023027 0.321785 -
(0.0000)* (0.8697) (0.8413)
GREECE AR(4)-GARCH(L,1)+? -0.112662 - 0.610837 -
(0.0189)* (0.3588)
IRELAND AR(3)-GARCH(2,1) +!  0.291002 0.621412 -0.324969 -
(0.3155)  (0.0584)** (0.3651)
NETHERLANDS  AR(1)-GARCH(1,1)+2 -0.172174 - 1.008863 i
(0.0000)* (0.0000)*

NEW ZEALAND  AR(4)-GARCH(2,2) +> 0.260301 -0.282843 0.300250 0.649489
(0.0253)* (0.0095)* (0.2392)  (0.0098)*

NORWAY AR(3)-GARCH(2,2) > 0.011913 0.314081 0.036790 0.609265
(0.8284) (0.0757)** (0.6400) (0.0000)*

SWEDEN AR(4)-GARCH(2,1) «* 0.391923 0.629520 0.244598 -
(0.4355) (0.0613)**  (0.0550)**

USA AR(4)-GARCH(L,1) +> 0.676901 - -0.239540  0.154045
(0.0000)* (0.0265)*  (0.1818)

(*) indicates that the coefficient is statistically significant for 5% level of significance and
(**) indicates that the coefficient is statistically significant for 10% level of significance.

(x1) shows that in this GARCH model the student’s t distribution is used and (*2) shows that
in this GARCH model the Generalized Error Distribution (GED) is used.

For Germany, USA and Sweden the models are the 2" best.
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TABLE D1: ESTIMATED GARCH MODELS OF THE
GROSS DOMESTIC PRODUCT (GDP) UNCERTAINTY

(ADF UNIT ROOT TESTS)

Coefficients in variance equation

MODEL
AUSTRALIA AR(2)-GARCH(1,2)+?
CANADA AR(1)-GARCH(1,2) «'
GERMANY AR(1)-GARCH(1,1) *
GREECE AR(3)-GARCH(2,1) +!
IRELAND AR(3)-GARCH(2,2) «*
NETHERLANDS AR(2)-GARCH(2,2) «*
NEW ZEALAND  AR(3)-GARCH(2,2) «*
NORWAY AR(4)-GARCH(L,2) +2
SWEDEN AR(4)-GARCH(1,1) +!
USA AR(2)-GARCH(1,1) +2

aq
-0.004532
(0.3590)
-0.060136
(0.0000)*
-0.023952
(0.0046)*

0.639155 0.753926

(0.2141)

(0.0139)*

104/}

B1
0.791037

(0.0000)*
0.789366

(0.0000)*
0.463839
(0.5197)
-0.544701

(0.0572)** (0.2977)
-0.115690 0.177723 0.648178

(0.3990)

(0.1964)

0.578559 0.128405 0.048887

(0.0771)** (0.7902)

0.062362
(0.0000)*
-0.066257
(0.0000)*
0.147516

(0.0139)*
1.154843

(0.1279)

(0.9282)

0.035100 0.829509
(0.0540)** (0.0000)*

0.507000
(0.0000)*

-1.033242
(0.0000)*

-0.244006
(0.0002)*

B2
0.303232

(0.0000)*
0.344446
(0.0013)*

-0.645791
(0.3035)
-0.275846
(0.1751)
-0.983437
(0.0000)*
0.625056
(0.0000)*

(*) indicates that the coefficient is statistically significant for 5% level of significance and
(**) indicates that the coefficient is statistically significant for 10% level of significance.

(1) shows that in this GARCH model the student’s t distribution is used and (*2) shows that
in this GARCH model the Generalized Error Distribution (GED) is used.

For Norway and USA the models are the 2™ Best.

For Australia the model is the 3™ Best.

For Canada and Netherlands the models are the 4™ Best.
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TABLE B2: ESTIMATED GARCH MODELS OF THE

REAL EXCHANGE RATE UNCERTAINTY (KPSS
STATIONARY TESTYS)

Coefficients in variance equation

MODEL (087 (0.8 Bl BZ
AUSTRALIA  AR(1)-GARCH(1,1)+> 0080327 - 0.666464 i
(0.4586) (0.0800)**
CANADA AR(1)-GARCH(L,1) !  0.171451 i 0.769815 i
(0.3374) (0.0008)*
GERMANY AR(4)-GARCH(L,1) ' -0.140096 - 1.120915 i
(0.1527) (0.0000)*
GREECE AR(2)-GARCH(L,1)+? -0.206797 - 0.439431 i
(0.0673)** (0.5015)
IRELAND AR(1)-GARCH(1,1) s> -0.193376 - 1.062299 i
(0.0000)* (0.0000)*
NETHERLANDS AR(4)-GARCH(22)+2 0035218 -0.152864  -0.069857  -0.779379
(0.6963)  (0.0907)**  (0.6014) (0.0000)*
NEW ZEALAND AR(2)-GARCH(1,1)+2 0.468106 } 0.004058 i
(0.0482)* (0.9889)
NORWAY AR(1)-GARCH(1,1)s! 0339100 - 0.483027 i
(0.2144) (0.0793)**
SWEDEN AR(1)-GARCH(1,1) +  0.690905 i 0.073382 i
(0.0461)* (0.8416)
USA AR(2)-GARCH(L1)+*  -0.036927 - 1.029151 i
(0.0612)** (0.0000)*

(*) indicates that the coefficient is statistically significant for 5% level of significance and
(**) indicates that the coefficient is statistically significant for 10% level of significance.

(1) shows that in this GARCH model the student’s t distribution is used and (*2) shows that
in this GARCH model the Generalized Error Distribution (GED) is used.

For Canada, the model which fits better is the 2" Best model.

For Norway, the model which fits better is the 3" Best model.
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TABLE C2: ESTIMATED GARCH MODELS OF THE

UNCERTAINTY ABOUT UNEMPLOYMENT RATE
(KPSS STATIONARY TESTYS)

Coefficients in variance equation

MODEL
AUSTRALIA AR(4)-GARCH(1,1)=*
CANADA AR(4)-GARCH(1,1) «'
GERMANY AR(1)-GARCH(L,1) #2
GREECE AR(2)-GARCH(L,2) +!
IRELAND AR(3)-GARCH(2,1) +!
NETHERLANDS AR(1)-GARCH(1,1) «*
NEW ZEALAND AR(3)-GARCH(1,2)
NORWAY AR(3)-GARCH(2,2) *2
SWEDEN AR(1)-GARCH(1,1) «2
USA AR(4)-GARCH(1,2)+2

q

0.697843
(0.0019)*
0.669914

(0.0676)**

-0.054611
(0.0437)*
-0.181639
(0.1319)
0.291002
(0.3155)
-0.196460
(0.0350)*
0.517637
(0.0067)*
0.011913
(0.8284)
-0.069825
(0.1586)
0.676925
(0.0000)*

(6] B1
- 0.123042

(0.2919)

- -0.218188
(0.3948)

- 0.762360
(0.0312)*

; 1.133194
(0.0369)*

0.621412  -0.324969
(0.0584)** (0.3651)
- 1.078878
(0.0000)*

- -0.167382
(0.0049)*

0.314081  0.036790
(0.0757)**  (0.6400)
- 1.061206
(0.0000)*

- -0.171255
(0.0261)*

B2

-0.531703
(0.3863)

0.447956
(0.0003)*
0.609265
(0.0000)*

0.154045
(0.1822)

(*) indicates that the coefficient is statistically significant for 5% level of significance and
(**) indicates that the coefficient is statistically significant for 10% level of significance.

(1) shows that in this GARCH model the student’s t distribution is used and (*2) shows that
in this GARCH model the Generalized Error Distribution (GED) is used.

For Canada and USA, the models which fit better are the 2" Best models, for Ireland is the 9"

Best model.
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TABLE D2: ESTIMATED GARCH MODELS OF THE

GROSS DOMESTIC PRODUCT (GDP) UNCERTAINTY

(KPSS STATIONARY TESTYS)

Coefficients in variance equation

MODEL (087 (0.8 Bl BZ

AUSTRALIA AR(3)-GARCH(2,1)+> 0227561  0.618867  0.905624 i
(0.1805)  (0.0951)**  (0.9322)

CANADA AR(1)-GARCH(1,2) «'  -0.060136 i 0.789366  0.344446
(0.0000)* (0.0000)*  (0.0013)*

GERMANY AR(1)-GARCH(1,1) ! -0.023952 - 0.463839 i
(0.0046)* (0.5197)

GREECE AR(3)-GARCH(L,1) +2  0.051185 i 0.283477 i
(0.7676) (0.0000)*

IRELAND AR(3)-GARCH(2,2) ! -0.115690  0.177723  0.648178  -0.645791
(0.0139)*  (0.3990)  (0.1964) (0.3035)

NETHERLANDS AR(2)-GARCH(22)+2 0578559  0.128405 0048887  -0.275846
(0.0771)**  (0.7902)  (0.9282) (0.1751)

NEW ZEALAND AR(2)-GARCH(1,1)+? 0.345282 i -0.376053 i
(0.0373)* (0.0771)%*

NORWAY AR(4)-GARCH(1,2) s> -0.066257 - 0507000  0.625056
(0.0000)* (0.0000)*  (0.0000)*

SWEDEN AR(4)-GARCH(1,1) +'  0.147516 i -1.033242 i
(0.0139)* (0.0000)*

USA AR(3)-GARCH(1,1)+!  0.801408 i -0.253335 i
(0.0273)* (0.0000)*

(*) indicates that the coefficient is statistically significant for 5% level of significance and
(**) indicates that the coefficient is statistically significant for 10% level of significance.

(1) shows that in this GARCH model the student’s t distribution is used and (*2) shows that
in this GARCH model the Generalized Error Distribution (GED) is used.

For Norway, the model which fits better is the 2" Best model, for Canada is the 4th Best, for
Greece is the 5™ Best and for Netherlands and USA are the 3™ Best models.
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TABLE B3: ESTIMATED GARCH MODELS OF THE
REAL EXCHANGE RATE UNCERTAINTY (DF-GLS
UNIT ROOT TESTYS)

Coefficients in variance equation
MODEL oy o, B1 B>

AUSTRALIA AR(1)-GARCH(L,1)+!  0.045348 - 0.905624 -
(0.3161) (0.0000)*

CANADA AR(1)-GARCH(L,1) +!  0.171451 - 0.769815 -
(0.3374) (0.0008)*

GERMANY AR(4)-GARCH(L,1) +* -0.130275 - 1.112443 -
(0.1578) (0.0000)*

GREECE AR(3)-GARCH(L,2) +'  -0.211642 - 0.283477 0.168017
(0.0494)* (0.6662) (0.7495)

IRELAND AR(1)-GARCH(L,1) +2  -0.193376 - 1.062299 -
(0.0000)* (0.0000)*

NETHERLANDS AR(4)-GARCH(1,1) x> -0.095309 - 1.092291 -
(0.0362)* (0.0000)*

NEW ZEALAND AR(2)-GARCH(1,1) > 0.468106 - 0.004058 -
(0.0482)* (0.9889)

NORWAY AR(1)-GARCH(L,1) +*  0.339100 - 0.483027 -
(0.2144) (0.0793)**

SWEDEN AR(1)-GARCH(L,1) ¥  0.690905 - 0.073382 -
(0.0461)* (0.8416)

USA AR(1)-GARCH(L,1)+2  -0.037982 - 1.029802 -
(0.0000)* (0.0000)*

(*) indicates that the coefficient is statistically significant for 5% level of significance and
(**) indicates that the coefficient is statistically significant for 10% level of significance.

(1) shows that in this GARCH model the student’s t distribution is used and (*2) shows that
in this GARCH model the Generalized Error Distribution (GED) is used.

For Canada, the model which fits better is the 2" Best model.

For Norway, the model which fits better is the 3" Best model.
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TABLE C3: ESTIMATED GARCH MODELS OF THE

UNCERTAINTY ABOUT UNEMPLOYMENT RATE (DF-

GLS UNIT ROOT TESTS)

AUSTRALIA
CANADA
GERMANY

GREECE

IRELAND
NETHERLANDS
NEW ZEALAND
NORWAY

SWEDEN
USA

(*) indicates that the coefficient is statistically significant for 5% level of significance and
(**) indicates that the coefficient is statistically significant for 10% level of significance.

MODEL
AR(4)-GARCH(1,1)+!

AR(4)-GARCH(1,1) +!
AR(2)-GARCH(1,2) #2
AR(3)-GARCH(2,1) +!
AR(1)-GARCH(L,1) #2
AR(3)-GARCH(1,2) #2
AR(4)-GARCH(1,1) +!
AR(2)-GARCH(1,1) *2

AR(4)-GARCH(L,2)+2

oy
0.697843
(0.0019)*
0.669914
(0.0676)**
-0.049329
(0.0253)*

0.291002
(0.3155)
-0.172174
(0.0000)*
0.517637
(0.0067)*
0.081327
(0.2237)
-0.095385
(0.3561)
0.676926
(0.0000)*

Coefficients in variance equation

104/}

B1
-0.123042

(0.0800)
-0.218188
(0.3948)

0.970398
(0.0000)*

0.621412
(0.0584)**
1.008863
(0.0000)*
0.167382
(0.0049)*
0.902384
(0.0000)*
0.820944
(0.0032)*
-0.171255
(0.0261)*

B2

-0.822453
(0.0014)*

-0.324969
(0.3651)

0.447956
(0.0003)*

0.154045
(0.1822)

(1) shows that in this GARCH model the student’s t distribution is used and (*2) shows that
in this GARCH model the Generalized Error Distribution (GED) is used.

For USA the model which fits better is the 2" Best model, for Germany and Sweden are the
6" Best models and finally, for Ireland is the 9" Best model.
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TABLE D3: ESTIMATED GARCH MODELS OF THE

GROSS DOMESTIC PRODUCT (GDP) UNCERTAINTY
(DF-GLS UNIT ROOT TESTYS)

AUSTRALIA
CANADA
GERMANY
GREECE
IRELAND
NETHERLANDS
NEW ZEALAND
NORWAY

SWEDEN
USA

(*) indicates that the coefficient is statistically significant for 5% level of significance and
(**) indicates that the coefficient is statistically significant for 10% level of significance.

MODEL
AR(2)-GARCH(1,2)+2

AR(1)-GARCH(1,2) +!
AR(1)-GARCH(1,1) «!
AR(3)-GARCH(2,1) +!
AR(4)-GARCH(2,2) #2
AR(2)-GARCH(2,2) #2
AR(3)-GARCH(2,2) #2

AR(4)-GARCH(1,2) %2

AR(3)-GARCH(2,1)!

o
-0.004532
(0.3590)
-0.060136
(0.0000)*
-0.023952
(0.0046)*
-0.250870
(0.2724)
-0.178772
(0.0202)*
0.578559
(0.0771)**
0.062362
(0.0000)*
-0.066257
(0.0000)*

0.259251
(0.1168)

Coefficients in variance equation

104/}

0.066170
(0.6253)
0.286155
(0.0001)*
0.128405
(0.7902)
0.035100
(0.0547)**

0.245211
(0.0739)**

B1
0.791037

(0.0000)*
0.789366
(0.0000)*

0.463839
(0.5197)
1.211382
(0.0001)*

0.886788

(0.0000)*
0.048887

(0.9282)

0.829509

(0.0000)*

0.507000

(0.0000)*

-0.843989
(0.0000)*

B2
0.303232

(0.0000)*
0.344446
(0.0013)*

-0.952624
(0.0000)*
-0.275846
(0.1751)
-0.983437
(0.0000)*
0.625056
(0.0000)*

(1) shows that in this GARCH model the student’s t distribution is used and (*2) shows that

in this GARCH model the Generalized Error Distribution (GED) is used.

For Australia and Norway are the 2" Best models, for Ireland is the 3™ Best model, for

Canada, Netherlands and USA are the 4™ Best models and finally, for Greece is the 7" Best

model.

Sweden could not be estimated because GDP is found to be not stationary.
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