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Abstract

One of the most heavily researched and cited issues in applied economics is the
relationship of uncertainty indices with the financial and macroeconomic variables.
While the statistical features of financial and macroeconomic variables have been
thoroughly examined, virtually nothing has been done to examine uncertainty indices
under the statistical perspective. In this paper, we focus on two primary characteristics of
uncertainty indices: persistence and chaotic behavior. In order to evaluate the persistence
and the chaotic behavior we analyze 72 popular uncertainty indices constructed by
forecasting models, text mining from news articles and data mining from monetary
variables to measure the Hurst and Lyapunov exponents in rolling windows. The
examination in rolling windows provides a dynamic evaluation of the specific
characteristics revealing significant variations of persistence and chaotic dynamics with
time. More specifically, we find that almost all uncertainty indices are persistent, while
the chaotic dynamics are detected only sporadically and for certain indices during
recessions of economic turbulence. Thus, we suggest that the examination of persistence
and chaos should be a prerequisite step before using uncertainty indices in economic
policy models.
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1. Introduction

In the wake of the “Great Recession”, a large international literature has emerged that
analyzed the (negative) impact of uncertainty on macroeconomic variables and financial
markets (see Chulid et al., (2017) and Gupta et al., (forthcoming a, b) for detailed
literature reviews). In parallel, numerous studies have also analyzed the spillover of
uncertainty across economies (see Gabauer et al., (forthcoming) and references cited
therein for the discussion of the associated literature), to suggest that international
uncertainty linkages are likely to prolong the impact of an uncertainty shock in the

domestic economy.

Despite the importance of the effect of uncertainty on financial markets and the macro
economy, little attention has been given to the statistical characteristics of the various
uncertainty indices in the literature and more specifically on the persistence! and the
chaotic characteristics of the series. Starting from the former, a more persistent
uncertainty series would take longer to revert to its long-run equilibrium after the
imposition of a shock. Thus, the more persistent the uncertainty variable the more
prolonged would be the negative impact of an uncertainty shock on the economy and the
financial market. This in turn, would imply that the strength of the corrective actions
required by the government to nullify the impact of this uncertainty shock would be
contingent on the persistence property of the measure of uncertainty used in the empirical
models. In addition, if the persistence of the uncertainty variable is so high that its
deviation from its long-run equilibrium is permanent, then this variable becomes difficult
to forecast. With uncertainty being a leading indicator, it implies that macroeconomic
variables and financial markets become difficult to predict using information from the

uncertainty variable.

From the perspective of chaos, a series that exhibits chaotic behavior is dependent upon

initial conditions. In other words, similar shocks to different situations create different

! To the best of our knowledge, Caporale et al., (2017), is the only paper that deals with persistence
property of some sort of measure of uncertainty. In particular, the authors analyse Chicago Board Options
Exchange (CBOE)’s Volatility Index, known as VIX, which in turn, is a popular measure of the stock
market's expectation of volatility implied by S&P 500 index options. The findings indicated that its
properties change over time: in normal periods it exhibits anti-persistence, while during crisis periods the
level of persistence increases.



future paths. Thus, the behavior of the series is difficult to predict and probably given the
complexity of all chaotic systems, any detected causal linkage between economic
variables and uncertainty series should be attributed to chance and not to a concrete

causal relationship.

Given that uncertainty indices are theoretically assumed to be stationary, we depart from
the typical unit root methodology and apply the Hurst exponent in an extended dataset of
72 uncertainty indices in a time-varying (rolling window) framework to analyze how the
persistence of uncertainty evolves over time. Understandably, if persistence of
uncertainty is indeed time-varying, then it also points to the fact that econometric analysis
involving the impact of uncertainty on the economy, should also be conducted in a time-
varying manner rather than in a static fashion to obtain accurate inferences and
predictions. The typical examination of persistence in the literature includes unit root
tests, while some authors treat persistence as a fractionally integrated process or use
signal processing methodologies such as the Fourier transformation to test for the
existence of stochastic trends in the data. Nevertheless, all these applications are sensitive
to the presence of structural breaks and usually call for some initial ad hoc assumptions,
such as the determination of model parameters exogenously (Enders and Lee, 2012). The
existence of structural breaks on relatively long-spans of economic data, such as volatile
uncertainty indices, is highly likely. In contrast, the methodology we follow in this study,
namely the Hurst exponent, is not affected by the existence of structural breaks and is

based entirely on a data driven procedure making it ideal for our case.

Moreover, in this paper we depart from the typical examination of the persistence of a
series, and also evaluate the existence of chaotic behavior for the uncertainty series. In
the context of a chaotic time series, a shock apart from a permanent change in the series
also creates a diverging path measured by the Lyapunov exponent, another nonparametric
and nonlinear methodology. To the best of our knowledge this is the first attempt to
examine the statistical properties of uncertainties based on the persistence and chaos in
order to obtain a complete picture of the statistical characteristics of uncertainty, and
hence, its impact on the broader economy. Another innovation introduced in our study is
the use of rolling windows in order to unveil dynamic changes of the statistical features

of the series with time. Most empirical literature applies some form of unit root test on
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the entire sample, and infers upon the results of the test on the mean-reverting behavior of
the series. Nevertheless, this one-time-examination smooths out important changes in the
evolution of the series, especially an uncertainty index that is likely to drive changes in
the economy. Note that, if the persistence property of uncertainty indices do vary over
time, so will its impact, and hence, to capture the true impact of uncertainty on
macroeconomic and financial variables, one would need to carry out analyses based on
time-varying rather than constant parameters-based models to obtain accurate inferences.
The rest of the paper is organized as follows: Section 2 outlines the methodologies used,

while Section 3 presents the data and results. Finally, Section 4 concludes.
2. Methodology

2.1 Hurst Exponent

The Hurst exponent belongs to the broader category of nonparametric analysis methods
and was first proposed by Hurst (1951) as a method for analyzing long-range dependence
in the hydrology series. The exponent A (Hurst exponent) takes values on the range [0,
1]. Values close to zero indicate an anti-persistent series—the series under examination is
mean-reverting. Values close to 1 indicate that the series is persistent— the series never
returns to equilibrium after an exogenous shock. An A = 0.5 indicates a Random Walk
(RW). Hurst exponent analysis has been applied extensively in financial time series (e.g.
equities, exchange rates, commodities, derivatives etc.?), but only sporadically in
macroeconomic variables and never before in measuring the persistence of economic

uncertainty indices.

The Detrended Fluctuation Analysis (DFA) in estimating the exponent H was proposed
by Peng et al. (1994) for identifying long-dependence in DNA nucleoids series as an
alternative to the R/S method used up to that period. The initial series X of length N is

divided into ¢ equally sized parts of length n =N/q. Each of the new segments

m=1,2,3......,q is integrated by the cumulative sums:

(0Bl i=123.0 ®
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% Due to space restrictions the interested reader is referenced to Mulligan and Koppl (2011) and the papers
cited therein.



We then estimate the OLS line for the points in each segment Y,fl'fi) =a{Pi + b5 and

calculate the standard deviation residuals:
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The average SD is calculated for all segments of length n:

F(n) =<y2_ g™, A3)

q m=1"m

The F, values are calculated for every partition and plotted against the partition segment

size n in a log—log scale. The slope of the linear fit expresses the Hurst exponent H.
2.2 Lyapunov Exponent

The use of the Lyapunov exponent in detecting deterministic chaos in economic time
series has been applied extensively to financial market series, e.g. exchange rates
(Serletis and Gogas, 1997), stocks (BenSaida and Litimi, 2013 and Hsieh, 1991), etc. The
basic idea behind the detection of chaos lies with the dependence of chaotic systems to

initial conditions. More specifically, if we consider two points of the same series X, and

X,+Ax, and generate a path for each one of them, these two points evolve in two

different time paths. The difference in the trajectories of the two paths depends on the

initial position X, and the elapsed time, getting the form Ax(X,t). If the system is stable

this difference decreases asymptotically with time. In contrast, in a chaotic system the

difference diverges exponentially. The Lyapunov exponent 1 measures this difference

Ax(X,,t) between the two paths. In order to identify a system as chaotic, the

corresponding Lyapunov exponent should be strictly positive and near unity. In this
paper, we follow the procedure described in BenSaida and Litimi (2013) in order to

estimate the maximum Lyapunov exponent. In mathematical notation:
xe = f(xpop + Xear + 0+ X)) + & 4)
Where L is the time delay, f'is an unknown chaotic map, m is the embedding dimension

of the system and #: represents the added noise. BenSaida and Litimi (2013) adopt the



Jacobian-based approach to compute A since the direct approach is inefficient in the

presence of noise. Briefly, the exponent is given by
1= = Inv 5
2M i ( )

where M is an arbitrary selected number of observations often approximating the 2/3 of

the total span and v; is the largest eigenvalue of the matrix (T,U,)(T)U,)’, with

Uy=(100 ..0) (6)
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In the case of scalar time series, the chaotic map f generating the series is usually
unknown; as a result the Jacobean matrix in (8) cannot be estimated. Thus, we need to
approximate the chaotic map with a data adapting function that can produce an exact
approximation of the series. The authors choose to estimate the chaotic map based on a
neural network with one hidden layer of neurons and one output layer. In mathematical

notation the chaotic map f'is approximated by the equation:
X¢ ~ ag + Z;Ll ajtanh(Bo; + X%y Bijxe—in) + & 9)

where ¢ declares the hidden layers of the neural network with a tangent activation
function. The order of (L,m,q) defines the complexity of the system and is selected

according to the triplet that provides the maximum value of the exponent 4.

A common problem in the identification of the maximum Lyapunov Exponent is the
determination of noise in the system and misspecifications in the selection of the (Z,m,q)
values. As BenSaida and Litimi (2013) argue, when the noise frequency added to the
system is sufficiently larger with respect to the output of the chaotic system, the chaotic
map tends to be absorbed by noise and thus the system imitates a stochastic process,
leading to small or negative values of the calculated exponent A. The authors overcome

these misspecification issues by proposing an auxiliary statistical test to the procedure of
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the evaluation of the maximum Lyapunov exponent, based on its asymptotic values.
Assuming the existence of chaos as the null hypothesis of the test they attempt to reject it
in favor of the non-existence of chaos in a one-sided statistical test.® In this way, a system
is identified as chaotic when both assumptions are met: a) we find a positive Lyapunov
exponent close to unity and b) we are unable to reject the null hypothesis on the existence

of chaos.
3. Empirical results

We compile a dataset of uncertainty indices from various sources.* More specifically, we
compile the economic policy uncertainty indices of Baker et al. (2016) for 22 countries, a
global uncertainty and a U.S. monetary policy uncertainty index again by Baker et al.
(2016). While there exists alternative measures of uncertainty derived from estimation of
factor models (Jurado et al., 2015) or disagreement of professional forecasters (Rossi and
Sekhposyan, 2015, 2017), and of course the options-based financial market uncertainties
(i.e., the various VIXs), one attractive choice is the news-based indices of Baker et al.,
(2016). The approach is model-free and also it is a broader measure of uncertainty (not
just financial markets as in the case of VIX) and is for a large number of countries around
the world. Nevertheless, for comparison reasons with the existing literature we also
examine the macroeconomic uncertainty indices for the U.S. of Jurado et al. (2015). The
specific index is quantified as the error in forecasting U.S. GDP in various horizons,
based on a forecasting model with stochastic trend and volatility. Nevertheless, its broad
acceptance has made it the typical benchmarks in the field.> We also look at two
uncertainty indices based on the Fed announcement and two indices based on FOMC
announcements provided by Husted et al. (2016), 36 uncertainty indices based on the
expected interest rate forecasts of professional forecasters reported in Istrefi and Mouabbi
(2017), and the monetary policy uncertainty index of Arbatli et al. (2017) for Japan that

use the same news-based technique of Baker et al. (2016) to construct their index.

¥ For more information on the derivation of the test, the interested reader is referred to BenSaida and Litimi
(2013).

* Details for each index are reported in the Appendix.

®> We examined the Hurst exponents of the Rossi and Sehkposyan (2015) uncertainty indices for the U.S.
and the Rossi and Sehkposyan (2017) uncertainty indices for the Eurozone. Due to the limited number of
the available observations our results are mixed exhibiting both anti-persistent and persistent behavior
based on the window length. We report these results in the Appendix.
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3.1 Hurst exponents

We begin our analysis examining both the entire time span and rolling windows of 40%,
50% and 60% of the total length with a sliding window of one. With this smooth
transition in time we uncover time patterns that may exist during distinct time periods,
but are typically hidden during the examination of the entire sample. In Table 1, we
report the Hurst exponents for the entire sample and the rolling window estimates for the
news-based uncertainty indices of Baker et al. (2016) and Arbatli et al. (2017).

[Table 1]

As we observe, both in the entire sample and in rolling windows estimation, most
economies exhibit persistent behaviour with many values reaching to unity. Thus, an
economic shock poses permanent changes to the uncertainty indices. In the smaller (40%)
rolling window, Australia, Germany, Korea, Russia, South Africa and Hong Kong span
from anti-persistent to persistent values from below 0.5 to unity, with the mean value
being clearly above 0.5. Given that medium length window (50%) only Russia and South
Africa keep this behaviour and only Russia in the largest (60%) window; we attribute this
unstable behaviour in the smallest window to the length of the window and the smaller
samples that affect the estimation of the Hurst exponent. Thus, we focus on the indices of
Russia and South Africa. In figure 1, we depict the time evolution of the Hurst exponent

for the three rolling windows.
[Figure 1]

The uncertainty indices for both countries are mostly above the 0.5 threshold for all three
rolling windows, with the exception of the smaller rolling window for Russia (figure 1,
left graph) that exhibits some periods that move towards a Random Walk (RW)
behaviour. These periods are mainly detected in the 2006-2009 period of the global
financial crisis and the 2011 EU sovereign crisis. Both periods are characterized by
economic and financial turbulence and uncertainty. We would expect to observe a
structural (persistent) change in the uncertainty index, but instead we observe a tendency
towards a RW. Thus, we should examine for the existence of chaotic behaviour to justify
this finding. A chaotic series is hard to forecast and given its dependence on the initial

conditions may exhibit unexpected behaviour. We keep further analysis for the next
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section where we measure the Lyapunov exponent. The examination of the Hurst
exponent for South Africa (figure 1, right graph) reveals that during periods of economic
turbulence and increased uncertainty (2005 government sanction, 2007 global financial
crisis, etc.) the exponent moves towards the 0.5 threshold exhibiting a less persistent and
more chaotic behaviour. Thus, our rolling window examination unveils that during
periods of recession of high economic anxiety the uncertainty index exhibits a stochastic
behaviour suggesting that its path is hard to foresee, increasing the uncertainty even
more. This finding is hidden in the entire sample examination. In Table 2, we report the
Hurst exponents for the indices constructed by interest rate projections and Fed and

FOMC announcements.
[Table 2]

The examination of the Hurst exponents on the entire sample reveals that all indices are
persistent, since they all exceed the 0.5 threshold. The rolling windows estimations again
reveal a similar pattern with the news-based uncertainty indices. While on the smaller
window a number of indices vary from anti-persistent to persistent series, on the larger
window only the spread of the 3-month with the 12-month interest rates for France
provides an exponent that spans from 0.39 to 1.00. In figure 2, we depict the evolution of

the value of the exponent in time.
[Figure 2]

As we observe from figure 2, the uncertainty index constructed by the interest rates
spreads rise as the economy moves away from the 2007 financial crisis, suggesting once
again that during periods of high economic uncertainty the index moves towards a RW
while in more tranquil periods the uncertainty index exhibits high persistence. An
interesting finding is that this index is based on monetary (interest rate) data while the
EPU indices of figure 1 are based on newspaper articles. Nevertheless, these two indices
exhibit similar behaviours suggesting that newspaper articles could be a source of
information for the monetary policy authority and vice versa, i.e., interest rate fluctuation
could be reflected in the newspaper headlines. Given that the determination of a causal

relationship between the two is not in the scope of this paper, we leave this finding for
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future research. In Table 3, we report the Hurst exponents from the examination of the

model-based approaches of Jurado et al. (2015).
[Table 3]

As with the other uncertainty indices, the macroeconomic uncertainty indices of Jurado et
al. (2015) are highly persistent with the Hurst exponents taking values close to one. An
interesting finding is that the index is highly persistent even in all rolling windows,
mostly due to the fact that the model focuses on forecasting GDP and thus omits
information from other sources of economic uncertainty included in the other uncertainty

indices.
3.2 Lyapunov exponents

Given our empirical finding from the examination of the Hurst exponents that uncertainty
indices tend to move towards the 0.5 threshold during crisis periods, we proceed in
examining the chaotic behaviour of all indices using the Lyapunov exponent. A positive
Lyapunov exponent indicates the existence of chaotic dynamics in the data generating
process. We separate again our findings into news-based indices and monetary policy
ones. In Table 4, we report the Lyapunov exponents for the news-based indices. Given
that we are interested in both the sign and the statistical significance of our results, we
follow a different approach from the Hurst exponent results. More specifically, we report
the percentage of instances that the exponent is positive in all examined windows, instead
of its minimum, average and maximum value. In those instances that the exponent is
positive, we also test the statistical significance of the exponent in order to infer whether

we can reject the null hypothesis about the existence of chaos.
[Table 4 here]

As we observe from Table 4, we detect chaos only episodically and for a limited number
of countries. More specifically, the examination on the entire sample reveals that we do
not detect positive values for any country, while the statistical test fails to reject the null
hypothesis for the existence of chaos only for Brazil, Singapore and the United Kingdom.
Nevertheless, the A exponent is negative and close to zero. The detection of chaos calls

for both a positive exponent and a failure to reject the null hypothesis. The rolling
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windows examination reveals that in the smallest (40%) window a number of countries
exhibit a positive Lyapunov exponent and the statistical test fails to reject the null
hypothesis in all those instances. Thus, we detect chaos only episodically in rolling
windows but the percentage of detections is very low and in largest windows this
percentages become even smaller. We should note here that chaos is deterministic and
not a stochastic process and thus it it differentiates itself from the RW findings of the
previous section. Despite being a deterministic function, the difficulty in forecasting a
chaotic series stems from its complexity and the dependence to the initial conditions that
evades the forecasting models. The only countries in which we detect chaos consistently
are Singapore and South Africa, while for France, Germany and Mexico this finding is
detected only for the small window.

Considering our findings in the entire sample and the rolling windows examination, we
depict in figure 3 the time evolution of the Lyapunov exponents for the Global
uncertainty, the United Kingdom, the South Africa and the Singapore uncertainty index.
The uncertainty index of Brazil has a very low detection rate of chaos in the rolling

windows examination, so we skip it.
[Figure 3 here]

The Lyapunov exponent for Singapore (figure 2, subplot a) is positive for the smallest
window before 2010 exhibiting a chaotic behaviour in the aftermath of the 2008 global
financial crisis and the worst recession in the history of Singapore. Moreover, we observe
another significant spike around the end of 2015 a period of international turbulence in
the region with territorial claims of China over the South China Sea. The positive values
in the other windows are rare and very small. The U.K. index (figure 2, subplot b)
exhibits positive peaks for the small and the middle window in the period 2010-2011, a
period of elevated general economic uncertainty in the European economy. The different
timing of the peaks between windows could be attributed to the length of the windows, as
the smaller window detects changes in the value of the exponent faster than the larger
window. The situation in the case of South Africa (figure 2, subplot c) is more
complicated since we observe many positive and large peaks suggesting a chaotic

behaviour of the uncertainty index for South Africa.

12



The examination of the global uncertainty index (figure 2, subplot d) also exhibits some
interesting results. The global financial crisis creates a positive peak with a delay of one
year around the summer of 2009 for the smaller more volatile window reporting a non-
chaotic, predictable increase of the uncertainty index. In contrast, all windows exhibit
positive peaks in the period 2011-2013, the period of the European sovereign crisis. This
fact coincides with the view of Bauer and Becker (2014) that despite the lessons from the
2008 financial crisis the emergence of the European crises found the European regulatory
authorities ill-prepared and necessitated major changes such as the creation of the
European Stability Mechanism, a fund dedicated to funding indebted countries to avoid a
new sovereign debt crisis. Moreover, our findings also reveal that the uncertainty index
followed a chaotic trajectory, making it very hard to forecast its future path and thus

increasing the overall uncertainty of the global economy.

In Table 5, we report the Lyapunov exponents for the monetary uncertainty indices. As
we observe from Table 5, in two instances we detect chaos in the entire sample (France
3-month interest rate at the 12-month horizon and Italy 3-month interest rate at the 3-
month horizon) while in all other cases where we cannot reject the null hypothesis of the
existence of chaos the exponent is negative. In the aforementioned instances, we cannot
reject the null hypothesis and the exponent although close to zero is positive. Thus, we
detect a low level of deterministic chaos. Nevertheless, the rolling windows examination
provides a different image. In 11 out the 36 forecasts in the small window the exponent is
positive and statistically significant above 50% of all windows, while this high ratio is
observed in three out of a total of 36 instances in the medium window. In the large
window, we observe positive and statistically significant exponents in all countries and
horizons for a number of windows but none exceeds the 50% threshold and in only four
instances it exceeds the 30% threshold. Apparently, most positive exponents are observed
in the forecasts of the 3-month interest rate and less in the 10-year rate. This finding
could be attributed to the overall uncertainty in the short term amid a debt crisis in the
Eurozone and the short-term turbulence that makes difficult to forecast the decisions of
the central monetary authority (reflected in the short-term rate). The debt crisis has not

altered significantly in the long-run expectations for the economy. The examination of
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the Fed and FOMC announcements rejects the existence of chaos in the entire sample

while in the rolling windows the detection of chaos is rare.

[Table 5 here]
In figure 4, we depict the Lyapunov exponents of the rolling windows for the 3-month
interest rate in a 12-month forecasting horizon for France and the 3-month interest rate in
a 3-month horizon for Italy, where we detect positive and statistically significant
Lyapunov exponents for the entire sample and high ratios of positive values in the rolling

windows.
[Figure 4 here]

Both uncertainty indices exhibit multiple positive peaks that do not last for large time
periods. The overall assessment is that both indices have an upward trend after 2010 that
is more prominent in the middle and large window. This finding could be attributed to the
overall political and economic turbulence due to the sovereign debt crisis in the Eurozone
and the frustrating macroeconomic conditions in the south periphery of the Eurozone that
creates uncertainty and makes it hard to forecast the future evolution in the short term. In
Table 6, we report the respective Lyapunov exponents for the uncertainty indices of
Jurado et al. (2015).

[Table 6]

As we observe, while in the entire sample and the rolling windows examination for the 1
and 3-months ahead GDP forecasts we do not detect chaos, the situation is different for
the 12-months ahead forecasts. In the majority of the examined windows we detect
chaotic behavior that poses under skepticism the usefulness of the specific index. To
relieve possible chaotic dynamics stemming from inflation (Plakandaras et al., 2015), we
focus on the index based on Real GDP prices and present the index values for the

different windows in figure 5.
[Figure 5]

The smaller window exhibits significant positive peaks in the value of the Lyapunov
exponent during the time period February to June 2004 and on July 2008 and March

2009. The sources of the chaotic dynamics during those periods should be attributed to
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different causes. The 2004 chaotic behavior of macroeconomic uncertainty is a tangible
empirical finding on the difficulty of the policy authorities to measure accurately the
macroeconomic uncertainty imposed to the economy by the housing bubble that reached
its peak during that period. The other two periods capture the global anxiety from the
2008 financial crisis and the anxiety during the first period of 2009 as the consequences
of the financial crisis were seen to the global economy.® The values of the exponents on

the larger windows are smaller, given that the chaotic dynamics are smoothed out.
4, Concluding Remarks

In this paper, we focus on the statistical characteristics of a plethora of uncertainty
indices in terms of their persistence and chaotic behavior. In doing so, we compile a
dataset of 72 uncertainty indices based on newspaper articles, economic activity
forecasting models and interest rate forecasts and measure their Hurst and Lyapunov
exponents in rolling windows. The aforementioned methodologies are capable of
detecting persistent and chaotic dynamics in non-linear, non-stationary systems and have
never been used before in this context. Our empirical findings show that all series exhibit
a persistent behavior; the imposition of a shock to the economy that changes uncertainty
will have a permanent effect on the uncertainty index departing from its long-run
equilibrium. Moreover, during periods of recession or economic turbulence, many indices
exhibit stochastic behavior, resembling a RW process. These findings are apparently due
to our rolling window examination and have been overlooked in the past. The result,
however, suggests that the impact of uncertainty is likely to be non-constant over time
(with it being stronger especially during extreme periods — a finding also discussed in
detail in Gupta et al., (forthcoming a, b)), and should be best studied using time-varying
frameworks. The detection of chaos is achieved only episodically mostly on the
monetary-based indices. Overall, our findings call for a closer examination of the

persistence properties of uncertainty indices before using them in econometric models.

® On the 19 January the Danish government applied for financial help creating panic in the markets for a
second wave of financial crisis, the S&P and Dow Jones indices plunging to historical lows for the first and
levels close to the 1929 crisis for the second, the announcement of a quantitative easing program from the
Bank of England amplified the fears for an increase in inflation, etc.
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Table 1: Hurst exponents for the news-based uncertainty indices
Entire sample 40% sample 50% sample 60% sample
Country Source H obs min mean max std Obs min mean max std Obs min mean max std Obs
United States 1.00 391 0.73 0.96 1.00 0.07 160 0.79 0.99 1.00 0.04 200 0.91 0.99 1.00 0.02 230
Global 0.87 247 0.73 0.98 1.00 0.05 100 0.94 1.00 1.00 0.01 120 1.00 1.00 1.00 0.00 150
Australia 1.00 235 | 0.46* | 0.90* | 1.00* | 0.3 90 0.69 0.96 1.00 0.08 120 0.88 0.99 1.00 0.03 140
Brazil 0.98 319 0.58 0.82 1.00 0.12 130 0.60 0.82 1.00 0.10 160 0.66 0.83 1.00 0.08 190
Canada 1.00 391 0.77 0.98 1.00 0.05 160 0.81 0.98 1.00 0.04 200 0.82 0.98 1.00 0.04 230
Chile 1.00 295 0.77 0.95 1.00 0.07 120 0.85 0.98 1.00 0.03 150 0.84 0.99 1.00 0.04 180
China 1.00 271 0.68 0.96 1.00 0.08 110 0.76 0.97 1.00 0.06 140 0.76 0.98 1.00 0.05 160
Eurozone 1.00 367 0.70 0.94 1.00 0.08 150 0.77 0.95 1.00 0.06 180 0.83 0.95 1.00 0.05 220
France 1.00 367 0.81 0.99 1.00 0.03 150 0.84 0.99 1.00 0.03 180 1.00 1.00 1.00 0.00 220
Germany 0.88 295 | 0.48* | 0.77* | 1.00* | 0.1 120 0.65 0.81 1.00 0.08 150 0.63 0.81 0.93 0.07 180
Hong Kong 0.70 237 | 0.23* | 0.76* | 1.00* | 0.17 90 0.57 0.77 0.99 0.10 120 0.58 0.76 0.99 0.10 140
India Bakeret | 1.00 175 0.65 0.98 1.00 0.07 70 0.74 0.98 1.00 0.05 90 0.76 0.99 1.00 0.04 110
Ireland al 0.93 389 0.58 0.86 1.00 0.12 160 0.66 0.86 1.00 0.11 190 0.83 0.94 1.00 0.05 230
Itay (2016) 0.92 247 0.75 0.97 1.00 0.05 100 0.91 0.99 1.00 0.02 120 0.98 1.00 1.00 0.00 150
Japan 1.00 367 0.83 0.99 1.00 0.03 150 0.90 0.99 1.00 0.02 180 1.00 1.00 1.00 0.00 220
Korea 0.82 329 | 0.49* | 0.90* | 1.00* | 0.3 130 0.72 0.93 1.00 0.08 160 0.77 0.94 1.00 0.08 200
Netherlands 0.84 173 0.54 0.90 1.00 0.13 70 0.75 0.93 1.00 0.07 90 0.70 0.92 1.00 0.09 100
Russia 1.00 283 | 0.24* | 0.66* | 1.00* | 0.20 110 0.37* | 0.72* | 1.00* | 0.17 140 | 0.42* | 0.78* | 1.00* | 0.17 170
Singapore 1.00 175 0.52 0.97 1.00 0.10 70 0.78 0.98 1.00 0.05 90 0.84 0.99 1.00 0.04 110
Spain 1.00 199 0.51 0.92 1.00 0.12 80 0.73 0.97 1.00 0.06 100 0.87 0.97 1.00 0.04 120
K?ﬂ”é;%dm 093 | 247 | 079 | 098 | 100 | 005 | 100 | 083 | 099 | 1.00 | 003 | 120 | 094 | 100 | 1.00 | 001 | 150
South Africa 0.96 126 | 0.30* | 0.79* | 1.00* | 0.19 50 0.45* | 0.84* | 1.00* | 0.16 60 0.54 0.87 1.00 0.13 80
Sweden 1.00 509 0.64 0.92 1.00 0.11 200 0.71 0.95 1.00 0.08 250 0.86 0.98 1.00 0.03 310
Mexico 1.00 261 0.64 0.91 1.00 0.10 100 0.68 0.93 1.00 0.09 130 0.68 0.91 1.00 0.11 160
Japan Arbatli
monetary etal. 0.94 369 0.76 0.96 1.00 0.06 150 0.77 0.97 1.00 0.05 180 0.84 0.95 1 0.04 220
policy (2017)
United States | Baker et
monetary al 0.78 396 0.53 0.79 0.99 0.10 160 0.60 0.82 1.00 0.09 200 0.69 0.80 0.89 0.05 240
policy (2016)

Note: * denotes uncertainty indices that show an unstable behaviour with values varying from below 0.5 to above 0.5; being from anti-

persistent to highly persistent series. This fact denotes significant changes in the uncertainty of these economies.
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Table 2: Hurst exponents for the uncertainty indices based on interest rate projections, Fed and FOMC announcements
sirrl?prli 40% sample 50% sample 60% sample
Country Rate/horizon Source H obs min mean max std Obs min mean max std Obs min mean max std Obs
3m at 3m 1.00 | 267 | 0.62 0.93 1.00 | 0.12 110 0.78 0.96 1.00 | 0.06 | 130 | 0.83 0.98 1.00 | 0.04 | 160
Canada 3mat 12m 1.00 | 258 | 0.76 0.94 1.00 | 0.07 100 0.85 0.97 1.00 | 0.04 | 130 | 0.79 0.96 1.00 | 0.06 | 150
10y at 3m 0.72 | 267 | 0.24* | 0.62* | 0.87* | 0.13 110 0.32* | 0.68* | 0.88* | 0.11 | 130 | 0.54 0.70 0.83 | 0.08 | 160
10y at 12m 1.00 | 258 | 0.53 0.92 1.00 | 0.12 100 0.72 0.96 1.00 | 0.07 | 130 | 0.83 0.97 1.00 | 0.05 | 150
3m at 3m 1.00 | 213 | 0.76 0.99 1.00 | 0.04 90 0.76 0.99 1.00 | 0.04 | 110 | 1.00 1.00 1.00 | 0.01 | 130
Germany 3mat 12m 1.00 | 190 | 051 0.89 1.00 | 0.16 80 0.51 0.93 1.00 | 0.14 | 100 | 0.61 0.95 1.00 | 0.10 | 110
10y at 3m 0.64 | 281 | 0.41* | 0.70* | 0.96* | 0.13 110 0.49* | 0.68* | 0.85* | 0.08 | 140 | 0.58 0.72 0.82 | 0.05 | 170
10y at 12m 0.85 | 258 | 0.53 0.90 1.00 | 0.11 100 0.64 0.89 1.00 | 010 | 130 | 0.74 0.91 1.00 | 0.08 | 150
3mat 3m 1.00 | 213 | 0.73 0.99 1.00 | 0.04 90 0.99 1.00 1.00 | 0.00 | 110 | 1.00 1.00 1.00 | 0.00 | 130
France 3mat 12m 1.00 | 190 | 0.22* | 0.80* | 1.00* | 0.22 80 0.43* | 0.79* | 1.00* | 0.17 | 100 | 0.39* | 0.79* | 1.00* | 0.16 | 110
10y at 3m 1.00 | 281 | 0.56 0.92 1.00 | 0.09 110 0.72 0.93 1.00 | 0.08 | 140 | 0.81 0.95 1.00 | 0.06 | 170
10y at 12m 0.79 | 258 | 0.59 0.85 1.00 | 0.11 100 0.64 0.84 1.00 | 010 | 130 | 0.72 0.87 1.00 | 0.09 | 150
3mat 3m 1.00 | 213 | 0.82 0.99 1.00 | 0.03 90 0.94 1.00 1.00 | 0.01 | 110 | 1.00 1.00 1.00 | 0.00 | 130
Italy 3mat 12m 0.89 | 190 | 0.46* | 0.76* | 1.00* | 0.14 80 0.46* | 0.75* | 1.00* | 0.12 | 100 | 0.54 0.73 1.00 | 0.12 | 110
10y at 3m 1.00 | 281 | 0.80 0.99 1.00 | 0.04 110 0.92 1.00 1.00 | 0.01 | 140 | 0.99 1.00 1.00 | 0.00 | 170
10y at 12m 0.98 | 258 | 0.63 0.88 1.00 | 0.11 100 0.75 0.90 1.00 | 0.07 | 130 | 0.74 0.92 1.00 | 0.07 | 150
3m at 3m Istrefi 1.00 | 267 | 0.96 1.00 1.00 | 0.00 110 0.78 0.99 1.00 | 0.04 | 130 | 1.00 1.00 1.00 | 0.00 | 160
Japan 3mat 12m and _ 1.00 | 258 | 0.71 0.97 1.00 | 0.07 100 0.95 1.00 1.00 | 0.01 | 130 | 1.00 1.00 1.00 | 0.00 | 150
10y at 3m Mouabbi | 1.00 | 266 | 0.72 0.95 1.00 | 0.08 110 0.68 0.95 1.00 | 0.09 | 130 | 071 0.96 1.00 | 0.08 | 160
10y at 12m (2017) 0.72 | 257 | 0.73 0.93 1.00 | 0.08 100 0.72 0.91 1.00 | 0.09 | 130 | 0.72 0.90 1.00 | 0.09 | 150
3m at 3m 1.00 | 213 | 0.72 0.99 1.00 | 0.05 90 0.97 1.00 1.00 | 0.00 | 110 | 1.00 1.00 1.00 | 0.00 | 130
Spain 3mat 12m 0.96 | 190 | 0.56 0.94 1.00 | 0.12 80 0.80 0.97 1.00 | 0.05 | 100 | 0.72 0.95 1.00 | 0.08 | 110
10y at 3m 1.00 | 261 | 0.71 0.97 1.00 | 0.06 100 0.72 0.97 1.00 | 0.06 | 130 | 0.78 0.97 1.00 | 0.06 | 160
10y at 12m 1.00 | 238 | 0.64 0.93 1.00 | 0.09 100 0.67 0.93 1.00 | 0.09 | 120 | 0.75 0.93 1.00 | 0.08 | 140
3m at 3m 1.00 | 247 | 0.49* | 0.89* | 1.00* | 0.15 100 0.56 0.93 1.00 | 013 | 120 | 0.84 0.96 1.00 | 0.05 | 150
Sweden 3mat 12m 0.93 | 238 | 0.33* | 0.82* | 1.00* | 0.21 100 0.51 0.84 1.00 | 012 | 120 | 0.70 0.86 1.00 | 0.08 | 140
10y at 3m 0.93 | 247 | 0.38* | 0.70* | 0.96* | 0.14 100 0.43* | 0.72* | 0.93* | 0.11 | 120 | 0.60 0.72 0.82 | 0.06 | 150
10y at 12m 1.00 | 238 | 0.60 0.89 1.00 | 0.10 100 0.70 0.89 1.00 | 0.08 | 120 | 0.71 0.88 1.00 | 0.07 | 140
3mat 3m 1.00 | 267 | 0.62 0.94 1.00 | 0.10 110 0.60 0.91 1.00 | 011 | 130 | 0.74 0.94 1.00 | 0.10 | 160
United 3mat 12m 1.00 | 258 | 0.61 0.89 1.00 | 0.13 100 0.55 0.92 1.00 | 013 | 130 | 0.68 0.95 1.00 | 0.09 | 150
Kingdom 10y at 3m 0.78 | 267 | 0.49* | 0.75* | 1.00* | 0.11 110 0.51 0.75 095 | 012 | 130 | 0.56 0.77 0.92 | 0.09 | 160
10y at 12m 0.91 | 258 | 0.21* | 0.69* | 1.00* | 0.24 100 0.42* | 0.76* | 1.00* | 0.14 | 130 | 0.58 0.79 1.00 | 0.13 | 150
3mat 3m 1.00 | 281 | 0.99 1.00 1.00 | 0.00 110 1.00 1.00 1.00 | 0.00 | 140 | 1.00 1.00 1.00 | 0.00 | 170
United States 3mat 12m 1.00 | 258 | 0.70 0.97 1.00 | 0.07 100 0.78 0.98 1.00 | 0.05 | 130 | 0.85 0.99 1.00 | 0.03 | 150
10y at 3m 0.89 | 281 | 0.70 0.91 1.00 | 0.09 110 0.82 0.95 1.00 | 0.05 | 140 | 0.87 0.97 1.00 | 0.04 | 170
10y at 12m 1.00 | 258 | 0.68 0.93 1.00 | 0.09 100 0.70 0.96 1.00 | 0.07 | 130 | 0.79 0.96 1.00 | 0.06 | 150
(continued)
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Table 2: Hurst exponents for the uncertainty indices based on interest rate projections, Fed and FOMC announcements (cont.)

Entire

40% sample

50% sample

60% sample

sample
Source of Word_s for . . -
Announcements extrgctlng the Source H obs min mean max std Obs min mean max std Obs min mean max std Obs
index
Fed 3 words Husted 0.73 | 249 | 0.36* | 0.61* | 0.82* | 0.11 100 0.40* | 0.63* | 0.80* | 0.09 | 120 | 0.52 0.63 0.72 | 0.04 | 150
10 words etal 0.65 | 247 | 051 0.69 1.00 | 0.11 100 0.46* | 0.70* | 0.90* | 0.10 | 120 | 0.58 0.72 0.83 | 0.06 | 150
FOMC 3 words (2016) 0.65 | 373 | 0.41* | 0.61* | 0.78* | 0.09 150 0.43* | 0.62* | 0.81* | 0.08 | 190 | 0.54 0.62 0.72 | 0.04 | 220
10 words 0.84 | 363 | 0.52 0.70 0.90 | 0.10 150 0.53 0.71 0.87 | 0.08 | 180 | 0.64 0.73 0.84 | 0.04 | 220

Note: * denotes uncertainty indices that show an unstable behaviour with values varying from below 0.5 to above 0.5; being from anti-

persistent to highly persistent series. This fact denotes significant changes in the uncertainty of these economies.
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Table 3: Hurst exponents for the uncertainty indices based on model projections

Entire sample

40% sample

50% sample

60% sample

Index Country/ Horizon Source H obs min mean max std Obs min mean max std Obs min mean max std Obs

1 month 1 684 1 1 1 0 270 1 1 1 0 340 1 1 1 0 410

Macroeconomic 3-months 1 684 1 1 1 0 270 1 1 1 0 340 1 1 1 0 410
Uncertainty 12-

United States months Jurado et 1 664 1 1 ! 0 270 1 1 1 0 340 1 1 ! 0 410

Macroeconomic 1 month al. (2015) 1 684 0.91 0.99 1 0.01 270 0.99 1 1 0 340 0.91 0.99 1 0.02 410

Uncertainty (real 3—n1<;r-1ths 1 684 0.98 1 0 270 1 1 1 0 340 1 1 1 0 410

prices) months 1 684 1 1 1 0 270 1 1 1 0 340 1 1 1 0 410
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Table 4: Lyapunov exponents for the news-based uncertainty indices

Entire sample

40% sample

50% sample

60% sample

Percentage of — - Perce_n_tage Rejections of - Percen_tgge Rejections of -
i d Rejections of chaos Window | of positive A Window | of positive Window
Country Source A Obs positive A in the - L - chaos where 4 - chaos where A
- where 4 is positive Obs in the - e Obs Ainthe - L Obs
window window is positive window is positive
United States -0.10* 391 0 0 156 0 0 196 0 0 235
Global -0.03* 247 10.74% 0 99 14.52% 0 124 7.00% 0 148
Australia -0.10* 235 4.93% 0 94 2.54% 0 118 0 0 141
Brazil -0.04 319 1.04% 0 128 0.63% 0 160 0 0 191
Canada -0.06* 391 0 0 156 0 0 196 0 0 235
Chile -0.08* 295 0 0 118 0 0 148 0 0 177
China -0.06* 271 0 0 108 0 0 136 0 0 163
Eurozone -0.07* 367 0 0 147 0 0 184 0 0 220
France -0.02* 367 11.76% 0 147 0 0 184 0 0 220
Germany -0.12* 295 0 0 118 0 0 148 0 0 177
Hong Kong -0.09* 237 0.70% 0 143 0 0 119 0 0 211
India i‘:‘;‘ir -0.05* | 175 7.55% 0 70 1.14% 0 88 0 0 105
Ireland (2016) -0.08* 389 0 0 156 0 0 195 0 0 233
Itay -0.12* 247 0 0 99 0 0 124 0 0 148
Japan -0.07* 367 0 0 147 0 0 184 0 0 220
Korea -0.07* 329 0 0 132 0 0 165 0 0 197
Netherlands -0.15* 173 3.81% 0 69 2.30% 0 87 1.43% 0 104
Russia -0.08* 283 0.58% 0 113 0 0 142 0 0 170
Singapore -0.02 175 23.58% 0 70 7.95% 0 88 16.90% 0 105
Spain -0.10* 199 3.33% 0 80 0 0 100 0 0 119
United Kingdom -0.01 247 7.38% 0 99 5.65% 0 124 1.00% 0 148
South Africa -0.14* 126 85.71% 0 50 68.75% 0 63 27.45% 0 76
Sweden -0.06* 509 0 0 204 0 0 255 0 0 305
Mexico -0.06* 261 7.59% 0 104 0.76% 0 137 0 0 157
Arbatli
Japawgftaw (gg e11|7 ) -0.10% | 369 0 0 148 0 0 185 0 0 221
United States Baker
monetary policy etal -0.21* 369 0 0 239 0 0 199 0 0 159
Uncertainty (2016)

Note: * denotes rejection of the null hypothesis about the existence of chaos at the 5% level of statistical significance.
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Table 5: Lyapnov exponents for the uncertainty indices based on the interest rate projections, Fed and FOMC announcements

Entire sample

40% sample

50% sample

60% sample

Spread Percentage of Rejections of Window Percentage of Rejections of Window Percentage of Rejections of Window
Country Source A obs positive A in | chaos where 1 is Obs positive 2 in | chaos where 1 is Obs positive 2 in | chaos where 1 is Obs
the window positive the window positive the window positive
3mat3m -0.03* 267 24.22% 0 107 11.19% 0 134 7.41% 0 160
Canada 3mat 12m -0.03* 258 18.59% 0 103 9.23% 0 129 7.69% 0 155
10y at 3m -0.19* 267 34.16% 0 107 11.94% 0 134 1.85% 0 160
10y at 12m -0.06* 258 23.08% 0 103 4.62% 0 129 0.96% 0 155
3mat 3m -0.02 213 51.94% 0 85 20.56% 0 107 6.98% 0 128
Germany 3mat 12m -0.01 190 86.96% 0 76 51.04% 0 95 35.06% 0 114
10y at 3m -0.22* 281 30.59% 0 112 10.64% 0 141 7.96% 0 169
10y at 12m -0.10* 258 30.77% 0 103 26.92% 0 129 7.69% 0 155
3mat3m -0.03* 213 55.04% 0 85 32.71% 0 107 2.33% 0 128
France 3mat 12m 0.01 190 80.00% 0 76 54.17% 0 95 31.17% 0 114
10y at 3m -0.12* 281 12.94% 0 112 0.00% 0 141 2.65% 0 169
10y at 12m -0.19* 258 11.54% 0 103 4.62% 0 129 0.96% 0 155
3mat 3m 0.05 213 74.42% 0 85 51.40% 0 107 27.91% 0 128
Italy 3mat 12m -0.09* 190 60.00% 0 76 30.21% 0 95 7.79% 0 114
10y at 3m -0.05* 281 22.94% 0 112 12.77% 0 141 0.88% 0 169
10y at 12m -0.10* 258 53.21% 0 103 41.54% 0 129 25.96% 0 155
3mat 3m ] -0.02* 267 39.13% 0 107 25.37% 0 134 21.30% 0 160
Japan |__3met12m ':}I’:JLE‘E:’ -0.03* | 258 42.95% 0 103 26.15% 0 129 7.69% 0 155
10y at 3m (2017) -0.01 266 36.02% 0 106 25.37% 0 133 12.15% 0 160
10y at 12m -0.03* 257 28.39% 0 103 10.08% 0 129 3.85% 0 154
3mat 3m -0.02 213 69.77% 0 85 47.66% 0 107 15.12% 0 128
Spain 3mat 12m -0.08* 190 85.22% 0 76 40.63% 0 95 12.99% 0 114
10y at 3m -0.03* 281 36.08% 0 104 32.82% 0 131 38.10% 0 157
10y at 12m -0.07* 258 30.56% 0 95 6.67% 0 119 3.13% 0 143
3mat 3m -0.04* 247 30.20% 0 99 6.45% 0 124 0 0 148
Sweden 3mat 12m -0.07 238 54.86% 0 95 21.67% 0 119 8.33% 0 143
10y at 3m -0.20* 247 40.27% 0 99 14.52% 0 124 6.00% 0 148
10y at 12m -0.09 238 61.11% 0 95 15.00% 0 119 0.00% 0 143
3mat3m -0.07* 267 24.22% 0 107 11.94% 0 134 0.93% 0 160
United 3mat 12m -0.05* 258 20.51% 0 103 10.00% 0 129 0.96% 0 155
Kingdom | 10y at 3m -0.25* 267 37.89% 0 107 11.94% 0 134 0.93% 0 160
10y at 12m -0.13* 258 40.38% 0 103 21.54% 0 129 4.81% 0 155
3mat 3m -0.01 281 40.00% 0 112 12.77% 0 141 13.27% 0 169
United 3mat 12m -0.01 258 50.00% 0 103 38.46% 0 129 33.65% 0 155
States 10y at 3m -0.12* 281 9.41% 0 112 4.26% 0 141 0.88% 0 169
10y at 12m -0.13* 258 30.13% 0 103 10.00% 0 129 1.92% 0 155
(continued)
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Table 5: Ly

apunov exponents for the uncertainty indices based on interest rate projections, Fed and FOMC announcements (cont.)

Entire sample

40% sample

50% sample

60% sample

Words for Percentage Rejections Percentage Rejections Percentage Rejections
Source of extracting Source 1 obs of positive of chaos Window of positive of chaos Window of positive of chaos Window
Announcements the index Ain the where 1 is Obs Ain the where 4 is Obs Ain the where 4 is Obs
window positive window positive window positive
Fed 3 words Husted -0.34* | 373 0 0 149 0 0 187 0 0 224
10 words etal -0.25*% | 363 2.74% 0 145 0.55% 0 185 0 0 218
FOMC 3 words (2016) -0.37* | 249 0 0 100 0 0 125 0 0 149
10 words -0.20* | 247 4.70% 0 99 1.61% 0 124 1.01% 0 148

Note: * denotes rejection of the null hypothesis about the existence of chaos at the 5% level of statistical significance.
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Table 6: Lyapunov_exponents for the uncertainty indices based on model projections

Entire sample

40% sample

50% sample

60% sample

Percentage of Rejections of Percentage of Rejections of Percentage of Rejections of

Index Country Horizon Source A Obs positive A in the chaos where 2 is Obs positive A in the chaos where 1 is Obs positive A in the chaos where 4 is Obs
window positive window positive window positive

Macroeconomic 1 month -0.02* 684 5.84% 0 411 0.58% 0 343 0.36% 0 275
Uncertainty 3-months -0.01* 684 18.25% 0 411 16.03% 0 343 1.09% 0 275
United States 12-months Jurado et 0 684 97.32% 0 411 99.71% 0 343 93.82% 0 275
Macroeconomic 1 month al. (2015) -0.03* 684 0.97% 0 411 0% 0 343 0% 0 275
Uncertainty (real prices) 3-months -0.02* 684 3.89% 0 411 2.04% 0 343 0% 0 275
12-months 0 684 52.80% 0 411 72.89% 0 343 87.27% 0 275

Note: * denotes rejection of the null hypothesis about the existence of chaos at the 5% level of statistical significance.
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Figure 1: Hurst exponents for Russia (left) and South Africa (right) based on uncertainty
indices extracted from news. The continuous (blue) line depicts the small (40%) rolling
window results, the dotted (red) line depicts the mid (50%) window length and the
dashed (green) line depicts the large (60%) window length.
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Figure 2: Hurst exponents for the spread of the 3-month with the 12-month interest rates
for France. The continuous (blue) line depicts the small (40%) rolling window results, the
dotted (red) line depicts the mid (50%) window length and the dashed (green) line depicts
the large (60%) window length.
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Figure 3: Lyapunov exponents for the Singapore (subplot a), the U.K. (subplot b), the
South Africa (subplot ¢) and the global (subplot d) uncertainty indices. The continuous
(blue) line depicts the small (40%) rolling window results, the dotted (red) line depicts
the mid (50%) window length and the dashed (green) line depicts the large (60%)
window length.
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Figure 4: Lyapunov exponents for the 3-month interest rate index at the 3-month horizon
for France (upper subplot) and for the 3-month interest rate index at the 3-month horizon
for Italy (bottom subplot). The continuous (blue) line depicts the small (40%) rolling
window results, the dotted (red) line depicts the mid (50%) window length and the
dashed (green) line depicts the large (60%) window length.

29



08—

0.7

06—

05

04

0.3

0z

Figure 5: Lyapunov exponents for the 12-month ahead forecasts of the real uncertainty
indices of Jurado et al. (2015). The continuous (blue) line depicts the small (40%) rolling
window results, the dotted (red) line depicts the mid (50%) window length and the
dashed (green) line depicts the large (60%) window length.
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Appendix

Table A-1: Dataset details

No. Variable Country Frequency Time Span Source Details
1 Economic policy United States | Monthly | Jan-85 to Jul-17 Based on news articles
uncertainty
Economic polic PPP-adjusted GDP
2 policy Global Monthly Jan-97 to Jul-17 Weights based on news
uncertainty -
articles
Economic policy . } B .
3 uncertainty Australia Monthly Jan-98 to Jul-17 Based on news articles
4 Economic policy Brazil Monthly Jan-91 to Jul-17 Based on news articles
uncertainty
5 Economic policy Canada Monthly Jan-85 to Jul-17 Based on news articles
uncertainty
6 Economic policy Chile Monthly Jan-93 to Jul-17 Based on news articles
uncertainty
7 Economic policy China Monthly Jan-95 to Jul-17 Based on news articles
uncertainty
8 Economic policy Eurozone Monthly Jan-87 to Jul-17 Based on news articles
uncertainty
9 Economic policy France Monthly Jan-87 to Jul-17 Based on news articles
uncertainty
10 Economic policy Germany Monthly Jan-93 to Jul-17 Based on news articles
uncertainty
1 Economic policy India Monthly Jan-03 to Jul-17 Based on news articles
uncertainty
Economic policy - ) Baker et .
12 uncertainty Ireland Monthly Jan-85 to May-17 al. (2016) Based on news articles
13 Economic policy Itay Monthly | Jan-97todul17 | "SI | Based on news articles
uncertainty
14 Economic policy Japan Monthly Jan-87 to Jul-17 Based on news articles
uncertainty
15 Economlc_pollcy Korea Monthly Jan-90 to May-17 Based on news articles
uncertainty
16 Economic policy Netherlands Monthly Mar-03 to Jul-17 Based on news articles
uncertainty
Economic policy . N B .
17 uncertainty Russia Monthly Jan-94 to Jul-17 Based on news articles
18 Economic policy Singapore Monthly | Jan-03 to Jul-17 Based on news articles
uncertainty
19 Economic policy Spain Monthly Jan-01 to Jul-17 Based on news articles
uncertainty
20 Economic policy United Kingdom | Monthly Jan-97 to Jul-17 Based on news articles
uncertainty
21 Economic policy South Africa | Quarterly | Q1-85toQ3-16 Based on news articles
uncertainty
2 Economic policy Sweden Monthly | Jan-76 to May-17 Based on news articles
uncertainty
23 Economic policy Mexico Monthly | Jan-96 to Sep-17 Based on news articles
uncertainty
24 Economic policy Hong Kong Monthly | Apr-98 to Dec-17 Based on news articles
uncertainty
Fed announcements . MP Uncertainty Index:
25 uncertainty index United States Monthly Jan-85 to Jan-16 US Historical - 3 Word
Fed annoUnCements MP Uncertainty Index:
26 A United States Monthly Jan-85 to Jan-16 US Historical - 10
uncertainty index
Husted et Word
FOMC announcements . FOMC al. (2016) MP Uncertainty Index:
27 uncertainty index United States meeting Feb-85 to Jan-16 US Historical - 3 Word
MP Uncertainty Index:
- FOMC announcements United States FOMC Feb-85 to Jan-16 US Historical - 10
uncertainty index meeting Word
Japan monetary uncertainty ) : Arbatli et Monetary policy
29 index Japan Monthly Jan-87 to Sep-17 al. (2017) changes
30 Interest rate forecasts Canada Monthly May-93 to Jul-15 Istrefi and 3-month interest rate
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uncertainty index

Interest rate forecasts

31 uncertainty index Monthly May-93 to Oct-10
32 Interest rate forecasts Monthly May-93 to Jul-15
uncertainty index
Interest rate forecasts
33 uncertainty index Monthly May-93 to Oct-10
Interest rate forecasts
34 uncertainty index Monthly Jan-99 to Sep-16
Interest rate forecasts
35 uncertainty index Monthly Jan-99 to Oct-14
Interest rate forecasts Germany
36 A Monthly May-93 to Sep-16
uncertainty index
37 Interest rate forecasts Monthly | May-93 to Oct-14
uncertainty index
38 Interest rate forecasts Monthly | Jan-99 to Sep-16
uncertainty index
39 Imterest rate forecasts Monthly | Jan-99 to Oct-14
uncertainty index
Interest rate forecasts France
40 A Monthly May-93 to Sep-16
uncertainty index
Interest rate forecasts
41 uncertainty index Monthly May-93 to Oct-14
4243 Interest rate forecasts Monthly | Jan-99 to Sep-16
uncertainty index
44 Interest rate forecasts Monthly | Jan-99 to Oct-14
uncertainty index Italy
5 Interest rate forecasts Monthly May-93 to Sep-16
uncertainty index
46 Interest ra_lte fqrecasts Monthly May-93 to Oct-14
uncertainty index
Interest rate forecasts
47 uncertainty index Monthly May-93 to Jul-15
48 Interest rate fqrecasts Monthly May-93 to Oct-10
uncertainty index
Interest rate forecasts Japan
49 L Monthly May-93 to Jul-15
uncertainty index
50 Interest rate forecasts Monthly | May-93 to Oct-10
uncertainty index
51 Interest rate forecasts Monthly | Jan-99 to Sep-16
uncertainty index
52 Interest rate forecasts Monthly | Jan-99 to Oct-14
uncertainty index Spain
53 Interest re_lte fqrecasts Monthly Jan-95 to Sep-16
uncertainty index
54 Interest rate forecasts Monthly | Jan-95 to Oct-14
uncertainty index
55 Interest rate forecasts Monthly | Jan-95 to Jul-15
uncertainty index
56 Interest rate forecasts Monthly | Jan-95 to Oct-14
uncertainty index
Interest rate forecasts Sweden
57 L Monthly Jan-95 to Jul-15
uncertainty index
58 Interest re_lte fqrecasts Monthly Jan-95 to Oct-14
uncertainty index
Interest rate forecasts
59 uncertainty index Monthly May-93 to Jul-15
60 Interest rate forecasts Monthly | May-93 to Oct-10
uncertainty index . .
Interest rate forecasts United Kingdom
61 L Monthly May-93 to Jul-15
uncertainty index
62 Interest rate forecasts Monthly | May-93 to Oct-10
uncertainty index
Interest rate forecasts
63 uncertainty index Monthly May-93 to Sep-16
64 Interest rate fqrecasts United States Monthly May-83 to Oct-14
uncertainty index
65 Interest rate forecasts Monthly May-93 to Sep-16

Mouabbi
(2017)

forecasted at 3 months

3-month interest rate
forecasted at 12 months

10-year interest rate
forecasted at 3 months

10-year interest rate
forecasted at 12 months

3-month interest rate
forecasted at 3 months

3-month interest rate
forecasted at 12 months

10-year interest rate
forecasted at 3 months

10-year interest rate
forecasted at 12 months

3-month interest rate
forecasted at 3 months

3-month interest rate
forecasted at 12 months

10-year interest rate
forecasted at 3 months

10-year interest rate
forecasted at 12 months

3-month interest rate
forecasted at 3 months

3-month interest rate
forecasted at 12 months

10-year interest rate
forecasted at 3 months

10-year interest rate
forecasted at 12 months

3-month interest rate
forecasted at 3 months

3-month interest rate
forecasted at 12 months

10-year interest rate
forecasted at 3 months

10-year interest rate
forecasted at 12 months

3-month interest rate
forecasted at 3 months

3-month interest rate
forecasted at 12 months

10-year interest rate
forecasted at 3 months

10-year interest rate
forecasted at 12 months

3-month interest rate
forecasted at 3 months

3-month interest rate
forecasted at 12 months

10-year interest rate
forecasted at 3 months

10-year interest rate
forecasted at 12 months

3-month interest rate
forecasted at 3 months

3-month interest rate
forecasted at 12 months

10-year interest rate
forecasted at 3 months

10-year interest rate
forecasted at 12 months

3-month interest rate
forecasted at 3 months

3-month interest rate
forecasted at 12 months

10-years interest rate
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uncertainty index

Interest rate forecasts

forecasted at 3 months

10-years interest rate

66 uncertainty index Monthly May-83 to Oct-14 forecasted at 12 months
67 Montlhy | Jul-60 to Jun-17 GDP forecasted 1
month ahead
) I GDP forecasted 4
68 Macroeconomic Uncertainty Montlhy Jul-60 to Jun-17 months ahead
GDP forecasted 12
69 United States Montlhy Jul-60to Jun-17 Jurado et months ahead
al. (2015) Real GDP forecasted at
70 Montlhy Jul-60 to Jun-17 1 month ahead
Macroeconomic Uncertainty ) B Real GDP forecasted 4
71 (real prices) Montlhy Jul-60 to Jun-17 months ahead
72 Montlhy | Jul-60 to Jun-17 Real GDP forecasted 12

months ahead
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Table A-2: Hurst exponents for the uncertainty indices based on model projections

Entire sample

40% sample

50% sample

60% sample

Index

Country/

Horizon

Source

H obs

min

mean max

std

Obs

min

mean

max

std

Obs

min

mean max

std

Obs

Macroeconomic
Uncertainty

United States

Real time

Macroeconomic
Uncertainty

United States

4 quarters

Macroeconomic
Uncertainty in real
prices

United States

Real time

Macroeconomic
Uncertainty in real
prices

United States

4 quarters

Macroeconomic
Uncertainty based on
inflation

Eurozone

3 quarters

Macroeconomic
Uncertainty based on
GDP growth

Eurozone

3 quarters

Macroeconomic
Uncertainty based on
GDP growth

Austria

3 quarters

Macroeconomic
Uncertainty based on
GDP growth

Belgium

3 quarters

Macroeconomic
Uncertainty based on
GDP growth

Cyprus

3 quarters

Macroeconomic
Uncertainty based on
GDP growth

Estonia

3 quarters

Macroeconomic
Uncertainty based on
GDP growth

Finland

3 quarters

Macroeconomic
Uncertainty based on
GDP growth

France

3 quarters

Macroeconomic
Uncertainty based on
GDP growth

Germany

3 quarters

Macroeconomic
Uncertainty based on
GDP growth

Greece

3 quarters

Macroeconomic
Uncertainty based on
GDP growth

Ireland

3 quarters

Macroeconomic
Uncertainty based on
GDP growth

Italy

3 quarters

Macroeconomic
Uncertainty based on
GDP growth

Latvia

3 quarters

Rossi and
Sekhposy
an
(2015,20
17)

0.53 196

0.26

0.48 0.76

0.10

80

0.34

0.48

0.65

0.07

100

0.37

0.49 0.64

0.07

120

0.79 192

0.88 1

80

0.60

0.85

1

0.09

100

0.87 1

120

0.48 131

0.36 0.78

50

0.18

0.43

0.64

70

0.46 0.57

80

0.86 127

50

60

0.95 1

80

0.39 66

30

30

0.72 1

40

0.89 67

30

30

0.61 1

40

0.64 7

30

40

0.50 1

50

0.58 7

30

0.03

40

0.45

0.76 1

50

30

0.69

30

0.69

0.91 1

40

30

30

0.85 1

40

0.70 7

30

40

0.66 1

50

0.46 7

30

40

0.37 1

50

30

40

0.41 0.63

50

0.40 7

30

40

0.71 1

50

0.89 72

0.44

30

0.24

40

0.89 1

40

0.61 7

0.36

30

0.23

40

0.64 1

50

0.76 68

30

30

0.67 1

40
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Macroeconomic

Uncertainty based on Lithuania 3 quarters
GDP growth
Macroeconomic
Uncertainty based on Portugal 3 quarters
GDP growth
Macroeconomic
Uncertainty based on Slovakia 3 quarters
GDP growth
Macroeconomic
Uncertainty based on Slovenia 3 quarters
GDP growth
Macroeconomic
Uncertainty based on Spain 3 quarters
GDP growth
Macroeconomic
Uncertainty based on Netherlands 3 quarters
GDP growth
Macroeconomic 12-
Uncert_alnty_based on Austria months
inflation
Macroeconomic 12-
Uncertainty based on Belgium months
inflation
Macroeconomic 12-
Uncertainty based on Cyprus months
inflation
Macroeconomic 12-
Uncertainty based on Estonia months
inflation
Macroeconomic 12-
Uncertainty based on Finland months
inflation
Macroeconomic 12-
Uncertainty based on France months
inflation
Macroeconomic 12-
Uncertainty based on Germany months
inflation
Macroeconomic 12-
Uncert_alnty_based on Greece months
inflation
Macroeconomic 12-
Uncert_alnty_based on Ireland months
inflation
Macroeconomic 12-
Uncert_alnty_based on Italy months
inflation
Macroeconomic 12-
Uncert_alnty_based on Latvia months
inflation
Macroeconomic Lithuania 12-

1 68 0.38 0.90 1 0.17 30 0.38 0.90 1 0.17 30 0.62 0.96 1 0.11 40
0.41 7 0.28 0.70 1 0.22 30 0.09 0.60 1 0.32 40 0.03 0.67 1 0.26 50
1 73 0.28 0.75 1 0.24 30 0.17 0.73 1 0.28 40 0.17 0.73 1 0.28 40
0.48 68 0.53 0.89 1.00 0.12 30 0.53 0.89 1.00 0.12 30 0.48 0.80 1.00 0.16 40
1 7 0.73 0.95 1 0.08 30 0.08 0.83 1 0.26 40 0.46 0.84 1 0.18 50
0.29 7 0.72 0.95 1.00 0.08 30 0.08 0.43 1.00 0.24 40 0.17 0.43 0.82 0.17 50
1 304 0.72 0.98 1 0.05 120 0.88 0.99 1 0.03 150 0.94 1.00 1 0.01 180
1 304 0.72 0.98 1 0.05 120 0.88 0.99 1 0.03 150 0.94 1.00 1 0.01 180
1 145 0.56 0.95 1 0.10 60 0.69 0.93 1 0.10 70 0.78 0.93 1 0.07 90
1 150 0.45 0.93 1 0.13 60 0.49 0.90 1 0.16 80 0.56 0.93 1 0.13 90
0.95 304 0.77 0.97 1 0.06 120 0.77 0.97 1 0.05 150 0.86 0.98 1 0.04 180
0.90 304 0.54 0.83 1 0.14 120 0.62 0.87 1 0.09 150 0.76 0.88 1 0.06 180
0.88 304 0.62 0.87 1 0.11 120 0.62 0.85 1 0.11 150 0.63 0.85 0.99 0.09 180
0.79 263 0.53 0.91 1 0.13 110 0.71 0.94 1 0.08 130 0.73 0.93 1 0.08 160
0.99 304 0.77 0.97 1 0.06 120 0.74 0.97 1 0.05 150 0.88 0.98 1 0.04 180
0.98 304 0.85 0.99 1 0.03 120 0.85 0.99 1 0.03 150 0.90 0.99 1 0.02 180
1 150 0.48 0.94 1 0.12 60 0.71 0.93 1 0.08 80 0.73 0.92 1 0.08 90
0.89 150 0.46 0.94 1 0.13 60 0.54 0.89 1 0.13 80 0.55 0.91 1 0.12 90
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Uncertainty based on months
inflation
Macroeconomic 12
Uncertainty based on Portugal
- . months
inflation
Macroeconomic 12-
Uncert_alnty_based on Slovakia months
inflation
Macroeconomic 12-
Uncertainty based on Slovenia
inflation months
Macroeconomic 12-
Uncertainty based on Spain
inflation months
Macroeconomic 12-
Uncertainty based on Netherlands
months

inflation

0.98 304 0.54 0.97 1 0.07 120 0.82 0.97 1 0.05 150 0.93 0.99 1 0.01 180
0.62 170 0.38 0.80 1 0.17 70 0.52 0.73 1 0.12 90 0.59 0.72 0.94 0.09 100
0.91 171 0.62 0.92 1 0.10 70 0.76 0.96 1 0.06 90 0.86 0.97 1 0.04 100
0.77 304 0.67 0.93 1 0.08 120 0.72 0.90 1 0.07 150 0.73 0.88 1 0.06 180
0.84 304 0.58 0.92 1 0.10 120 0.73 0.89 1 0.07 150 0.75 0.88 0.99 0.06 180

Note: many series exhibit anti-persistent or persistent behaviour in different windows, which should be attributed to the small (<100)
number of observations that creates stability problems to the estimation of the exponents.
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