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article instances where spillover indices between countries are large. These relationships

change over time and we observe large variances in pairwise spillovers during the
global financial crisis. We find that most of the volatility is confined to the crisis period.
Policy makers should consider accounting for the spillovers from the US, Germany,
France and Spain, as we found that they are the most consistent net transmitters of
monetary policy uncertainty.
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1 Introduction

Globalization has made countries more connected, which can lead to problems, as seen
in the Global Financial Crisis (GFC). A seemingly unrelated event in one country or sec-
tor can be transmitted to a different country or sector, where the effects of these shocks
are persistent and can be reinforced by other shocks. There are even spillovers between
different types of uncertainty (risk), as Gabauer et al. (2020) found financial uncertainty
transmits the shocks that drive economic and real estate uncertainty. Since the GFC,
the literature on uncertainty spillovers has developed rapidly, to which we contribute
by looking at monetary policy uncertainty spillovers between countries. Studying uncer-
tainty and understanding the dynamics behind it gives more information to decision
makers, which can reduce risk.

Most of the literature uses the Economic Policy Uncertainty (EPU) index created by
Baker et al. (2016), where they searched newspaper articles for keywords. The majority
of the literature (Colombo 2013; Balcilar et al. 2017a; Biljanovska et al. 2017; Caggiano
et al. 2017; Antonakakis et al. 2018; etc.) only looked at EPU, while Gabauer and Gupta
(2018) looked at monetary, fiscal, currency and trade uncertainty. They applied a TVP-
VAR to a dataset they compiled using the EPU and Arbatli et al. (2017).
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When investigating spillovers, the literature seems fond of the connectedness measure
developed by Diebold and Yilmaz (2009, 2012, 2015). It is used to test for connectedness
in financial markets (Diebold and Yilmaz 2009, 2012, 2015; Tiwari et al. 2018) and EPU
(Klof3ner et al. 2014; Yin et al. 2014; Balli et al. 2017; Liow et al. 2018). The methodology
uses generalized forecast error variance decomposition to identify bi-directional spillo-
vers, where the GARCH-in-mean VAR used by Nsafoah et al. (2019) can only identify
one-directional flows.

There are also studies that analyze EPU with other methodologies, such as the work of
Ajmi et al. (2014), which looked at Granger causality, both linear and non-linear. Gupta
et al. (2016) used the Bayesian Additive Regression Trees (BART) algorithm to look at
international uncertainty spillovers on Canada, while Gupta et al. (2018) investigated the
effect of EPU on the business cycle for 48 US states and 51 metropolitan statistical areas.
Cekin et al. (2019) used vine copulas to look at co-dependencies in Latin-American
countries.

All the aforementioned studies find uncertainty spillovers, whether they be financial
or economic or monetary. Rey (2015), through a VAR analysis found that monetary
policy in a central country is one of the determinants in a global financial cycle. The
monetary policy in the central country (currently the US) affects capital flows, credit
growth in the international financial system and the leverage of global banks. Rey (2016)
argued that the modern global financial cycle challenges the Mundellian trilemma since
the exchange rate of a country is more important when it comes to maintaining a stable
level. This is due to the dollar being widely used as a funding currency. Therefore, any
changes in monetary policy in the US create movements in the dollar’s strength, which
will result in other countries applying monetary policy to maintain the exchange rate.

Miranda-Agrippino et al. (2015) found evidence of US monetary policy spillovers
to the rest of the world when they studied the global financial cycle and world asset
markets. They used a stylized model and found that tightening of US monetary policy
leads to movements in various global financial variables, including cross-border credit
and leverage. Their findings support the arguments made by Rey (2015), as the large
amounts of dollar debt in other countries, and the close link between monetary policy
and exchange rate, influence their monetary policy discretion.

Displaying the importance of monetary policy uncertainty spillovers, Gabauer and
Gupta (2018) found that monetary policy uncertainty is the main driver of EPU, followed
by fiscal, then currency and finally trade policy uncertainty. Using a DSGE model of the
South African Economy, Balcilar et al. (2017b) found that monetary policy uncertainty
can prolong weak economic activity, by suppressing inflation and output simultaneously,
and can at times create unintended consequences.

The transmission mechanisms of monetary policy uncertainty are relatively unstudied,
with Antonakakis et al. (2019) studying monetary policy spillovers under conventional
and unconventional stances between US, UK, Euro area and Japan found that US and
Euro area was the main transmitters of monetary policy spillovers and UK and Japan the
main receivers. They also found that the largest spillovers from US were during times of
unconventional times, noting the potential gains from policy coordination.

Gabauer and Gupta (2018) found that monetary policy uncertainty in the US drives
trade policy uncertainty in Japan and vice versa. Balcilar et al. (2017b) found that
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monetary policy uncertainty suppresses inflation and output simultaneously, which
leads to lower interest rates. This shows how monetary policy uncertainty affects other
macroeconomic variables and can affect other economies not only through direct spillo-
vers, but also through indirect channels.

We investigate the spillovers between countries resulting from monetary policy uncer-
tainty and test whether the aforementioned only holds for spillovers from the US to the
rest of the world. One similar study by Nsafoah et al. (2019) only looked at spillovers
of US monetary policy uncertainty to an array of countries. We consider bi-directional
spillovers and follow the literature in using Diebold and Yilmaz (2009, 2012, 2015). We
then look at the spillovers in the frequency domain using Barunik and Ktehlik (2018).
The frequency analysis allows us to look at what happens to the spillovers between coun-
tries as time progresses using the full sample before we look at rolling window samples
to graph the relationships. The frequency analysis is favorable, as it does not reduce the
number of observations when quantifying the time-varying effects.

We use the Interest Rate Uncertainty index created by Istrefi and Mouabbi (2018)
as a measure of monetary policy uncertainty, which has (to our knowledge) not been
used in a similar study. Tran (2019) showed that there is a positive and significant cor-
relation between the Monetary Policy Uncertainty (Baker et al. 2016) and Interest Rate
Uncertainty, indicating that it can capture uncertainty surrounding monetary policy. We
contribute to the empirical literature by applying two methodologies, not used in uncer-
tainty spillovers for monetary policy, to a new measure for monetary policy uncertainty.

We find that there are large spillovers (compared to own spillovers) for some of the
countries. The spillovers change over time, and most of these increase in size with the
increase in time, starting from a shock. This points to a delayed reaction as the shock
takes time to filter through the transmission mechanisms. The increase in bond maturity
and forecast horizon leads to reduced uncertainty spillovers. We also find that the US is
a net transmitter of uncertainty for most of the samples, but there are some instances
where it is a net receiver.

The rest of the paper is structured as follows: Sect. 2 presents the data and methodol-
ogy, Sect. 3 discusses the results and Sect. 4 concludes.

2 Data and methodology

2.1 Data

In this study, we investigate monetary policy uncertainty spillovers using the connected-
ness methodologies developed by Diebold and Yilmaz (2009, 2012, 2015) and Barunik
and Krehlik (2018). The former analyzes the time domain and the latter analyzes the fre-
quency domain. We use the Interest Rate Uncertainty (IRU) index created by Istrefi and
Mouabbi (2018) as a measure of monetary policy uncertainty.

Istrefi and Mouabbi (2018) create the IRU by looking at 3- and 12-month forecasts
from Consensus Economics surveys. This allows them to account for disagreement
among forecasters and the perceived variability of future shocks. The second component
is estimated using a stochastic volatility model, which results in a subjective interest rate
uncertainty measure that allows for shocks to be time-varying and stochastic. They cal-
culate the IRU for two bond maturity levels; 3 months and 10 years. This yields four IRU
measures, which shows how uncertainty differs between the short and long term.
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We employ the IRU for all 9 countries (US, Germany, France, Italy, Spain, UK, Japan,
Canada, and Sweden, denoted in this study, by U, G, E, L, S, UK, J, C, and Sw, respectively)
and we analyze all of them. The index consists of two bond maturity levels, 3 months
and 10 years, at both 3- and 12-month ahead forecast horizons. Therefore, 3m3m would
donate the interest rate uncertainty of a 3-month government bond yield, estimated at a
3-month ahead forecast horizon.

Due to data availability, we consider the following periods: for the 3m3m dataset—Jan
1999 to Jul 2015, 3m12m—Jan 1999 to Oct 2014, 10y3m—TJan 1995 to Jul 2015 and for
10y12m—Jan 1995 to Oct 2014. For the two 10-year bond yield datasets, there is a miss-
ing observation for Japan in Jul 2005 and is omitted for all the countries in the 10-year
datasets.

2.2 Methodology

Diebold and Yilmaz (2009, 2012, 2015) proposed the methodology of measuring the
interdependence of variables based on generalized forecast error variance decompo-
sition in a vector autoregressive (VAR) model. The methodology calculates a spillover
index in the generalized VAR setting of Pesaran and Shin (1998) in which forecast error
variance decomposition is independent of variable ordering. In particular, consider an
N-variable VAR (p) system (in our case N = 9 and p = 2, selected by minimizing infor-
mation criteria):

p
Y, = Z WYy i+ e (1)
i=1

where Y; is the N x 1 vector of monetary policy uncertainty measures and W;’s are the
N x N parameter matrices. The disturbances (¢;) follow a white noise process. By covar-
iance stationarity, the infinite-order moving average representation (MA) of the VAR (p)
model in equation (1) exists and is given as

oo
Y = ZAiSt—i (2)
i=0

where A; = W1A; 1 + VA; 2+ .. WpA; p. Agis the N x N identity matrix, and 4; =0
fori <.

In the MA representation, the generalized forecast error variance decomposi-
tion (GFEVD) at the H-step-ahead forecast horizon can be used to calculate the total,
directional and pairwise spillovers of Diebold and Yilmaz (2009, 2012, 2015). Denoting
GFEVD by #;(H) as follows:

_ H—-1 2
Ujj 1 tho (e;Ath/)

Wi (H) = —
o (ejAnQA Le;)

3)

where oj; is the standard deviation (SD) of the disturbances for the variable ;. Q is the
(estimated) variance matrix of the error vector (e;), which is a selection vector corre-
sponding to a vector of ones for the ith variable and a vector of zeros otherwise. 9 (H)
captures the contribution of variable j to the variance of the forecast error of variable i, at
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horizon H, providing a measure of pairwise spillovers from variable j to i. The off-diag-
onal elements of the variance decomposition matrix @ (H) give the pairwise spillovers
across variables. In contrast, the diagonal elements of ¥ (H) measure the contributions of
shocks to variable i to its own forecast error variance.

Since the rows of ¥ (H) do not necessarily sum to one, each element of the variance
decomposition matrix can be normalized by the row sum:

Dyi(H) = zgﬁi (4)
j=1 Vi (F)

where Z]Ail 5ij(H ) =1and Z%:l 5,',' (H) =N. 5ij(H ) provides a measurement of pair-

wise spillovers from variables j to i at horizon H. This can be aggregated to calculate the

total spillover index C(H), which is defined as the share of variance in the forecasts con-

tributed by errors other than its own, i.e., shocks to Y}, fori,j = 1,2,...,N, and i # .

S =1 Pyt S =1 Pyt
C(H) = lN#J—~ x100= — 7T 100 )
Zi,j:l Uij(H) N

which captures the relative contributions to the total forecast error variance from spillo-
vers of volatility shocks across variables.

The directional spillovers received by variable i from all other variables j are oft-diago-
nal row sums (i.e., contributions from others) and are calculated as follows:

N -
Z]- — 1 Uy(H)
i#j (6)
DS;j(H) = — X 100

and the spillovers transmitted by variable i to all other variables j are off-diagonal col-
umn sums (i.e., contributions to others) and are given by

N~
Zj =1 ViH)
i #j 7)
DSisj(H) = —————— x 100.

Based on the connectedness measures of Diebold and Yilmaz (2009, 2012, 2015), Barunik
and Krehlik (2018) consider the frequency dynamics (e.g., the short, medium, and long
terms) in the measurement of connectedness and propose a new approach to assess the
connectedness of variables in the frequency domain. Barunik and Kfehlik (2018) employ
the spectral representation of GFEVD to define connectedness measures on different
frequency bands of interest. For example, the aggregate measure on the given frequency
band d = (a, b) can be specified as

Cc%=c?.1d) (8)

,and C4 is the total con-

fo,'zl (501)1‘,,‘ _ Z{f,'zl (5d)i,,'

2@ T k
nectedness measure on the connectedness tables (¢;) corresponding to the frequency
band d = (a, b).

where the spectral weight is I'(d) =
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DY BK-A BK-B BK-C
3m3m 66.15 45.82 63.00 7351
3m12m 43.39 29.76 39.92 52.29
10y3m 4225 34.94 4314 53.74
10y12m 3239 20.32 26.32 44.05
Table 2 Net movements (TO-FROM)
DY BK-A BK-B BK-C DY BK-A BK-B BK-C
U G
3m3m 2.60 —1.20 — 263 532 — 282 1.79 — 225 — 445
3m12m 740 0.18 3.14 1345 1.05 2.90 0.70 — 0.66
10y3m —1.28 0.01 — 341 —191 033 —0.52 0.87 133
10y12m 240 0.98 1.22 404 — 143 1.10 —0.95 — 352
F |
3m3m 1.04 321 1.89 (AN 4.20 152 8.09 3.90
3m12m — 034 —1.99 0.13 045 — 145 — 146 0.12 —2.06
10y3m 247 145 1.64 4.74 — 550 0.80 —5.601 — 15.86
10y12m — 157 0.14 0.12 — 3.66 — 240 — 0.66 — 265 —353
S UK
3m3m 558 327 561 6.28 —521 — 268 — 767 —5.29
3m12m 2.89 0.64 4.64 3.53 —373 1.73 — 214 — 762
10y3m 222 —0.38 437 4.99 0.70 —0.16 1.44 161
10y12m 093 —0.77 0.55 237 2.85 — 194 197 6.80
J C
3m3m —535 —0.63 —2.86 —7.58 7.05 0.23 5.81 9.57
3m12m —0.74 0.06 —1.11 —1.07 — 215 —033 —1.30 —3.58
10y3m —0.69 —0.38 —093 —1.04 —0.58 — 154 — 027 0.78
10y12m — 0380 —0.18 —0.20 —1.55 1.83 0.55 146 2.94
Sw
3m3m —7.09 —5.60 —6.00 —7.88
3m12m — 295 — 298 —4.18 — 244
10y3m 234 0.71 1.89 535
10y12m —1.82 0.79 —153 —3.87

Two estimation procedures were used at this point. First, we consider the full sample

to look at the static relationships and then a 100-month rolling window sample is used to

capture the time-varying aspects of the relationships (or the dynamic relationships). The

former’s results are tabulated, while the latter’s results are shown in the figures.

3 Results and discussion

We report the estimation results for monetary policy uncertainty spillovers using the
Diebold and Yilmaz (2009, 2012, 2015) (hereafter DY) method in Tables 3, 5, 7, and 9 and
the Barunik and Kiehlik (2018) (hereafter BK) method in Tables 4, 6, 8, and 10. Table 1
gives the summary of the total spillovers of both methods, while Table 2 gives the net

movements of all the countries for both methods.
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Table 1 shows the total spillover index, which is located in the lower right corner of
Tables 3, 4, 5, 6, 7, 8, 9 and 10 (in Appendix). This measures the contributions of spillo-
vers of shocks across countries to the total forecast error variance. The within connect-
edness (WTH in the BK tables) shows the spillovers within the frequency band and the
frequency connectedness (ABS in the BK tables) splits the DY connectedness measure
into the different frequency bands. A, B and C correspond to the different panels in the
BK tables in Appendix, where A is the short term (1-4 months), B is the medium term
(4-12 months) and C the long term (12+ months), respectively.

Table 1 shows that connectedness decreases with a longer forecast horizon for both
bond yields and both methodologies. The total connectedness increases as the fre-
quency increases in the BK, with the long term being more connected. This indicates
that there are larger monetary policy uncertainty spillovers 12 months and longer after
a shock. This points to a time-varying nature in monetary policy uncertainty spillovers
and should be accounted for when estimating a model that includes monetary policy
uncertainty.

Table 2 shows the net movements for all the countries, where a positive value repre-
sents a net transmission and a negative value indicates a net reception. We calculate the
net spillovers from Tables 3, 4, 5, 6, 7, 8, 9 and 10, which provide a decomposition of
the total spillovers into those coming from (or going to) other countries. The elements
in the last row (labeled “TO”) represent directional spillovers transmitted by country i
(column) to all other countries, and those in the last column (labeled “FROM”) are direc-
tional spillovers received by country j (row) from all other countries.

We calculate the net movements by subtracting the uncertainty receptions from the
transmissions (TO-FROM, in the tables). For example, in the DY results of the 3m3m
dataset, the directional spillover index from the US to other countries (6.97%) is higher
than the spillover index from other countries to the US (4.37%), indicating that the US
acts as a net transmitter of monetary policy uncertainty.

Despite the US being the central country, as mentioned by Rey (2015), there are some
instances where the US is still a net receiver of uncertainty spillovers. The US, Germany,
France, and Spain are the most consistent transmitters of monetary policy uncertainty,
while Sweden and Japan are the most consistent receivers of uncertainty spillovers.
Despite Japan receiving uncertainty spillovers most consistently, the size of the spillo-
vers is negligible in all but the 3m3m dataset. The US transmits the largest spillover, but
Spain’s spillovers have a larger mean, with a smaller variance.

In the results below we focus on the analysis of the 3m3m dataset, but it can be rep-
licated for all the other datasets. Entry i,j (i # j) in Tables 3, 4, 5, 6, 7, 8, 9 and 10 repre-
sents the estimated contribution to the forecast error variance of country j coming from
shocks in country i. The diagonal element (i = j) captures the fraction of the forecast
error variance of country i due to its own shocks.

From the DY uncertainty spillover results in Table 3, we observe that Spain delivers
most spillovers to all other countries while Japan delivers the least. On average, innova-
tions from Spain are responsible for 13.59% of the error variance in forecasting uncer-
tainty of these countries, while only 1.11% comes from innovations to Japan. In contrast,
the US receives the least of the spillovers from all other countries (4.37%) and Germany
receives the most (9.03%).
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In the US, 60.71% of the error variance in forecasting its uncertainty stems from
its own uncertainty. The estimated contributions to the forecast error variance of US
uncertainty from other countries are relatively small, ranging from 0.49% (Italy) to
17.16% (Canada). On average, the spillover index for the whole system is 66.15%, indi-
cating that about two-thirds of forecast error variance come from spillovers during
the whole sample period.

In Table 4, we find that the size of spillovers indices in the short term is much
smaller than that stemming from DY. The innovations to the US contribute 14.06%
(compared to 60.71% in DY) of error variance when it comes to forecasting its own
uncertainty. The medium-term total spillover index is 63%, which is higher than the
short-term total spillover index, and close to that of DY. However, the own spillover
index for the US is only 12.32%. In the long term, our results show that the total spill-
over index is 73.51%, indicating that nearly three-quarters of forecast error variance
in the long term come from spillovers. Here, the own spillover index for the US is
much higher than in the previous two periods, where 34.33% of uncertainty spillovers
received is from its own innovations.

It is notable that the estimated contributions to the forecast error variance of US
uncertainty stem mainly from its own innovations across all three frequency bands.
This is also the case for the other countries as we move to the 10-year bond yield and
a longer forecast horizon. Therefore, in the long run, a country’s uncertainty is mainly
influenced by its own uncertainty.

For the other bond yields and horizons, there are large spillover indices (relative
to its own) between some of the European countries (France, Germany, Italy, Spain,
Sweden, and UK). This is expected, as they have the same monetary authority (except
the UK). This decreases with the longer horizon and with bond maturity, which
points to a time-varying relationship between the countries. These relationships are
analyzed below.

Following the DY and BK methods, we also analyze the dynamics of net pairwise
spillovers over time using 100-month rolling window samples. The initial window
period is from Jan 1999 to Apr 2007 for 3m3m and 3m12m, and Jan 1995 to Apr
2003 for 10y3m and 10y12m. Figures 1, 2, 3, 4, 5, 6, 7 and 8 present the time-varying
behavior of net pairwise spillovers from May 2007, while Figs. 9, 10, 11, 12, 13, 14,
15 and 16 present the same for the 10y3m and 10y12m datasets from May 2003. The
difference in start dates is due to the different time periods for the different datasets.

The crisis period can be seen at an approximate index of 20 (corresponding to Jan
2009) for the 3-month bond yields and 68 for the 10-year bond yields. The difference
is due to the different start dates for the two bond yields. Data for the 10-year yields
start 4 years prior to the 3-month yields, so 48 should be added to that of the 3-month
yield to obtain the same date.

We find that net pairwise spillover effects are strong during the 2007-2008 Global
Financial Crisis and the 2009 European Debt Crisis. Most of the relationships are
more stable after the GFC. The pairwise spillovers in the US show that, after the
crisis, there are instances where this factor is a negative net transmitter (i.e., a net
receiver) of uncertainty. This is consistent with the results shown in Table 2, where
the static analysis captured these net receptions. This is also consistent with the
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Pairwise spillovers
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results of Diebold and Yilmaz (2015), where they consider the spillovers between the
US and Euro area financial institutions. They find that after Lehman Brothers filed
for bankruptcy, the US changed from a net transmitter to a net receiver of financial
uncertainty.

Our results are consistent with the literature, despite using a different measure for uncer-
tainty. It is clearly shown that there are bi-directional monetary policy uncertainty spillo-
vers between countries. As our sample of countries is small due to data availability, it would
be interesting to see how the results change when a greater number of developing countries
were included. We suspect that the spillovers that they receive from other countries would
be larger than those in our analysis (compared to own spillovers) due to their greater reli-
ance on foreign currency denoted debt.
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Pairwise spillovers on band: 3.14 to 0.79.
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4 Conclusion

In this study, we use the Interest Rate Uncertainty measure from Istrefi and Mouabbi
(2018) to look at monetary policy uncertainty (MPU) spillovers between the US, Ger-
many, France, Italy, Spain, UK, Japan, Canada, and Sweden in both the time and fre-
quency domains. For the time domain, we use the methodology created by Diebold and
Yilmaz (2009, 2012, 2015) and for the frequency domain, we use Barunik and Krehlik
(2018), which builds on the former methodology. A frequency domain analysis is useful
as it allows us to quantify the time-varying relationships at different frequencies, with-
out reducing observations.

Most of the spillovers are from innovations in the country itself, but there are some
instances of large spillovers between the countries examined. These spillovers vary with
time, but the US, Germany, France, and Spain are consistent net transmitters over all
the datasets. The spillovers between the European countries are small in the short and
medium terms but large in the long term, in the 3-month bond yields at a 3-month fore-
cast horizon dataset. This points to a delayed reaction as the innovations take time to
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Pairwise spillovers on band: 0.79 to 0.26.
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Fig. 3 3m3m—BK4 to 12 months

filter through the transmission mechanisms. Our results show that the increase in bond
maturity and forecast horizon leads to reduced uncertainty spillovers. We also find that
the US is a net transmitter of uncertainty for most of the samples, but there are some
instances where it is a net receiver.

In the dynamic relationships, we find that most of the spillovers die down after the
global financial crisis (GFC), decreasing in variance and moving to a level closer to zero.
In some instances, the US becomes a net receiver of uncertainty, such as after the GFC
in particular. This finding is consistent with the results found by Diebold and Yilmaz
(2015).

Balcilar et al. (2017b) found that MPU suppresses inflation and output simultane-
ously, which leads to lower interest rates. This shows how MPU affects other macro-
economic variables and can affect other economies not only through direct spillovers,
but also through indirect channels. We found that there are MPU spillovers between the
countries in our sample. These two results create a problem for policy makers: they can-
not simply dust consider just their own countries’ policy uncertainty, and now also have

Page 11 of 30
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Pairwise spillovers on band: 0.26 to 0.00.
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to account for the uncertainties in other countries. As uncertainty spillovers vary with
time, their response cannot be the same every time. Policymakers should look at incor-
porating US, Germany, France and Spain’s MPU in decisions, as they were consistent net
transmitters of uncertainty.

MPU affects macroeconomic variables like inflation, output and the interest rate,
which are important indicators to determine investment decisions and the timing of the
investment. MPU is thus an important aspect to consider, as it could foreshadow prob-
lems or potential gains.

The analysis does not fully account for time-varying aspects of uncertainty spillovers,
future studies can use methods that do, like TVP-VAR instead of a normal VAR in the
analysis. Future studies in this area can also look at the bi-directional spillovers between
developed and developing countries. As suggested by Rey (2015), the developing world
could have even less monetary policy discretion than the developed world. The develop-
ing world may have a greater reliance on foreign denoted debt, and the spillovers to these
countries would be larger than spillovers to developed countries. Another area that is still
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Pairwise spillovers on band: 3.14 to 0.79.
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Pairwise spillovers on band: 0.79 to 0.26.
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Pairwise spillovers on band: 0.26 to 0.00.
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Pairwise spillovers on band: 3.14 to 0.79.
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Pairwise spillovers on band: 0.79 to 0.26.
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Pairwise spillovers on band: 0.79 to 0.26.
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Pairwise spillovers on band: 0.26 to 0.00.
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relatively unstudied is the exact transmission mechanisms through which monetary policy
uncertainty spills over.
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Appendix

Table 3 3m3m DY

U G F | S UK J C Sw FROM
U 60.71 325 523 049 4.24 2.01 1.89 17.16 5.02 437
G 9.02 18.74 15.65 17.45 19.19 2.86 0.89 1549 0.70 9.03
F 8.83 11.85 23.88 17.57 18.85 203 0.85 15.36 0.77 8.46
I 411 10.12 14.44 30.78 21.22 2.79 0.63 14.35 1.56 7.69
S 576 9.70 14.64 2144 27.87 4.62 0.72 14.50 0.75 8.01
UK 7.28 5.82 9.62 14.82 20.80 24.77 0.72 15.20 0.98 8.36
J 3.75 5.21 8.21 9.09 14.36 9.39 41.85 7.03 1.11 6.46
C 19.56 2.89 4.24 761 7.29 2.15 361 5167 0.99 537
Sw 445 7.03 13.50 18.51 16.32 2.53 0.65 12.67 24.34 841
T0 6.97 6.21 9.50 11.89 13.59 3.15 1.11 1242 1.32 66.15

Entry i,j (i # j) represents the estimated contribution to the forecast error variance of country j coming from shocks in
country i. The diagonal element (i = j) captures the fraction of the forecast error variance of country j due to its own shocks.
The elements in the last row (labeled “TO") represent directional spillovers transmitted by country i (column) to all other
countries, and those in the last column (labeled “FROM”) are directional spillovers received by country j (row) from all other
countries
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Table4 3m3m BK

u G F 1 S UK J C Sw FROM ABS FROMWTH

Panel A—1 to 4 months

u 1406 114 1.14 0.1 082 032 0.57 1.04 031 061 3.09

G 045 626 225 1.59 220 033 0.17 0.60 022 0.87 441

F 027 253 641 221 331 039 0.04 0.62 0.3 1.06 537

| 0.04 240 272 824 4.29 0.77 0.01 0.99 0.30 1.28 6.51

S 022 230 342 3.85 875 160 0.19 1.10 0.13 142 725

UK 030 088 1.79 1.50 370 779 0.27 0.78 0.23 1.05 535

J 0.72 0.30 0.52 0.10 033 047 11.84 230 0.1 0.54 274

C 0.82 0.22 0.56 229 1.04 049 235 19.73 0.26 0.89 4.54

Sw 067 1.21 278 256 292 034 0.13 100 1275 1.29 6.56

TOABS 039 122 1.69 1.58 207 052 041 0.94 0.19 9.01

TOWTH 1.98 6.20 8.58 8.03 10.52 267 211 4.77 0.96 45.82
Panel B—4 to 12 months

u 1232 096 1.77 0.27 123 025 0.65 434 0.69 1.13 6.19

G 057 346 3.03 3.80 372 035 0.03 212 0.19 1.53 843

F 0.62 229 4.86 3.87 339 0.14 0.13 211 0.27 142 7.82

| 010 148 232 591 365 033 0.02 1.79 047 1.13 6.20

S 033 182 2.80 511 554 088 0.04 223 0.21 149 8.19

UK 0.78 1.28 2.08 4.02 5.19 7.07 0.06 276 0.31 1.83 10.05

J 021 066 097 093 1.61 1.36 8.11 0.14 0.38 0.69 382

@ 304 055 0.57 1.56 112011 0.56 825 0.15 0.85 467

Sw 019 110 238 3.86 271 048 0.10 1.69 511 1.39 763

TOABS 0.65 112 177 2.60 251 043 0.18 191 0.30 1147

TOWTH 356 618 9.71 1429 1380 238 096 1048 1.63 63.00
Panel C—12 months +

U 3433 115 232 0.10 219 143 0.67 11.79 402 263 4.23

G 8.00 9.02 1037 12.07 13.28 217 0.69 12.77 030 6.63 10.67

F 794 704 1261 1149 1216 149 068 1263 038 5.98 9.62

| 397 624 940 1664 1328 169 060 1157 0.79 5.28 8.50

S 520 558 843 1249 13.58 214 049 11.18 040 5.10 8.21

UK 620 367 575 930 1191 990 039 1165 043 548 8.82

J 282 425 6.72 807 1242 756 2189 4.58 0.62 523 841

C 1570 211 3.11 376 513 155 069 2370 0.58 363 5.83

Sw 3.60 4.73 835 12.09 10.68 1.71 042 9.98 648 573 922

TOABS 594 386 6.05 771 901 219 0.52 9.57 084 4568

TOWTH 9.55 6.22 9.73 1240 14.49 353 0.83 15.40 134 73.51
See note to Table 3
Table5 3m12m DY

U G F | S UK J C Sw FROM

u 74.64 6.99 2.19 7.61 2.75 2.08 122 091 163 2.82
G 22.05 36.86 1041 1.83 16.01 5.88 142 197 3.58 7.02
F 6.73 15.49 4749 6.45 13.68 477 2.65 0.63 2.11 5.83
| 2.96 6.73 8.44 59.35 15.28 1.29 3.62 1.56 0.76 452
S 6.33 12.04 12.24 7.51 5135 3.89 1.01 3.97 1.65 541
UK 20.86 17.54 444 091 10.97 37.22 1.58 2.82 3.68 6.98
J 212 0.88 254 132 1.48 574 80.75 453 0.65 2.14
C 23.24 4.16 1.76 0.99 538 0.64 0.35 62.98 052 411
Sw 7.70 8.84 7.38 1.06 9.13 5.00 0.73 1.30 58.87 457
TO 10.22 8.07 549 3.07 830 325 1.40 1.96 1.62 43.39

See note to Table 3
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Table6 3m12m BK

u G F 1 S UK J C Sw FROMABS FROMWTH

Panel A—1 to 4 months

U 12.75 1.36 0.55 031 0.69 0.62 031 0.08 039 048 1.60

G 0.79 9.66 283 0.80 1.30 0.89 021 0.18 092 0.88 295

F 0.80 841  31.04 3.06 5.28 1.95 047 041 1.86 247 8.26

| 0.54 173 343 27.65 228 0.81 1.51 0.46 0.57 1.26 421

S 093 255 4.08 1.74 1798 093 0.06 0.16 0.86 1.26 4.21

UK 037 0.75 0.68 0.24 070 1047 0.18 0.07 040 038 1.26

J 0.07 0.36 0.60 039 0.05 0.36 17.74 042 0.56 031 1.04

C 0.50 0.19 048 011 0.93 0.26 0.04 23.62 0.35 0.32 1.06

Sw 0.79 379 4.23 0.76 1.81 2.20 0.19 019 3807 1.55 518

TOABS 053 212 1.87 0.82 145 0.89 033 0.22 0.66 8.90

TOWTH 1.78 711 6.27 275 4.85 299 1.10 0.73 220 29.76
Panel B—4 to 12 months

U 1830 201 0.74 1.21 1.03 032 0.12 0.29 044 0.69 340

G 3.08 7.58 2.07 049 383 1.13 0.09 038 0.88 133 6.58

F 0.98 237 8.17 2.06 3.56 0.80 042 0.15 0.17 117 5.79

| 0.31 091 144 1465 313 0.07 0.14 043 013 0.73 3.60

S 040 1.98 298 210 1087 0.65 0.11 062 032 1.02 5.05

UK 2.09 295 0.63 0.25 1.83 9.65 0.18 033 0.87 1.01 5.02

J 044 0.18 0.57 045 0.24 1.00 1545 034 0.06 0.36 1.81

C 2.82 0.66 0.84 0.04 0.65 0.01 012 1275 0.07 0.58 2.88

Sw 1.75 215 148 0.16 332 1.24 0.08 033 1163 1.17 5.80

TOABS 132 147 1.19 0.75 1.96 0.58 0.14 032 0.33 8.05

TOWTH 6.54 7.28 592 372 9.69 2.88 0.70 1.58 1.62 39.92
Panel C—12 months +

U 43.59 3.61 0.90 6.09 1.02 1.14 0.79 0.54 0.79 1.65 331

G 18.18 19.61 5.50 0.54 10.88 3.86 112 142 1.78 481 9.63

F 4.95 471 8.28 1.33 4.84 2.02 1.77 0.07 0.08 2.20 440

I 212 4.10 358  17.06 9.87 041 1.97 0.68 0.06 253 5.07

S 5.00 752 5.18 3.67 22.50 230 0.85 3.18 047 313 6.27

UK 1839 13.84 3.14 042 8.44 17.10 1.21 243 241 559 11.19

J 1.62 034 1.38 048 1.18 437 4756 377 0.02 1.46 293

C 1991 331 044 0.84 3.80 0.36 019 2661 0.11 322 6.44

Sw 517 290 167 0.14 4.00 1.55 046 0.78 9.16 1.85 371

TOABS 837 448 242 1.50 4.89 1.78 093 143 064 2644

TOWTH 16.76 897 485 3.01 9.80 357 1.86 2.86 127 5295
See note to Table 3
Table 7 10y3m DY

U G F | S UK J C Sw FROM

u 65.14 3.70 6.02 2.09 3.1 4.84 1.46 512 8.54 387
G 1.29 51.22 3.95 222 0.35 16.08 0.13 498 19.77 542
F 3.88 3.08 54.18 4.68 21.29 3.13 0.73 1.56 746 5.09
| 334 235 2447 31.64 24.06 1.46 0.30 2.05 10.33 7.60
S 248 0.69 19.16 4.56 63.11 1.19 0.73 224 5.85 410
UK 2.24 16.31 3.90 0387 0.95 53.06 1.22 9.76 11.69 522
J 2.78 033 1.87 0.12 1.63 297 87.63 0.46 221 137
C 5.64 6.91 142 093 151 12.16 112 64.44 5.86 3.95
Sw 1.65 18.33 7.24 344 3.93 1147 047 415 4932 563
TO 2.59 575 7.56 2.10 6.32 592 0.68 337 797 42.25

See note to Table 3
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Table 8 10y3m BK

U G F | S UK J C Sw FROMABS FROMWTH

Panel A—1 to 4 months

U 27.08 0.64 215 039 1.63 0.76 035 1.29 091 0.90 1.83

G 090 3668 1.93 1.21 023 1135 0.09 344 1467 376 7.64

F 1.1 135 20.30 147 4.15 1.56 041 0.46 247 144 294

| 0.22 0.26 092 9.65 118 0.06 0.02 0.25 0.51 0.38 0.77

S 1.10 0.17 6.67 131 3546 0.12 039 0.65 221 140 285

UK 129 1135 1.99 030 024 3423 0.26 5.85 7.69 322 6.55

J 0.45 0.24 115 0.1 0.54 040 43.07 0.23 131 049 1.00

C 2.06 487 1.10 0.68 097 7.67 0.98 49.01 265 233 4.74

Sw 102 1264 352 148 1.98 6.38 0.25 201 3239 325 6.62

TOABS 091 350 216 0.77 1.21 314 031 157 360 178

TOWTH 1.84 712 439 157 247 6.39 0.62 3.20 733 34.94
Panel B—4 to 12 months

U 1891 147 2.06 073 093 1.73 051 1.63 3.17 1.36 641

G 0.25 9.15 1.03 0.58 0.03 292 0.03 0.96 3.07 0.99 466

F 0.81 0.64 13.55 0.90 6.01 037 0.23 0.28 145 1.19 561

| 0.69 0.55 5.27 7.26 551 0.15 0.08 041 222 1.65 7.81

S 0.29 0.11 2.95 0.75 9.92 0.20 0.10 044 0.66 061 2.88

UK 0.55 3.05 0.56 0.20 0.12 10.73 033 2.04 1.79 0.96 4.54

J 0.75 0.02 040 0.00 035 111 2069 0.12 0.53 037 1.72

C 1.98 1.22 0.17 0.12 030 227 0.08 9.03 1.35 0.83 393

Sw 040 349 1.36 091 0.56 2.66 0.16 1.09 9.13 1.18 5.58

TOABS 0.64 117 153 047 1.54 1.27 0.17 0.77 1.58 9.14

TOWTH 3.00 553 725 220 7.25 598 0.79 3.66 747 43.14
Panel C—12 months +

U 19.14 1.60 181 0.97 0.55 234 0.60 221 445 161 544

G 0.14 539 0.99 043 0.09 1.82 0.02 0.58 2.02 0.68 2.28

F 1.95 1.08 2033 231 11.13 1.20 0.08 0.82 354 246 829

| 243 1.55 18.27 14.73 1737 125 0.20 139 7.60 5.56 18.76

S 1.09 041 9.54 249 17.72 0.87 0.24 1.16 298 2.09 7.04

UK 040 1.90 1.35 037 0.59 8.09 0.63 1.87 221 1.04 349

J 1.58 0.07 032 0.01 0.74 146 2387 0.12 038 0.52 1.75

C 1.60 0.83 0.15 0.13 0.24 223 0.06 6.40 1.86 0.79 266

Sw 0.22 220 235 1.05 1.40 244 0.06 1.05 7.81 1.20 403

TOABS 1.05 1.07 3.86 0.86 357 1.51 021 1.02 278 1594

TOWTH 353 3.61 13.03 290 12.03 5.10 0.71 344 938 53.74
See note to Table 3
Table 9 10y12m DY

U G F | S UK J C Sw FROM

u 7118 6.59 245 1.59 2.10 9.62 093 0.76 478 3.20
G 1717 69.16 1.86 4.50 0.57 392 0.44 172 0.67 343
F 5.65 0.85 5943 574 6.80 12.09 1.39 3.55 4.49 451
| 4.84 530 7.03 55.29 12.31 11.70 0.29 1.01 223 497
S 3.70 0.36 203 435 62.54 3.10 1.16 12.11 10.65 4.16
UK 571 229 813 228 0.52 74.55 2.84 133 2.35 2.83
J 241 0.40 042 0.87 1.16 313 8148 8.63 149 2.06
C 4.30 0.68 0.90 0.28 2.99 0.99 2.85 8245 4.56 1.95
Sw 6.65 1.49 3.64 3.56 19.40 6.55 1.44 4.86 5241 529
TO 5.60 2.00 294 2.57 5.09 5.68 1.26 3.78 347 32.39

See note to Table 3
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Table 10 10y12m BK
U G F | S UK J C Sw FROMABS FROMWTH

Panel A—1 to 4 months

U 18.51 1.68 .11 0.18 0.15 1.05 04 037 049 0.6 1.85
G 173 237 04 0.59 0.11 0.85 0.14 047 0.27 0.51 1.55
F 122 049 27.07 1.84 1.21 3.13 033 0.5 1.01 1.08 33

| 0.7 246 164 222 1.05 0.73 0.09 0.38 034 0.82 251
S 018 034 152 126 2589 006 061 034 209 071 218
UK 2.8 1.71 4 1.01 018 4204 191 048 1.65 1.53 4.67
J 0.88 0.08 0.14 0.04 0.12 124 3195 1.86 0.77 057 1.74
C 04 064 05 002 018 006 081 2471 024 032 097
Sw 042 039 0.79 05 1.16 092 0.28 0.07 1815 0.5 1.54
TOABS 092 086 112 06 046 089 051 0.5 076 664

TOWTH 283 265 344 185 141 273 15 152 233 2032

Panel B—4 to 12 months

U 1599 195 076 029 028 228 024 025 106 079 349
G 417 2119 041 1.00 031 045 018 0.56 0.09 0.80 3.51
F 070 023 1472 088 069 190 046 037 050 064 2.82
\ 088 189 147 1240 192 260 007 008 032 103 453
S 0.55 0.01 0.25 049 1134 041 0.20 2.81 1.24 0.66 292
UK 102 044 154 047 009 1625 076 032 054 058 2.54
J 0.64 0.10 0.21 0.15 037 058 2168 1.15 0.14 037 1.64
@ 088 002 029 001 022 018 069 2419 078 034 1.51
Sw 075 057 108 054 320 080 034 050 1142 086 3.82
TOABS 1.07 0.58 0.67 043 0.79 1.02 033 0.67 052 6.06

TOWTH 4.71 2.56 294 1.88 347 451 1.44 297 2.29 26.78

Panel C—12 months +

u 3668 29 058 112 166 628 029 014 324 18] 4.04
G 1127 2427 105 291 016 262 012 069 031 213 4.75
F 373 013 1765 3.02 491 7.06 0.60 2.68 298 279 6.24
I 326 095 392 2069 934 837 013 054 157 312 6.98
S 297 0.01 0.26 261 2532 2.64 035 8.96 7.32 279 6.24
UK 189 014 260 080 025 1625 016 053 016 073 1.62
J 089 022 008 068 067 131 2785 562 058 1.12 250
C 3.01 0.03 0.10 0.24 259 0.76 135 3356 354 1.29 2.89
Sw 548 054 177 251 1504 484 082 429 2283 392 877
TOABS 3.61 0.55 1.15 1.54 3.85 3.76 042 261 219 1969

TOWTH 8.08 1.23 2.58 345 8.61 842 0.95 583 490 44.05

See note to Table 3
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