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When investigating spillovers, the literature seems fond of the connectedness measure
developed by Diebold and Yilmaz (2008012,2015). It is used to test for connectedness
in nancial markets (Diebold and Yilmaz 2002012,2015; Tiwari et al. 2018) and EPU
(Kl6RBner et al.2014; Yin et al2014; Balli et al2017; Liow et al2018). e 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 ows.

ere 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
e ect 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 nd uncertainty spillovers, whether they be nancial
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 nancial cycle. e
monetary policy in the central country (currently the US) a ects capital ows, credit
growth in the international nancial system and the leverage of global banks. Rey (2016)
argued that the modern global nancial cycle challenges the Mundellian trilemma since
the exchange rate of a country is more important when it comes to maintaining a stable
level. is is due to the dollar being widely used as a funding currency. erefore, 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 nancial cycle and world asset
markets. ey used a stylized model and found that tightening of US monetary policy
leads to movements in various global nancial variables, including cross-border credit
and leverage. eir ndings 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, in uence 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 scal, then currency and nally 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 in ation and output simultaneously,
and can at times create unintended consequences.

e 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. ey 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 in ation and output simultaneously, which
leads to lower interest rates. is shows how monetary policy uncertainty a ects other
macroeconomic variables and can a ect 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 (20@®12,2015). We
then look at the spillovers in the frequency domain using Barunik and K ehlik (2018).
e 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. e frequency analysis is favorable, as it does not reduce the
number of observations when quantifying the time-varying e ects.

We use the Interest Rate Uncertainty index created by Istre 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 signi cant 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 nd that there are large spillovers (compared to own spillovers) for some of the
countries. e spillovers change over time, and most of these increase in size with the
increase in time, starting from a shock. is points to a delayed reaction as the shock
takes time to Iter through the transmission mechanisms. e increase in bond maturity
and forecast horizon leads to reduced uncertainty spillovers. We also nd 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.

e rest of the paper is structured as follows: Sec® 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 (2(0#,2,2015) and Barunik
and K ehlik (2018). e former analyzes the time domain and the latter analyzes the-fre
guency domain. We use the Interest Rate Uncertainty (IRU) index created by Istre and
Mouabbi (2018) as a measure of monetary policy uncertainty.

Istre and Mouabbi (2018) create the IRU by looking at 3- and 12-month forecasts
from Consensus Economics surveys. is allows them to account for disagreement
among forecasters and the perceived variability of future shocks. e 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. ey-cal
culate the IRU for two bond maturity levels; 3 months and 10 years. is yields four IRU
measures, which shows how uncertainty di ers 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, F, I, S, UK, J, C, and Sw, respectively)
and we analyze all of them. e index consists of two bond maturity levels, 3 months
and 10 years, at both 3- and 12-month ahead forecast horizons. erefore, 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—Jan 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 (20092012,2015) proposed the methodology of measuring the
interdependence of variables based on generalized forecast error variance decompo
sition in a vector autoregressive (VAR) model. e 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 cas€ = 9 and p = 2, selected by minimizing infor
mation criteria):

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

whereY; is the N x 1 vector of monetary policy uncertainty measures adg's are the
N x N parameter matrices. e disturbances §;) follow a white noise process. By covar
iance stationarity, the in nite-order moving average representation (MA) of the VAR (p)
model in equation (1) exists and is given as

o
Y, = ZAté‘t—i (2)
i=0

where A; = W1A;_1 + WA; 5 + .. WpA;_,. Agis theN x N identity matrix, andA; = 0
fori < 0.

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 (20@®12,2015). Denoting
GFEVD byy;(H) as follows:

o iy (eAn%2e)’
T (eARQA e,

0ij(H) = ®3)

where oj; is the standard deviation (SD) of the disturbances for the variabl js the
(estimated) variance matrix of the error vectoe;§, which is a selection vector corre
sponding to a vector of ones for the ith variable and a vector of zeros otherwig@?)
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. e o -diag
onal elements of the variance decomposition matrxH) give the pairwise spillovers
across variables. In contrast, the diagonal element# @ff) measure the contributions of
shocks to variable i to its own forecast error variance.

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

By = D 4)
j—1 Uij (H)

where Zj]il 9;(H) =1 and ZZZI 9;;(H) = N.9;;(H) provides a measurement of pair

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

total spillover indexC(H), which is de ned as the share of variance in the forecasts-con

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

Zl\l{]:l 51}(1—1) ZA[[,]:I 51}(1—1)
cy =71 00=—"F 00 ®)
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.

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

DM TIC)
i#j (6)
DSl(—](H) = * x 100

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

X =1 B
i #j (7

Based on the connectedness measures of Diebold and Yilmaz (2002,2015), Barunik

and K ehlik (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 K ehlik (2018) employ
the spectral representation of GFEVD to de ne connectedness measures on di erent
frequency bands of interest. For example, the aggregate measure on the given frequency
band d = (a, b) can be speci ed as

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

, andC? is the total con

Yo Gy _ b Ba

2@ T k
nectedness measure on the connectedness talfesd corresponding to the frequency
bandd = (a, b).

where the spectral weight i (d) =



Gupta et al. Economic Structures

Table 1 Total connectedness summary

(2020) 9:41

DY BK-A BK-B BK-C
3m3m 66.15 45.82 63.00 73.51
3mi12m 43.39 29.76 39.92 52.29
10y3m 42.25 34.94 43.14 53.74
10y12m 32.39 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 - 120 —2.63 5.32 —2.82 1.79 —2.25 —4.45
3ml12m 7.40 0.18 3.14 13.45 1.05 2.90 0.70 — 0.66
10y3m —1.28 0.01 —341 —191 0.33 —0.52 0.87 1.33
10y12m 2.40 0.98 1.22 4.04 —1.43 1.10 —0.95 —3.52
F |
3m3m 1.04 3.21 1.89 0.11 4.20 1.52 8.09 3.90
3mi12m —-0.34 —1.99 0.13 0.45 —1.45 —1.46 0.12 — 2.06
10y3m 2.47 1.45 1.64 4.74 —5.50 0.80 —5.61 — 15.86
10y12m — 157 0.14 0.12 — 3.66 —2.40 — 0.66 — 2.65 — 3.53
S UK
3m3m 5.58 3.27 5.61 6.28 —-5.21 — 2.68 — 7.67 —5.29
3mi12m 2.89 0.64 4.64 3.53 —-3.73 1.73 —-2.14 —7.62
10y3m 2.22 —0.38 4.37 4.99 0.70 —0.16 1.44 1.61
10y12m 0.93 - 0.77 0.55 2.37 2.85 —1.94 1.97 6.80
J c
3m3m —5.35 —0.63 — 2.86 — 7.58 7.05 0.23 5.81 9.57
3mi12m —-0.74 0.06 -111 —1.07 - 215 —0.33 —1.30 —3.58
10y3m —0.69 —0.38 —0.93 —1.04 —0.58 —1.54 —0.27 0.78
10y12m —0.80 —0.18 —0.20 — 155 1.83 0.55 1.46 2.94
Sw
3m3m — 7.09 — 5.60 — 6.00 —7.88
3ml2m —2.95 —2.98 —4.18 —2.44
10y3m 2.34 0.71 1.89 5.35
10y12m —1.82 0.79 —1.53 —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). e
former’s results are tabulated, while the latter’s results are shown in the gures.

3 Results and discussion
We report the estimation results for monetary policy uncertainty spillovers using the
Diebold and Yilmaz (2002012,2015) (hereafter DY) method in Tablel 5,7, and9 and
the Barunik and K ehlik (2018) (hereafter BK) method in Tabkéss, 8, and10. Tablel
gives the summary of the total spillovers of both methods, while TaBlgives the net
movements of all the countries for both methods.

Page 6 of 30
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Table 1 shows the total spillover index, which is located in the lower right corner of
Tables3,4,5,6,7,8,9 and10 (in Appendix). is measures the contributions of spille
vers of shocks across countries to the total forecast error variance. e 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 di erent frequency bands. A, B and C correspond to the di erent 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. e total connectedness increases as the fre
guency increases in the BK, with the long term being more connected. is indicates
that there are larger monetary policy uncertainty spillovers 12 months and longer after
a shock. is 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 Tables3, 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. e elements
in the last row (labeled “TO”) represent directional spillovers transmitted by couniry
(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 countrigs9¢%) is higher
than the spillover index from other countries to the U.87%), 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. e 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. e 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 ijj £ j) in Tables3, 4,5,6,7,8,9 and10 repre
sents the estimated contribution to the forecast error variance of country j coming from
shocks in country i. e diagonal element { =) captures the fraction of the forecast
error variance of country i due to its own shocks.

From the DY uncertainty spillover results in Tabl8, we observe that Spain delivers
most spillovers to all other countries while Japan delivers the least. On average, innova
tions from Spain are responsible fd3.59% of the error variance in forecasting uncer
tainty of these countries, while only.11% comes from innovations to Japan. In contrast,
the US receives the least of the spillovers from all other countr&87%) and Germany
receives the mosty03%).
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In the US,60.71% of the error variance in forecasting its uncertainty stems from
its own uncertainty. e estimated contributions to the forecast error variance of US
uncertainty from other countries are relatively small, ranging from49% (Italy) to
17.16% (Canada). On average, the spillover index for the whole syste66.i55%, indi-
cating that about two-thirds of forecast error variance come from spillovers during
the whole sample period.

In Table 4, we nd that the size of spillovers indices in the short term is much
smaller than that stemming from DY. e innovations to the US contributel4.06%
(compared t060.71% in DY) of error variance when it comes to forecasting its own
uncertainty. e 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 only2.32%. In the long term, our results show that the total spill
over index is73.51%, 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, wheBd.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.
is is also the case for the other countries as we move to the 10-year bond yield and
a longer forecast horizon. erefore, in the long run, a country’s uncertainty is mainly
in uenced 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). is is expected, as they have the same monetary authority (except
the UK). is decreases with the longer horizon and with bond maturity, which
points to a time-varying relationship between the countries. ese 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. e initial window
period is from Jan 1999 to Apr 2007 for 3m3m and 3m12m, and Jan 1995 to Apr
2003 for 10y3m and 10y12m. Figurés 2 3, 4, 5, 6, 7 and 8present the time-varying
behavior of net pairwise spillovers from May 2007, while Fi§s10, 11, 12,13, 14,

15 and16 present the same for the 10y3m and 10y12m datasets from May 2003. e
di erence in start dates is due to the di erent time periods for the di erent datasets.

e 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. e di erence
is due to the di erent 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 nd that net pairwise spillover e ects 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. e 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. is is consistent with the results shown in Tabl@, where
the static analysis captured these net receptions. is is also consistent with the
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results of Diebold and Yilmaz (2015), where they consider the spillovers between the
US and Euro area nancial institutions. ey nd that after Lehman Brothers led

for bankruptcy, the US changed from a net transmitter to a net receiver of nancial
uncertainty.

Our results are consistent with the literature, despite using a di erent 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 Istre 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
guency 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 K ehlik
(2018), which builds on the former methodology. A frequency domain analysis is useful
as it allows us to quantify the time-varying relationships at di erent 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. ese spillovers vary with
time, but the US, Germany, France, and Spain are consistent net transmitters over all
the datasets. e 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. is 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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Iter through the transmission mechanisms. Our results show that the increase in bond
maturity and forecast horizon leads to reduced uncertainty spillovers. We also nd 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 nd that most of the spillovers die down after the
global nancial 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. is nding is consistent with the results found by Diebold and Yilmaz
(2015).

Balcilar et al. (2017b) found that MPU suppresses in ation and output simultane
ously, which leads to lower interest rates. is shows how MPU a ects other macro
economic variables and can a ect 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. ese two results create a problem for policy makers: they €an
not simply dust consider just their own countries’ policy uncertainty, and now also have
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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 a ects macroeconomic variables like in ation, 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.

e 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. e 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.

w

w

T T T T T

TTTTTT

TTTTTTT

LI I B R B B B B B

TT T T 17T

TT T T 1T

TT T T T

TTTTTT

LI B

T

T T T

T

TTTTTT

TTTTTT

TT T T T

T T

TTTTTTT

T T

Zo-  80- 00 YO- LO- §0-00 90- ¥O0- Ob- ¥0- Ok- ¥0- OL- g0- 80-000 SZ0- Z0- 90¥0 00 Y040 Z0- S0- 000 0Z0-Z0- 80- 20 T0- L0- ¥0- L0 40-80 ¥0 00
r-4 O-4 MS-4 S-1 AN-I r=l O-l MsS-I  MN-S r-s 0-§ MS-S =N O-MNn Ms-n O-r MS-r MS-O
rrrrIirrrrrrrrrrrT UL T T T TTr 1117 11 rriarrrrrT TTTTT TTTTT T T T TT T T T T T T T IrrTrrrrrrorroT TT T T T TTTTITIrriT T 1 1
10 Z0- €0 0080 ¥0 00 ¥0 000 L0- 00 €0- L0- ¥0- SO0 0LO- LO Z0- 90 00 ¥0 00 0 Z0-10- pO0- 00 €0¥0 0 L0- ¥0 ZO0E0 L0- §0- 00 ZO0-
o9-N 4-N -N S-Nn MN-N r-n o-n  Mms-n 4-9 -9 S-9 MN-9 -9 0-9 MS-9 -4 S-d MN-4

150

100

50

150

100

50

Index

Index

Fig. 10 10y3m—BK 0 to 4 months




Page 19 of 30

(2020) 9:41

Gupta et al. Economic Structures

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: 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 3.25 5.23 0.49 4.24 2.01 1.89 17.16 5.02 4.37
G 9.02 18.74 15.65 17.45 19.19 2.86 0.89 15.49 0.70 9.03
F 8.83 11.85 23.88 17.57 18.85 2.03 0.85 15.36 0.77 8.46
| 4.11 10.12 1444 30.78 21.22 2.79 0.63 14.35 1.56 7.69
S 5.76 9.70 1464 21.44  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 7.03 111 6.46
C 19.56 2.89 4.24 7.61 7.29 2.15 3.61 51.67 0.99 5.37

Sw 4.45 7.03 1350 1851 16.32 2.53 0.65 12,67 24.34 8.41
TO 6.97 6.21 9.50 11.89  13.59 3.15 111 1242 132 66.15

Entry i,j { # j) represents the estimated contribution to the forecast error variance of country j coming from shocks in
country i. The diagonal element & j) captures the fraction of the forecast error variance of country i 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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Table 4 3m3m BK
U G F | S UK J C Sw FROM ABS FROMWTH
Panel A—1 to 4 months
U 14.06 1.14 1.14 0.11 0.82 0.32 0.57 1.04 0.31 0.61 3.09
G 045 6.26 225 159 220 033 017 060 022 0.87 441
F 027 253 641 221 331 039 004 062 0.13 1.06 5.37
| 0.04 2.40 2.72 8.24 429 0.77 0.01 0.99 0.30 1.28 6.51
S 0.22 2.30 3.42 3.85 8.75 1.60 0.19 1.10 0.13 1.42 7.25
UK 0.30 0.88 1.79 150 370 7.79 027 078 0.23 1.05 5.35
J 0.72 030 052 010 033 047 1184 230 011 054 2.74
C 0.82 0.22 0.56 2.29 1.04 0.49 235 19.73 0.26 0.89 4.54
Sw 0.67 121 2.78 2.56 292 0.34 0.13 1.00 12.75 1.29 6.56
TOABS 039 122 1.69 158 207 052 041 094 019 9.01
TOWTH 1.98 6.20 8.58 8.03 10.52 2.67 2.11 4.77 0.96 45.82
Panel B—4 to 12 months
U 12.32 0.96 177 027 123 025 065 434 0.69 1.13 6.19
G 0.57 346 303 380 372 035 003 212 0.19 1.53 8.43
F 0.62 229 4.86 3.87 339 014 0.13 2.11 0.27 1.42 7.82
| 0.10 1.48 2.32 591 3.65 0.33 0.02 1.79 0.47 1.13 6.20
S 033 182 280 511 554 088 004 223 021 1.49 8.19
UK 0.78 1.28 2.08 4.02 5.19 7.07 0.06 2.76 0.31 1.83 10.05
J 021 066 097 0.93 161 136 811 014 038 0.69 3.82
C 3.04 055 057 1.56 112 011 056 825 0.15 0.85 4.67
Sw 019 110 238 386 271 048 0.10 169 511 1.39 7.63
TOABS 0.65 1.12 1.77 2.60 251 043 0.18 1.91 0.30 11.47
TOWTH 356 6.18 9.71 1429 1380 2.38 0.96 10.48 1.63 63.00
Panel C—12 months +
U 3433 115 232 010 219 143 067 11.79 4.02 263 4.23
G 8.00 9.02 10.37 12.07 13.28 217 0.69 12.77 0.30 6.63 10.67
F 794 7.04 1261 1149 1216 1.49 0.68 12.63 0.38 5.98 9.62
| 3.97 6.24 940 16.64 1328 169 060 1157 079 5.28 8.50
S 520 558 8.43 1249 1358 214 049 11.18 0.40 5.10 8.21
UK 6.20 367 575 930 1191 990 039 11.65 043 548 8.82
J 282 425 672 807 1242 756 2189 458 062 523 8.41
C 1570 211 311 376 513 155 0.69 2370 058 3.63 5.83
Sw 3.60 4.73 835 1209 1068 1.71 0.42 9.98 6.48 5.73 9.22
TOABS 594 3.86 6.05 7.71 9.01 219 0.52 9.57 0.84 45.68
TOWTH 9.55 6.22 9.73 1240 14.49 353 0.83 15.40 1.34 73.51
See note to Table 3
Table 5 3m12m DY
U G F | S UK J C Sw FROM
U 74.64 6.99 2.19 7.61 2.75 2.08 1.22 0.91 1.63 2.82
G 22.05 36.86 10.41 1.83 16.01 5.88 1.42 1.97 3.58 7.02
F 6.73 15.49 47.49 6.45 13.68 4.77 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 4.52
S 6.33 12.04 12.24 7.51 51.35 3.89 1.01 3.97 1.65 5.41
UK 20.86 17.54 4.44 0.91 10.97 37.22 1.58 2.82 3.68 6.98
J 2.12 0.88 2.54 1.32 1.48 5.74 80.75 4.53 0.65 2.14
C 23.24 4.16 1.76 0.99 5.38 0.64 0.35 62.98 0.52 411
Sw 7.70 8.84 7.38 1.06 9.13 5.00 0.73 1.30 58.87 4.57
TO 10.22 8.07 5.49 3.07 8.30 3.25 1.40 1.96 1.62 43.39

See note to Table 3
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Table 6 3m12m BK

U G F S UK J C Sw FROMABS FROMWTH
Panel A—1 to 4 months
u 12.75 1.36 0.55 0.31 0.69 0.62 0.31 0.08 0.39 0.48 1.60
G 0.79 9.66 2.83 0.80 1.30 0.89 0.21 0.18 0.92 0.88 2.95
F 0.80 8.41 31.04 3.06 5.28 1.95 0.47 0.41 1.86 2.47 8.26
| 0.54 1.73 3.43 2765 2.28 0.81 151 0.46 0.57 1.26 4.21
S 0.93 2.55 4.08 1.74 1798 0.93 0.06 0.16 0.86 1.26 4.21
UK 0.37 0.75 0.68 0.24 0.70 1047 0.18 0.07 0.40 0.38 1.26
J 0.07 0.36 0.60 0.39 0.05 036 17.74 0.42 0.56 0.31 1.04
C 0.50 0.19 0.48 0.11 0.93 0.26 0.04 2362 0.35 0.32 1.06
Sw 0.79 3.79 4.23 0.76 1.81 2.20 0.19 0.19 38.07 1.55 5.18
TOABS 0.53 2.12 1.87 0.82 1.45 0.89 0.33 0.22 0.66 8.90
TOWTH 1.78 7.11 6.27 2.75 4.85 2.99 1.10 0.73 2.20 29.76
Panel B—4 to 12 months
U 18.30 2.01 0.74 121 1.03 0.32 0.12 0.29 0.44 0.69 3.40
G 3.08 7.58 2.07 0.49 3.83 1.13 0.09 0.38 0.88 1.33 6.58
F 0.98 2.37 8.17 2.06 3.56 0.80 0.42 0.15 0.17 117 5.79
| 0.31 0.91 144 1465 3.13 0.07 0.14 0.43 0.13 0.73 3.60
S 0.40 1.98 2.98 210 10.87 0.65 0.11 0.62 0.32 1.02 5.05
UK 2.09 2.95 0.63 0.25 1.83 9.65 0.18 0.33 0.87 1.01 5.02
J 0.44 0.18 0.57 0.45 0.24 1.00 1545 0.34 0.06 0.36 1.81
C 2.82 0.66 0.84 0.04 0.65 0.01 0.12 1275 0.07 0.58 2.88
Sw 1.75 2.15 1.48 0.16 3.32 1.24 0.08 0.33 1163 1.17 5.80
TOABS 1.32 1.47 1.19 0.75 1.96 0.58 0.14 0.32 0.33 8.05
TOWTH  6.54 7.28 5.92 3.72 9.69 2.88 0.70 1.58 1.62 39.92
Panel C—12 months +
U 4359 3.61 0.90 6.09 1.02 1.14 0.79 0.54 0.79 1.65 3.31
G 18.18 19.61 5.50 0.54 10.88 3.86 1.12 1.42 1.78 4.81 9.63
F 4.95 4.71 8.28 1.33 4.84 2.02 1.77 0.07 0.08 2.20 4.40
| 2.12 4.10 358 17.06 9.87 0.41 1.97 0.68 0.06 2.53 5.07
S 5.00 7.52 5.18 3.67 2250 2.30 0.85 3.18 0.47 3.13 6.27
UK 18.39 13.84 3.14 0.42 8.44 1710 1.21 2.43 2.41 5.59 11.19
J 1.62 0.34 1.38 0.48 1.18 437 4756 3.77 0.02 1.46 2.93
C 1991 331 0.44 0.84 3.80 0.36 0.19 26.61 0.11 3.22 6.44
Sw 5.17 2.90 1.67 0.14 4.00 155 0.46 0.78 9.16 1.85 3.71
TOABS 8.37 4.48 2.42 1.50 4.89 1.78 0.93 1.43 0.64 26.44
TOWTH 16.76  8.97 4.85 3.01 9.80 3.57 1.86 2.86 1.27 52.95
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 3.11 4.84 1.46 5.12 8.54 3.87
G 1.29 51.22 3.95 2.22 0.35 16.08 0.13 4.98 19.77 5.42
F 3.88 3.08 54.18 4.68 21.29 3.13 0.73 1.56 7.46 5.09
| 3.34 2.35 24.47 31.64 24.06 1.46 0.30 2.05 10.33 7.60
S 2.48 0.69 19.16 4.56 63.11 1.19 0.73 2.24 5.85 4.10
UK 2.24 16.31 3.90 0.87 0.95 53.06 1.22 9.76 11.69 5.22
J 2.78 0.33 1.87 0.12 1.63 2.97 87.63 0.46 2.21 1.37
C 5.64 6.91 1.42 0.93 1.51 12.16 1.12 64.44 5.86 3.95
Sw 1.65 18.33 7.24 3.44 3.93 11.47 0.47 4.15 49.32 5.63
TO 2.59 5.75 7.56 2.10 6.32 5.92 0.68 3.37 7.97 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

] 27.08 0.64 2.15 0.39 1.63 0.76 0.35 1.29 0.91 0.90 1.83

G 090 3668 193 121 0.23 11.35 0.09 3.44 1467 3.76 7.64

F 1.11 1.35 20.30 1.47 4.15 1.56 0.41 0.46 2.47 1.44 2.94

| 0.22 0.26 0.92 9.65 1.18 0.06 0.02 0.25 0.51 0.38 0.77

S 1.10 0.17 6.67 1.31 35.46 0.12 0.39 0.65 2.21 1.40 2.85

UK 129 1135 199 030 024 3423 026 585 7.69 322 6.55

J 0.45 0.24 1.15 0.11 0.54 0.40 43.07 0.23 1.31 0.49 1.00

C 2.06 4.87 1.10 0.68 0.97 7.67 0.98 49.01 2.65 2.33 4.74

Sw 1.02 12.64 3.52 1.48 1.98 6.38 0.25 2.01 32.39 3.25 6.62

TOABS 0.91 3.50 2.16 0.77 1.21 3.14 0.31 1.57 3.60 17.18

TOWTH 1.84 7.12 4.39 1.57 2.47 6.39 0.62 3.20 7.33 34.94
Panel B—4 to 12 months

U 1891 147 206 073 093 173 051 163 317 1.36 6.41

G 025 915 103 058 003 292 003 096 3.07 0.99 4.66

F 0.81 0.64 1355 0.90 6.01 0.37 0.23 0.28 1.45 1.19 5.61

| 0.69 0.55 5.27 7.26 551 0.15 0.08 0.41 2.22 1.65 7.81

S 029 011 295 075 992 020 010 044 066 0.61 2.88

UK 0.55 3.05 0.56 0.20 0.12 10.73 0.33 2.04 1.79 0.96 4.54

J 0.75 0.02 0.40 0.00 0.35 1.11  20.69 0.12 0.53 0.37 1.72

C 198 122 017 012 030 227 008 903 135 0.83 3.93

Sw 040 349 136 091 056 266 016 1.09 9.13 1.18 5.58

TOABS 0.64 1.17 1.53 0.47 1.54 1.27 0.17 0.77 1.58 9.14

TOWTH 3.00 5.53 7.25 2.20 7.25 5.98 0.79 3.66 7.47 43.14
Panel C—12 months +

U 19.14 1.60 1.81 0.97 0.55 2.34 0.60 221 4.45 1.61 5.44

G 0.14 5.39 0.99 0.43 0.09 1.82 0.02 0.58 2.02 0.68 2.28

F 1.95 1.08 20.33 231 11.13 1.20 0.08 0.82 3.54 2.46 8.29

| 2.43 1.55 18.27 14.73 17.37 1.25 0.20 1.39 7.60 5.56 18.76

S 1.09 0.41 9.54 249 17.72 0.87 0.24 1.16 2.98 2.09 7.04

UK 0.40 1.90 1.35 0.37 0.59 8.09 0.63 1.87 2.21 1.04 3.49

J 158 007 032 001 074 146 2387 012 038 0.2 1.75

C 160 083 015 013 024 223 006 640 1.86 0.79 2.66

Sw 0.22 2.20 2.35 1.05 1.40 2.44 0.06 1.05 7.81 1.20 4.03

TOABS 1.05 1.07 3.86 0.86 3.57 1.51 0.21 1.02 278 1594

TOWTH 3.53 3.61 13.03 290 12.03 5.10 0.71 3.44 9.38 53.74
See note to Table 3
Table 9 10y12m DY

U G F | S UK J C Sw FROM

U 71.18 6.59 2.45 1.59 2.10 9.62 0.93 0.76 4.78 3.20
G 17.17 69.16 1.86 4.50 0.57 3.92 0.44 1.72 0.67 3.43
F 5.65 0.85 59.43 5.74 6.80 12.09 1.39 3.55 4.49 451
| 4.84 5.30 7.03 55.29 12.31 11.70 0.29 1.01 2.23 4.97
S 3.70 0.36 2.03 4.35 62.54 3.10 1.16 12.11 10.65 4.16
UK 571 2.29 8.13 2.28 0.52 74.55 2.84 1.33 2.35 2.83
J 241 0.40 0.42 0.87 1.16 3.13 81.48 8.63 1.49 2.06
C 4.30 0.68 0.90 0.28 2.99 0.99 2.85 82.45 4.56 1.95
Sw 6.65 1.49 3.64 3.56 19.40 6.55 1.44 4.86 52.41 5.29
TO 5.60 2.00 2.94 2.57 5.09 5.68 1.26 3.78 3.47 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 1851 168 1.11 0.18 0.15 105 04 0.37 049 0.6 1.85
G 1.73 237 04 059 0.11 085 0.14 047 027 051 1.55
F 1.22 049 27.07 184 121 313 033 0.5 1.01 1.08 3.3
| 0.7 246 1.64 22.2 1.05 073 0.09 0.38 0.34 0.82 2.51
S 0.18 0.34 152 126 2589 0.06 0.61 034 209 0.71 2.18
UK 2.8 171 4 101 0.18 42.04 191 048 165 1.53 4.67
J 0.88 0.08 0.14 0.04 0.12 124 3195 1.86 0.77 0.57 1.74
C 0.4 0.64 05 0.02 0.18 0.06 0.81 2471 0.24 0.32 0.97
Sw 0.42 039 0.79 0.5 116 092 0.28 0.07 18.15 0.5 1.54
TOABS 0.92 086 1.12 0.6 0.46 0.89 051 05 0.76 6.64

TOWTH 283 265 344 185 141 273 156 152 233 20.32
Panel B—4 to 12 months

U 1599 195 0.76 0.29 028 228 024 025 1.06 0.79 3.49
G 417 2119 041 100 031 045 0.18 0.56 0.09 0.80 3.51
F 0.70 0.23 14.72 088 0.69 190 046 0.37 050 0.64 2.82
| 0.88 1.89 147 1240 192 260 0.07 0.08 0.32 1.03 4.53
S 055 0.01 025 049 1134 041 020 281 124 0.66 2.92
UK 1.02 044 154 0.47 0.09 16.25 0.76 032 0.54 0.58 2.54
J 0.64 0.10 0.21 0.15 037 058 2168 1.15 0.14 0.37 1.64
C 0.88 0.02 029 001 022 018 0.69 2419 0.78 0.34 151
Sw 0.75 057 108 054 320 0.80 0.34 0.50 11.42 0.86 3.82
TOABS 1.07 058 0.67 043 0.79 102 033 067 052 6.06

TOWTH 4.71 256 294 1.88 347 451 144 297 229 26.78
Panel C—12 months +

U 36.68 296 058 1.12 166 6.28 029 0.14 324 1.81 4.04
G 11.27 2427 105 291 0.16 262 012 069 031 213 4.75
F 3.73 0.13 1765 3.02 491 7.06 0.60 268 298 279 6.24
| 3.26 095 392 2069 9.34 837 0.13 054 157 312 6.98
S 297 0.01 0.26 261 2532 264 035 896 7.32 279 6.24
UK 1.89 0.14 260 080 0.25 16.25 0.16 053 0.16 0.73 1.62
J 0.89 0.22 0.08 068 067 131 2785 562 058 1.12 2.50
C 3.01 0.03 010 024 259 0.76 135 3356 354 1.29 2.89
Sw 548 054 177 251 1504 484 0.82 429 22.83 3.92 8.77
TOABS 361 055 115 154 385 3.76 042 261 219 19.69

TOWTH 8.08 123 258 345 861 842 095 583 4.90 44.05

See note to Table 3
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