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KA g A AR o dakp S A4E- R - 8 kF L B
BooMTR 2 A% % T R LREFE AR LA L Peter

"

Tillmann(Justus Liebig University Giessen #t#2) c 3 32E 6| &8 ko & &
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p 2000 # 4= & WY & 447 82§ R 5 > ki #e 12 (global liquidity) 3% » <
Eit#hoiz S ¥kt o & v E - 736 (GE L Committee on the Global
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FERPIF MG e g g, XA TR ERAE > &2 00 2305
SEACEN & AME 2 A 7 ¥ % » s T #WP 27 7 H 2 se L5 ek 2 5L
R PFEARY -

A2 H e § 2 F(USA) - #FR(UK) ~ 5~ E(EA) - B AQIPN)Z 3
## (KOR) ~ 2 /8 (TWN) ~ £ & (IDN)# 574 3 (SGP) % w & SEACEN 7kt »

AW S 2000# 10 3 2015 & 127 < B¢ h TR ARAHG 0 £ R
EFRBREP AFELS &Fa'&(zero Iowerbound)“fiﬁl’m,zqﬁl"r 2 Fo i

FF o mEm2 e BUAREAFRIFEER et rx T3 w5
(shadow short rate, SSR) i & 32 5% # (- L Bullard, 2012; Lombardi and Zhu,
2014; Krippner, 2015)® - SSR 2 gﬁq‘—' &k BB~ p > Krippner ?jﬁiiiﬁj o @ EE N p

AL BEIT LB RPN F AR B agE s PR E R 2
TR KRR S BE R T A £ (IMF)2 B & f bzt 308 R (International Financial
Statistics, IFS ; Concept: Interest Rate, Central Bank Policy Rate) » = BB~ p *%
Pl AERTTHE

£ 255 ENS(¢ 5 ABRASSR)ZAARTE L MR BIAT R
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NEREG R B LR B3R5 8 BRFLIFABEE AP
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”‘W‘ﬁl@” WA ERE P AR R R b ok 0 4R Claus et al. (2016) ; Wu and Xia(2016)R] 2 SSR
ML AE R ﬁ‘i% AFCR NI Bl o
"http://www.rbnz.govt.nz/research-and-publications/research-programme/additional-research/measures-of-the-stanc
e-of-united-states-monetary-policy/comparison-of-international-monetary-policy-measures. Kippner(2016) i p
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(arbitrage-free)Nelson-Siegal -3 i& {7 fieif o
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B RERS

Z 4

-~ FEReREHNM

AFREAFZBRREE S F 0 A2 EAPH: 39 VAR # )8 12
SAEAPRE LRGP BRI ESADEL 3B 2 - HU LR
*ﬁlﬁi/’\)f‘wg’ FERBTIh ZTEVE LR RSB R G R F
Fodo 2 A7 HESIUA S LB RIRA PO I > A 24 & sy (off-diagonal)
AP ARG R AT R LM R e Eie T PR G -
AL B SUE 9 S SR 0 R T M T(FROM others”)s i
B 75 (“TO others”) » i 1 B 5582 i~ BE S AR R % 0E o MEIB(NET”) > A
BRI e BRI S LT A& o

FA R 8 FA RIS R AR L oM L 35.66% ¢ £ - L
ER M (E REFHE S QR PFRR)EE > E R E A
4.36%~67.82%> # ot B 2. £ B4R % < oin 2B T S h R RS B R i 67.82%
W E R 2R T R ¢ R pen® b 67.82%; H % £ W2
66.85%% Fr ~ ¥ 1161.24% 0 F argx (TR BELE R A MRS L& BiER
Fo BB MBRE > FRLPERET L AF 0 E 5296% T EFE >
Rint e X B B R R B R85 52.96% 0 v A T F1F B4R
o e ’mgﬁ@ BRGSEBE RE R MR o h o B
S 2 5z 3 EREA Y L ERE2 45.18%8 L2 43.47% -

\\\

hofo P 5 EM TR o E e M I N 30-2457T%E 22.64%2 F o & w

PO BB 5 B R 2264% > 7w E R B IR A I M H 5 R
W% i 18.22%%2 £ W 13.89% o E e BB M A Kz B R RA 5 o &
-24.57% > 774 8-10.97%2% 3 35-11.09% - F E 25T 2R - FRE R~ ®

SVAR #7255 14 ) $4 35 98 5 — 414 B 7 #2002 # 2 (general-to-specific sequential Likelihood Ratio test) > i 7%
e 5 3o
*Klobner and Sekkel (2014) 7= & * A7 L #p ¥ 5 3 13 ? 2. — 4L (TR L B B B 2445 K B AR L IR o
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AR DIRIEE érrfgﬁml R AEFEEFE P RRETRERLT ORFT A
I RATET B @ L% 2 ATl R 5 SEACEN fSAME L PR R

24 #E2HRAMME

H:%
iF whAw BHE P A aix L4 EBFR 37403 FROM others

ENcS| 47.04 971 2544 8.80 1.01 2.56 0.21 5.22 52.96
e E 11.44 56.98 16.83  5.98 1.76 3.20 0.02 3.79 43.02
E R 2043 13.10 5482 6.75 1.24 1.75 0.47 1.44 45.18
p A 1146 1114 651 70.60 0.03 0.08 0.14 0.04 29.40
® ¥k 4.89 916 10.03 0.22 6254 945 0.72 2.99 37.46
e 8.18 9.35 6.96 0.09 1575 56.53 149 1.65 43.47
B R 0.34 1.63 0.45 1.18 0.36 0.73 9381 149 6.19

T4 10.11  7.15 1.59 0.09 6.23 1.13 131 7239 27.61
TO others 66.85 61.24 6782 23.12 2637 1890 436 16.64 35.66

NET 1389 18.22 2264 -6.29 -11.09 -2457 -1.83 -10.97
Fl‘}'j\/fiizl ﬂ\ﬁﬂiﬂf’? X

She

@4é£ﬁ$¥&%}iﬁ%%ﬂ@m ¢ EBE2 A R o E
IRErmid A MBS > K F P& LM B R E R

ﬂ%%ﬁ:@ﬁﬁiﬁﬁﬁiﬁﬁwﬁﬁ’ﬁ@awﬁﬁa@ﬁiﬁw;@
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A MER A > B AR D Adfhiad o SR ATAH AL Ak
iy B ) ERE R R G A

- AR 4 LR SEM G APERG S el R F PR R
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B T R E R R 95 2544%) > © d ERR e £ R
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12



AR EEARMAF ROV RN EREHREF R AL
(synchronization)fi s gt ¢F » d T ERFZE TR Ef BAOERM L R HE
MR RE D B R B RA B AR 2L 16.83%2 13.10% o #o30
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S~ B ERRMNE
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2k d RA G 40%F 2 T 80%; A TG AR ALK M FIREM 2R
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1. Introduction

Global liquidity has become a popular concept in academic and policy discussion since the
early 2000s. Global liquidity is a multifaceted concept that can be defined and measured in
several different ways (Committee on the Global Financial System, 2011; Domanski et al., 2011;
European Central Bank (ECB), 2012; Gourinchas, 2012; International Monetary Fund (IMF),
2014; Landau, 2014). One is “official liquidity,” which is funding provided by the public sector.
The central bank supplies official liquidity in domestic currency in the form of reserve balances
or reserve currencies, on terms and conditions that do not depend on the availability of funding
in financial markets. Another is “private liquidity,” which is created by market participants in
the private sector, including international banks, institutional investors, non-bank financial
institutions (including shadow banks) and so on. The other is “financial market liquidity”, which
is described as the ease with which large volumes of financial securities can be bought or sold
without affecting the market price. In particular, the point of official and private liquidity is

based on the financial stability perspective.

From the financial stability perspective, global liquidity spreads through international
financial flows which are determined by choice made in both transmitter and recipient
economies and by public and private sectors. In this perspective, central banks’ policy decisions
making play an important role in influencing capital flows, in particular in massive capital flows
from advanced economies into emerging markets during the past two decades. Monetary

policies might be the main driver of global liquidity condition.*®

In order to capture the drive of monetary policy, we use interest rates, policy rates and
long-term interest rate, as the proxy variables. As we know, an interest rate is a price-based
indicator which could provide information about the liquidity supply condition in different
markets, e.g., Domanski et al. (2011), ECB (2012), McGuire and Sushko (2015), among

others.** The stance of monetary policy determines domestic short-term interest rates through

3 Committee on the Global Financial System (2011) states that global liquidity conditions are the results of
interactions among macroeconomic factors, monetary policy, exchange rate regime, capital account policies,
public sector policies, and financial factors.

" The quantity-based indicator is another kind of global liquidity indicator. It could capture how far such
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expectations about the future path of policy rates. Longer-term interest rates are driven by more
than simply monetary policy, and can be affected by factors such as global savings and

investment patterns.

It is important to understand how the advanced countries influence liquidity in emerging
markets. From a theoretical perspective, interest rate in advanced countries might affect interest
rates in emerging markets because emerging markets’ policymakers tend to act against the
emergence of large interest rate differentials. A large interest rate differential might lead to
exchange rate appreciation which could result in a loss of trade competitiveness and induce
speculative short term capital inflows. Elevated interest rate differentials across currency areas
might be associated with over-optimistic risk perceptions and elevated risk tolerance, leading to
a mispricing of assets and excessive easing of lending standards. Both of these reasons could
increase financial stability risk. However, relatively few empirical contributions have tried to

understand the transmission of global liquidity.

The aim of this paper is to analyze the transmission of major countries’ interest rates
(policy rate and long-term interest rate) to SEACEN member economies because the rise of
emerging markets in the globalization process, particularly SEACEN members, has been one of
the major changes in the global economy. Especially, Taiwan is known for its economic miracle

and the fast expansion of financial markets. Therefore, we would focus on Taiwan in this paper.

In our empirical approach, we adopt the connectedness methodology developed in Diebold
and Yilmaz (2009, 2012, 2014, 2015) covering the United States, the EAo0 area, the United
Kingdom, Japan and some SEACEN members (i.e., Indonesia, Malaysia, Singapore, South
Korea and Taiwan), using monthly data spanning 2000-2015."> The advantage of this method is
that the proposed measures (i.e., “TO others”, “FROM others”, and “NET”) are dynamic and
directional. We could judge the extent of connectedness between countries at any particular
date.

The main findings of this paper suggest that total connectedness indexes show quite robust
interdependence of global liquidity across our sample countries, and SEACEN members in our
sample become “net receivers” of global liquidity shocks. For policy rates, we find that the

United Kingdom, the United States, and the Euro area appear to be dominant transmitters, and

conditions translate into changes in exposures and risks (Domanski et al., 2011).
> The connectedness concept quantifies to which extent two variables are related.
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Taiwan, South Korea, Singapore, and Indonesia are net recipients in the static analysis. The
dynamic analysis clearly shows that there has been a substantial increase in the total
connectedness indexes since the global financial crisis and the European sovereign debt crisis.

Taiwan, South Korea, Singapore, and Indonesia are also net receivers over time.

For long-term interest rates, our static results indicate that the United States and the United
Kingdom act as net transmitters of global liquidity shocks. In contrast, Malaysia, Taiwan and
South Korea are net recipients. The dynamic analysis indicates that the total connectedness
reached a peak high during the global financial crisis. Japan seems to be the dominant
transmitter of shocks, and South Korea, Taiwan, and Malaysia are net recipients during our

sample period.

Our findings have obvious policy implications. For example, in order to monitor financial
and macroeconomic stability, central banks need to understand the direction of global liquidity
spillovers among major countries. When central banks are able to distinguish net transmitters
from net recipients of global liquidity spillovers under different economic conditions, they can

more accurately formulate effective policies.

The rest of the paper is organized as follows: The next section provides some information
on Taiwan and some stylized facts about global liquidity. Section 3 outlines the directional
connectedness measures proposed by Diebold and Yilmaz (2009, 2012, 2014, 2015). Section 4
provides a description of the dataset. In Section 5, we perform a full sample static analysis and a
rolling sample analysis to check the dynamics of the connectedness across time. Finally, Section

6 contains some concluding remarks.

2. Preliminary Evidence on the Effects of Global Liquidity on Taiwan

Taiwan is one of the important economies among SEACEN members. We briefly introduce
the effects of global liquidity on Taiwan in this section. Figure 1 shows the change of the policy
rate in Taiwan. In the past fifteen years (2000-2015), policy rate changes could be broken down
into three periods. The first period is roughly from 2000 to 2003. The policy rate fell from
4.16% in 2000 to 1.02% in 2003. It exhibits a downward trend in this period because the central
bank adopted accommodative monetary policies to foster an economic recovery. The poor
economic performance could be explained by the bursting of the dot-com bubble, the 9/11

terrorist attacks and the SARS epidemic.
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The second is roughly from 2004 to 2008 as economic activity picked up. The policy rate
trended upward during this period, rising from 0.97% in May 2004 to 1.9% at the end of 2008.
The third is from 2009 to now. The fallout from the global financial crisis continued to
overshadow Taiwan’s economy during the first half of 2009. The policy rate sharply went down
in the first quarter of 2009 and then stayed low under monetary easing. During the continuing

economic slowdown, the rate remained broadly stable at a low level.

T T T T T T T
2002-01-01 2006—-01-01 2010-01-01 2014-01-01

Figure 1 Policy Rate in Taiwan

Figure 2 illustrates the policy rate in the euro area, Taiwan, the United States, and the
United Kingdom. We confirm that, while the correlation between the rates of the Euro area/
United Kingdom vis-a-vis the United States rates is very high, the amplitude of the interest rate
cycle is much smaller in the euro area/the United Kingdom than in the United States.
Comparing the policy rates in Taiwan, the Euro area, the United States, and the United
Kingdom, we also could find a clear co-movement among them. Because Taiwan is a small and
highly open economy, the policy rates in the United States and the euro area might have a
greater influence on Taiwan’s. The preliminary evidence proposes above the point to the
existence of a possible interaction among Taiwan, the Euro area, the United States, and the
United Kingdom. In the rest of paper, we propose an empirical framework of analysis in which

we evaluate this relationship.
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Figure 2 Policy Rates in the Euro area, Taiwan, the United States, and the United Kingdom

3. Econometric Methodology

We employ the network connectedness measures that are proposed by Diebold and Yilmaz
(2009, 2012, 2014, 2015). This method has been widely used in economic fields, such as
financial markets (Diebold and Yilmaz, 2014, 2016), policy uncertainty (Klobner and Sekkel,
2014), inflation spillovers (Halka and Szafranek, 2016), oil price and equity markets
(Maghyereh et al., 2016) and so on. The objective of this econometric technique is to compute
various interesting measures, “TO others”, “FROM others”, and “NET”, from the transmissions
of global liquidity in a system that contains Indonesia, Singapore, South Korea, and Taiwan, the

euro area, Japan, the United Kingdom, and the United States.*®

Assume that global liquidity indexes, GI, are modeled as a vector autoregressive (VAR)

process that can be written as
Gl, = YP_, ®Gl_; + ¢,

where GI; = (Gly;, Glyy, ..., GIy:)" denotes a (N x 1) vector of countries. In our paper, as proxy
variables of global liquidity, we use the policy rates and long-term interest rates. ® isa N X N
matrix of parameters to be estimated. The error term, ¢, is a vector of independently and

identically distributed errors with zero mean and £ covariance matrix.

Diebold and Yilmaz (2014) suggest using the generalized variance decomposition (GVD)

1% The limitation of this method is that it is designed for the multi-country univariate or single-country multivariate
case (Greenwood-Nimmo et al., 2015).
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developed by Koop et al. (1996) and Pesaran and Shin (1998) in order to avoid the difficulties
of identifying orthogonal shocks in VAR models. The GVD framework has an advantage over
the orthogonalized variance decomposition because it is invariant to the ordering of the

variables entering the VAR system. Country j’s contribution to country i’s H-step-ahead GVD,

dg.H, is calculated as

07" Shoo (e{ ApZe))
Yhoo(ejApZApe))

dg.”(H) = H=1,2,...,

where X is the covariance matrix for the error variance ¢, g;; is the standard deviation of the
error term for the j™ equation, 4, is H-th step moving average coefficient matrix and e; is the
selection vector with one as the i element and zero otherwise. In other words, a connectedness

exists if country j’s liquidity measure contributes to the variance of country i.

Because shocks are not necessarily orthogonal in the GVD environment, sums of variance
contributions are not necessarily equal to unity. We normalize them by dividing all entries of the

GVD matrix with corresponding value of the row-sum:
aZf (m)

N 9H !
2j=1dij (H)

F9H (1Y —

d;; (H) =

where ¥, df"(H) = 1and XY, df"(H) = N. d(H) can be seenasa natural measure

of the pairwise directional connectedness from country j to country i at horizon H. In general we

use the notation C;_;(H) to represent this transmission. Note that in general C;_;(H) #
Cji(H). The net pairwise directional connectedness is

Cij = Cic j(H) — C;y(H).
We are particularly interested in determining how all countries together are contributing to
a single country, so we aggregate partially. The total directional connectedness from all

countries to country i, denoted by C;_.(H)(“FROM others™), is computed as

Cic.(H) = X}y d7" (H).

j#i

We are also able to compute how a particular country i is contributing to the shocks in all
other countries by aggregating partially. The total connectedness from country i to all countries,
denoted by C..; = (H) (“TO others”), is computed as

Cei(H) = E)-1 df" (H).
Jj#i
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In general, net total directional connectedness (“NET”) is
Cl(H) = C<_,_(H) - Cl(_(H)
This is an informative measure that might define the role of a country in the whole system of

countries as a net transmitter or receiver of shocks.

The total aggregation of the variance decompositions across all countries measures the
system-wide connectedness. The total directional connectedness in all countries is given by

YR HEC)

C(H) = ”‘JT
We could apply the connectedness table such as Table 1 to understand the various
connectedness measures and their relationships. For instance, dsz presents the pairwise
directional connectedness from country 2 to country 1. C.; is the total directional
connectedness from country 1 to all countries. C,.. is the total directional connectedness from

all countries to country 1. The total directional connectedness in all countries is C.

Table 1 Schematic Connectedness

Gl GIl, Gly FROM others
Gl ddr adr ady Cic.
GI, ddr dJr ddy Cye.
Gly dor o dasH Cre.
TO others Ccq C, Ccn C
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4. Data description and preliminary statistics

As mentioned previously, to understand the spillover effect of global liquidity, we use
policy rates and long-term interest rates to capture the effect.!’” After the global financial crisis,
the Euro area (EA), Japan (JPN), the United Kingdom (UK), and United States (USA) have
reduced their policy rate to near or almost zero. It has become very difficult to accurately assess
monetary policy when interest rate are at the zero lower bound. Therefore, we use the “shadow
short rate” (SSR) as a proxy variable for those countries whose policy rate is in a zero lower
bound monetary policy environment (Bullard, 2012; Lombardi and Zhu, 2014; Krippner,
2015)." For other countries we still use policy rates. The SSR data is collected from the
Krippner data set.*® The policy rates for Indonesia (IDN), South Korea (KOR) and Singapore
(SGP) are collected from the IMF’s IFS dataset (Concept: Interest Rate, Central Bank Policy
Rate).?’ The Taiwan’s policy rate is the interbank overnight call- loan rate collected from the
dataset of the Central Bank of the Republic of China (Taiwan). Our sample begins in January
2000 and ends in December 2015.

We provide a variety of descriptive statistics for (shadow) policy rates in Table 2. Means of
policy rates are mostly positive (only JPN is negative). Figure 3 displays the time series plot of
policy rates over the sample period. As can be seen in the figure, the pattern of policy rates is
very close in all countries in our sample. Although the policy rate in TWN is quite low, it is not

constrained by the zero lower bound. %

7 We use two different samples in this paper due to dataset restrictions. Data on interest rates, policy rates and
long-term interest rates, is only available for some SEACEN member economies in the IMF’s IFS dataset.

8 Chen et al. (2014) introduce estimated SSR to assess the domestic and global impact of the United States
unconventional monetary policy. Claus et al. (2016) apply SSR to investigate the United States and Japanese
monetary policy spillover effect. Wu and Xia (2016) use the SSR as a quantitative measure of monetary policy in
a factor-augmented vector autoregression.

19 http://www.rbnz.govt.nz/research-and-publications/research-programme/additional-research/measures-of-the-stan
ce-of-united-states-monetary-policy/comparison-of-international-monetary-policy-measures

0 Data on policy rates is available for these SEACEN members in the IMF’s IFS dataset.

?1 perng Fai-nan, the governor of the Central Bank of the Republic of ~China (Taiwan), said that Taiwan will not

go to a zZero interest rate environment.
(https://englishnews.ftv.com.tw/read.aspx?sno=15DF2B22E969CB4A30C18EBBFIE9BDAS) He also said
that Taiwan does not need negative rates yet.

(https://englishnews.ftv.com.tw/read.aspx?sno=346F2EB16325C2362420302ECC19CD74)
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Table 2 Descriptive Statistics of (Shadow) Policy Rates

Unit : %

USA EA UK JPN
KOR  TWN IDN SGP

(SSR)  (SSR)  (SSR)  (SSR)
Mean 0.74 1.32 198  -156  3.48 135 9.20 1.07
Std. Dev  3.20 2.39 3.45 1.4 1.11 1.29 3.24 1.07
Min 537  -459  -676  -4.82 1.48 0.1 5.75 0.02
Max 6.74 4.92 6.56 0.62 5.39 4.8 1767  3.78
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Figure 3 Time Series Plot of the (Shadow) Policy Rates
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The other global liquidity indicator is the long-term interest rate. Long-term interest rates
serve as proxies for liquidity since they reflect expected future monetary conditions. We put
together a dataset for eight countries: USA, EA, JPN, UK, KOR, TWN, SGP and Malaysia
(MYS), from January 2000 to December 2015, taken from the IMF’s IFS dataset (Concept:
Interest Rate, Government Securities, Government Bonds) ?* and the dataset of the Central
Bank of the Republic of China (Taiwan) (Concept: 10 Year Government Bond Rates in
Secondary Market).

We also provide a variety of descriptive statistics for long-term interest rates in Table 3.
KOR has the highest mean interest rate, followed by UK, EA, USA, MYS, SGP and TWN. We
plot the long-term interest rates as in Figure 4. As can be seen in Figure 4, in all eight countries,

interest rates follow a downward trend.

Table 3 Descriptive Statistics of Long-Term Interest Rates

Unit: %
USA EA JPN UK KOR TWN SGP MYS
Mean 3.71 3.84 1.19 3.89 4.84 2.28 2.79 3.70
Std. Dev 1.21 1.06 0.43 1.17 1.59 1.2 0.78 0.49
Min 1.53 0.85 0.27 1.59 191 111 1.30 2.79
Max 6.66 5.7 1.92 5.82 9.91 6.06 4.67 5.52

%2 Data on long-term interest rates is available for these SEACEN members in the IMF’s IFS dataset.
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Figure 4 Time Series Plot of the Long-Term Interest Rates

5. Empirical Results

In the following context, we analyze the transmission of global liquidity using policy rates
and long-term interest rates. We would perform a static (full sample) and dynamic (rolling

sample) analysis for connectedness across our sample countries.

5.1 Policy Rates

5.1.1 Static Analysis

The matrix presented in Table 4 reports the full sample cross country connectedness of the

policy rate. All results in the table are based on vector autoregressions of order 3, selected by
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the general-to-specific sequential Likelihood Ratio test and generalized variance
decompositions of 3-month step ahead forecast errors.”*The diagonal elements of the matrix
represent the own country connectedness.?* The off-diagonal elements of the matrix measure
the pairwise directional connections and are particularly interesting in our research. The
off-diagonal column sums or row sums are the directional connectedness “TO others”
(measured by C..;) and “FROM others” (measured by C;._.), and the difference between the
“TO others” and “FROM others” is the “NET” directional connectedness. The total

connectedness index is presented in the bottom-right corner.

The total connectedness index for the full sample period is 35.66%, indicating that less
than 40% of the total variance of the forecast errors for the eight countries is explained by the
connectedness of shocks across countries. In the connectedness “TO others” row, the UK is the
country that contributed the most to other countries’ forecast error variance (67.82%), followed
by the USA (66.85%) and EA (61.24%). JPN, KOR and TWN contributed 23.12%, 26.37%, and
18.90%, respectively. In terms of the directional connectedness received “FROM others”, IDN
appears to be the country that received the lowest percentage of shocks from other countries
(6.19%), followed by SGP (27.61%) and JPN (29.40%). The USA received the highest
percentage (52.96%) of shocks from other countries, followed by the UK (45.18%) and TWN
(43.47%).

% Klobner and Sekkel (2014) also apply 3-month step ahead forecast error variance decomposition to investigate
policy uncertainty shocks.

 Diebold and Yilmaz (2015) denote that connectedness is based on assessing shares of forecast error variation in
various locations due to shocks arising elsewhere.

? The US Federal Reserve might consider the shock of foreign interest rate because it is the key variable of
foreign activity in the FRB/US model. Fischer (2016) introduces the simulations that underlie the estimates of
the effect of foreign interest rate disturbance for the federal funds rate, using simulations of the FRB/US model.
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Table 4 Full Sample of Directional Policy Rate Connectedness
Unit: %

USA EA UK JPN KOR  TWN IDN SGP FROM others

USA 47.04 971 2544 8.80 1.01 2.56 0.21 5.22 52.96

EA 11.44 56.98 16.83 5.98 1.76 3.20 0.02 3.79 43.02
UK 2043 13.10 5482 6.75 1.24 1.75 0.47 1.44 45.18
JPN 1146 1114 651 70.60 0.03 0.08 0.14 0.04 29.40
KOR 4.89 916 10.03 0.22 6254 9.45 0.72 2.99 37.46
TWN 8.18 9.35 6.96 0.09 1575 56,53 149 1.65 43.47
IDN 0.34 1.63 0.45 1.18 0.36 0.73 9381 149 6.19
SGP 10.11 7.15 1.59 0.09 6.23 1.13 131 7239 27.61
TO others 66.85 61.24 67.82 23.12 2637 1890 436 16.64 35.66
NET 1389 1822 2264 -6.29 -11.09 -2457 -1.83 -10.97

The difference between the total directional connectedness “TO others” and the total
directional connectedness “FROM others” gives the “NET” total directional connectedness to
others (C; = C..; — C;.). The “NET” connectedness varies from the lowest, -24.57%, for TWN,
to the highest, 22.64%, for the UK. In between, the EA, USA, IDN, JPN, SGP and KOR have
“NET” connectedness of 18.22%, 13.89%, -1.83%, -6.29 %, -10.97 %, and -11.09 %,
respectively. To sum up, the UK, the USA, and EA appear to be dominant transmitters, and
TWN, KOR, SGP and IDN are net recipients. These results indicate that advanced counties (the
UK, the USA, and EA) might channel capital to emerging markets.

Figure 4 presents the full-sample static connectedness plot. The nodes represent the eight
countries included in our paper. The size and color of each node indicate the size of the total
connectedness of the policy rate “TO others” (from dark red (strongest) to peach, light salmon
and beige (weakest)). Edge thickness also indicates the average pairwise directional
connectedness. The size of edge arrows indicate pairwise directional connectedness “TO
others”.? This graph displays connections based upon their distance and thickness. The UK,
the USA and EA have the highest total connectedness “TO others” as indicated by their dark red
colored nodes. They are followed by KOR and JPN whose nodes are peach, and TWN and SGP

% The node location is determined by the ForceAtlas2 algorithm of Jacomy et al. (2014).
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with light salmon nodes. IDN has the lowest connectedness “TO others.”
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Figure 4 Pairwise Directional Connectedness over the Full Sample

Let us focus on the cross-country directional connectedness measures. We find that there
are two main clusters. One is the USA, the UK, and EA, the other is TWN and KOR. The
highest pairwise connectedness measure observed is from the UK to the USA (25.44%). In turn,
the pairwise connectedness from the USA to the UK (20.43%) ranked second. One factor
behind the high pairwise directional connectedness between the USA and the UK tends to result
from a high degree of business cycle synchronization. Furthermore, the connectedness from the
UK to EA, 16.83%, and from EA to the UK, 13.10%, are due to the fact that there is a strong tie

between their financial sectors.

Another important pair of countries is TWN and KOR. The connectedness from TWN to
KOR, 9.45% and the connectedness from KOR to TWN, 15.75%, both exceed the pairwise
directional connectedness between TWN (KOR) and advance countries. Based on our bilateral
analysis, the high pairwise connectedness between the two countries could be due to the fact
that they have several similarities, i.e. their industrial structure, a common export markets and

major financial markets in Asia.
5.1.2 Dynamic Analysis

The static analysis provides the characterization of connectedness over the full sample. It

cannot help us understand how connectedness changes over time. Hence, we re-estimate the
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connectedness using a 48-month rolling sample, and we assess the extent and the nature of
variation in connectedness over time via the corresponding time series of connectedness indices.
In Figure 5, we plot total connectedness over 48-month rolling-sample window. From a
bird’s-eye perspective, the total connectedness plot in Figure 5 has some revealing patterns. The
first cycle starts in mid-2004 and ends in 2006, and the total connectedness index fluctuates
between 33% and 50%. It coincides with the tightening of monetary policy for the USA, the UK
and EA. For example, during 2004 to 2006, the FOMC raised the federal funds rate target in 17

consecutive meetings, lifting the federal funds rate from 1.0% to 5.25%.

The second cycle coincides with the development of the global financial crisis and the
European sovereign debt crisis of 2008 to the end of 2012. The index records the biggest jump
in its history. The index increases sharply from 41% in May 2008 to 56% in December 2008,
and then to 62% in November 2010. We could also see that the index falls during the taper
tantrum. This cycle results from monetary authorities of the USA, the UK, EA, and JPN,
quickly responding to financial crisis shocks, yet ongoing downward adjustments of policy rates
are constrained by the zero nominal bound. We could find monetary spillovers taking place

from these countries to these SEACEN members.
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Figure 5 Total Policy Rate Connectedness (48-month Window)

We now estimate the above-mentioned rows and columns of Table 4 dynamically in a
fashion precisely parallel to the total connectedness plot discussed earlier. The upper panel of
Figure 6 presents the “to others” connectedness. As we discussed earlier, it is the directional

connectedness from each country to others and corresponds to the “TO others” row in Table 4.
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The middle panel of Figure 6 presents the “FROM others” connectedness. It is directional
connectedness from others to each country and corresponds to the “FROM others” column in
Table 4. Finally, the lower panel shows the “NET” connectedness of each country as measured

by the difference between its “TO others” and “FROM others” connectedness.

Looking at the upper panel of Figure 6, we could find that the “TO others” connectedness
measures of JPN, KOR, TWN, IDN, and SGP are much smoother compared to the other
countries. This is because the USA, EA, and the UK generated the volatility connectedness to
others during the global financial crisis until the end of 2011. For example, the “TO others”
connectedness measure of the UK jumped significantly (100 percentage points) following the
crisis. The “TO others” connectedness measure of EA jumped by 40 percentage points. This is
expected owing to the century low, near zero interest rates in the USA, the UK, and EA after the
global financial crisis of 2008/2009 and the European sovereign debt crisis of 2010-2012. They
wanted to use the monetary policy in an attempt to provide liquidity and stimulate the economy.
Therefore, there might be policy spillovers. In particular, we could find that SGP jumped
significantly (over 100 percentage points) in 2015. The reason of this might be because the

Monetary Authority of Singapore (MAS) decided to further ease its monetary policy.?’

Next, we focus on the “FROM others” connectedness measures in the middle panel of
Figure 6. The “FROM others” connectedness measure of the USA, EA and the UK are around
50% during this long period. Obviously, the “FROM others” connectedness measures of KOR
and TWN explode during the global financial crisis and the European sovereign debt crisis.
While the “FROM others” connectedness stayed below 40%, they turn to a new high after crisis
by fluctuating around to 80%. The IDN’s “FROM others” connectedness is less than 40%
before 2008. The “FROM others” connectedness measure surges to above 70% in early 2010
and to approximately 50% in early 2012. This finding suggests that the monetary policies of the
USA, EA, and the UK have sizable spillovers to SEACEN members.

The “NET” connectedness measures (in the lower panel of Figure 6) of the USA and EA
are mostly positive from 2004 to the end of 2012. The “NET” connectedness of them around are
30% and 50%, respectively. From late 2008 to 2015, the “NET” connectedness of the UK

2" The MAS made a surprise cut to the slope of its Singapore dollar nominal effective exchange rate (SSNEER) in
January 2015. In October 2015, the MAS kept the Singapore dollar nominal effective exchange rate policy band
on a modest and gradual appreciation path.
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fluctuates between 40% and 80%. It means that they are the main contributors to other countries.
We also find that JPN’s “NET” connectedness reaches a peak from 2012 until the end of 2014,
and this might result in “Abenomics” which includes correction of the excessive yen
appreciation, setting negative interest rates, radical quantitative easing, and so on. The “NET”
connectedness measures of KOR, TWN, IDN, and SGP, on the other hand, have been mostly
negative through our sample period. These countries are net receivers over time. This finding is
consistent with that of Chen et al. (2012) and that of Rogers et al. (2014), both of which provide

evidence on the international spillovers of monetary policy by the USA, EA and the UK.
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Figure 6 Directional Policy Rate Connectedness
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5.2 Long-term interest rates

5.2.1 Static Analysis

Next, in Table 5, we analyze the connectedness among long-term interest rates in eight
countries. The results are based on VAR (6) selected by the general-to-specific sequential
Likelihood Ratio test, and the 3-month step ahead forecast error variance decomposition is used.
The total connectedness over the entire period is 60.54%, as shown in the lower right corner of
Table 5. This result indicates that our sample countries are highly interconnected.”® The UK has
the highest “NET” connectedness value, 27.41%, followed by the USA at 26.62%, indicating
that the two countries are net transmitters of long-term interest rate shocks. In contrast, TWN,
EA, MYS, and KOR have negative “NET” connectedness values, -32.22%, -28.28%, -23.49%,

and -13.07%, respectively, suggesting that these countries are net recipients.

According to the connectedness table, we find that the movement in long-term interest
rates of the USA, EA, and the UK are susceptible to other countries. The USA, EA and the UK
also contribute to large proportions in other countries. To have a more intuitive understanding of
the spillover effects, we use the evidence in Table 5 to plot the network graph in Figure 7. This
figure shows connections based upon the distance and the thickness of connections. We find that
there is only one cluster, consisting of the USA and the UK. The pairwise connectedness from
USA to UK is 20.18%, while the pairwise connectedness from UK to USA is 23.90%. The
higher degree of financial linkages, the higher is the level of contagion from global liquidity
shocks to long-term interest rates. We can also see that there is a large distance between EA and

MYS, and it seems that there is no significant direct connection between these two countries.

%This is relatively high compared to other papers’ findings, for instance, 27.1% for policy uncertainty (Klobner and
Sekkel, 2014), 28.8% for business cycle (Diebold and Yilmaz, 2015), 33.3% for inflation spillover (Halka and
Szafranek, 2016), 39.5% for stock market volatilities (Diebold and Yilmaz, 2009), and 42.7% for macroeconomic
uncertainty (Yin and Han, 2014).
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Table 5 Full Sample of Directional Long-Term Interest Rates Connectedness

Unit: %
USA EA JPN UK KOR TWN SGP  MYS FROM others
USA 27.88 8.04 976 2390 5.52 421 1371 6.98 72.12
EA 13.07 3733 843 1837 6.48 4.82 9.72 1.78 62.67
JPN 1297 313 50.71 9.63 2.73 293 14.03 3.87 49.29
UK 20.18 798 1122 347 3.42 6.06 12.09 4.36 65.3
KOR 1091 471 3.79 1027 5168 114 1322 4.27 48.32
TWN 1263 4.64 1294 9.63 239 3928 1138 7.1 60.72
SGP 1479 382 1631 1315 7.29 462 3298 7.03 67.02
MYS 1418 2.07 7.90 7.76 7.41 472 1486 4111 58.89
TO others 98.74 3439 7034 9271 3525 2850 89.00 3541 60.54
NET 26.62 -28.28 21.05 27.41 -13.07 -32.22 2198 -23.49

Figure 7 Pairwise Directional Connectedness over the Full Sample
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%

5.2.2 Dynamic Analysis

Total connectedness over time, obtained from a 48-month rolling windows approach is
illustrated in Figure 8. According to this figure, we observe a variation in the total
connectedness measure, which turns out very responsive to extreme economic events. For

instance, the total connectedness reaches a peak during the global financial crisis period.
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Figure 8 Total Long-Term Interest Rate Connectedness (48-month Window)

Time-varying pictures of directional connectedness of “FROM others”, “TO others”, and
“NET” are displayed in Figure 9. Let us focus on the upper panel of Figure 9, the dynamic
behavior of the directional connectedness is quite different across countries. The “TO others”
connectedness measures of the USA and the UK have increased gradually since 2008. JPN’s
“TO others” connectedness is relatively volatile over our sample period. It mounts to over 100%
in late 2005, the global financial crisis and the European sovereign debt crisis. Generally, the
“TO others” connectedness measure of SEACEN members (expect SGP) is relatively low over

the examined sample.

In order to explore the roles of the countries under investigation, e.g., whether they are net
transmitters of net receivers of global liquidity shocks, we concentrate only on the “NET”
directional connectedness measures. It is evident in the lower panel of Figure 9 that JPN seems
to be the dominant transmitter of global liquidity shock in our sample, with the USA, EA, the

UK and SGP are at the epicenter of the transmission process in the period the global financial
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crisis and the European sovereign debt crisis.?® Conversely, KOR, TWN, MYS are mostly
negative during the sample period, meaning that they are mainly receiving net transmission.
Among them, we could find that the “NET” connectedness of TWN especially moves only
mildly.

Overall, no matter whether it is the policy rate or long-term interest rate, the results for the
transmission of global liquidity among the USA, the UK, EA, JPN and SEACEN members are
consistent with our hypothesis. A bigger country is a net transmitter of the global liquidity
shocks to the smaller countries. The results are broadly in line with what Choi et al. (2014) and
Hofmann and Takat (2015) reported that global liquidity generated from advanced economies

embarks an impact on emerging markets.

% In the long-term interest rate perspective, SGP might be a transmitter because it’s exchange rate-based monetary
policy. The Singapore dollar is managed against a basket of currencies of our major trading partners and
competitors (i.e. the USA, the UK, and EA etc.). The choice of the exchange rate as the intermediate target of
monetary policy implies that MAS gives up control over domestic interest rates.
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Figure 9 Directional Long-Term Interest Rate Connectedness
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6. Conclusions

This paper aims to investigate the global liquidity transmission among advanced countries
and some SECEAN members, using monthly data over 2000-2015. We apply the VAR-based
connectedness approach by Diebold and Yilmaz (2009, 2012, 2014, 2015), which is well suited

to this issue, but has rarely been used in this strand of literature so far.

By monitoring connectedness of global liquidity shocks, we could prove that total
connectedness indexes suggest quite robust interdependence of global liquidity across our
sample countries, and SEACEN members in our sample become “net receivers” of global
liquidity shocks in our sample period. For policy rates, we find that Taiwan, South Korea,
Singapore, and Indonesia are net recipients from the United Kingdom and the United States,
with Taiwan being the biggest one in the static analysis. The dynamic analysis clearly shows
that there has been a substantial increase in the total connectedness index since the global
financial crisis and the European sovereign debt crisis. Taiwan, South Korea, Singapore, and

Indonesia are also net receivers over time.

For long-term interest rates, our static results show that the United States and the United
Kingdom have sizable spillovers to the rest of the countries. Conversely, Malaysia, Taiwan and
South Korea are net receivers of global liquidity shocks. The dynamic analysis indicates that the
total connectedness index displays no trend, but clear bursts and reaches the highest level during
the global financial crisis. Japan seems to be the dominant exporter of shocks, whereas South
Korea, Taiwan, and Malaysia are net importers over the examined sample period. Despite the
significant findings, the limitation of this paper is that we only show up as various bilateral
linkages are shown in the research. We do not have global shocks in our model and cannot

capture all the dimensions of the effect of global liquidity.

From a policy perspective, the transmission of global liquidity to SEACEN member
economies needs to be understood and taken into account by central banks. Our research
indicates that central banks should look carefully not only at the evolution of the domestic
conditions but also at the external surroundings. This result is similar with He and McCauley’s
(2013) statement that the transmission of global liquidity to Asian economies needs to
understand and taken into account by policy makers in major countries. Caruana (2012) also

suggests that global conditions have a growing economic impact on domestic economic
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conditions in an interconnected world.
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