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Abstract: This paper investigates the liquidity effect of the U.S. QE on the sovereign yield spreads
of commodity-exporting countries by employing the two-stage least squares approach. The key
contributions of the paper are in terms of our empirical findings. First, our results show that the
U.S. QE has an economically and statistically significant liquidity effect in terms of both the HPW
illiquidity measure and the TIPS liquidity premium. This is of policy importance because adjusting for
the liquidity premium is a key stage in modeling inflationary expectations. Second, our results show
that the U.S. QE reduced the liquidity premium with improved market liquidity and hence reduce
sovereign yield spreads of most commodity-exporting countries. This finding is of macroeconomic
importance as reduced sovereign yield spreads have been shown to lead to higher real activity and
higher credit activity.

Keywords: quantitative easing; liquidity effect; two-stage least square approach; commodity-exporting
countries

1. Introduction

Before the 2008 Global Financial Crisis (GFC), the global economy was considered
“deep” and liquid with ample and considerably cheap credit available for households and
businesses [1]. Thus, the liquidity channel played a relatively negligible role in monetary
policy to stimulate economic activity.

The GFC followed by the collapse of Lehman Brothers has sparked severe damage to
the credit markets worldwide [2]. The global credit markets were threatened by illiquidity
as indicated by a fourfold increase in HPW illiquidity from 2008 to 2009 (see Figure 1). The
tight credit conditions led to the dysfunction of financial markets and a global economic
recession. Therefore, global liquidity has become a key international policy issue and
failure to maintain liquidity is a potential source of instability [3].

The central banks of the most advanced countries drastically reduced their policy
rate to zero lower bounds to restore the liquidity level of global credit markets. However,
this conventional monetary policy became ineffective to stimulate global activity into
sustainable recovery due to the liquidity trap [4]. First, the GFC severely damaged the
balance sheet of financial institutions. Thus, financial institutions restricted their credit
supply to the market in conflict with the aims of expansionary monetary policy. Second, the
global financial market participants had swung their risk appetite to greater risk-aversion
in response to the GFC shock. Hence, a higher risk premium was required for holding
riskier securities that acted to offset the consequences of the policy rate cut.
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Figure 1. The HPW illiquidity measure captures substantial market-wide liquidity risk following the
approach of Hu, Pan, and Wang (HPW) (2013). The HPW illiquidity measure is downloaded from
Jun Pan’s website: http://www.mit.edu/~junpan/, accessed on 10 December 2018. The TREFTOTL
is collected from Bloomberg. It indicates the New York Federal Reserve total treasury purchases
throughout QE1, QE2, and QE3. It is calculated as follows: TREFTOTL = treasury purchases in
QE1 + treasury purchases in QE2 + treasury purchases in QE3 + the Fed operation twist maturity
extension program + the Fed treasury purchase reinvestment program. Data related to TREFTOTL
are extracted from Bloomberg. Shading denotes the actual purchase period of the U.S. QE1, QE2, and
QE3, respectively.

In response to these obstacles, the major central banks with very low or zero interest
rates pursued quantitative easing (QE) to improve the liquidity condition of global financial
systems. QE is a series of massive asset purchases by unusually expanding reserves of a
central bank and led to a surge of global liquidity [5]. This is further supported by Figure 1,
showing the liquidity risk fell throughout the three rounds of QE by the Fed (the HPW
illiquidity slumped from 20 basis points (bps) to 2.5 bps). A possible consequence of the
drop in the illiquidity premium is that investors may require a lower liquidity premium to
purchase long-term sovereign bonds due to the massive injection of liquidity into the global
financial system resulting in narrowing sovereign yield spreads. Thus, the key purpose of
our study is to understand the empirical dimensions of this consequence. First, we aim to
understand how the liquidity premium in TIPS securities was related to the changes in the
illiquidity measure (HPW) and the fear index (VIX). Second, we aim to understand how
this change in the TIPS liquidity premium was then associated with changes in sovereign
yield spreads. Taken together this gives our study the focus to examine how the liquidity
effect is related to sovereign yield spreads in the QE environment.

We focus on the liquidity effect on the sovereign yield spreads of commodity-exporting
countries since there is a strong linkage between liquidity, commodities, and sovereign
yields. During the Global Financial Crisis, sovereign yield spreads widened due to the
severe market illiquidity and heightened default risk. Schwarz [6] also shows that the
widened sovereign yield spreads over the GFC were reflected in deteriorated sovereign
bond market liquidity and heightened default risk. The improved global liquidity associ-
ated with the massive purchase program of QE was an important response to this illiquidity
and risk but may have created unintended inflationary pressures in commodity prices [5].
A surge in commodity prices naturally appreciates currencies of commodity-exporting
countries with improved current account balances [7,8]. The central bank of these countries
may reduce interest rates to weaken the local currency [9]. This process could eventually
lead to narrower sovereign yield spreads, thus motivating our study of the liquidity effect

http://www.mit.edu/~junpan/
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on sovereign yield spreads in commodity-exporting countries under QE scenarios. The
remainder of the paper is structured as follows. In the following section, we provide an
overview of the relationship of QE with market liquidity. Section 3 reviews the literature on
the liquidity channel of QE. We describe the data employed and the econometric framework
in Section 4. Findings and discussions are highlighted in Section 5, and the conclusions are
drawn in Section 6.

2. The Relationship of QE with Market Liquidity

The illiquidity triggered by the GFC and its associated consequences for market
functioning prompted the Fed to implement QE to address dysfunctional financial markets.
The Fed purchased a large scale of assets by pumping new money into the economy, which
can increase the amount of funds available to banks. The relaxed funding constraints allow
banks to finance their inventories and hence support market liquidity [10].

However, existing empirical studies seem to provide conflicting views with regard
to the relationship of QE with market liquidity. The opposing views can be interpreted
in an adverse selection model [11]. If the information varied across market participants
(i.e., central banks and rational speculators), it may lead to inconsistency in the implied
target price by the policy signal and the fundamentals and could result in increased market
uncertainty, and therefore, also market illiquidity [12].

Brunetti, di Filippo, and Harris [13] suggest that the ECB intervention failed to improve
market liquidity due to the challenge of reducing asymmetric information that occurred
consistently during the GFC. Kandrac [14,15] also shows that MBS purchases by the Fed had
an adverse consequence on both market functioning and market liquidity. These adverse
effects became more pronounced at the beginning of QE3. Nonetheless, the magnitude of
the effects seems to be isolated to the total share of MBS outstanding held by the Fed.

Conversely, the purchasing policy might improve market liquidity as central banks
can mitigate the adverse selection problem by improving the market’s informational envi-
ronment, see [11]. Their findings document that the massive asset purchase program by
the BOJ substantially improved the market liquidity mainly due to the central banks’ com-
munication and transparency. Herbst, Wu, and Ho [16] document theoretical evidence that
the QE ease in channeling credit to the real sector boosts economic activity. They also argue
that QE might be an inefficient monetary policy if the liquidity trap (or reserve trap) exists.

Wong, Mariscal, Yao, and Howells [17] examine the interrelationship between credit
risk and the liquidity premium in the London Interbank Offered Rate-Overnight Indexed
Swap (LIBOR-OIS) spreads pre-QE and during QE, Decomposition into credit risk and liq-
uidity premium was conducted using three-month Repo-OIS, and the LIBOR-Repo spreads,
respectively. Their findings support that QE by the BOE had changed the interrelationship.
In the pre-QE period, credit risk drove the liquidity spread significantly, but the correlation
is reversed during QE. The BOE significantly narrowed the liquidity spreads and this
resulted in a fall in the credit spreads.

Caldentey [18] proposes that QE has a significant association with global liquidity as
the majority of the primary dealers involved in large-scale asset purchasing programs are
global banks. These banks also played a vital role in boosting liquidity expansion before
the GFC. They also suggest that QE has a direct relationship with global bank liquidity after
the GFC based on two forces. First, global banks significantly reduced their leverage after
the GFC. Second, following QE as practiced by the Fed, other major central banks such
as the BOE and the ECB also unusually expanded their reserves. Despite most empirical
studies supporting that large asset purchases contribute significantly to market liquidity,
Kandrac and Schlusche [19] find no evidence of flow effects in the liquidity of Treasury
securities during the large-scale asset purchase program by the Fed. Thus, the Treasury
purchases during the U.S. QE had an insignificant association with the Treasury bond
market functioning.
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3. Liquidity Channel

Literature has identified the potential transmission channels that explain the financial
effects of QE. Gagnon et al. [20], Bauer and Rudebusch [21], Bauer and Neely [22] suggest
that the consequences of QE for bond yields were principally explained by the signaling
channel; Bernanke [23], Fratzscher, Lo Duca and Straub [24], Joyce, Liu and Tonks [25],
Goldstein, Witmer and Yang [26] attribute the price effect of QE to the portfolio balance
channel; Kozicki, Santor and Suchanek [27] show that QE increases commodity prices
through the exchange rate channel.

In this study, we focus on the role of the liquidity channel of QE on sovereign yield
spreads in commodity-exporting countries. In normal market conditions, the liquidity
channel could be an insignificant transmission channel of monetary policy as the markets
are liquid and deep. However, the liquidity channel plays an important role in monetary
policy to influence the banks’ capability to loosen credit and spur aggregate demand in
the aftermath of the GFC. Joyce and Tong [28] support that market functioning has been
improved with the presence of the central bank as a significant buyer of the securities in
the market and hence increases the market liquidity.

The key focus to date in the relevant literature is on understanding how yield spreads
might be related to changes in liquidity. Early in the QE period, [20] focus on how this
channel is related to the yield spreads between certain types of assets. First, QE aids in nar-
rowing the spread between yields on riskier securities and yields on risk-free securities (i.e.,
treasury securities). Second, QE may help to narrow the spread between yields on off-the-
run securities and on-the-run issued securities. During the GFC, the yield spreads between
these securities was well above historical norms due to the high liquidity risk premium
of riskier securities and other securities. QE may narrow the yield spreads by recovering
liquidity in these markets and reducing the liquidity risk premium of these securities.

An interesting extension of the work of [20] is to consider whether the same results
are found for broader asset types. Krishnamurthy and Vissing-Jorgensen [29] extend the
literature by considering Agency bonds and Treasury bonds and also support that QE
narrowed yield spreads through the liquidity channel. Their findings also suggest that QE
lowered Agency yields (which are less liquid) more than Treasury yields.

Christensen and Gillan [30] further extend the asset classes considered in quantifying
the importance of liquidity channels as a separate transmission channel of the U.S. QE.
During the U.S. QE2, their findings suggest that the TIPS purchases in QE2 significantly
depressed the liquidity premium in both inflation swaps and TIPS markets. They also
argue that the liquidity effects appear to be sustained if massive asset purchases by the Fed
are continually executed, and only on the targeted securities.

Our study follows [30] by focusing on the TIPS liquidity premium as the proxy
of the liquidity channel. We then extend the work of [30] by empirically analyzing the
liquidity effect of the U.S. QE on yield spreads in commodity-exporting countries. They find
evidence of QE2 significantly reducing the liquidity premium in both inflation swaps and
TIPS markets. We employ a two-stage least squares approach to examine the association of
the U.S. QE on the liquidity premium (first stage), and then the effect of liquidity premium
on yield spreads in commodity-exporting countries (second stage). Therefore, this approach
provides a further study of the mechanism of the liquidity channel in affecting yield spreads
in commodity-exporting countries by changing liquidity premiums.

Our key research questions are: (i) Was the reduction in liquidity risk during QE
associated with changes in the TIPS liquidity premium? (ii) Was the change in the liq-
uidity premium associated with changes in sovereign yield spreads across commodity-
exporting countries?

4. Data and Econometric Framework

Regression in the form of the two-stage least squares approach is employed to assess
the association of the U.S. QE on sovereign yield spreads in commodity-exporting countries
through the liquidity channel. The first stage of the regression quantifies the liquidity
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effect of the U.S. QE with the liquidity premium, while the second stage of the regression
examines the relationship of the liquidity effect of the U.S. QE on sovereign yield spreads
in commodity-exporting countries.

Only thirteen commodity-exporting are drawn from the sample countries of [31]
due to data unavailability of a consistent sample period on their sovereign bond yields.
There are fifty-eight commodity countries in the study of [31]. Their sample countries are
extracted based on UNCOMTRADE and IMF. However, only thirteen sample countries
were included, which are Australia, Brazil, Canada, Chile, India, Indonesia, Malaysia,
Mexico, New Zealand, Norway, South Africa, Thailand, and Turkey. Data are at a daily
frequency, over the period from 25 November 2008 to 29 October 2014; covering the U.S.
QE1, QE2, and QE3.

Two-stage least squares regression analysis is employed in the analysis of structural
equations. It is a model extended from ordinary least squares (OLS) where there is an endo-
geneity problem. An endogeneity problem exists when the error terms of the dependent
variable correlate with the independent variables. As a result, it will lead to a sizable bias
in OLS estimations. Hence, the instrumental variable is included in the model to address
the endogeneity problem.

The application of instrumental variables in a model relies on two main assumptions.
First, the instrumental variable is distributed independently of the error process. This
implies that the instrumental variable affects the dependent variable through its association
with the endogenous variable. Second, the correlation between the instrumental variable
and the endogenous variable is sufficiently strong to allow identification.

An instrument variable is identified in the model, which is the market-wide liquidity
risk. This assumes that the market-wide liquidity risk tends to affect TIPS liquidity premium
while being weakly correlated with the sovereign yield spreads of commodity-exporting
countries as follows:

Cov(LP, HPW) 6= 0

and
Cov(HPW, u) = 0

where LP denotes the TIPS liquidity premium, HPW is the market-wide liquidity risk, and
u is the error term of sovereign yield spreads of commodity-exporting countries.

4.1. The Relationship of the U.S. QE with the TIPS Liquidity Premium

In the first regression of the two-stage approach, the liquidity premium is the depen-
dent variable in a regression analysis to investigate the liquidity effect of the U.S. QE. The
TIPS liquidity premium will be employed in this study. The TIPS liquidity premium is
considered rather than the Treasury liquidity premium based on three reasons. First, TIPS
purchases are observed to involve smaller trading sizes, a more extended turnover period,
and broader bid-ask spreads as compared with the nominal Treasury bond market [32].
Second, the TIPS liquidity premium measures the yield difference instead of quantities by
quantifying the frictions to trading in the inflation swap and TIPS markets. Third, [19] find
no evidence of the effect of Treasury purchases on the Treasury bond market functioning.

Following [30], the TIPS liquidity premium, LPt(τ) is constructed as follows,

LPt(τ) ≡ ÎSt(τ)− B̂EIt(τ) (1)

where ÎSt(τ) denotes the inflation swap rate, which is explained by a theoretical relation-
ship ÎSt(τ) =

[
yN

t (τ)− yR
t (τ)

]
. ŷN

t (τ) and ŷR
t (τ) represented by a set of observed nominal

and real Treasury zero-coupon bond yields, respectively. B̂EIt(τ) denotes the breakeven
inflation, which is constructed by the difference in regular Treasury bond yields and TIPS
of the same maturity.

Unlike regular Treasury bond yields, TIPS provide real yields because their par values
and coupon payments are paid by adjusting for inflation, measured by the CPI. Meanwhile,
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an inflation swap allows the party with an extended position to pay a fixed premium
in exchange for a floating payment equal to the change in the CPI used in the inflation
indexation of TIPS. Hence, the cash flows of both TIPS and inflation swaps are adjusted
with the same price index, which is the CPI.

In a frictionless world, the inflation swap is equal to BEI in the absence of arbitrage
opportunities. This is because the cash flows generated from buying a nominal discount
bond today with a given maturity is equal to the cash flows generated from buying a real
discount bond of the same maturity and selling an inflation swap contract of the same
maturity. Hence, the LPt(τ) is explained as follows,

LPt(τ) = ÎSt(τ)−
[
ŷN

t (τ)− ŷR
t (τ)

]
(2)

However, the trading of both TIPS and inflation swaps is impeded by frictions, thus,
inflation swap rates will not be equal to BEI. Three assumptions are made to measure how
far TIPS and inflation swaps are from the frictionless outcome:

a. The nominal Treasury bond yields are very close to the unobservable frictionless
nominal yields, hence, ŷN

t (τ) = yN
t (τ) for all t and all relevant τ.

b. TIPS are less liquid than nominal Treasury bonds with the presence of frictions. Thus,
the observed TIPS yields, ŷR

t (τ) consists of both a time-varying liquidity premium,
δR

t (τ) and a frictionless counterpart, yR
t (τ), with δR

t (τ) ≥ 0 for all t and all relevant τ.
c. Inflation swaps are less liquid than nominal Treasury bonds with frictions. Hence,

the observed inflation swap rates, ÎSt(τ) = ISt(τ) + δIS
t (τ), with δIS

t (τ) ≥ 0 for all t
and all relevant τ.

LPt(τ) = ISt(τ) + δIS
t (τ)−

[
yN

t (τ)−
(

yR
t (τ) + δR

t (τ)
)]

= δIS
t (τ) + δR

t (τ) ≥ 0 (3)

From Equation (3), it is noticed that LPt(τ) is a nonnegative value and is equal to the
sum of liquidity premiums in inflation swap rates and TIPS yields.

In this model, the TIPS liquidity premium is the dependent variable. It is expected
that the large-scale asset purchases by the U.S. QE will improve market functioning and
liquidity and hence reduce the TIPS liquidity premium. The market-wide liquidity risk
and VIX are considered risk factors. Hu et al. [33] construct the HPW illiquidity measure to
quantify substantial market-wide liquidity risk by examining the interrelationship between
the volume of arbitrage capital available in the market and observed “noise” in the U.S.
Treasury bonds. A higher value of HPW indicates higher liquidity risk and lower market
liquidity. The U.S. QE improves market liquidity by injecting broad money into the economy
and thus reduces HPW illiquidity as a lower liquidity risk.

Meanwhile, the VIX reflects a market estimate of future volatility. A higher value
of the VIX indicates that investors anticipate that the market will be more volatile in the
future and creates higher uncertainty. It is expected to have a positive relationship between
the VIX and TIPS liquidity premium during the U.S. QE. The U.S. QE is expected to spur
economic growth by improving market liquidity. Consequently, the investors perceive
that the market will be less volatile and this will lead to lower excess returns required to
hold less liquid securities. The U.S. 10-year sovereign zero coupon bond yields are the
yield-factor. Prior studies show that the U.S. QE lowers long-term yields and hence lowers
the liquidity premium. The description of the data is shown in Table 1.

Following the discussion above, the regression equation is set as follows,

LPt = αt + β1HPWt + β2VIXt + β3Yieldt + εt (4)

where β1, β2, and β3 are the parameters to be estimated, αt is a constant and εt is an
error term.
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Table 1. Description of data.

Variables Proxy Source

TIPS liquidity premium, LPt

LPt(τ) ≡ ÎSt(τ)− B̂EIt(τ)
where,

ÎSt(τ) denotes quoted 10-year zero-coupon
inflation swap rates

B̂EIt(τ) is the U.S. 10-year breakeven
inflation rates

Bloomberg

Market-wide liquidity risk HPW illiquidity measure, HPWt

Data are available at Jun Pan’s website:
http://www.mit.edu/~junpan/; accessed on

10 December 2018

Implied volatility index: VIX options, VIXt
Chicago Board Options Exchange (CBOE) SPX

Volatility Index Bloomberg

The U.S. 10-year sovereign zero coupon
bond yields, Yieldt

The U.S. 10-year sovereign zero coupon
bond yields Bloomberg

4.2. The Relationship of the TIPS Liquidity Premium with Sovereign Yield Spreads

The second regression measures the relationship of the liquidity premium with the
sovereign yield spreads in commodity-exporting countries during the U.S. QE. The depen-
dent variable is the yields spread between 10-year sovereign zero coupon bond yields and
1-year sovereign zero coupon bond yields for each of the commodity-exporting countries,
YSt. According to [20], QE narrows the yield spread between agency debt and Treasury
securities through the liquidity channel by lowering the liquidity premium embedded in
agency bonds (i.e., riskier bonds) and hence lowering its yields.

In this second stage regression, the TIPS liquidity premium, LPt is the only endogenous
variable. The U.S. QE is anticipated to reduce the TIPS liquidity premium and lead to
narrowed sovereign yield spreads in commodity-exporting countries due to the effect
of liquidity flow. Meanwhile, the U.S. 10-year sovereign zero coupon bond yields, VIX,
term premium, and central bank policy rate for each commodity-exporting country are the
exogenous variables. The HPW illiquidity measure is used for the instrumental variable.

The U.S. QE reduces the U.S. 10-year sovereign zero coupon yields and prompts
investors to seek higher yielding securities in commodity-exporting countries, including
in 10-year sovereign zero coupon bonds. Hence, increasing demand for 10-year sovereign
bonds leads to an increase in respective prices and a decrease in yields, and therefore, also
sovereign yield spreads. With regard to the VIX, the U.S. QE is expected to spur aggregate
demand by improving market liquidity. Consequently, the investors perceive that the
market will be less volatile and lead to lower excess returns required to hold less liquid
securities and sovereign yield spreads.

The term premium indicates the excess returns required by the investors to hold
longer-term securities instead of reinvesting in short-term securities with the same maturity.
It is expected that the term premium is positively correlated with sovereign yield spreads
during the U.S. QE. The U.S. QE reduced the term premium with improved global liquidity
and resulted in narrowing yield spreads in commodity-exporting countries.

The central bank policy rate is commonly used to signal the direction of its monetary
policy, either tightening or easing. It is essential to highlight that a country’s monetary
policy would also influence the yields of the sovereign bonds. It is expected that a lower
central bank policy rate narrows yield spreads. For example, an increasing policy rate
indicates the central bank intends to tighten its monetary policy, in which reduces the
money supply thus tightening the credit condition of a country. Therefore, the liquidity
premium demanded by investors for less liquid securities increases and results in widening
yield spreads between liquid securities and less liquid securities. The description of the
data is shown in Table 2.

http://www.mit.edu/~junpan/
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Table 2. Description of data.

Variable Proxy Source

Yield Spreads in commodity−
exporting countries, YSt

Yield spreads between 10-year sovereign zero coupon
bond yields and 1-year sovereign zero coupon bond

yields for each commodity-exporting countries
Bloomberg

Liquidity Premium LPt

LPt(τ) ≡ ÎSt(τ)− B̂EIt(τ)
where,

ÎSt(τ) denotes quoted 10-year zero-coupon inflation
swap rates B̂EIt(τ) is the U.S. 10-year breakeven

inflation rates

Bloomberg

The U.S. 10-year sovereign zero coupon
bond yields, Yieldt

The U.S. 10-year sovereign zero coupon bond yields Bloomberg

Implied volatility index: VIX options, VIXt CBOE SPX Volatility Index Bloomberg

Term Premium TPt Term premium on a 10-year zero coupon bond Datastream

Central bank policy rate, PRt
Central bank policy rate of each
commodity-exporting country Bloomberg

In accordance with the discussion above, the regression equation is as follows,

YSt = αt + β1LPt + β2Yieldt + β3VIXt + β4TPt ++β5PRt + εt (5)

where β1 is the parameter associated with the endogenous variable, while β2, β3, β4, and
β5 are the parameters associated with the exogenous variables. αt is a constant and εt is an
error term.

For Equation (5), thirteen regression models are generated for assessing the liquid-
ity effect of the U.S. QE on sovereign yield spreads in thirteen commodity-exporting
countries, respectively.

4.3. Diagnostic Tests

Two diagnostic tests are carried out to check the validity of the instrument variable
employed in the model, which are the weak instrument test and the Wu–Hausman test.
Stock and Yogo [34] propose the weak instrument test used to examine the strength of the
correlation between the instrumental variable and the endogenous variable with a null
hypothesis of the instrument is weak as follows:

H0 : Z ∈Wbias (6)

where Z denotes the instrumental variable and Wbias is the relative bias definition of a
weak instrument.

Reject H0 if gmin ≥ χ2
K2,δ(`bias(b; K2, n))

where gmin denotes the minimum eigenvalue of the matrix version of the F-statistic from
the first stage regression of the two-stage least squares. χ2

K2,δ(`) is the 100δ% critical value
(100(`− δ)% percentile) of the noncentral chi-squared distribution with K2 degrees of
freedom and nonconcentrality parameter `. Rejection of the null hypothesis implies that
the instrumental variable is not weak.

The Wu–Hausman test (also known as the Durbin–Wu–Hausman test) is primarily
used to test the presence of endogeneity in the two-stage least squares regression compared
with the standard OLS regression [35–37]. The null hypothesis is both the standard OLS
and two-stage least squares estimates are consistent:

H0 : plim
(

θ̂ − θ̃
)
= 0 (7)
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where
(

θ̂ − θ̃
)

denotes the difference between the standard OLS and two-stage least squares
estimators.

Under the null hypothesis, assume that the difference between the two root-N consis-
tent estimators is also root-N consistent, with a mean of 0 and a limit normal
distribution, then: √

N
(

θ̂ − θ̃
)

d→ N[0, VH ] (8)

where VH is the variance matrix in the limiting distribution. So, the Hausman test statistic is:

H =
(

θ̂ − θ̃
)′[

Var
(
θ̂
)
−Var

(
θ̃
)]−1(

θ̂ − θ̃
)

(9)

The statistic, H has the chi-squared distribution, χ2(q) asymptotically. The null hy-
pothesis is rejected at a certain confidence level if H > χ2(q), implying that the standard
OLS estimates are inconsistent with the two-stage least squares estimates.

5. Findings and Discussions

The findings of the two-stage least squares regression analysis will be discussed in
this section. This section will be divided into two parts to assess the role of the liquidity
channel in affecting sovereign yield spreads of commodity-exporting countries. First, the
study will assess the liquidity effect of the U.S. QE by quantifying the liquidity premium.
Second, the association of the liquidity premium with the sovereign yield spreads of
commodity-exporting countries is explored.

5.1. The Liquidity Effect of the U.S. QE

Table 3 shows the liquidity effect of the U.S. QE by considering the TIPS liquidity
premium (first stage of the regression). Of the observable proxies for liquidity risk, both the
HPW illiquidity measure and the VIX are significant at the 1 percent level with an expected
positive sign. A key macroeconomic dimension of modeling the TIPS liquidity premium is
in terms of modeling inflationary expectations. Gurkaynak, Sack and Wright [38] show the
importance of correcting for the liquidity premium in calculating inflationary expectations
from TIPS data. Thus, an understanding of how liquidity is associated with QE is likely to
be of importance in modeling inflationary expectations and the setting of monetary policy.
The findings are consistent with [30], and [39]. The coefficient of HPW is 0.0516, indicating
that an increase of 1 basis point in the HPW illiquidity measure leads on average to a 0.0516
percentage point increase in the U.S. liquidity premium. In terms of the magnitude of the
economic significance (for detailed results see Table 4), the effect of an increase of 1 basis
point in the HPW illiquidity premium measure is a change of 0.06 percent of the mean
and 0.01 percent of standard deviation in the U.S. liquidity premium. Fratzscher et al. [24]
suggest that the U.S. QE successfully recovered the dysfunctional financial market by
providing liquidity to the market. The massive purchase program by the Fed has increased
arbitrage capital available in the economy. Hence, this would improve the liquidity condi-
tion of the economy and hence decline the illiquidity measure. Consequently, the liquidity
premium reduces as the excess yields required by investors for holding comparatively less
liquid securities decrease with improved liquidity conditions.

For the VIX, the model estimates that a one percentage point decrease in VIX leads
to a 0.0031 percentage point decrease in the TIPS liquidity premium on average. The
economic significance of this estimate is a one percentage point decrease in VIX leads to a
change of 0.36 percent of the mean and 0.0007 percent of standard deviation in the TIPS
liquidity premium. The Fed aimed to recover economic activity from the GFC through
the implementation of QE. Therefore, the U.S. QE is expected to decline the investors’ fear
level or uncertainty arising from the GFC. A lower fear level among investors tends to
reduce the risk attached to the future purchased financial securities. As a consequence,
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investors demanded a lower premium for holding relatively illiquid financial securities
with a lower VIX.

Table 3. The liquidity effect of the U.S. QE.

Dependent Variables Coefficients t-Values

Constant 0.1395 *** 11.401

HPW 0.0516 *** 42.287

VIX 0.0031 *** 7.134

YIELD 0.0201 *** 5.783

R-Squared 0.8332
Note: ***, denotes significance at the 1% level. The U.S. TIPS liquidity premium (LP) is used as the dependent
variable. The U.S. 10-year sovereign zero coupon bond yields (YIELD), the HPW illiquidity measure, and the
CBOE SPX volatility index (VIX) are dependent variables. The sample period is from 25 November 2008 to 29
October 2014, covering the U.S. QE1, QE2, and QE3.

Table 4. Economic Significance of the liquidity effect of the U.S. QE.

Dependent Variables Coefficient (Mean) Coefficient (Standard Deviation)

HPW 0.060135272 0.011778584

VIX 0.003612778 0.000707628

YIELD 0.023424786 0.004588169

For 10-year sovereign zero coupon bond yields, the findings show that YIELD has a
positive relationship with the U.S. liquidity premium, with a one percentage point decrease
in YIELD, LP will decrease by 0.0201 percentage points. The economic significance of this
estimate is a one percentage point decrease in YIELD leads to a 0.02 percent change in the
mean and a 0.005 percent change in standard deviation in the U.S. liquidity premium. The
empirical literature suggests that the U.S. QE significantly reduces the local long-term bond
yields through a massive asset purchase program (see, among others, [21,29,40]. Lower
long-term bond yields, reduce additional compensation demanded by investors for holding
less liquid securities, including longer-term maturity securities, and therefore, also lower
the liquidity premium.

5.2. The Relationship of the Liquidity Effect of the U.S. QE with Sovereign Yield Spreads

Table 5 reports the relationship of the TIPS liquidity premium with sovereign yield
spreads for each of the commodity-exporting countries. Notably, the estimated effect of
the TIPS liquidity premium on sovereign yield spreads is sizeable but also varies across
commodity-exporting countries. More than half of the commodity countries show that the
TIPS liquidity premium is statistically significant and positively related to yield spreads,
although this is not the result for Australia, India, Indonesia, Malaysia, New Zealand and
South Africa. Intriguingly, the majority of the countries with the positive coefficient on the
TIPS liquidity premium are neighboring countries of the U.S., implying that sovereign yield
spreads of neighboring countries tend to be positively related to the liquidity premium
during the U.S. QE.

The U.S. QE reduced the liquidity premium by improving the liquidity condition of
the economy. The reduction in the liquidity premium indicates that the investors require
lower additional compensation for holding relatively illiquid securities (including long-
term foreign bonds) and hence reduce sovereign yield spreads of foreign bonds. The
macroeconomic consequences of the reduced sovereign yield spreads are likely to be
economically important. Altavilla, Giannone and Lanza [41] develop a macroeconomic
simulation model for four European countries (France, Germany, Italy and Spain) and find
reduced sovereign bond yields for Italy and Spain led to higher real activity and higher
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credit activity. For our different sample consider the case of Brazil, where we find that a one
percentage point decrease in the U.S. liquidity premium reduces the yield spreads of Brazil
by 0.2590 percent. This is statistically significant at the 1% level and is also economically
significant as the effect of a one percentage point decrease in the U.S. liquidity premium is
0.823 percent of the mean and 0.289 percent of the standard deviation in the yield spread
of Brazil (for details see Table 6). Thus, comparing the economic significance across the
two stages of the analysis we find larger impacts in terms of economic significance in the
analysis of the sovereign yield.

Table 5. The association of the TIPS liquidity premium on sovereign yield spreads of commodity-
exporting countries.

Country

Variables Diagnostic Tests

Constant LP PR VIX YIELD TP Weak
Instrument

Wu-
Hausman

Correlation between
HPW and the Error
Term of the Second

Stage Regression

Australia 1.9859 *** −0.2751 *** −0.5944 *** 0.0260 *** 0.0355 0.5025 *** 252.593 *** 8.884 *** 0.00

Brazil −0.1413 0.2590 *** −0.0002 0.0131 *** 1.3251 *** −0.2956 *** 510.94 *** 50.54 *** 0.00

Canada 0.9428 *** 0.6464 *** −0.8262 *** 0.0067 *** 0.1775 *** 0.4897 *** 654.36 *** 11.04 *** 0.00

Chile 2.9071 *** 1.2886 *** −0.8337 *** 0.0079 *** 0.4752 *** −0.1685 *** 697.40 *** 146.40 *** 0.00

India 7.2295 *** −1.6664 *** −0.9165 *** 0.0206 *** 0.3649 *** −0.5091 *** 469.04 *** 72.49 *** 0.00

Indonesia 0.5495 *** −0.4994 −0.2797 *** 0.0480 *** 0.6323 *** 0.4760 *** 357.00 *** 66.56 *** 0.00

Malaysia 2.7681 *** −0.4349 *** −1.0886 *** 0.0114 *** 0.6802 *** −0.3909 *** 590.20 *** 91.43 *** 0.00

Mexico 1.3677 *** 0.8944 *** −0.7514 *** 0.0302 *** 1.3146 *** −0.3181 *** 365.681 *** 0.002 0.00

New
Zealand 1.9087 *** −0.6521 *** −0.6432 *** 0.0240 *** 0.2450 *** 0.5751 *** 385.42 *** 90.57 *** 0.00

Norway 0.6140 *** 1.1602 *** −0.6774 *** 0.0071 *** 0.3110 *** 0.2078 *** 750.25 *** 34.95 *** 0.00

South
Africa 2.4628 *** −4.5581 *** 0.2504 ** 0.0208 *** −0.2571 ** 0.3014 *** 45.67 *** 66.88 *** 0.00

Thailand 2.4558 *** 0.6051 *** −0.8843 *** −0.0029 * 0.3413 *** −0.1588 *** 346.891 *** 0.002 0.00

Turkey −0.7907 *** 1.1611 *** −0.0495 *** 0.0098 *** 0.3657 *** 0.3145 *** 256.529 *** 0.082 0.00

Note: ***, **, * denotes significance at the 1%, 5%, and 10% levels, t-values are in the parenthesis. Yield spread (YS)
is the dependent variable of the model and is calculated by subtracting 10-year sovereign zero coupon bond yield
from 1-year sovereign zero coupon bond yield of each commodity-exporting country. The U.S. liquidity premium
(LP) is the only endogenous variable. The central bank policy rate of each commodity-exporting country (PR),
the U.S. 10-year sovereign zero coupon bond yields (YIELD), the U.S. term premium (TP), and the CBOE SPX
volatility index (VIX) are used as exogenous. The HPW illiquidity measure is used for the instrumental variable.
The sample period is from 25 November 2008 to 29 October 2014, covering the U.S. QE1, QE2, and QE3.

Table 6. Economic Significance of the association of the TIPS liquidity premium on sovereign yield
spreads of commodity-exporting countries.

Country
Coefficient (Mean) Coefficient (Standard Deviation)

LP PR VIX YIELD TP LP PR VIX YIELD TP

Australia −0.192 −0.416 0.018 0.025 0.351 −0.199 −0.429 0.019 0.026 0.363

Brazil 0.823 −0.001 0.042 4.213 −0.940 0.289 0.000 0.015 1.478 −0.330

Canada 0.812 −1.038 0.008 0.223 0.615 0.561 −0.717 0.006 0.154 0.425

Chile 1.488 −0.963 0.009 0.549 −0.195 1.834 −1.187 0.011 0.676 −0.240

India −1.256 −0.691 0.016 0.275 −0.384 −1.428 −0.785 0.018 0.313 −0.436

Indonesia −0.914 −0.512 0.088 1.157 0.871 −0.474 −0.265 0.046 0.600 0.451

Malaysia −0.459 −1.150 0.012 0.719 −0.413 −0.233 −0.584 0.006 0.365 −0.210

Mexico 1.576 −1.324 0.053 2.317 −0.561 0.995 −0.836 0.034 1.462 −0.354

New Zealand −0.607 −0.599 0.022 0.228 0.535 −0.816 −0.805 0.030 0.307 0.720

Norway 1.000 −0.584 0.006 0.268 0.179 0.830 −0.485 0.005 0.222 0.149

South Africa −6.123 0.336 0.028 −0.345 0.405 −5.869 0.322 0.027 −0.331 0.388

Thailand 0.742 −1.084 −0.004 0.418 −0.195 0.418 −0.610 −0.002 0.236 −0.110

Turkey 0.358 −0.015 0.003 0.113 0.097 1.516 −0.065 0.013 0.478 0.411
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Among the exogenous variables, both the VIX and the TP have a significant association
with sovereign yield spreads of all the commodity-exporting countries. For all countries
(except for Thailand) the VIX is positively related to sovereign yield spreads. The U.S. QE
reduced investors’ fear by improving the liquidity functioning of the economy through
large scale asset purchases. This would increase the investor confidence level to hold
longer-term bonds (i.e., less liquid and riskier) and flatten the yield curve, and hence reduce
sovereign yield spreads. Rey [42,43] also suggests that the U.S. monetary easing was likely
to lower volatility as well as the degree of risk aversion of market participants.

With regards to the TP, more than half of the countries (7 out of 13 countries) show that
the term premium has a positive correlation with the sovereign yield spreads, including
Australia, Canada, Indonesia, New Zealand, Norway, South Africa, and Turkey. Thus,
all advanced countries show positive coefficients. The advanced countries are classified
according to Standard and Poor’s, including Australia, Canada, New Zealand, and Norway.
The positive coefficient might be ascribed to the preference of investors toward sovereign
bonds in advanced countries. The findings are supported by [22], suggesting that the U.S.
unconventional monetary policy substantially lowered the bond yields of the advanced
countries (which are Canada, Australia, and Germany).

Generally, the U.S. QE is likely to reduce global liquidity risk by unusually expanding
the reserves of the Fed. This has encouraged an aggressive search for yield and led to large
capital inflows to other countries, creating cross-border liquidity flows. Hence, the investors
might lower their required excess yields for holding long-term bonds instead of reinvesting
shorter-term bonds for the same amount of maturity, and therefore, also reduce the term
premium. A lower term premium might enhance investors’ demand for long-term bonds in
these commodity-exporting countries, particularly in advanced countries. Higher demand
pushes up the prices of the respective bonds and thus reduces their yields. Consequently,
the sovereign yield spreads of these countries might be narrowed due to lower bond yields.

Consistent with expectations, most of the countries of interest show that YIELD has a
positive and marginally significant relationship with the sovereign yield spreads during the
U.S. QE, with the exception of South Africa (negative coefficient) and Australia (statistically
insignificant relationship). The findings suggest that the U.S. QE induced a fall in the
U.S. sovereign bond yields, which in turn, narrowed yield spreads of these commodity-
exporting countries by lowering the bond yields of these countries. Several empirical
studies suggest that the U.S. QE contributed substantially to the compression of foreign
yield spreads by reducing lower long-term bond yields (see for example, [44]). Consistent
with [45], Brazil experienced the most significant decline in yield spreads in response to
a decline in U.S. yields, with a coefficient of 1.3251. The economic significance of this is a
one percentage point change in YIELD leads to a change of 4.213 percent in the mean and a
1.478 percent change in the standard deviation of the yield spread of Brazil.

The central bank policy rate of each commodity-exporting countries is considered in
the study on the assumption that the yield spreads of these countries might be affected
by their monetary policy direction. Surprisingly, almost all the countries show an adverse
relationship between the central bank policy rate and yield spreads during the U.S. QE,
except for South Africa (with a positive coefficient of 0.2504). The perverse effect might
be possibly explained by the lower risk appetite of investors in the countries of interest
after the GFC. Angelini, Nobili, and Picillo [46] suggest that risk aversion among market
participants was the critical driver of widening the interbank spreads.

Most central banks attempted to stimulate economic activity by reducing a country’s
central bank policy rate in the aftermath of the GFC (i.e., expansionary monetary policy).
The rationale behind this approach is to restore investors’ confidence in the potential
investment opportunities of a country in the future. However, investors might worry that
their holding investment return might be affected adversely by further declining interest
rates. Thus, they prefer to hold a short-term sovereign bond with higher liquidity and lower
interest rate risk. Raised demand for short-term sovereign bonds forces corresponding
yields to decline, and therefore, expands sovereign yield spreads.
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Table 5 shows that the null hypothesis of weak instrument tests for all the sample
commodity-exporting countries is rejected at a 1 percent significance level. It suggests
that the implication of HPW as an instrumental variable is sufficiently strong in the model.
Additionally, findings from the correlation tests between HPW and the error term of the
second-stage regression show that there is no correlation between these two variables,
supporting the suitability of using HPW as an instrumental variable. With regards to the
Wu–Hausman test, most of the sample countries reject the null hypothesis at the 1 percent
significance level, except for Mexico, Thailand, and Turkey. The findings conclude that
the standard OLS estimates are not consistent with the two-stage least squares estimates,
implying that the two-stage least squares are preferable in most countries.

6. Conclusions and Implications of the Study

The study quantifies the role of the liquidity channel in affecting sovereign yield
spreads of commodity-exporting countries during the U.S. QE. A two-stage least squares
regression is employed for each of the commodity-exporting countries. The first stage of
the regression quantifies the liquidity effect of the U.S. QE by examining the relationship
of the U.S. QE with the liquidity premium. The TIPS liquidity premium is constructed
following [30]. The second stage of the regression focuses on the effect of the TIPS liquidity
premium on the sovereign yield spreads of thirteen commodity-exporting countries. The
statistical regressions highlight several interesting findings.

In terms of our first research question (i), we find that the first stage regressions show
that the U.S. QE has a significant liquidity effect as indicated by the significant relationship
between the HPW illiquidity measure and the TIPS liquidity premium. Consistent with [30],
and [39], the results suggest that the U.S. QE improved market liquidity through a series
of massive asset purchases and lead to a decline in excess yields required by investors for
holding comparatively less liquid securities.

In terms of our second research question (ii) we find that the estimated effect of the
TIPS liquidity premium on sovereign yield spreads is sizeable, and also varies across
commodity-exporting countries. More than half of the commodity countries show that the
TIPS liquidity premium is positively related to yield spreads. This implies that the U.S.
QE reduced the liquidity premium with improved market liquidity and hence reduced
sovereign yield spreads of commodity-exporting countries, especially the countries that
are neighboring countries with the U.S. Thus, the liquidity effect of the U.S. QE tends to
flow to the U.S. neighboring commodity-exporting countries. This provides an avenue for
future research work taking the neighborhood effect into account. This could also be linked
to the financial gravity dimensions explored by [47].

Third, both the VIX and the TP have a significant association with sovereign yield
spreads of all the commodity-exporting countries during the U.S. QE. With regards to the
VIX, the U.S. QE reduced investor fears by improving liquidity through large scale asset
purchases hence enhancing market functioning This would increase investor confidence to
hold longer-term bonds (i.e., less liquid and riskier) and flatten the yield curve, and hence
reduce sovereign yield spreads. Moreover, all the advanced countries show a positive
relationship between the term premium and sovereign yield spreads. It might be partly
explained by the preference of investors for sovereign bonds in advanced countries.

Fourth, almost all the countries show that the central bank policy rate has an adverse
relationship with yield spreads during the U.S. QE. The perverse effect might be ascribed
to the lower risk appetite of investors in the country of interest after the GFC. Most central
banks attempted to stimulate economic activity by reducing a country’s central bank policy
rate in the aftermath of the GFC. However, investors might worry their holding investment
return might be affected adversely by further monetary policy easing.

Our findings deliver some important implications to policymakers and investors. First,
the findings are particularly informative to policymakers in the policy decision-making
process by assessing the role of the liquidity channel of the U.S. QE. The policy dimensions
of the research are still relevant in the contemporary setting. Kirik and Ulusoy [47] with a
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sample including the start of the COVID pandemic discuss the importance of US monetary
policy in the context of the world economy. Thus, in terms of policy frameworks, we now
have four major changes to settings of monetary policy since the onset of the GFC as follows:
(i) the QE period for recovery from the GFC; (ii) the tapering of the QE measures; (iii) the
expansionary monetary policy in response to the pandemic and (iv) the understanding of
the inflation surge as we move from the pandemic period. A direction for future research
would be to analyze the monetary policy settings over a longer timeline that would require
extending the current modeling to consider multiple regimes and the factors that play a role
in regime switching. Second, our findings also deliver an important message to investors
in their investment decision-making process by considering the significant flow of liquidity
effect of the U.S. QE to sovereign bond markets. The empirical analyses show that the
U.S. QE tends to reduce the liquidity risk of the global market as indicated by narrowed
yield spreads of commodity-exporting countries due to the low liquidity premium. Hence,
investors might consider reducing liquidity risk and optimizing returns by investing in
sovereign bond markets of the U.S. neighboring commodity-exporting countries such as
Canada and Chile.

The findings also provide some implications on the possible reverse effect of liquidity
flows during the QE tapering process. The “hot money” created by the U.S. QE that
flows to commodity-exporting countries could raise inflation and financial asset prices
primarily through commodity prices and the lending capacity of the banking system. In
the anticipation of the economic recovery, the Fed would wind down asset purchases (i.e.,
QE tapering), and this has led to capital flows back to the U.S. economy. It may create a
great concern about inflationary pressures and excessive risk-taking in financial markets in
commodity-exporting countries due to the U.S. QE. Hence, the policymakers of commodity-
exporting countries should take the reverse liquidity effect resulting from QE tapering into
consideration when implementing either fiscal or monetary policy.
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