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Abstract

We provide new evidence on U.S. monetary policy spillovers to Australia using an integrated time—
frequency connectedness framework. Spillovers primarily transmit through the interest rate (policy rate)
channel, followed by the asset price (with the consumer discretionary sector as the main conduit) channel
and the exchange rate channel. Spillovers are highly time-varying, peaking at the onset of COVID-19 and
again during the global financial crisis and the European sovereign debt crisis. Linking these spillovers
to the real economy, we show that an identified U.S. tightening is followed by a tightening in Australia’s
monetary policy stance and generates contractionary and disinflationary effects on Australian output and
inflation, consistent with transmission via imported financial conditions and the domestic policy reaction.
Finally, we show that ignoring spillovers yields a price puzzle under recursive VAR identification, while
using spillover-based surprises as external instruments removes the puzzle and recovers theory-consistent
responses.
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1. Introduction

It is said that “when the U.S. sneezes, the world catches a cold,” and this has, over the years,
proven to be not only folklore but also an empirical fact in many areas, including monetary policy
transmission (Chen et al. 2014). The literature has identified three main channels of international
transmission of monetary policy shocks, or international monetary policy spillovers from the U.S.
These are the interest rate (Antonakakis et al. 2019; Azad and Serletis 2022; Nsafoah and Serletis
2019), asset price (bonds and equities) (Albagli et al. 2019; Chiang 2021; Jaccard 2018; Maurer and
Nitschka 2023), and exchange rate channels (Craine and Martin 2008; Faust et al. 2003; Ha 2021).
Most of these studies found evidence of some conventional or unconventional monetary policy
spillovers from the U.S. to other countries while testing a single framework at a time. However,
the literature lacks an integrated approach that considers all these channels during both con-
ventional and unconventional monetary policy periods within a single framework. Additionally,
previous studies have mainly focused on unidirectional spillovers from the U.S. to other coun-
tries. However, the net effect of US monetary policy spillovers, which account for bidirectional
spillovers, has been ignored. Indeed, the Fed acknowledges the spillbacks of international markets
to its monetary policy decisions (Fischer 2015; Yellen 2014).
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Moreover, we typically observe that the literature on the equity price channel has tended to
use the aggregate stock market index to test for monetary policy transmission. We believe a more
segregated approach is needed, whereby the transmission of monetary policy is tested across dif-
ferent sectors of the economy. In addition, while earlier studies like those of Romer and Romer
(2004) and Cloyne and Hiirtgen (2016) have provided approaches that successfully removed the
“price puzzle” (i.e. the rise in inflation in response to monetary policy tightening contrary to
macroeconomic theory) from US and UK data respectively, these approaches are not cast in stone
as they do not apply to many countries like Australia (Bishop and Tulip 2017). Indeed, under sev-
eral specifications, current research by Bishop and Tulip (2017) at the Reserve Bank of Australia
(RBA) use the approaches of Romer and Romer (2004) and Cloyne and Hiirtgen (2016) along
with several other suggested specifications like adding commodity prices in the VAR framework
following studies like Bernanke and Mihov (1998), Sims (1992) and Hanson (2004). However,
Australia’s price puzzle is still not removed, and Bishop and Tulip (2017) indicate that VAR mod-
els may not be appropriate for the analysis of monetary policy. Hence, this study seeks to provide
a new approach to help remove the price puzzle.

Against this backdrop, this study differs from the existing literature in three main ways.
First, unlike previous studies, we provide empirical evidence on U.S. monetary policy spillovers
(both conventional and unconventional) using an integrated framework that captures all three
channels—interest rate, asset price, and exchange rate—simultaneously. In this regard, we address
the issue related to the net spillover effect(s) of U.S. monetary policy stance on an open economy
that has also used both conventional monetary policy (CMP) and unconventional monetary pol-
icy (UMP). We use Australia as an example of an open economy that has also pursued UMP at
the onset of the COVID-19 pandemic. We choose Australia because the country has been empir-
ically identified as an open economy with financial markets linked to global events, especially
those from the U.S. (Craine and Martin 2008; Ha 2021). In fact, the U.S. is the largest investor in
the Australian economy, accounting for about 24% of total foreign direct investment (FDI) into
Australia as of 2022 (DFAT 2022).

The country also adopted an unconventional monetary policy in March 2020, when COVID-
19 was declared a pandemic. As observed from Figure 1, prior to the GFC, the Fed used only CMP
tools but started using UMP for a prolonged period till the latter part of 2016, when it reverted
to using CMP tools. Meanwhile, Australia had been using CMP for this period, even though the
RBA increased policy interest rate (PIR) after the GFC, the rate had seen a downward trend since
2011 until March 2020, when the RBA started using UMP tools as the U.S. also reverted to UMP in
the same period. For these reasons, Australia makes for an ideal ‘case study’ country to determine
the effects of the evolution of the monetary policy stance of the US. This has important policy
implications, given that the strength of the net spillover of U.S. monetary policy on Australia’s
economy can inform the extent of the RBA’s monetary policy response to market changes. We
employ the time-varying VAR techniques described in (Diebold and Yilmaz 2012; Diebold and
Yilmaz 2014) (hereafter, “DY (12, 14)”) as our primary method for estimating net U.S. monetary
policy spillovers. This approach enables us to estimate spillovers across different time domains,
covering both CMP and UMP periods.

Second, unlike previous studies that have used the aggregate stock market index to analyze the
equity price channel (Aastveit et al. 2023; Paul 2020), we use sectoral indices to examine the het-
erogeneous impact of monetary policy across sectors of the economy. This follows the reasoning
of Carlino and DeFina (1998), who argues that regions with strong industry backgrounds would
respond differently to monetary policy shocks. Hence, we examine monetary policy spillovers
across sectors in Australia.

Third, we estimate the responses of Australia’s output and inflation to the monetary policy
shocks of the Fed and the RBA using spillovers from the DY(12, 14) as external instruments.
Indeed, instrumental variables (IV) methods have gained significant recognition in recent empiri-
cal macroeconomics as the leading approach for identifying macroeconomic shocks (Cloyne et al.
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Figure 1. Time series plot of shadow short rate (SSR).

2023; Di Giovanni et al. 2009; Gerko and Rey 2017; Miranda-Agrippino and Ricco 2023). As indi-
cated earlier, current work by Bishop and Tulip (2017) at the RBA found that VAR models may
not resolve the price puzzle in Australian data. Hence, the authors suggest that VAR models may
not be suitable for analyzing monetary policy. To address the price puzzle, we explore alternative
options by utilizing the spillovers estimated from our DY(12, 14) analysis as external instruments
to identify monetary policy shocks. To the best of our knowledge, we are the first to contribute
to the current literature on monetary policy shock identification by demonstrating that net mon-
etary policy spillovers across the economy, including those from the U.S., can serve as external
instruments to identify domestic monetary policy shocks. In this regard, as a novel solution, we
demonstrate that the RBA can indeed accurately identify monetary policy shocks on inflation and
output by utilizing these spillovers as external instruments.

Our results indicate that spillovers from the U.S. monetary policy stance transmit to Australia
primarily through the interest-rate (policy-rate) channel, with asset-price and exchange-rate
spillovers playing smaller roles. U.S. monetary policy explains, on average, about 19% of the
variation in Australia’s monetary policy stance (RBA SSR), with a net effect of roughly 6%, and
spillovers peak during the COVID-19 period. Across sectors, the consumer discretionary sector is
the main conduit for U.S. spillovers into Australian equities. Importantly, ignoring these spillovers
leads recursive VAR identification to exhibit a price puzzle (inflation rises after a contrac-
tionary Australian shock), whereas accounting for spillovers via our external-instrument strategy
eliminates the puzzle: contractionary shocks reduce both output and inflation, and an identi-
fied U.S. tightening is followed by tighter Australian monetary conditions and contractionary,
disinflationary effects in Australia.

The remainder of the paper is organized as follows. In Section 2, we review some related studies
and discuss our contributions in detail. Section 3 shows a description of the data and specification
of our empirical model. Section 4 presents the empirical results, while Section 6 provides the
study’s conclusion.
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2. Contributions and review of related literature

There is limited literature that considers an integrated view of how US monetary policy (both con-
ventional and unconventional) transmits to an open economy, while examining various channels
(interest rates, asset prices, and exchange rates) together.

For instance, on the interest rate channel, Azad and Serletis (2022) examined how the mone-
tary policies of some inflation-targeting emerging countries are affected by U.S. monetary policy
uncertainty and found evidence of spillover of U.S. monetary policy to these emerging economies.
Nsafoah and Serletis (2019) in a similar study examined the spillover of U.S. monetary pol-
icy and found both positive and negative shocks of the US Federal funds rate on the monetary
policies of different countries, including Canada, the UK, Japan, and the Eurozone. The evi-
dence, therefore, suggests international spillovers of U.S. monetary policy through the interest rate
channel. Thus, central banks of other countries adjust their policy rates in response to changes
in the Fed’s monetary policy. However, most of these studies did not consider the possibility
of spillback into U.S. monetary policy. Antonakakis et al. (2019) is one study that examined
spillovers from the monetary policies of the U.S., UK, Japan, and the Euro area and found
heterogeneous spillovers across these countries. This highlights the need to consider spillbacks
into U.S. monetary policy within a dynamic framework, as the Fed also acknowledges (Yellen
2014).

On the asset price channels, more recently, Maurer and Nitschka (2023) examined the response
of international stock market returns to U.S. monetary policy surprises. The study found that
U.S. monetary policy surprise has a persistent impact on foreign stock markets. Chiang (2021)
also examined the spillovers of U.S. monetary policy uncertainty on international stock markets
and found evidence of spillovers to international stock market returns, even though the effect is
less pronounced in Latin American and Asian stock markets. Albagli et al. (2019) examined the
spillovers of U.S. monetary policy on the international bond market. Using panel regressions, the
study found significant spillovers of U.S. monetary policy into the international bond market,
with larger spillovers after the GFC. The study identified the exchange rate as the main chan-
nel through which U.S. monetary policy affects the bond market, with different policy responses
across developed and emerging markets. While developed countries predominantly focus on the
policy rate differential with the U.S., emerging markets focus more on exchange rate intervention.
This suggests that policymakers face a trade-off between policy rate differentials and currency
adjustments. Chen et al. (2014) using an event study found U.S. monetary policy to have an impact
on the asset prices (bonds and equities) of emerging markets. Thus, changes in U.S. monetary pol-
icy rate affect both bonds and equity prices of different emerging markets. Moreover, Lakdawala
et al. (2021) also examined how U.S. monetary policy uncertainty affects global bond yields. The
authors found that the term premium of bond yields in advanced countries responds to U.S. mon-
etary policy uncertainty, whereas in emerging markets, it is the expected component of yields that
responds to U.S. monetary policy uncertainty.

Thus, from the literature, we typically observe that the channels are examined separately. An
integrated framework that examines these channels together is lacking. Our study, therefore, dif-
fers from previous studies by examining the spillovers of U.S. monetary policy across all channels
simultaneously. In a related study, Ha (2021) used a structural vector autoregression (SVAR)
approach and found that spillovers of U.S. monetary policy shocks to other advanced economies
are stronger and more persistent than those of domestic monetary policy shocks in those coun-
tries. The main channels examined included U.S. asset prices (equity and bonds) and exchange
rate. Our study differs from that of Ha (2021) in three ways. First, we incorporate the interest rate
channel into our framework, given the recent call by central banks for a more coordinated interna-
tional monetary policy (Liu and Pappa 2008). Second, we also examine the spillover of monetary
policy shocks on the real sector (output and inflation) using net monetary policy surprises or
spillovers as external instruments.

Third, on the equity price channel, rather than considering aggregate share indices, we exam-
ine sectoral indices to capture heterogeneous responses across sectors to monetary policy shocks.
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As mentioned earlier, studies on the spillovers of U.S. monetary policy on equity prices or returns
have primarily focused on the aggregate stock market, using measures such as aggregate stock
market indices or all-share indices. This approach ignores valuable information on how these
spillovers relate to different sectoral equities. Indeed, we have learnt from the experiences of the
GEFC, the recent COVID-19 pandemic, and the Russia-Ukraine war that different sectors have
varying levels of integration into the global market. For instance, the financial sector and housing
markets were heavily exposed in the GFC, while anecdotal evidence suggests that the transporta-
tion, energy, and consumables sectors were highly affected by the COVID-19 pandemic, as most
countries implemented lockdowns, disrupting global supply chains. Likewise, the Russia-Ukraine
war has affected the energy and commodities market given the world’s dependence on the oil &
gas and commodities from Russia and Ukraine.

We therefore postulate that the impact of monetary policy across sectors of the economy will
be heterogeneous and largely depend on the extent to which each sector is connected to monetary
policy decisions. For instance, the financial sector, especially the banking sector, is likely to
be more closely connected to monetary policy decisions than, say, the retail sector, given the
traditional role of banks in the interest rate and credit channels of monetary policy. Interestingly,
Kent (2018) observed that offshore borrowing by Australian banks has declined over the years,
reflecting a higher share of domestic deposits in their funding. Kent (2018) further indicated that
the hedging abilities of Australian banks insulate them from external monetary policy shocks,
especially from the U.S., even though Australian banks have large offshore borrowings with about
15% in U.S. dollars.

Meanwhile, there is a lack of empirical literature that tests the extent of integration and
spillovers of international monetary policy across the financial and other sectors of an open econ-
omy within an integrated framework. In this regard, it is essential to understand the transmission
of U.S. monetary policy stance to the Australian Stock Exchange (ASX), which helps investors
decide whether to follow the herd into the money market or the equity market or to move into
the international financial market. In doing so, it is essential to distinguish the impact of U.S.
monetary policy on Australia’s sectoral equities. To the best of our knowledge, this is the first
study to examine international monetary policy spillovers that considers sectoral equities within
an integrated framework.

In light of all of the above, our study makes four key contributions to the literature. First, the
study combines the CMP and UMP of the U.S. within a single framework to examine mone-
tary policy spillovers across markets in an open economy that has also used both CMP and UMP
tools. This aspect has been largely overlooked in the literature. Second, while previous studies have
examined the various channels in isolation, this study examines them within a unified framework.
Hence, our study employs a new technique that estimates spillover effects in a unified frame-
work, allowing for spillovers not only from the U.S. but also in both directions. This technique
also helps track the dynamic nature of these spillovers to observe whether they are heterogeneous
over time and how they behave during periods of crisis, such as the GFC and the COVID-19 pan-
demic. Third, regarding the equity price/returns channel, the study uses sectoral equities rather
than the aggregate equity indices used in previous studies. Fourth, by using spillovers as external
instruments for monetary policy shocks, the study can properly identify monetary policy shocks
in Australia (i.e., remove the price puzzle in Australia).

3. Data and empirical methodology

3.1 Data description and sources

The present study uses the shadow short rate (SSR) series for the U.S. and Australia from Krippner
(2020). We employ daily observations from 31 March 2000 to 31 March 2022.! The SSR provides
a unified measure of the monetary policy stance across conventional and unconventional regimes.
When the effective policy rate is away from the zero lower bound (ZLB), the SSR closely tracks
conventional policy (i.e., tighter policy corresponds to a higher SSR). When the effective policy
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rate is constrained at (or near) the ZLB, the SSR can take negative values to reflect additional
accommodation delivered through unconventional tools (e.g., forward guidance and large-scale
asset purchases) (Bock et al. 2021).

Accordingly, SSR values above zero are interpreted as periods in which conventional policy is
operative, while SSR values below zero indicate periods in which policy accommodation is being
delivered primarily through unconventional measures because the ZLB is binding. As Krippner
(2020) observes, during periods of UMP, assessing monetary policy stance using the short rates or
the policy interest rate will not be adequate, given that additional UMP tools are also employed.
Hence, the overall monetary policy stance will be influenced by the additional stimulus provided
by the UMP, which cannot be properly captured by the policy interest rates or short-term rates
alone. Therefore, studies that use official policy rates, such as the federal funds rate of the Fed and
the cash rate of the Reserve Bank of Australia (RBA), covering periods of ZLB using VAR models
will not be able to provide meaningful interpretation (Wu and Xia 2016) given that the policy
interest rate becomes ineffective at the zero-lower bound. The SSR, therefore, can capture the
overall monetary policy stance in both CMP and UMP periods. The SSR is based on the shadow
rate term structure model first proposed by Black (1995).

We also use 13 sectoral indices from the ASX. The indices are developed by Standard & Poor’s
(S&P), Dow Jones indices and Morgan Stanley Capital International (MSCI), based on the Global
Industry Classification Standard (GICS), which provides definitions of 11 standardized industries
used by stock markets around the world. The ASX adopted the GICs in 2002. The GIC has 11
sectors: Energy, Materials, Industrials, Consumer Discretionary, Consumer Staples, Health Care,
Financials, Information Technology, Communication Services, Utilities, and Real Estate.

The ASX, in collaboration with the S&P Dow Jones Indices, developed five additional sec-
tor indices to reflect the specialized characteristics of the Australian market. These are the All
Ordinaries Gold Index, the Metals and Mining Index, the Agribusiness Index, the Financials
Index excluding A-Real Estate Investment Trust (REIT), and the REIT Index. Hence, instead of
the financial index, we use the Financial Index excluding A-Real Estate Investment Trust (REIT)
(FINEXA-REIT) and include the Real Estate Investment Trust (REIT) Index as an additional
index. Instead of the additional Resources Index, which classifies whether a company belongs
to either the Energy sector or the Metals & Mining sector, we include the Index for the Metals
and Mining Sector. Thus, we use a total of 13 indices which include (1) Energy, (2) Materials,
(3) Industrials, (4) Consumer Discretionary, (5) Consumer Staples, (6) Health Care, (7) FINEXA-
REIT, (8) A-REIT (9) Information Technology (IT), (10) Communication Services, (11) Utilities,
(12) Real Estate, and (13) Minerals & Metals. Data is taken from the Thomson Reuters Datastream
Database.

We also include the U.S. stock market by using the MSCI-US index, which captures over 600
large and medium firms in the U.S., unlike the 500 companies measured by the S&P500 index.
This index can also be considered as a global measure of financial market conditions. Daily data
of the MSCI-US index are also obtained from the Thomson Reuters Datastream Database. The
time span is from 31st March 2000 to 31st March 2022. Following Antonakakis et al. (2019), we
take the first difference of the shadow short rate, which captures spillovers from monetary policy,
since fully anticipated monetary policy announcements have no immediate impact on the shadow
short rate (Claus et al. 2016). We, however, use the percentage change for equity indices and FX.
The use of growth rates is consistent with previous literature (Caggiano et al. 2017).

From Figure 2, we see variations in the changes in U.S. & Australia’s SSR and the returns series
of FX & equity indices over the period with spikes and peaks during periods of crises. We observe
that these return series appear to be persistent over time. We see from the figure that changes in
the U.S. and Australia’s SSR follow a similar pattern, with the Dotcom, GFC, and ESDC periods
showing the most volatile changes. We observe similar jumps in stock returns during the GFC
and ESDC, particularly in the materials, financial (FINAEXAREIT), real estate (REALESTATE
and REIT), industrial (INDUS), and metals sectors.
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Figure 2. First difference of U.S. & Australia SSR and returns series of FX and stock indices.

3.2 Descriptive statistics

In Table 1, it can be observed from the summary statistics that the average change in the SSR rate
and variance for the U.S. and Australia are the same, indicating a similar policy stance over the
period. Among the sectors, the health sector has the largest return of 0.05%, while the communi-
cation sector is the only sector with a negative mean return of —0.005%. Additionally, all the series
are stationary, as determined by the ERS unit root test (Elliott et al. 1996). Hence, the estimation
of time-varying variances by the DY (12,14) technique is suitable for the nature of the series, given
the time-varying nature of monetary Policy reactions (Davig and Doh 2014).

3.3 Model specification

To estimate international spillovers from the U.S. and the consequent domestic spillovers within
Australia, we follow the flowchart shown in Figure 3. The figure summarizes our conceptual
framework and the information set used in the spillover analysis. After controlling for movements
in the U.S. stock market (capturing shifts in global risk sentiment and discount rates), shocks
to the U.S. monetary policy stance transmit to Australian financial conditions. We then observe
(i) the response of Australia’s monetary policy stance (interest rate channel), (i) movements in
Australian equity returns (asset-price channel), and (iii) movements in the exchange rate (FX
channel). These market responses may, in turn, generate feedback effects within the system, which
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Table 1. Summary statistics

Variable Mean Variance Skewness Kurtosis JB ERS
US_SSR —0.001 0.001 —0.363*** 4,115%** 4,175.446*** —12.595%**
(0.000) (0.000) (0.000) (0.000)
US_MSCI 0.026 1.477 —0. 190*** 11. 334*** 30,751. 800*** —22. 370***
(0.000) (0.000) (0.000) (0.000)
FX —0.001 0.586 0. 488*** 9. 572*** 22,137. 746*** —26. 283***
(0.000) (0.000) (0.000) (0.000)
Australia_SSR —0.001 0.001 —0. 645*** 9. 033*** 19,907. 172*** —22. 591***
(0.000) (0.000) (0.000) (0.000)
ENERGY 0.032 2.371 —0. 642*** 10. 207*** 25,304. 267*** —6. 458***
(0.000) (0.000) (0.000) (0.000)
MATERIALS 0.042 2.202 —0. 238*** 5. 097*** 6,267. 265*** —5. 860***
(0.000) (0.000) (0.000) (0.000)
INDUS 0.018 1.172 —0. 614*** 8. 451*** 17,437. 460*** —6. 965***
(0.000) (0.000) (0.000) (0.000)
CONSDESC 0.008 1.586 —0. 441*** 6. 932*** 11,675. 716*** —10. 002***
(0.000) (0.000) (0.000) (0.000)
CONSSTAPLES 0.03 0.926 —0. 086*** 6. 895*** 11,374. 157*** —8. 518***
(0.008) (0.000) (0.000) (0.000)
HEALTH 0.052 1.421 0. 151*** 7. 777*** 14,485. 452*** —10. 705***
(0.000) (0.000) (0.000) (0.000)
FINEXAREIT 0.023 1.512 —0. 107*** 8. 696*** 18,093. 918*** —9. 613***
(0.001) (0.000) (0.000) (0.000)
REIT 0.013 1.622 —0. 937*** 14. 208*** 49,108. 762*** —12. 472***
(0 000) (0 000) (0 000) (0 000)
IT 0.005 2.926 —0. 475*** 11. 675*** 32,810. 815*** —8. 099***
(0 000) (0 000) (0 000) (0 000)
COMMSVS —0.005 1.454 —0. 591*** 5. 683*** 8,056. 556*** —12. 226***
(0 000) (O OOO) (0 000) (O OOO)
UTILITIES 0.021 1.066 —0. 200*** 4, 888*** 5,751. 075*** —28. 214***
(0 000) (O OOO) (0 000) (O OOO)
REALESTATE 0.011 1.566 —0. 993*** 14. 603*** 51,935. 643*** —24. 185***
(0 000) (O OOO) (0 000) (O OOO)
METALS 0.046 2.684 —0. 179*** 4, 501*** 4,875. 921*** —6. 413***
(0.000) (0.000) (0.000) (0.000)

s Significance at 1%. Skewness: D’Agostino (1970) test; Kurtosis: Anscombe and Glynn (1983) test; JB: Jarque and Bera (1980) normality test;
ERS: Elliott et al. (1996) unit-root test; US_SSR: Shadow short rate of US; US_MSCI: the MSCI share index of US; FX: Australia-US dollar exchange
rate; Australia_SSR: Shadow short rate of Australia; ENERGY: share index of the energy sector; MATERIALS: share index of the materials sector;
INDUS: share index of industrials sector; CONSDESC: share index of the Consumer Discretionary sector; CONSSTAPLES: share index of the con-
sumer staples sector; HEALTH: share index of the health sector; FINEXAREIT: Financial Index excluding A-Real Estate Investment Trust (REIT);
REIT: the share index of Real Estate Investment Trust (REIT) sector: IT: share index of Information Technology sector; COMMSVS: share index of
communication Services sector; UTILITIES: share index of utilities sector; REALESTATE: share index of real estate sector; METALS: share index of
Minerals & Metals sector. The SSRs are in first differences (%) while the indices are percentage changes (%).

are captured by the directional and net spillover measures. The resulting spillover objects—net
U.S. and Australian monetary policy spillovers, net FX spillovers, and net equity spillovers—are
subsequently linked to real outcomes (output and inflation) in the second stage.

Our focus on the interest-rate, asset-price, and exchange-rate channels is deliberate. These
are high-frequency channels that adjust contemporaneously to monetary policy news and global
financial conditions and are therefore well matched to the daily DY connectedness framework.
In principle, other channels may also matter, including trade quantities, external demand, and
broader macro fundamentals (Boeck and Mori 2025; Brauning and Sheremirov 2023; Crespo
Cuaresma et al. 2019; Rey 2016). However, trade flows and many macro aggregates are observed
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Figure 3. Flowchart of monetary policy spillovers.
Source: Authors’ Conceptualization.

at monthly or quarterly frequency and embed substantial timing frictions and measurement
constraints that are not compatible with a daily connectedness system without imposing strong
interpolation and timing assumptions. For this reason, we do not model trade volumes directly
in the baseline spillover block. Instead, we use the exchange rate as the key high-frequency rel-
ative price through which trade-related adjustment and competitiveness effects are expected to
operate over time. In this sense, the FX channel serves as a forward-looking proxy for the trade
margin within a daily framework, while equity returns and interest rates capture the dominant
market-based financial transmission mechanism.

Therefore, unlike Albagli et al. (2019) and other studies that use linear panel regressions and/or
generalized autoregressive conditional heteroskedasticity (GARCH) and/or unstructural VARs
and global VAR models (Dekle and Hamada 2015; Georgiadis 2016; Nsafoah and Serletis 2019),
the current study differs by employing the time-frequency connectedness framework of Diebold
and Yilmaz (Diebold and Yilmaz 2012; Diebold and Yilmaz 2014) to estimate total, net, and
directional spillovers. Unlike variance-decomposition approaches that can be sensitive to ele-
ment ordering, the DY connectedness measures are invariant to variable ordering. Moreover,
standard VAR-based impulse responses are typically reported as sample-average objects (Diebold
and Yilmaz 2012), which can mask substantial time variation in spillovers. In contrast, the DY
framework is designed to recover directional spillovers that evolve over time and can be linked
to major episodes such as the GFC, ESDC, the COVID-19 pandemic, and the Russia—Ukraine
war.

Importantly, international spillovers from the U.S. to Australia, as well as spillovers within
Australia, are likely to be time-varying. The DY(12, 14) framework provides a coherent set of
measures—(i) total spillovers, (ii) directional spillovers, (iii) net spillovers, and (iv) net pairwise
spillovers—which we use to quantify both overall connectedness and the direction of transmis-
sion within the system. From a policy perspective, these measures inform how Australian markets
and monetary conditions respond to U.S. shocks and to domestic monetary policy decisions. For
financial-market participants, the directional spillovers across sectors provide information about
the propagation of monetary shocks and the co-movement of asset returns.

We also employ the frequency decomposition of Barunik and Krehlik (2018) to charac-
terize spillovers over short-, medium-, and long-term horizons. To strengthen robustness, we
complement the rolling-window DY approach with the TVP-VAR connectedness estimator of
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Antonakakis et al. (2019), which mitigates the loss of observations and sensitivity to window
choice. We proceed next to describe the main estimation approach.

3.4 Diebold-Yilmaz method: spillover analysis in the time domain

Our primary aim in the empirical analysis is to examine the international spillovers of U.S. mone-
tary policy on Australia’s economy. In doing so, we first employ the time-domain spillover analysis
of Diebold and Yilmaz (2012) and Diebold and Yilmaz (2014), which builds on the work of
Diebold and Yilmaz (2009). Here, we summarize the technique as follows. Consider a covariance

stationary N-variable (variables are changes in the series of SSR and return of stock indices and
FX) VAR(p):

P
Yi =) Ykt (1)
k=1
where g; ~ (0, X) is a vector of independently and identically distributed (i.i.d.) disturbances. The
moving average representation is Y; = Z:io Ayg;_ where Ap is an N X N coefficient matrix
which obeys the recursion: Ay = ®1 Ag_1 + ®2 Ao+ ... + Pp Ay, with A being an identity
matrix of size N and Ay =0 for k < 0.

As documented in Diebold and Yilmaz (2012), the dynamics of the system are explained by the
coefficients of the moving-average process, which is key to understanding the system. The various
system shocks are decomposed into components that explain the forecast error variances of each
variable. In this case, the variance decompositions help to explain the fraction of the F step-ahead
error variance in forecasting Yy that is due to shocks to Y; where VI # k, for each k. Here, unlike the
Cholesky factorization which whilst achieving orthogonality, its variance decompositions depends
on the ordering of the variables, the advantage of the Diebold and Yilmaz (2012)’s approach is that
it follows the generalized variance decomposition (GVD) framework framework of Koop et al.
(1996) and Pesaran and Shin (1998) that helps to produce variance decompositions, which are
invariant to variable ordering.

Defining variance and spillovers

The variance is separated into own and cross-variances, which are the variances from other vari-
ables in the system or spillovers. The own variance share is the fraction of the F step-ahead error
variances in forecasting Y} that are due to shocks in Y, for k=1, 2, ..., N, and the cross-
variance shares are the F step-ahead error variances in forecasting Y; that are due to shocks in Yj,
for I=1, 2, ...,N,suchthatk # . Here, the F step-ahead forecast error variance is represented
by 9,‘3 (F)for F= 1, 2, ..., and is specified as follows:

F—1
-1 / 2
o' D (eArTe)
f=0
F—1
/ /
3 (ekAfEAfek>
f=0
where oy is the standard deviation of the error term for the Ith Equation and ¢; is the selection
vector with unity as the Ith element and zeros otherwise. X is the covariance matrix of the shock

vector in the non-orthogonalized VAR. Given that the shocks to each variable are not orthogo-
nalized, the sum of the contributions to the variance of the forecast error is not necessarily equal

O (F) = )

N
to one, 01 (F) # 1. The elements of the variance decomposition matrix are normalized to
=1
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help calculate the spillover index by using the row sum as follows:

01 (F)
N

> 6k (F)
=1

N
where Zl—l 01 (F) is the sum of the total spillovers from I to k while 6y; (F) is the spillover of /

Ot (F) = 3)

N ~ ~
to k for each k where k # I. Hence, Zl—l O (F) = 1 and the sum of all elements 6y, (F) is equal

to N, by construction. 611 (F) is therefore a standard measure of pairwise spillovers, which is the
share of variance contributed by the cross-prediction errors. This is then aggregated to the total
spillovers index expressed as a percentage as follows.

Total Spillover Index (TSI)

N N
> (P > (P
k=1, k#1 kl=1, k#l
TSI (F) = ;#— x 100 = + x 100 (4)

Z Ot (F)
I=1

This is the total spillover index, which measures the total contribution of spillovers across all the
variables to the total forecast error variance. Hence, S8 (F) can be interpreted as the total spillovers
of the entire system. To measure the directional spillovers, we measure the directional spillover
from all other markets/variables [ to k as follows:

Directional spillover “From” all Variables [ to k

N N
> Ou(F) > O (F)
=1, k#l I=1, k#1
DSl (F) = 1N#— x 100 = % % 100 (5)
> G (F)
k=1

We similarly measure the directional spillovers transmitted from variable k to all other markets
I as follows:

Directional Spillover by Variable k “To” All Variables |

N N
> Ok (F) > Ok (F)
I=1, k#1 I=1, k#1
DSy, 4 (F) = IN#— % 100 = =2 x 100 (6)
> O (F)
k=1
Hence, net spillovers index (NSI) can be calculated as:
NSI (F) = DSIi_,o (F) — DSl (F) (7)
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To calculate the net pairwise spillover, which is the net spillover between two variables, thus how
much each variable or series contributes to the other variable in net terms. This can be defined as
below:

Net Pairwise Spillover Index (NPSI)

O (F O (F
NPSIy (F) = i (F) _ ki () x 100:(

NN N~
> Otm (F) > O (F)

k,m=1 I,m=1

O (F) — O (F)
N

) x 100 (8)

Therefore, net pairwise spillover is the difference between the gross spillover from market k to
market [ and the spillover from market I to market k.

3.5 Spillover analysis in the frequency domain

Building upon the seminal work of Diebold and Yilmaz (2012), Barunik and Krehlik (2018) have
introduced a method that allows for heterogeneous frequency responses to shocks. This method
employs a spectral representation of generalized forecast error variance decompositions (GFEVD)
to disaggregate spillovers across various time horizons via Fourier transforms of the frequency
responses, i.e., the impulse responses. This approach is particularly relevant when the variables of
interest exhibit varying responses to shocks at different frequencies and intensities. This approach
is relevant because our variables of interest may exhibit varying responses to the system’s shocks
at different frequencies and intensities.

This allows us to check the short-, medium-, and long-term frequency responses to shocks.
Barunik and Krehlik (2018) considers a frequency response function, ¥ (e7*) =3, e oy,
which can be obtained as a Fourier transform of the coefficients W;, with i=+/—1. The
generalized causation spectrum over frequencies @ € (— 7, ) is defined as:

ot [(¥ () 2),,|
(@ ) 5w (7)),

(F(@)) = ©)

where U (e7@) =3, e~ My is the Fourier transform of the impulse response Wy, (f ())j is
the portion of the spectrum of the jth variable at the given frequency, w, due to shocks to the kth
variable. Given that the denominator holds the spectrum of the jth variable under frequency w,
Equation (9) above can be deduced as the quantity within the frequency causation. The general-
ized decomposition of the variance is converted to frequencies by weighting the function (f(w)); x
by the frequency share of the jth variable. Following the above, the weighting function is:

—iw ! (ptiw
(W (e7) W' (e ))]J
l T _ . b
2r S (W () W7 (e4P)); dA
Equation (10) shows the jth variable power in the system under frequency w and sums the frequen-
cies to a constant value of 27r. It is noteworthy that even though the Fourier transformation of the
impulse response is a complex number, the generalized spectrum is the squared coefficient of the

weighted complex number and, as a result, is a real number. To make meaningful economic appli-
cation where the short-, medium-, and long-term connectedness or spillovers can be assessed,

r= (10)
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the frequency band is formally defined as: d = (4, b) : a,b € (— 7, w), a < b. This is defined as the
amount of forecast error variance created on a convex set of frequencies given by integrating only
over the desired frequencies w € (g, b). Hence, the generalized variance decomposition under the
frequency band d is given in Equation (11):

1 o0
@)= /d (@) (f(@))jeds an

The generalized variance decomposition is scaled under the frequency band d=(a,b):a,
be(—m,m),a<bto obtain Equation (12):

(®d)j,k = (®d)j,k/ Z (®0°)j,k (12)
k
The within connectedness is formulated under the frequency band d as:
Tr {®
c¥ =100 x 1 Lrfodd (13)
> 04
Finally, we estimate the frequency connectedness or spillovers under the frequency band d as:
6, Tr{6 ©
Cf =100 x [ =24 _ 14} _ w2 (14)
200 YO PBLCES

3.6 Monetary policy transmission to output and inflation

We discuss the impact of the U.S. and Australian monetary policies on Australia’s output and
inflation. The use of this small model is informed by previous empirical literature (Benati and
Surico 2008; Boivin and Giannoni 2006; Cogley and Sargent 2001; Primiceri 2005; Stock and
Watson 2001). We take two approaches to address this: first, we estimate the response of out-
put and inflation to monetary policy shocks following the standard Cholesky Identification in a
VAR framework. Second, as a novel contribution, we use the DY(12, 14) spillover estimates as an
external instrument to identify Australia’s monetary policy shocks and to identify U.S. monetary
policy innovation using high-frequency U.S. policy statement surprises from (Acosta et al. 2025).
These are discussed below.

3.6.1 VAR approach—Cholesky identification
Here, we first follow the standard recursive VAR framework to examine the dynamic relationship
between inflation, output, and monetary policy as follows:

A(L)Y:=¢t, (15)
where A(L) =1 —Ag — AL — ... — A,L? is the lag polynomial and ¢; is a vector of orthogonal-
ized disturbances. Vector Y; is:

RealOutput,
Yi=| Inflation, (16)
Policy;

where real output is the real industrial production index in log terms (Gertler and Karadi 2015;
Hanson 2004) and inflation is the inflation rate (percentage change in consumer prices). Our
monetary policy variable is either the RBA’s shadow short rate or the Fed’s shadow short rate.

https://doi.org/10.1017/51365100526100935 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100526100935

14 Dwumfour et al.

For our three-variable VAR, the Cholesky restrictions result in the following exclusion restric-
tions on contemporaneous responses in the matrix A to fit a just-identified model:

A=lay an 0 (17)

Here, we order the variables as follows: real output, inflation, and policy. This recursive form
implies that contemporaneous shocks to the other variables do not affect the variable with index
1 (Output). On the other hand, variable 2 (Inflation) is affected by the contemporaneous shock to
variable 1, but not by the contemporaneous shock to variable 3 (policy); however, the contempo-
raneous shocks to variables 2 and 1 affect variable 3. However, in the U.S. spillover estimations,
we order the Fed’s monetary policy as the first variable.

3.6.2 VAR approach—external instrument approach

As we discussed earlier, we note the current research by Bishop and Tulip (2017), who found
the price puzzle in Australia’s data and suggested that VAR models may be inappropriate for
estimating Australia’s monetary policy. As a major contribution to identifying Australia’s mone-
tary policy shocks, we employ the use of external instruments identification approach proposed
by Mertens and Ravn (2013) and Stock and Watson (2012, 2018), following the procedure of
Gertler and Karadi (2015) by using the DY (12, 14) net monetary spillovers or surprises as external
instruments for Australia while employing high-frequency U.S. policy statement surprises from
(Acosta et al. 2025) to identify U.S. monetary policy innovation. We use the Federal Open Market
Committee (FOMC) statement surprise series from Acosta et al. (2025) because it provides a sin-
gle high-frequency measure of policy news that aggregates the effects of changes in the federal
funds rate (FFR), forward guidance (FG), and quantitative easing (QE) on the expected policy
path, making it conceptually aligned with our SSR-based policy stance that spans conventional
and unconventional regimes. By contrast, policy-tool-specific surprises (target, guidance, QE sep-
arately) would not align with our objective of identifying a unified stance shock comparable to the
SSR and could reintroduce a mismatch between the instrument and the policy measure used in
the VAR. Described briefly, let the general structural VAR be:

p
AY, = ) BiYiiter (18)
k=1
where Y; is a vector of economic variables (real output, inflation, and policy), A and By are vectors
of conformable coefficient matrices, and ¢; is a vector of structural shocks. The reduced-form
representation of our structural VAR therefore, is:
p
Y = Z DYk + s (19)
k=1
where @ = A71B;. 1 is the reduced form structural shock which follows the below structural
shock function (where S = A~1):

Ut = Sé‘t. (20)

Following Gertler and Karadi (2015), we only need to compute the coefficients of monetary
policy shocks. Hence, we are interested in estimating the impact of structural policy shock. Let
Y‘f € Y, be the monetary policy indicator (Australia or U.S. shadow-short rate) in the structural
Equation 18 with the associated policy shock, ef . If s corresponds to the vector of the impact of
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the ef on each element of the S, then the impulse responses of these variables to a policy shock
can be represented as:

P
Y = Z DrYr+ Sé‘f . (21)
k=1
In the instrumental variables approach, let Z; be a vector of the instrumental variables, in this
case, the spillovers or monetary policy surprises and let 6? be a vector of the other structural shocks
aside from the policy shock, ef . The validity of the instrument for the policy shocks relies on the
condition that Z; be correlated with €/ but orthogonal to €

E [Ztep/] =¢

(22)
E [zte‘f] —0.

We therefore estimate the VAR models first, following the Cholesky identification procedure
(based on Equations 16 and 17), consistent with the literature, and second, using the instrumental
variables approach, following Gertler and Karadi (2015). As we previously mentioned, our instru-
ment (net monetary policy spillovers) captures surprises in the monetary policy stance. Hence,
similar to the IV literature like Gertler and Karadi (2015) that use surprises around the federal
funds futures, net monetary spillover can be considered to be surprises around the monetary
policy decision, given its transmission throughout the economy.

The key identifying requirement for our instruments is that the instrument is (i) relevant—
strongly correlated with the reduced-form innovation in the monetary policy variable—and (ii)
exogenous—orthogonal to non-policy structural shocks. In practice, the exogeneity assumption
is motivated by the event-window logic: within a narrow window around policy announcements,
financial-market movements are dominated by unanticipated policy news, limiting contempo-
raneous feedback from macroeconomic conditions. This proxy-SVAR logic is consistent with the
identification strategies in Jarocinski and Karadi (2020) and Miranda-Agrippino and Ricco (2021),
who emphasize isolating unexpected policy news (and distinguishing it from information effects)
when using high-frequency surprises for structural identification.

In our setting, we first use the net monetary spillovers of DY(12, 14)—specifically the
NET(To — From) spillovers of Australia’s monetary policy (SSR)—as plausible instruments for
Australia’s monetary policy innovation, because they are designed to capture surprise move-
ments attributed to the monetary policy variable within the connectedness framework. Given
that they are the net spillover of monetary policy after its transmission through various chan-
nels within the economy, the net effect provides the “surprise” component that will, in turn,
have a “true” effect on the real sector. We acknowledge the limitations of DY(12, 14), which
relies on GIRFs and may therefore introduce measurement noise into the recovered surprises.
Nevertheless, the GIRF-based construction provides a comprehensive and internally consistent
mapping from innovations in the SSR to the evolution of the connectedness measures, offering an
empirically useful proxy for the unexpected component of Australia’s monetary policy stance in
daily data.

Moreover, we instrument U.S. monetary policy innovation with high-frequency U.S. policy
statement surprises taken from (Acosta et al. 2025). For the U.S,, this series serves directly as an
external instrument for the Fed policy innovation. For Australia, a comparable long-span high-
frequency surprise series is not available at the same frequency and coverage as in the U.S. data. We
therefore use the U.S. policy surprise to instrument the Australian policy stance in specifications
intended to isolate the externally driven (imported) component of Australian monetary policy.
This choice is justified by two considerations.

First, exogeneity: Australian output and inflation cannot contemporaneously affect the U.S.
surprise within the announcement window; hence, the U.S. surprise is plausibly orthogonal to

https://doi.org/10.1017/51365100526100935 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100526100935

16 Dwumfour et al.

Australian structural shocks at impact. Second, relevance: U.S. monetary surprises shift global
financial conditions and thereby induce systematic co-movement in domestic monetary condi-
tions, including through the domestic policy reaction function. As observed earlier in Figure 1,
there is substantial co-movement between the Fed and RBA shadow rates (correlation around
50%) and a close alignment in the timing of policy cycles. Also, consistent with our DY spillover
evidence, the interest-rate channel is the dominant transmission mechanism of U.S. monetary pol-
icy spillover to Australia, and an important part of this transmission operates through Australia’s
monetary policy adjustment. We stress that this specification does not claim to identify a purely
idiosyncratic Australian monetary policy shock. Rather, the resulting estimates are interpreted
as the dynamic effects of a U.S.-driven tightening in monetary conditions that propagates to
Australia and is transmitted, in part, through endogenous adjustments in Australia’s monetary
policy stance.

4. Empirical Results

In this section, we discuss results obtained from our main estimation technique -DY(12, 14) as well
as the frequency analysis of Barunik and Ktehlik (2018).* The study then estimates the impact of
the Fed’s and the RBA’s monetary policy on Australia’s output and inflation.

4.1 Time domain analysis

Here, we present the results of dynamic spillovers following DY (12, 14). We use 100-day rolling-
window samples,’ following Diebold and Yilmaz (2012) and Diebold and Yilmaz (2014), to
assess spillover variation over time. We discuss the dynamic total spillovers and average dynamic
spillovers (based on Equation 4), the directional (based on Equations 5 and 6) and net spillovers
(based on Equation 7) over the period. These spillovers measure the level of connectedness or
integration between the markets in the framework. Hence, higher values indicate high connected-
ness or spillovers between the variables. The implication of these spillovers is that, if, for instance,
U.S. monetary policy is highly connected to Australia’s financial markets than Australia’s own
monetary policy, then the RBA may underestimate its monetary policy response. This means that
Australia’s financial markets would be more closely aligned with U.S. developments and therefore
tend to react more to changes in U.S. monetary policy than to Australia’s own. For our discus-
sion purposes, we refer to a positive net spillover as net spillover or net contributor/transmitter of
spillovers, while we refer to a negative net spillover as net receiver of spillovers or net “spillbacks.”

4.1.1 Dynamic total spillovers

The dynamic total spillover shows how the total spillover index (TSI) evolves over the sam-
ple period. This is shown in Figure 4. We can see oscillating spillovers across time. Starting
from spillovers below 65%, they increase to over 85%, close to 90%. We observe several cycles
between these extreme spillovers. The early 2000s witnessed the Dot-com or Tech bubble, which
saw spillovers increase from around 50% to around 67% before falling back to the initial levels.
Afterwards, the spillover index reached below 50% by the end of 2005. After that, we see upward
and downward spillovers between 60% and 70% prior to the 2007/2008 GFC. The spillovers
reached unprecedented heights, approaching 80% during the financial crisis. Since then, the high-
est spillovers, around 88%, have been observed in 2011 during the ESDC and in early 2020, around
March, when COVID-19 was declared a pandemic. Thus, the COVID-19 pandemic, the ESDC,
and the GFC were periods when spillovers from U.S. monetary policy and the stock market to
Australia’s market reached notable levels.
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Figure 4. Dynamic total spillovers (TSI).
Note: Results are based on Diebold and Yilmaz (2012, 2014) technique with lag length of order one (Bayesian information
criterion, BIC) and a 10-step-ahead generalized forecast error variance decomposition.

4.1.2 Average dynamic spillover effects

We proceed to discuss the average dynamic spillovers for the sample period in Table 2. From the
table, the kI entry shows the estimated contribution to the forecast error variance of market k
From shocks to market [. The Spillovers To Others column shows the off-diagonal sums of the
to spillovers, while the column Spillovers From Others shows the off-diagonal row sums, which
indicate the from spillovers. The gross sum of the From spillovers as a percentage of the gross sum
of the To spillovers plus the diagonals (own spillovers) gives the total spillover index. According
to the table, the average TSI is 64.72%, indicating relatively high spillovers between the monetary
policies and financial markets of the U.S. and Australia.

Moving on to the discussion on the monetary policy spillovers, we find that U.S. monetary pol-
icy explains about 18% of variations in Australia’s monetary policy with a net spillover of about
6% (i.e., 17.83%-11.86%). This indicates that approximately 6% of the variations in the RBA’s
monetary policy stance can be attributed to the Fed’s monetary policy decisions. In the entire sys-
tem, we find that U.S. monetary policy is a net contributor of spillovers (12%) to Australia, while
Australia’s monetary policy is a net receiver of spillovers (—11%). This illustrates the influence
of U.S. monetary policy on Australia’s financial markets, highlighting its significant impact on
Australia’s monetary policy. On the other hand, U.S. monetary policy explains about 3.79% of the
exchange rate with a net spillover of about 2.03% (i.e. 3.79%-1.76%) while Australia’s monetary
policy contributes a net spillover of 0.9% (i.e. 4.41%-3.51%) to the exchange rate. Again, this indi-
cates that U.S. monetary policy is the primary driver of spillovers in the exchange rate between the
two countries.

Regarding the contribution of monetary policy spillovers to Australia’s stock market, we find
that U.S. monetary policy spillovers to all of Australia’s sectoral equity returns are higher than
those from Australia’s own monetary policy. Taken together (last three rows of Table 2), the
results show that U.S. monetary policy is a net contributor of spillovers to Australia’s sectoral
equities with a spillover of 4.21% while Australia’s monetary policy is a net receiver of spillovers
of about 4.10% from its own sectoral equities. This suggests a significant influence of U.S. mone-
tary policy on explaining sectoral equity returns in Australia. The consumer discretionary sector
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Table 2. Average dynamic spillovers: DY(2012, 2014)

Variable US_SSR  US_MSCI EX Australia_SSR ENERGY MATERIALS INDUS CONSDESC CONSSTAPLES HEALTH FINEXAREIT REIT 1T COMMSVS  UTILITIES REALESTATE METALS Spiilovers
FROM Others

US_SSR 44,58

S AR, - LS. SR ORI, N 27 S . SN [ S S =S /AU 2. A AN NN, N
Australia SSR 1793 582 351 5002 18 18 175 1% . 1s2  1Se 200 157 167 . 1el 198 LS8 184 4998

ENERGY 68.23

CONSDESC 260 897 163 153 AIS 453 8O0 2594 613 513 691 394 479 355 398 4d0 379 . 706
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)
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@EEs
Spillovers to Sectoral 26.53 75.04 2241 18.61 53.46 70.53 75.82 67.16 59.46 48.59 70.10 65.10  42.80 36.68 45.80 70.99 62.14

Spillovers From 22.32 29.27 35.09 22.71 55.56 62.31 63.54 59.33 61.19 56.17 62.3 64.87  52.63 47.91 56.06 66.11 60.65

Net Spillovers/ 4.21 45.77 —12.68 —4.10 —2.10 822 12.28 7.83 —1.73 —7.58 7.80 0.23 —9.83 —11.23 —10.26 4.88 1.49
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Note: All variables are as defined earlier. All values are in percentages.
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is the highest net receiver of 0.71% spillovers (i.e., 2.60%-1.89%) from U.S. monetary policy, fol-
lowed by 0.58% to the IT (i.e., 2.33%-1.75%) and 0.41% to the financial sectors (FINEXREIT:
2.47%-2.06%) respectively. The sector that receives the least net spillover from U.S. monetary
policy is the real estate industry, with both REIT (1.63%-1.50%) and real estate (1.58%-1.45%)
measures receiving approximately 0.13% spillovers. This indicates a high level of connectedness
between U.S. monetary policy and Australia’s consumer discretionary sector, with the least con-
nectedness observed in the real estate sector. On the other hand, as indicated earlier, Australia’s
monetary policy is a net recipient of spillovers from its sectoral equities, with the financial sec-
tor being the dominant contributor, accounting for approximately 1.46% of net spillovers. The
sector with the least contribution to Australia’s monetary policy through net spillovers is the IT
sector.

Overall, these results suggest that U.S. monetary policy is a net transmitter of spillovers to
Australia’s financial markets, whereas Australia’s monetary policy is a net receiver of spillovers.
The primary transmission channel of U.S. monetary policy spillovers is through the interest rate
channel, with a net spillover of approximately 6% to Australia’s SSR. This is followed by the asset
price channel, with U.S. monetary policy contributing approximately 4.2% of net spillovers to
Australia’s sectoral equity returns. The consumer discretionary sector receives the most spillovers,
followed by the IT and financial sectors, respectively. The exchange rate channel follows with a net
spillover of 2% from U.S. monetary policy.

We now proceed to highlight the key findings of the average return spillovers for U.S. stock
market, FX, and sectoral indices. From Table 2, we see high levels of return spillovers from U.S.
stock market to Australia’s market. Indeed, the U.S. stock market is the largest contributor of
spillovers in the entire system, with a net spillover of about 53.46%. This is primarily due to
the high net spillover of approximately 45.77% to Australia’s sectoral equities, indicating strong
connectedness between the U.S. and Australia’s stock markets. The remaining 7.69% spillovers
are primarily directed to the FX market (5.51%; i.e., 7.59%-2.08%), Australia’s monetary policy
(1.85%), and U.S. monetary policy (0.33%).

Again, the FX market is, on average, a net recipient of about 21.13% of spillovers in the sys-
tem, with Australia’s stock market accounting for the majority, at about 12.68%. This is followed
by net spillovers of 5.51%, 2.03%, and 0.9% from the U.S. stock market, U.S. monetary policy,
and Australia’s monetary policy, respectively. These results indicate that Australia’s stock market
accounts for most of the variations in its AUD/USD exchange rate. Among the sectors, however,
the largest net contributor of spillovers to the exchange rate is the materials sector with a net
spillover of 1.82%.

Regarding the sectoral equity indices, the results indicate that the industrial sector is the dom-
inant net contributor of spillovers, accounting for 9.41% of net spillovers. The sector contributes
its highest net spillovers to the IT and utilities sectors, with net spillovers of 1.99% (i.e., 6.56%-
4.57%) and 1.98% (i.e., 6.65%—-4.67%), respectively. However, the net spillbacks to the sector are
only from the U.S., with 4.16% spillbacks from U.S. stock market and 0.24% from U.S. monetary
policy. Meanwhile, the second- and third-highest contributors to net return spillovers to the sys-
tem are the financial and materials sectors, which contribute 5.82% and 5.2%, respectively. For the
financial sector, the highest net spillover is to the utilities sector, at 1.62%. However, the highest
net spillback to the sector is from the U.S. stock market, with a net spillback of 3.31%, followed
by 0.42% and 0.41% from the industrial sector and U.S. monetary policy, respectively. On the
other hand, the materials sector contributes the highest spillover of 1.82% to the exchange rate,
while it receives the highest net spillback of 4.99% from the U.S. stock market, followed by net
spillbacks of 0.24% and 0.16% from U.S. monetary policy and the industrials sector, respectively.
According to the table, the IT sector is the highest net recipient of spillovers in the system, with a
net spillback of 15.25%. The largest contributor to net spillovers to the IT sector is the industrial
sector (1.99%), as indicated above. However, the IT sector is a net contributor of spillovers to only
the foreign exchange and communication services sector, with spillovers of 0.38% and 0.29%,
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Figure 5. Dynamic spillovers To all others.
Note: Results are based on the Diebold and Yilmaz (2012, 2014) technique, with a lag length of one (determined by the
Bayesian information criterion, BIC), and a 10-step-ahead generalized forecast error variance decomposition.

respectively. This illustrates the interconnectedness between the IT and communication services
sectors.

4.1.3 Dynamic directional and net spillovers effects

Figures 5 and 6 illustrate the evolution of directional spillovers, specifically the “to” and “from”
spillovers, respectively. Consequently, we discuss net spillovers, which are shown in Figures 7
and 8. From the figures, positive values indicate that the variable in question is a net contributor of
spillovers in the specific period, while negative values indicate that it is a net recipient of spillovers
in the system during the same period.

From Figures 5 and 6, we observe that spillovers to all other variables are heterogeneous over
time. Particularly, from Figure 5, we see that U.S. monetary policy exhibits higher spillovers to all
other variables than Australia’s monetary policy. We, however, observe that over time, Australia’s
monetary policy receives higher spillovers from all other variables than does the U.S. monetary
policy. This is evident in Figure 7 where we observe that over the sample period, U.S. monetary
policy exhibits net positive spillovers in the system over extended periods compared to Australia’s
monetary policy, even though the monetary policy stance of both countries receives net spillovers
in some periods. Specifically, we observe that from the early 2000s to 2005, the U.S. monetary
policy was a net contributor of spillovers in the system, while Australia’s monetary policy was a
net receiver of spillovers. We note that U.S. monetary policy was a net transmitter of spillovers
during the GFC, while Australia’s monetary policy was a net receiver of spillovers in the same
period, up until 2009/2010, when the country’s monetary policy began to transmit spillovers.

»
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Figure 6. Dynamic spillovers from all others.
Note: Results are based on the Diebold and Yilmaz (2012, 2014) technique, with a lag length of one (determined by the
Bayesian information criterion, BIC), and a 10-step-ahead generalized forecast error variance decomposition.

We also observe that, from 2011 to 2012, during the ESDC, Australia’s monetary policy was a
net recipient of spillovers, while U.S. monetary policy received spillovers only briefly at the onset
of the crisis. Again, from Figure 7, U.S. monetary policy experienced its highest net spillover trans-
mission when COVID-19 was declared a pandemic in March 2020, while Australia recorded its
highest net spillover transmission at the same time. These results, in general, indicate that U.S.
monetary policy transmits greater shocks to Australia’s economy than Australia’s monetary pol-
icy, and that periods of high transmission of U.S. monetary policy spillovers coincide with those
when Australia’s monetary policy also receives its highest spillovers. From Figure 7, the U.S. stock
market is generally a net transmitter of spillovers to Australia’s economy in almost the entire
sample period. Notably, U.S. stock market received net spillbacks briefly from March 2020 when
COVID-19 was declared a pandemic until August 2020. The exchange rate was a net receiver of
spillovers in almost the entire sample period.

We now proceed to discuss the net spillovers of the sectoral equity indices as shown in Figure 8.
From the figure, we observe that over the period, the industrial sector is the dominant sector con-
tributing net spillovers in most of the sample period. Notably, the sector experienced net spillbacks
in the early 2000s with extended spillbacks from 2002 to 2004, with occasional net spillbacks in
2006, 2008, 2009, 2011, and 2012. The materials and financial sectors followed, respectively, as the
next dominant sectors transmitting spillovers in the system. These sectors also experience occa-
sional spillbacks, similar to the industrial sector. The sectors that received the most net spillbacks
over the entire period are IT, communication services, utilities, and health. These sectors received
net spillovers over an extended period, indicating their vulnerability to market shocks.

https://doi.org/10.1017/51365100526100935 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100526100935

22 Dwumfour et al.

NET US_SSR NET FX

EuRoDEST

50

2005 2010 2015 2020 2005 2010 2015 2020
NET US_MSCI NET Australia_SSR

50

50 50

T T T T T T T T
2005 2010 2015 2020 2005 2010 2015 2020

Figure 7. Dynamic net spillovers/spillbacks (NSI)—interest rate, FX and MSCI-US.
Note: Results are based on (Diebold and Yilmaz 2012; Diebold and Yilmaz 2014) technique with lag length of one (determined
by the Bayesian information criterion, BIC), and a 10-step-ahead generalized forecast error variance decomposition.

4.2 Frequency domain analysis

Here, following the technique of Barunik and Kiehlik (2018), we examine the time-frequency
dynamics of monetary policy and return spillovers. Following Barunik and Krehlik (2018), we
use three frequency bands: 1 to 5 days (1 week) to represent the short-term frequencies, 5 to 20
days (1 month) to represent the medium-term, and over 20 days to represent the long-term. From
Tables 3 to 5, we observe that the TSI increases from 48.67% in the short-term to 55.31% in the
medium-term and then reduces to 51.30% in the long-term. This shows that, on average, total
spillovers between monetary policy and financial markets are highest in the medium term.

We proceed to observe dynamic spillovers in the frequency domain. As shown in Figure 9,
the total dynamic frequency indicates that immediate short-term drive spillovers are followed by
medium-term and long-term spillovers. This indicates that the short-term responses drive the
overall spillovers in the system. This shows that higher frequencies (in the short term) drive the
spillovers in the system. Hence, market participants typically anticipate future uncertainties to be
short-lived and are therefore more long-term oriented. We, however, observe that periods of high
uncertainty, or peaks, particularly during the ESDC and COVID-19 pandemic, are associated with
lower frequencies (long-term) and are accompanied by observable spikes during these periods.

As we observed earlier, during these periods, market uncertainty is high; hence, monetary
authorities usually pursue unconventional monetary policies to restore market confidence. These
high uncertainties, coupled with the unconventional policy stance, increase systematic risk and,
in turn, spillovers. These spikes, however, are not persistent; hence, they are short-lived. As we
can see, the peaks are occasional and quickly dissipate as market participants show less fear. The
results in Tables 3 to 5 are largely qualitatively consistent with our earlier results. We observe that,
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Figure 8. Dynamic net spillovers/spillbacks (NSI)—Australia’s sectoral indices.
Note: Results are based on Diebold and Yilmaz (2012, 2014) technique with lag length of one (determined by the Bayesian
information criterion, BIC), and a 10-step-ahead generalized forecast error variance decomposition.

compared to Australia’s monetary policy, U.S. monetary policy is the dominant transmitter of
international monetary policy across all frequency bands, with positive net spillovers. We, how-
ever, observe that Australia’s monetary policy is a net recipient of spillovers across all frequency
bands, except the 1-5-day range. This indicates that Australia’s monetary policy is only effective in
transmitting spillovers within the system during the first week following monetary policy changes.
When we summarize the net spillovers to sectoral equities, we again confirm that U.S. monetary
policy has a positive net spillover at all frequencies, except the long-term, while Australia’s mone-
tary policy has a positive net spillover only in the first week. This indicates the significant influence
of U.S. monetary policy on Australia’s financial markets, especially in the medium term, whereas
Australia’s monetary policy dominance is evident only in the first week. Regarding the sectors,
we again observe that the industrial and materials sectors are the primary transmitters of sectoral
spillovers, while the utilities, I'T, and communication services sectors remain the top recipients of
spillovers.

5. Monetary policy transmission to inflation and output

In this section, we discuss the responses of output and inflation to monetary policy shocks. We
first discuss the VAR results under Cholesky identification, following previous literature (Stock
and Watson 2001), and compare them with our IV approach. We provide further robustness by
adding commodity prices to our VAR model. BIC suggests two lags for our VAR estimations, and
the results are presented using impulse response functions (IRFs).
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Table 3. Frequency 1: the spillover table for band 3.14 to 0.63 that roughly corresponds to 1-5 days
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Table 4. Frequency 2: the spillover table for band 0.63 to 0.16 that roughly corresponds to 5-20 days
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Table 5. Frequency 3: the spillover table for band 0.16 to 0 that roughly corresponds to 20 days-infinity
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Figure 9. Dynamic total and frequency spillovers.

Note: Results are based on Barunik and Krehlik (2018) technique with lag length of order one (Bayesian information criterion,
BIC) and a 10-step-ahead generalized forecast error variance decomposition. Band1: 3.14 to 0.63 that roughly corresponds
to 1-5 days (1 week); Band2: 0.63 to 0.16 that roughly corresponds to 5-20 days (1 month); Band3: 0.16 to 0 that roughly
corresponds to 20 days-infinity (over 1 month); TSI refers to the total spillover index, which is the sum of frequency spillovers.

5.1 Recursive VAR based on cholesky identification

Here, we discuss our results based on the Cholesky identification. From the right panel of
Figure 10, we see that a contractionary U.S. monetary policy leads to an insignificant increase
in Australia’s output and inflation. Inflation, however, increases but peaks around 5 months.

From the left panel of Figure 10, we see that a monetary policy shock leads to a marginal but
insignificant fall in output but an initial increase in inflation, confirming the price puzzle. This is
not surprising given that the literature shows that half of the papers in a survey of related stud-
ies using a similar VAR framework showed the presence of the price puzzle (Rusnak et al. 2013).
This result is consistent with earlier studies by Beechey and Osterholm (2008), Phan (2014), and
Bishop and Tulip (2017) for Australia. Indeed, Bishop and Tulip (2017) finds the price puzzle
for Australia’s monetary policy in different VAR specifications and suggests that VAR models
may not be appropriate for analyzing Australia’s monetary policy. It is therefore necessary, from
a policy perspective, to have an appropriate VAR model that can remove the price puzzle in
Australia’s data. We proceed to discuss the results from our IV approach, which can remove this
puzzle.

5.2 External instruments approach

Having found a price puzzle under recursive (Cholesky) identification, we proceed to compare
these results with an external-instrument (proxy) VAR approach, which provides a more credible
identification of monetary policy shocks. Our empirical design follows Gertler and Karadi (2015)
by combining traditional VAR analysis with high-frequency identification (HFI). We briefly dis-
cuss the validity of our DY instrument before moving on to the VAR results, using these surprises
to identify Australia’s policy innovation. We then discuss the results of U.S. policy spillovers on
Australia’s output and inflation. We finally provide robust results using a full specification that
includes commodity prices and Australia’s policy in the U.S. specifications.
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Figure 10. Impulse response functions (response to policy [RBA and fed. SSR] shocks) of inflation and real output (industrial
production) in a Cholesky identification with 68% wild bootstrapped confidence intervals. Horizontal axis are in months.

In Table 6, we test the validity of the DY instrument using a two-stage least squares (2SLS)
where we regress inflation or real output on the SSR of Australia, but instrument for the SSR with
the net monetary policy surprise from the DY technique. We summarize the first-stage results,
which regress the SSR on monetary policy surprises, as is the convention in the HFI literature
(Gertler and Karadi 2015). From the Table, we see that net monetary policy surprises for Australia
(AUS_SPILL) are correlated with Australia’s monetary policy stance at the 1% significance
level.

Also, the Sanderson and Windmeijer (2016) F and x? tests reject the null hypothesis of under-
and weak identification, respectively. Again, the Cragg and Donald (1993) Wald F-statistic test
of weak identification is rejected as the values are greater than the Stock-Yogo (2005) weak ID
test critical values from 5.53 (25% critical value) to 16.38 (10% critical value). These findings,
along with the fact that net monetary policy surprises (AUS_SPILL) can affect output and infla-
tion only through the monetary policy stance (shadow short rate), suggest that our instrument is
appropriate.

We next discuss the impulse responses reported in Figure 11. The left panel identifies the RBA
shock using our DY-based surprise series, while the right panel uses the U.S. HFI surprise series.
The two sets of IRFs are qualitatively and quantitatively similar, and, crucially, both eliminate
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Table 6. First stage results - dependent variable AUS_SSR

Variable AUS_SSR
AUS_SPILL —0.029***
(0.007)
observanons e e e 260 R
vsvénd'é'rsdﬁ-\)\)indhqéijéfﬁTve'stv” e m1v6';17";"‘* B
SandersonWmdmeUerX? Test e 1629*** —
CraggDona[dFstats et s 1519 R

Note: *** Significance at 1%. Robust standard errors in parentheses. The table reports the
first-stage results from the 2SLS specification in which AUS_SPILL (net Australian monetary
policy spillovers/surprises) instruments AUS_SSR.

the price puzzle observed under recursive identification. This close alignment suggests that the
DY surprise proxy tracks the information content of high-frequency policy surprises well in our
setting. Focusing on the left panel (black IRFs), a one-standard-deviation contractionary RBA
monetary policy shock produces a modest decline in output and a pronounced disinflationary
effect: inflation falls by roughly 0.20% and remains significantly below baseline for around ten
months. The right panel yields the same broad pattern, with the key difference being a some-
what larger output contraction—approximately 0.2%—while the disinflationary response is of
comparable magnitude and persistence.

Again, in Figure 12, we compare the impulse responses to Fed and compare with the RBA policy
identified using the U.S. HFI surprise series. The left panel shows the Fed block, and the right panel
shows the RBA block. Both sets of responses are closely aligned in both magnitude and dynamics.
In particular, a contractionary monetary policy shock—for either the Fed or the RBA—induces a
decline in output and a fall in inflation, consistent with standard monetary transmission mech-
anisms and confirming that the price puzzle is no longer present under the external-instrument
identification.

Generally, a U.S. tightening tends to appreciate the U.S. dollar and tighten global financial
conditions, but its net effect on Australian inflation is theoretically ambiguous ex ante because
it reflects the interaction of multiple forces: (i) a global-demand channel that depresses activ-
ity and disinflationary pressures abroad; (ii) a financial channel that raises funding costs and
risk premia; and (iii) exchange-rate pass-through that may push import prices in either direc-
tion depending on the bilateral and effective exchange-rate response. The results indicate that,
on balance, the contractionary global-demand/financial channels dominate, delivering a disinfla-
tionary response in Australia following a U.S. tightening. This interpretation is consistent with the
evidence in Caldara et al. (2022) that global spillovers of U.S. monetary tightening operate impor-
tantly through global financial conditions and international demand, generating contractionary
and disinflationary effects abroad.

5.3 Further robustness: including commodity prices
The literature on the price puzzle in VAR models typically attributes it to an incomplete rep-
resentation of the central bank’s information set about future inflation (Bernanke and Mihov,
1998; Sims, 1992). A standard remedy is to augment the VAR with a commodity price index as
a proxy for forward-looking inflationary pressures and supply-side disturbances that may other-
wise be omitted (Bernanke and Mihov 1998; Hanson 2004; Sims 1992). Following this approach,
we include a commodity price index® in our baseline VAR specification.

In the left panel of Figure 13, which reports Cholesky-identified IRFs, the price puzzle per-
sists, consistent with evidence for Australia reported by Bishop and Tulip (2017). Nevertheless,
the inclusion of commodity prices shortens the persistence of the anomalous inflation response:
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Figure 11. Impulse response functions in an IV VAR approach following Gertler and Karadi (2015) with 68% wild boot-
strapped confidence intervals for the model with two lags, based on 1000 replications. The horizontal axis is in months.
The left panel is instrumented with DY surprises, and the right panel is instrumented with U.S. policy statement surprises
from Acosta et al. (2025).

while inflation previously took more than 40 months to revert towards baseline, this duration
falls to roughly 20 months, albeit remaining statistically insignificant. Hence, augmenting the
VAR with commodity prices attenuates but does not eliminate the price puzzle under recursive
identification.

By contrast, the right column of Figure 13 shows that when we instrument the monetary policy
innovation using DY surprises while retaining commodity prices, the responses become econom-
ically and statistically consistent with theory: a contractionary policy shock reduces both output
and inflation, and the price puzzle is eliminated. Relative to the specification without commodity
prices, output declines more sharply following a policy tightening. Although the commodity-price
response is modest, it is negative and persistent, reinforcing the interpretation that contractionary
monetary policy shocks are deflationary. Overall, these results provide further support for the
idea that our external instruments materially improve identification and resolve the price puz-
zle. Moreover, Figure 14 compares the IV results when Australian policy is instrumented using
DY surprises versus U.S. HFI surprises, conditioning on commodity prices. The IRFs are quan-
titatively and qualitatively similar, indicating that the DY-based surprise series provides a useful
proxy for identifying Australian monetary policy shocks.
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Figure 12. Impulse response functions in an IV VAR approach following Gertler and Karadi (2015) with 68% wild boot-
strapped confidence intervals for the model with two lags, based on 1000 replications. The horizontal axis is in months.
The left and right panels are the Fed and RBA blocks, respectively, both instrumented with U.S. policy statement surprises
from Acosta et al. (2025).

We then proceed to discuss the results of Australia’s output and inflation responses to U.S.
monetary policy shocks, including the impact on commodity prices and the RBA SSR. A useful
way to connect this full-system evidence to the earlier three-variable discussion is to distinguish
(i) the foreign shock and its transmission to Australian macro outcomes from (ii) the endogenous
response of Australian monetary policy to those outcomes and to global financial conditions. In
the earlier specification (Fed SSR-output-inflation), we emphasized that the sign of Australia’s
inflation response to a U.S. tightening is theoretically ambiguous ex ante because several channels
operate simultaneously: a global-demand channel that compresses activity and inflation abroad,
a financial channel that tightens funding conditions and raises risk premia, and an exchange-rate
channel whose net effect on domestic prices depends on the response of the effective exchange
rate and pass-through (Arbatli-Saxegaard et al. 2025; Dedola et al. 2017; Miranda-Agrippino and
Rey 2020).

In the data, however, a broad body of evidence indicates that U.S. monetary tightening is
typically contractionary and disinflationary abroad on average (Dedola et al. 2017; Iacoviello
and Navarro 2019); our IV results as shown in Figure 15 are consistent with this benchmark
in that the global-demand and financial channels dominate, yielding contractionary and disin-
flationary effects in Australia. In Figure 15, we extend that logic by adding commodity prices

https://doi.org/10.1017/51365100526100935 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100526100935

32 Dwumfour et al.

Cholesky IV: DY Surprises
RBA SSR RBA SSR
03f ' ' I - T< '
0.15 _ Ve ~ -
0.2 01/ S~
04} 005N 7 T~
~— ~ —
0 0 . . — T

0.05

-0.05

0.08 |
0.06 |
0.04
0.02 |
0=
< ——
-0.02 ~ _— ) ) ) ) )
10 20 30 40 10 20 30 40
Commodity Prices Commodity Prices
001 f 7~ ' ' ' 1 0.01 ¢ - T T ===
/, T~ _ _ _ _ -
— oy
0 Ny \ /
N
001N - = - = =
-0.01 | o~ ] \ _~ ‘ ‘ ‘
10 20 30 40 10 20 30 40

Figure 13. Impulse response functions (response to policy [RBA. SSR] shocks) of inflation and real output (industrial produc-
tion) with commodity prices in a Cholesky identification and instrumental VAR approach based on Gertler and Karadi (2015)
with 68% wild bootstrapped confidence intervals for the model with two lags, based on 1000 replications. Horizontal axis
are in months.

and allowing for an explicit Australian monetary policy reaction (RBA SSR) in the same system.
The key additional insight is that the RBA SSR increases following the identified Fed tighten-
ing, even as Australian output and inflation decline under the IV identification. Quantitatively,
the peak response of the RBA SSR is close to that of the Fed SSR—both on the order of 0.2%—
indicating a strong co-movement of Australian monetary conditions with U.S. policy shocks. This
co-movement is consistent with close alignment of policy cycles and the transmission of U.S.
tightening into Australia. This pattern is consistent with a setting in which Australian monetary
conditions tighten through two related mechanisms.

First, U.S. tightening transmits directly into Australia via global financial conditions (risk
premia, funding costs, and term premia), which mechanically tightens domestic monetary and
financial conditions and can induce co-movement in domestic policy rates even absent an imme-
diate improvement in local macro fundamentals (Miranda-Agrippino and Rey 2020). Second,
the RBA’s reaction function may incorporate external considerations—including exchange-
rate stabilization, imported financial tightening, and the desire to avoid excessive interest-rate
differentials—so that policy responds not only to contemporaneous domestic output and infla-
tion, but also to the external shock and its implications for future inflation and financial stability;
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Figure 14. Impulse response functions (response to policy [RBA and fed SSR] shocks) of inflation and real output (industrial
production) with commodity prices in a Cholesky identification and instrumental VAR approach based on Gertler and Karadi
(2015) with 68% wild bootstrapped confidence intervals for the model with two lags, based on 1000 replications. Horizontal
axis are in months.

consistent with this view, international evidence shows that domestic interest rates and expected
policy paths often respond systematically to U.S. monetary shocks (Degasperi et al. 2020; Kearns
etal. 2023). In this sense, the rise in the RBA SSR should not be interpreted narrowly as a response
to realized domestic disinflation; rather, it is consistent with an endogenous policy adjustment to
a common global tightening episode, alongside the simultaneous operation of the global-demand
and financial channels that generate disinflation in Australia (Dedola et al. 2017; Iacoviello and
Navarro 2019).

The recursive (Cholesky) ordering reinforces this interpretation. Because the RBA SSR is
ordered last (Fed SSR, output, inflation, commodity prices, then RBA SSR), its innovation in the
Cholesky system is constructed after accounting for contemporaneous movements in Australian
macro variables and commodity prices. Yet the remaining price puzzle in that panel suggests
that the “Fed policy innovation” in the recursive system remains contaminated by informa-
tion and omitted factors correlated with inflation dynamics. Once the Fed shock is isolated
with the external instrument, the macro responses become contractionary and disinflationary,
and the RBA SSR response can be interpreted as the domestic policy and financial-condition
adjustment induced by the external tightening, consistent with the broader evidence that U.S.
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Figure 15. Impulse response functions (response to policy [Fed SSR] shocks) of inflation and real output (industrial produc-
tion) with commodity prices in a Cholesky identification and instrumental VAR approach based on Gertler and Karadi (2015)
with 68% wild bootstrapped confidence intervals for the model with two lags, based on 1000 replications. Horizontal axis
are in months.

monetary shocks propagate internationally through global financial conditions and demand
(Dedola et al. 2017; Miranda-Agrippino and Rey 2020). Overall, the full-system results therefore
tie back to the earlier discussion: the disinflationary effects reflect the dominance of global-
demand/financial channels, while the rise in the RBA SSR reflects co-movement and policy
adjustment in response to external tightening rather than a purely mechanical reaction to
contemporaneous domestic output and inflation (Kearns et al. 2023).

6. Conclusion

The first contribution of this paper is to integrate time- and frequency-domain connectedness
analysis with a channel-based framework to trace the transmission of monetary policy spillovers
through interest rates, asset prices, and the exchange rate. This unified setup allows us to study,
within the same empirical framework, both (i) the international transmission of U.S. monetary
policy to Australia and (ii) the propagation of Australia’s own monetary policy through domestic
financial markets. We document strong spillovers—averaging about 64%—between U.S. mone-
tary policy and Australia’s monetary policy and financial markets, indicating a high degree of

https://doi.org/10.1017/51365100526100935 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100526100935

Macroeconomic Dynamics 35

connectedness between the Fed’s policy stance and Australian financial conditions. Consistent
with this evidence, U.S. monetary policy exerts a more pronounced influence on Australian
financial markets than Australia’s own monetary policy.

Second, we show that spillovers are asymmetric: U.S. monetary policy is a net transmitter of
shocks to Australian financial markets, while Australian monetary policy is predominantly a net
receiver of shocks from its own markets. In terms of transmission mechanisms, the interest-rate
channel is the primary conduit through which U.S. monetary policy spillovers to Australia, fol-
lowed by the asset-price channel, then the exchange-rate channel. This ranking is consistent with
the view that U.S. tightening alters global financial conditions, thereby shifting domestic monetary
and financial conditions in small open economies.

Third, we contribute by quantifying the real-sector consequences of these spillovers for
Australian output and inflation and by clarifying the identification problem that arises when inter-
national spillovers are ignored. Comparing recursive VAR identification with external-instrument
identification, we show that standard Cholesky orderings can generate a price puzzle and unstable
inference when the policy innovation is contaminated by omitted information and international
financial conditions. By contrast, instrumenting monetary policy innovations using our spillover-
based (DY) surprise measures—and, for the U.S., high-frequency policy surprises—yields impulse
responses consistent with theory: contractionary shocks reduce output and inflation, and the price
puzzle is eliminated. Importantly, the full-system results indicate that a U.S. monetary tightening
raises the Fed shadow rate and is followed by a tightening in Australian monetary conditions
(RBA SSR), while Australian output and inflation decline. This evidence implies that U.S. tighten-
ing is transmitted to Australia primarily through imported financial conditions and endogenous
domestic policy adjustments, rather than through an inflationary import-price mechanism.

From a policy perspective, these findings underscore that failing to account for U.S. mone-
tary spillovers can distort the assessment of domestic monetary conditions and lead to systematic
policy miscalibration. In particular, because U.S. tightening induces co-movement in Australian
monetary conditions and affects domestic output and inflation, the RBA may over- or under-
tighten if it interprets domestically observed financial tightening as purely idiosyncratic. Given
the policy relevance of accurately measuring international spillovers, we show that the spillover
framework used in this paper provides an empirically useful approach for tracking external
monetary shocks, decomposing transmission channels, and evaluating their real effects on the
Australian economy.

Supplementary material

The supplementary material for this article can be found at https://doi.org/10.1017/
S1365100526100935.
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Notes

1 Data is sourced from: https://www.ljkmfa.com/visitors/ [Accessed on August 21, 2022]. The sample is determined by data
availability. The SSR series ends on 31 March 2022, while 31 March 2000 is the earliest date for which all sectoral indices are
jointly available.

2 The results of the TVP-VAR connectedness estimator of Antonakakis et al. (2019) are discussed in the Online Appendix.
These results are consistent with those of the DY approach.

3 See Barunik & Kiehlik (2018) for a full proof.

4 The results from the TVP-VAR analysis are provided in the Online Appendix.

5 As a robustness check, we used 60-, 150-, and 200-day rolling windows. The results (available on request) remained con-
sistent across the different rolling windows. Moreover, the TSI series are highly correlated across all window lengths, ranging
from 73% to 95%, indicating that our central inferences are not driven by the baseline 100-day choice. The correlation table
is also in the Online Appendix.

6 Commodity prices index is the natural log of the index of all monthly average commodity prices (2020/2021 =100)
provided by the Reserve Bank of Australia (RBA).

References

Aastveit K.A., F. Furlanetto and F. Loria. (2023). Has the fed responded to house and stock prices? A time-varying analysis.
Review of Economics and Statistics 105, 1314-1324.

Acosta M., A. Ajello, M. Bauer, F. Loria and S. Miranda-Agrippino. (2025). Financial market effects of FOMC communication:
Evidence from a new event-study database. Working Paper 2025-30 Federal Reserve Bank of San Francisco.

Albagli E., L. Ceballos, S. Claro and D. Romero. (2019). Channels of US monetary policy spillovers to international bond
markets. Journal of Financial Economics 134, 447-473.

Anscombe F.J. and W.J. Glynn. (1983). Distribution of the Kurtosis Statistic b2 for normal samples. Biometrika 70, 227-234.

Antonakakis N., D. Gabauer and R. Gupta. (2019). International monetary policy spillovers: Evidence from a time-varying
parameter vector autoregression. International Review of Financial Analysis 65, 101382.

Arbatli-Saxegaard E., M. Firat, D. Furceri and J. Verrier. (2025). U.S. monetary policy shock spillovers: Evidence from firm-
level data. Journal of International Money and Finance 158, 103402.

Azad N.F. and A. Serletis. (2022). Spillovers of US monetary policy uncertainty on inflation targeting emerging economies.
Emerging Markets Review 51, 100875.

Barunik J. and T. Kiehlik. (2018). Measuring the frequency dynamics of financial connectedness and systemic risk. Journal of
Financial Econometrics 16, 271-296.

Beechey M. and P. Osterholm. (2008). A bayesian vector autoregressive model with informative steady-state priors for the
Australian economy. Economic Record 84, 449-465.

Benati L. and P. Surico. (2008). Evolving US monetary policy and the decline of inflation predictability. Journal of the
European Economic Association 6, 634-646.

Bernanke B.S. and I. Mihov. (1998). Measuring monetary policy. The Quarterly Journal of Economics 113, 869-902.

Bishop J. and P. Tulip. (2017). Anticipatory Monetary Policy and the “Price Puzzle”. Research Discussion Paper. Sydney,
Australia: Reserve Bank of Australia.

Black F. (1995). Interest rates as options. The Journal of Finance 50, 1371-1376.

Bock M., M. Feldkircher and P.L. Siklos. (2021) International effects of Euro area forward guidance. Oxford Bulletin of
Economics and Statistics 83, 1066-1110.

Boeck M. and L. Mori. (2025). Has globalization changed the international transmission of US monetary policy? Journal of
International Economics 157, 104139.

Boivin J. and M.P. Giannoni. (2006). Has monetary policy become more effective? The Review of Economics and Statistics 88,
445-462.

Brauning F. and V. Sheremirov. (2023). The transmission mechanisms of international business cycles: International trade
and the foreign effects of US monetary policy. IMF Economic Review 71, 300-325.

Caggiano G, E. Castelnuovo and G. Pellegrino. (2017). Estimating the real effects of uncertainty shocks at the zero lower
bound. European Economic Review 100, 257-272.

Caldara D, F. Ferrante and A. Queralto. (2022). International Spillovers of Tighter Monetary Policy. FEDS Notes, Board of
Governors of the Federal Reserve System.

https://doi.org/10.1017/51365100526100935 Published online by Cambridge University Press


mailto:lei.pan@curtin.edu.au
https://www.ljkmfa.com/visitors/
https://doi.org/10.1017/S1365100526100935

Macroeconomic Dynamics 37

Carlino G. and R. DeFina. (1998). The differential regional effects of monetary policy. Review of Economics and Statistics 80,
572-587.

Chen]J., T. Mancini Griffoli and R. Sahay. (2014). Spillovers from United States Monetary Policy on Emerging Markets: Different
this Time? IMF Working Paper WP/14/240. Washington, DC: International Monetary Fund.

Chiang T.C. (2021). Spillovers of US market volatility and monetary policy uncertainty to global stock markets. The North
American Journal of Economics and Finance 58, 101523.

Claus E., L. Claus and L. Krippner. (2016). Monetary policy spillovers across the Pacific when interest rates are at the zero
lower bound. Asian Economic Papers 15, 1-27.

Cloyne J., C. Ferreira, M. Froemel and P. Surico. (2023). Monetary policy, corporate finance, and investment. Journal of the
European Economic Association 21, 2586-2634.

Cloyne J. and P. Hiirtgen. (2016). The macroeconomic effects of monetary policy: A new measure for the United Kingdom.
American Economic Journal: Macroeconomics 8, 75-102.

Cogley T. and T.J. Sargent. (2001). Evolving post-world war II US inflation dynamics. NBER Macroeconomics Annual 16,
331-373.

Cragg J.G. and S.G. Donald. (1993). Testing identifiability and specification in instrumental variable models. Econometric
Theory 9, 222-240.

Craine R. and V.L. Martin. (2008). International monetary policy surprise spillovers. Journal of International Economics 75,
180-196.

Crespo Cuaresma J., G. Doppelhofer, M. Feldkircher and F. Huber. (2019). Spillovers from US monetary policy: Evidence
from a time varying parameter global vector auto-regressive model. Journal of the Royal Statistical Society Series A: Statistics
in Society 182, 831-861.

D’Agostino R.B. (1970). Transformation to normality of the null distribution of gl. Biometrika 57, 679-681.

Davig T. and T. Doh. (2014). Monetary policy regime shifts and inflation persistence. The Review of Economics and Statistics

96, 862-875.

Dedola L., G. Rivolta and L. Stracca. (2017). If the fed sneezes, who catches a cold? Journal of International Economics 108,
§23-541.

Degasperi R., S.S. Hong and G. Ricco. (2020). The global transmission of US monetary policy. Discussion Paper
14533 CEPR.

Dekle R. and K. Hamada. (2015). Japanese monetary policy and international spillovers. Journal of International Money and
Finance 52, 175-199.

DFAT (Department of Foreign Affairs and Trade). (2022). Statistics on who invests in Australia. Trade and Investment Data
and Publications, Foreign Investment Statistics. Foreign Investment Statistics.

Di Giovanni J., J. McCrary and T. Von Wachter. (2009). Following Germany’s lead: Using international monetary linkages to
estimate the effect of monetary policy on the economy. The Review of Economics and Statistics 91, 315-331.

Diebold F.X. and K. Yilmaz. (2009). Measuring financial asset return and volatility spillovers, with application to global equity
markets. Economic Journal 119, 158-171.

Diebold F.X. and K. Yilmaz. (2012). Better to give than to receive: Predictive directional measurement of volatility spillovers.
International Journal of Forecasting 28, 57-66.

Diebold F.X. and K. Yilmaz. (2014). On the network topology of variance decompositions: Measuring the connectedness of
financial firms. Journal of Econometrics 182, 119-134.

Elliott G., T.J. Rothenberg and J.H. Stock. (1996). Efficient tests for an autoregressive unit root. Econometrica: Journal of the
Econometric Society 64, 813-836.

Faust J., ].H. Rogers, E. Swanson and J.H. Wright. (2003). Identifying the effects of monetary policy shocks on exchange rates
using high frequency data. Journal of the European Economic Association 1, 1031-1057.

Fischer S. (2015). The Federal Reserve and the Global Economy. IMF Economic Review 63, 8-21.

Georgiadis G. (2016). Determinants of global spillovers from US monetary policy. Journal of International Money and Finance
67,41-61.

Gerko E. and H. Rey. (2017). Monetary policy in the capitals of capital. Journal of the European Economic Association 15,
721-745.

Gertler M. and P. Karadi. (2015). Monetary policy surprises, credit costs, and economic activity. American Economic Journal:
Macroeconomics 7, 44-76.

HaJ. (2021). Financial market spillovers of US monetary policy shocks. Review of International Economics 29, 1221-1274.

Hanson M.S. (2004). The “price puzzle” reconsidered. Journal of Monetary Economics 51, 1385-1413.

Tacoviello M. and G. Navarro. (2019). Foreign effects of higher U.S. interest rates. Journal of International Money and Finance
95, 232-250.

Jaccard I. (2018) Asset pricing and the propagation of macroeconomic shocks. Journal of the European Economic Association
16, 436-486.

Jarocinski M. and P. Karadi. (2020). Deconstructing monetary policy surprises—The role of information shocks. American
Economic Journal: Macroeconomics 12, 1-43.

https://doi.org/10.1017/51365100526100935 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100526100935

38 Dwumfour et al.

Jarque C.M. and A.K. Bera. (1980). Efficient tests for normality, homoscedasticity and serial independence of regression
residuals. Economics Letters, 6, 255-259.

Kearns J., A. Schrimpf and F.D. Xia. (2023) Explaining monetary spillovers: The matrix reloaded. Journal of Money, Credit
and Banking 55, 1535-1568.

Kent C. (2018). US monetary policy and Australian financial conditions. The Bloomberg Address, Sydney, December 10, 1-10.

Koop G., M.H. Pesaran and S.M. Potter. (1996) Impulse response analysis in nonlinear multivariate models. Journal of
Econometrics 74, 119-147.

Krippner L. (2020). Documentation for shadow short rate estimates. Technical Report Mimeo, ljkmfa. com.

Lakdawala A., T. Moreland and M. Schaffer. (2021). The international spillover effects of US monetary policy uncertainty.
Journal of International Economics 133, 103525.

Liu Z. and E. Pappa. (2008). Gains from international monetary policy coordination: Does it pay to be different? Journal of
Economic Dynamics and Control 32,2085-2117.

Maurer T.D. and T. Nitschka. (2023) Stock market evidence on the international transmission channels of US monetary
policy surprises. Journal of International Money and Finance 136, 102866.

Mertens K. and M.O. Ravn. (2013). The dynamic effects of personal and corporate income tax changes in the United States.
American Economic Review 103, 1212-1247.

Miranda-Agrippino S. and H. Rey. (2020). U.S. monetary policy and the global financial cycle. Review of Economic Studies 87,
2754-2776.

Miranda-Agrippino S. and G. Ricco. (2021). The transmission of monetary policy shocks. American Economic Journal:
Macroeconomics 13, 74-107. https://doi.org/10.1257/mac.2018012410.1257/mac.20180124.

Miranda-Agrippino S. and G. Ricco. (2023). Identification with external instruments in structural vars. Journal of Monetary
Economics 135, 1-19.

Nsafoah D. and A. Serletis. (2019). International monetary policy spillovers. Open Economies Review 30, 87-104.

Paul P. (2020). The time-varying effect of monetary policy on asset prices. Review of Economics and Statistics 102, 690-704.

Pesaran H.H. and Y. Shin. (1998). Generalized impulse response analysis in linear multivariate models. Economics Letters 58,
17-29.

Phan T. (2014). Output composition of the monetary policy transmission mechanism: Is Australia different? Economic Record
90, 382-399.

Primiceri G.E. (2005). Time varying structural vector autoregressions and monetary policy. The Review of Economic Studies
72, 821-852.

Rey H. (2016). International channels of transmission of monetary policy and the mundellian trilemma. IMF Economic Review
64, 6-36.

Romer C.D. and D.H. Romer. (2004). A new measure of monetary shocks: Derivation and implications. American Economic
Review 94, 1055-1084.

Rusnak M., T. Havranek and R. Horvath. (2013). How to solve the price puzzle? A meta-analysis. Journal of Money, Credit
and Banking 45, 37-70.

Sanderson E. and F. Windmeijer. (2016). A weak instrument f-test in linear iv models with multiple endogenous variables.
Journal of Econometrics 190, 212-221.

Sims C.A. (1992). Interpreting the macroeconomic time series facts: The effects of monetary policy. European Economic
Review 36, 975-1000.

Stock J.H and M. Yogo (2005). Testing for weak instruments in Linear Iv regression. In Andrews D.W.K and Stock J.H.
(eds.), Identification and Inference for Econometric Models: Essays in Honor of Thomas Rothenberg. New York: Cambridge
University Press, pp. 80-108.

Stock J.H. and M.W. Watson. (2001). Vector autoregressions. Journal of Economic Perspectives 15, 101-115.

Stock J.H. and M.W. Watson. (2012). Disentangling the channels of the 2007-2009 recession. Technical Report National Bureau
of Economic Research.

Stock J.H. and M.W. Watson. (2018). Identification and estimation of dynamic causal effects in macroeconomics using
external instruments. Economic Journal 128, 917-948.

Wu J.C. and E.D. Xia. (2016). Measuring the macroeconomic impact of monetary policy at the zero lower bound. Journal of
Money, Credit and Banking 48, 253-291.

Yellen J. (2014). Monetary Policy and Financial Stability. The 2014 Michel Camdessus Central Banking Lecture. Washington,
DC: International Monetary Fund.

Cite this article Dwumfour R A, Harris M and Pan L (2026). “US sneezing and Australian colds: eco-
nomic spillovers in both conventional and unconventional monetary policy times.” Macroeconomic Dynamics.
https://doi.org/10.1017/51365100526100935

https://doi.org/10.1017/51365100526100935 Published online by Cambridge University Press


https://doi.org/10.1257/mac.2018012410.1257/mac.20180124
https://doi.org/10.1017/S1365100526100935
https://doi.org/10.1017/S1365100526100935

	
	Introduction
	Contributions and review of related literature
	Data and empirical methodology
	Data description and sources
	Descriptive statistics
	Model specification
	Diebold-Yilmaz method: spillover analysis in the time domain
	Defining variance and spillovers
	Total Spillover Index (TSI)
	Directional spillover ``From'' all Variables l to k
	Directional Spillover by Variable k ``To'' All Variables l
	Net Pairwise Spillover Index (NPSI)
	Spillover analysis in the frequency domain
	Monetary policy transmission to output and inflation
	VAR approach—Cholesky identification
	VAR approach—external instrument approach


	Empirical Results
	Time domain analysis
	Dynamic total spillovers
	Average dynamic spillover effects
	Dynamic directional and net spillovers effects

	Frequency domain analysis

	Monetary policy transmission to inflation and output
	Recursive VAR based on cholesky identification
	External instruments approach
	Further robustness: including commodity prices

	Conclusion
	Supplementary material
	Acknowledgements



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


