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Abstract

This paper examines the responses of foreign exchange rates to the Federal Re-

serve’s large-scale asset purchases (LSAP) and forward guidance (FWG) from 2009 to

2022. I confirm heterogeneous responses of examined foreign exchange rates to uncon-

ventional shocks, varying by magnitude and duration depending on the type of shock

and monetary policy condition. Both shocks led to an appreciation of foreign curren-

cies against the US dollar across all monetary policy regimes, except for the forward

guidance (FWG) shock during the monetary policy normalization period, for which no

statistically significant effect was observed. Over the course of the response horizon,

the FWG shock had a greater impact magnitude on the examined foreign exchange

rates than the LSAP shock. The effects of both unconventional shocks were more

persistent during periods of zero lower bound (ZLB) on the policy interest rate than

during normalization periods of monetary policy. However, the impact of such shocks

on foreign exchange rates diminished within a couple of months, contrasting with the

literature that finds more persistent effects. The implementation of variance decom-

position reveals that the FWG shock had a significantly greater influence on foreign

exchange rate variation than the LSAP shock, emphasizing the importance of effective

guidance communication to the markets.

Keywords: Federal Reserve, Unconventional monetary shocks, Large-scale asset pur-

chases, Forward guidance, Euro, Japanese Yen, Thai Baht, Malaysian Ringgit
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1 Introduction

Since 2008, the Federal Reserve (Fed)’s large-scale asset purchases (LSAP) and forward

guidance (FWG) have served as pivotal tools to stabilize financial markets and stimulate US

economic recovery by suppressing medium to long-term interest rates.

Numerous studies have demonstrated the effectiveness of unconventional monetary

tools, including Rosa (2011), Bauer and Neely (2014), Gürkaynak et al. (2004, 2021), Gagnon

et al. (2011), Glick and Leduc (2012), and Neely (2015). A recent study by Swanson

(2021) highlighted that forward guidance (FWG) and large-scale asset purchases (LSAP)

had significant effects on bond and stock markets, as well as foreign exchange rates, showing

a level of effectiveness comparable to standard monetary policy measures. Furthermore,

Ferrari et al. (2021) identified a more pronounced impact of unconventional monetary policy

on foreign exchange rates which engage in unconventional operations, particularly under

zero-lower-bound conditions, aligning with the findings of Stavrakeva and Tang (2015).

Despite these insights, several aspects of the spillover effects of US unconventional mon-

etary tools on nominal exchange rates—particularly for emerging market currencies, which

often experience high exchange rate volatility due to global capital flows—and the way these

shocks propagate over time remain poorly understood. Additionally, there is a need to

further explore whether each particular unconventional monetary shock transmits symmet-

rically through advanced and emerging foreign exchange rates across global monetary policy

conditions, including ZLB periods and normalization periods. Asymmetrical pass-through

could lead to unexpected volatility in exchange rates, complicating policy formulation and

risk management. A clearer understanding of these dynamics would help policymakers and

financial institutions manage financial stability and associated risks more effectively across

varying global financial conditions.

The persistence of the impact of the Fed’s unconventional monetary tools also presents

contradictory findings that warrant further exploration. While Swanson (2021) and Dedola

et al. (2021) observed large and persistent impacts of FWG and LSAP announcements with

no tendency to diminish over the following months, Wright (2012) conversely discovered that

the effects of these unconventional monetary policy announcements died out fairly quickly

over the subsequent months.

To the best of my knowledge, the existing literature has barely employed impulse

response analysis and variance decomposition to measure the magnitude, propagation and

contributions of unconventional monetary shocks on foreign exchange rates. This study
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uniquely contributes to the field by analysing a more comprehensive dataset that spans from

the 2009 financial crisis to the post-pandemic period, thereby covering the full cycle of two

Zero Lower Bound (ZLB) periods and one non-ZLB period. This extensive temporal coverage

allows for a more robust examination of the effects of the Fed’s quantitative easing (QE)

tools across global monetary policy conditions.

Accordingly, the key questions to further explore in this paper include: 1) whether

exchange rates react differently in terms of direction and magnitude to each type of the

Fed’s unconventional monetary shock; 2) examining whether the shock impacts vary across

currencies; 3) comparing the variation of foreign exchange responses to monetary shocks

between ZLB periods and normalization periods; 4) exploring the persistence of the shock

during different monetary policy circumstances and 5) observing which shock contributes

significantly to the variation in foreign exchange. The key foreign exchange rates examined

in this paper are the Japanese Yen and the Euro, selected as advanced currencies with QE

operations. Additionally, the Thai Baht and the Malaysian Ringgit represent the currencies

of emerging Southeast Asian Nations (ASEAN), which are closely aligned in the size of

economy and monetary policy cycles, effectively reflecting the Fed’s impact on ASEAN

emerging economies.

Using data spanning from 2009 through the post-pandemic crisis in 2022, this study

finds that the foreign exchange rate responses to the Fed’s unconventional shocks vary quan-

titatively in magnitude and duration, depending on the type of shock and the prevailing

monetary policy conditions. Generally, the LSAP shock led to the relative appreciation of

local foreign exchange rates against the US Dollar, with a greater absolute impact magni-

tude during ZLB periods. Meanwhile, the FWG shock led to the appreciation of local foreign

exchange rates against the US Dollar but failed to do so during normalization periods.

Furthermore, the effects of US unconventional shocks were more persistent during ZLB

periods compared to normalization periods. Next, the FWG shock significantly contributed

to foreign exchange rate variation, as indicated by variance decomposition, aligning with the

measurement of a greater absolute impact from the FWG shock compared to the LSAP shock.

Lastly, heterogeneous reactions to unconventional shocks were observed across currency pairs.

During ZLB periods, a clear pattern emerged, with notable QE effects on emerging market

currencies but no significant impact on major global exchange rates.

The remainder of the paper is structured as follows. Section 2 delves into the theory

and methodologies used in each part of the analysis. Section 3 provides the details of the

research data. Section 4 explains the process of constructing unconventional monetary policy
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shocks, specifically unexpected large-scale asset purchases (LSAP) and unexpected forward

guidance (FWG). Following this, Section 5 presents empirical results on the reactions of

foreign exchange rates to unconventional surprises from the Fed across monetary policy

cycles. The paper concludes in the final section.

2 Theory and Methodology

In this section, overviews of the theories and methodologies referenced for each part of

the study are provided.

2.1 Uncovered Interest Parity (UIP)

The movement of nominal exchange rates is theoretically grounded in the Uncovered

Interest Parity Condition (UIP), where unexpected changes in interest rate path differentials

between two economies play a crucial role.

Let St denote the level of nominal exchange rate of country (j) against the US dollar,

and let ijt and iust denote the short-term interest rates of country (j) and the United States,

respectively. Under the UIP condition, exchange rate movements can be expressed as follows:

log St = (iust − ijt)+Etlog St+1

log St = Et

∑∞
k=0

(
iust+k − ijt+k

)
+ limT→∞ Etlog St+T

log St−log St−1 = (Et−Et−1)
∑∞

k=0 (i
us
t+k − ijt+k)

In reference to the above mathematical expressions, the foreign exchange rate at time

t is influenced by interest rate differentials between two countries and the expected future

trajectory of the exchange rate. By iterating the UIP condition forward and imposing

the standard transversality (no-bubble) condition, limT→∞ Et logSt+T = 0, the variation in

the exchange rate between t and t − 1 is mainly driven by revisions in the expectations

regarding future path of interest rate differentials. Please refer to Appendix A for the

detailed derivation of the UIP condition.

As exchange rates are closely linked to interest rate differentials, monetary policy

shocks are commonly identified using high-frequency movements in interest rates around

Federal Reserve policy announcements, and the responses of exchange rates to these shocks
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are subsequently examined. Because market participants continuously form expectations

about future policy actions, anticipated policy decisions are typically incorporated into as-

set prices before the announcement occurs. Consequently, only the unexpected component

of monetary policy—the policy surprise—should lead to a revision of future interest rate

expectations and trigger movements in foreign exchange markets.

Accordingly, this study constructs unconventional monetary policy shocks from changes

in US interest rates and bond yields around Federal Reserve announcements. The result-

ing synthesized shocks represent unexpected changes in the stance of US monetary policy

and are subsequently used to examine how exchange rates respond to these interest-rate-

based monetary policy surprises. Consistent with the existing literature, shocks originating

from counterpart central banks are assumed to remain unchanged during the narrow event

window, allowing the estimated shocks to be attributed primarily to US monetary policy

shocks.

2.2 Methodology for Unconventional Shock Identifications

There are numerous ways to construct unconventional monetary shocks. For instance,

Ferrari et al. (2021) assumes that changes in the 3-month interest rate represent a target

surprise, the difference between the 2-year and 3-month rates as a path surprise, and the

gap between 10-year and 2-year bond yields as a long-term surprise. However, this paper

will employ the technique introduced by Gürkaynak et al. (2004) and empirically used in

Swanson (2021) as follows.

X = FΛ+ ϵ (1)

where X is a t × n matrix, t represents key monetary policy announcement dates and public

speech dates by key Federal Reserve officials, n is the number of corresponding asset prices’

changes on such date and F represents latent factors in the form of t × k matrix. Let denote

that k is the number of unobserved factors with k less than n. In addition Λ is k × n loading

matrix or an orthogonal matrix.

To estimate the unobserved factors in the matrix F , the first three principal compo-

nents will be extracted from the data matrix X. Identifying the type of monetary shocks

will be associated with analysing the structure of the loading matrix and applying theoreti-

cal constraints to ensure the accurately represented characteristics of the specific monetary
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shocks.

To illustrate more clearly, suppose here that the orthogonal matrix Ũ with 3 × 3

dimension of determining factors and ω̃ij is an element at row i and column j of the matrix

Ũ . It is important to note that row i = 1 to 3 represents the federal fund rate shock, the

FWG shock, and the LSAP shock, respectively. Meantime column j represents current,

medium and long-term tenor of a yield curve.

In a general concept of the characteristics of monetary shocks, a surprise component

of the change in federal funds rate would be associated with its impact on the current tenor

of the yield curve. However, the FWG shock signals the unexpected change in future path

of monetary policy. Consequently, its impact should be observed in the medium-term tenor

of yield curve, while having no effect on the current tenor or the federal funds rate. This

suggests the appropriate restriction of ω̃21 = 0. Concerning the LSAP shock, it would also

pose no impact on the current tenor of interest rate since it is intended to suppress yields

at the long-term tenor. Together with the fact that the LSAP tools have been mainly

implemented during ZLB periods, it is uncontroversial to also impose a restriction ω̃31 = 0.

After imposing the restrictions in key elements of Ũ as stated above, we then choose Ũ

which minimizes the sum squared errors in the model, ensuring they match the same errors

as obtained when using the unrestricted loading matrix from (1) or Λ̃. With equivalent errors

in the model using the loading matrices Ũ and Λ̃, we can state that FŨ is an alternative

model of F Λ̃. Alternatively, it can be stated that utilizing the restricted loading matrix in

the model represents an identical model to that using the unrestricted loading matrix.

By confirming the calibrated loading matrix with restrictions in line with the concept

of monetary shock characteristics, we can therefore identify the type of the Fed’s monetary

shocks received from the shock synthesis procedure and subsequently use these shocks further

in the empirical section.

2.3 Impulse response by Local Projections

To illustrate the magnitude and the direction of foreign exchange rate responses to

unconventional monetary policy shocks, this paper will employ the technique of Local Pro-

jections introduced by Jordà (2005).

The application of this method involves directly estimating a univariate model of for-

eign exchange rate responses to each unconventional monetary shock at each forecast horizon
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of interest for each regression, rather than estimating through the entire dynamic system with

the required lag specifications as in a VAR model. This approach enables estimation using

simple regression techniques, thereby reducing computational burden. Moreover, it is less

sensitive to model misspecification which may arise from incorrect lag length specifications.

Additionally, local projections do not require linearity or time-invariance in the rela-

tionships between variables. This makes them better suited for handling nonlinear relation-

ships and offers greater flexibility for additional model specifications compared to the VAR

approach.

To elaborate further, the following regression expression used in this paper is adapted

from Sekine and Tsuruga (2018).

Sj,t+k − Sj,t−1 = aj,k +
∑q

i=1 βi,k(Sj,t−i–Sj,t−i−1) + γj,kXump,t + uk
j,t+k

where Sj,t is a nominal exchange rate of country j per US Dollar at time t and aj,k is a country

fixed effect, k is a forecast horizon, and the variable Xump,t represents the unconventional

monetary policy shock at time t, which includes large-scale asset purchases (LSAP) and

forward guidance (FWG) respectively. We assume Xump,t is orthogonal to uk
j,t, and uk

j,t

implicitly follows the MA(k) process.

Therefore, the impulse response (IRF) of foreign exchange rate of country j at the

k-th forecast horizon when facing an unconventional shock at time t can be represented as

follows:

IRF (k, j) = γj,k for k =0,1,..K

The forecast horizons are selected to capture both the immediate and persistent effects

of unconventional monetary policy shocks on exchange rates. Short horizons (1–2 days)

account for rapid market reactions, while horizons of 4–7 days capture adjustments within

the first trading week following policy announcements. Medium-term horizons (14–21 days)

reflect the effects of portfolio rebalancing and international capital flows, whereas longer

horizons (30–120 days) assess whether exchange rate responses persist, dissipate, or reverse

over time.

2.4 Variance decomposition by Local Projections

Local projections can provide a simple and intuitive way to assess the contribution of

identified shocks to the variation of foreign exchange rates at different horizons. For this
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study, a variance decomposition, Dj,t+k, illustrated in Gorodnichenko and Lee (2020) will be

used as follows:

Dj,t+k =
(
∑K

k=0 γ̂
2
j,k) σ̂2

Xump

V ar(γ̂j,k Xump,t+ uk
j,t+k)

where j denotes country, k is forecast horizon, and V ar(Xump,t) ≡ σ̂2
Xump

Gorodnichenko and Lee (2020) state that such estimation does not matter in large

samples, but possible biases may arise in small-sample cases. If this is the case, a bootstrap

should be used in the local projections’ variance decompositions to correct estimation biases.1

Given the limited sample size, particularly after sample splitting, the bootstrap technique is

employed to estimate the variance decomposition in this paper.

3 Data

3.1 Daily data of normal trading days

Since most of the previous literature was conducted using datasets predating 2019, this

paper includes a longer daily dataset covering January 2009 to December 2022, comprising

3,652 normal trading days, excluding weekends, based on the data available at the time the

research was conducted.

Rather than only using the federal funds rate, this study employs the Bai-Perron

Global Breaks test to identify structural breaks in nominal exchange rates, reaffirming the

timing of monetary policy cycle shifts. The time series is divided into two periods based on

the respective global monetary policy cycles: 1,152 samples represent normalization periods

(December 2015 to July 2019, March 2022 to December 2022), while 2,500 samples account

for the two periods of zero lower bound (January 2009 to mid-December 2015, August 2019

to March 2022). Table 1 provides an illustration of the analytical timeframe mentioned in

this paper. The entire time series will be used for measuring the course of foreign exchange

responses to unconventional monetary policy shocks on regular trading day with the Local

Projections technique.

[ insert Table 1 ]

1As a general guideline, a minimum of 1,000 simulations is commonly used in bootstrap estimation.
Higher numbers of replications, such as 5,000 to 10,000, can further enhance the stability of the estimates.
Gorodnichenko and Lee (2020) employed a VAR-based bootstrap technique by simulating 2,000 artificial
time series to compute the true distribution of the forecast error variance for the dependent variable and to
correct small-sample bias.
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The foreign exchange rates will be divided into two groups: major global currencies,

including the Japanese Yen and the Euro, and emerging ASEAN (Southeast Asian Nations)

currencies, such as the Thai Baht and the Malaysian Ringgit. The Thai Baht and the

Malaysian Ringgit were selected as representatives of key emerging ASEAN currencies due

to their economic significance as the second- and third-largest economies in the ASEAN

community respectively 2, as well as their relatively similar monetary policy cycles, reflected

in the movement of policy rates. This categorization allows the study to examine potential

differences in the response of these two foreign exchange rate groups to the Federal Reserve’s

unconventional surprises. Table 2 provides descriptive statistics of the respective exchange

rates.

[ insert Table 2 ]

3.2 Intraday data for constructing Unconventional Monetary shocks

Following the high-frequency data methodology used in Swanson (2021) and Nakamura

and Steinsson (2018), I first accumulated intraday data for five financial market variables

to replicate the shape of the yield curve. These variables include the federal funds rate,

the 3-month Eurodollar rate and US Treasury yields with maturities of 2 years, 5 years,

and 10 years. The data was collected from 15-minute windows from both before and after

14:00, the time of the US’s key monetary announcements following its FOMC meetings.

This narrow timeframe is intended to ensure that the variable response reflects only FOMC

actions, minimizing the influence of other factors. Also, by construction, these small-window

shocks should be orthogonal to expected policy and financial variables, as well as to other

macroeconomic fundamentals that are continuously incorporated into market expectations.

The complete dataset comprises a total of 122 event dates (81 events during ZLBs and 41

events during normalization period), including FOMC meetings during the given timeframe,

as well as speeches from Federal Reserve officials, which are expected to significantly influence

market expectations regarding the Fed’s upcoming unconventional monetary policy, 3 as

shown in Table 3.

[ insert Table 3 ]

2Although Indonesia is the largest economy in ASEAN, it is highly reliant on commodities for more than
50 percent of its total merchandise exports. Consequently, its economy, export performance as well as the
value of Indonesian Rupiah are significantly influenced by fluctuations in global commodity prices, which
could potentially lead to bias in measuring the influence of the United States’ QE program.

3The selection criterion is that the senior official’s speech must include explicit guidance from FOMC
speeches or personal views that provide the potential direction of the Fed’s upcoming large-scale asset
purchases.
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To extract key latent factors from these financial dataset on event dates, principal

components analysis is utilized. These unobserved factors should likely represent the sig-

nificant underlying monetary components driving foreign exchange movements during key

announcement dates, including shocks related to the federal funds rate (FFR), forward guid-

ance (FWG), and large-scale asset purchases (LSAP).

To accurately identify the type of monetary shocks of these synthesized factors, it is

essential to analyze their impacts on a yield curve. The FFR shock primarily exerts a short-

term impact on the yield curve, while the FWG shock tends to influence the medium-term

tenors, specifically those with 2- to 5-year maturities. In contrast, the impact of the LSAP

shock is most pronounced in the long-term tenors of the curve, such as those with 10-year

maturities.

4 Identifying Unconventional Monetary Policy shocks

Based on the calculations, the corresponding outcomes from the principal component

analysis allow for only two out of the expected three key components of monetary pol-

icy factors whose eigenvalues are greater than one, according to Kaiser-Guttman criteria.4

Specifically, the first principal component explains 51 percent of the variation in the data,

while the second accounts for 21 percent, as reported in Table 4. These shares are somewhat

higher than those documented in Kim et al. (2023), who find that the first two components

explain approximately 40 percent and 10 percent of the variation, respectively.

[ insert Table 4 ]

While the conceptual space of monetary policy shocks encompasses contemporaneous

short-rate shocks, medium-term forward guidance shocks, and long-term quantitative eas-

ing (QE) shocks, the present empirical analysis is constrained by the PCA results, which

identify only two statistically meaningful components with eigenvalues exceeding unity. The

interpretation of these components is provided in the following paragraph. Consequently,

the analysis is necessarily restricted to these two dimensions of monetary policy. Future

research may extend this framework by incorporating a broader set of yield maturities or

additional monetary policy events over an extended sample period, which may allow for the

4This paper primarily refers to the Kaiser-Guttman criterion (Guttman, 1954), which considers factors
with eigenvalues greater than 1, as it is more straightforward to apply in cases where the analysed dataset is
not highly dimensional, as in this study. Meanwhile, the BN criterion (Bai and Ng, 2002), which determines
the number of factors by minimizing information criteria, is more complicated and better suited for large
and high-dimensional datasets.
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identification of additional factors, including a short-rate component that is likely to be more

relevant outside zero lower bound (ZLB) periods.

In identifying the type of monetary shock of these synthesized factors, it is crucial

to examine the shape of coefficients in the rotated loading matrix revealed by the PCA

method. In doing so, I first impose the previously discussed theoretical restrictions on the

loading factors and select the specification that yields the lower sum of squared errors while

remaining consistent with the unrestricted case, before examining the pattern of coefficients.

The unrotated loading matrix yields the highest sum of squared errors. After selecting

the rotated loading matrix that minimizes the sum of squared errors results in the lower

error after imposing both rotation and sign restrictions. This loading matrix is therefore

employed for shock identification in the paper.

The loading pattern of the first principal component exhibits characteristics consis-

tent with the LSAP factor, with the magnitude of the effects generally increasing across

maturities and becoming more pronounced at longer maturities. This pattern closely re-

sembles the LSAP loading structure reported by Swanson (2021).5 The second principal

component displays a hump-shaped loading pattern, with the largest impact concentrated

at the 3-month maturity, consistent with the forward guidance (FWG) factor identified in

Swanson (2021). Based on these loading structures and their economic interpretation, the

first and second principal components are identified as LSAP and FWG shocks, respectively.

Furthermore, because the sample begins in 2009, when conventional monetary policy was

largely constrained by the zero lower bound, the analysis focuses on these two unconventional

monetary policy dimensions rather than attempting to identify a separate federal funds rate

(FFR) factor.

Some additional considerations warrant further examination to verify the identified

shocks.

First, to examine whether pooling event samples from the ZLBs and normalization pe-

riods introduces potential misspecification, PCA was conducted separately for each monetary

regime. The resulting loading structures remained broadly consistent with both the base-

line specification and the findings of Swanson (2021), supporting the validity of the pooled

identification approach. The corresponding results across monetary regimes are presented in

Appendix B.

5It is worth noting that, based on factor analysis in this study, the extracted LSAP factor prior to
theoretical imposition, has almost no impact on the federal funds rate or the current tenor of the yield curve.
Accordingly, this reaffirms the alignment of the extracted factor with the characteristics of the LSAP.
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Second, the LSAP and FWG factors exhibit low correlations with the effective federal

funds rate (EFFR), at 0.01 and 0.03, respectively, confirming no short-run effects.

Next, although the 15-minute announcement window surrounding FOMC announce-

ments and Federal Reserve communications helps mitigate potential contamination from

information effects, it may not completely eliminate such concerns. Following the spirit

of the Bauer–Swanson orthogonalization approach, the extracted LSAP and FWG shocks

are orthogonalized with respect to publicly available macroeconomic information available

at the time of each policy announcement. Specifically, the Chicago Fed National Activity

Index (CFNAI) 6 is employed as a proxy for underlying economic activity and inflationary

pressures because it provides a broad, timely summary of overall macroeconomic conditions

by combining information from a wide range of economic indicator. The resulting residuals

are used as the orthogonalized shocks.

The estimated coefficients on the CFNAI are statistically insignificant for both the

LSAP and FWG shocks, suggesting limited evidence of information effects contaminating

the identified policy surprises, as shown in Appendix C. Nevertheless, the residuals from

these regressions are used in the subsequent analysis to ensure that the identified shocks

are orthogonalized with respect to publicly available macroeconomic information. The re-

sults remain qualitatively unchanged, supporting the robustness of the shock identification

strategy. For comparability, both PCA-based unconventional monetary policy shocks are

standardized to have unit variance.

The extracted FWG shock is then compared with the monetary policy surprise (MPS)

factor of Swanson and Jayawickrema (2024). After excluding non-overlapping events be-

tween the two datasets over the 2009–2022 period, the positive correlation of 0.36 provides

additional support for the validity of the synthesized FWG shock, suggesting that it cap-

tures a similar dimension of unexpected policy guidance as those identified in the existing

literature.

Additionally, the validity of the synthesized LSAP and FWG shocks is assessed by

comparing their effects on U.S. Treasury yields with those reported in the existing literature.

The results indicate that the LSAP factor reduces the 10-year U.S. Treasury yield by 8.4 basis

points, which is broadly consistent with the 6.5-basis-point reduction reported by Swanson

(2021). In contrast, the impact of the LSAP factor on the short end of the yield curve, namely

6The Federal Reserve Bank of Chicago defines the index as a weighted composite of 85 monthly indicators
designed to capture overall economic activity in the United States. These indicators are drawn from four
major sectors: (1) production and income; (2) employment, unemployment, and hours worked; (3) personal
consumption and housing; and (4) sales, orders, and inventories.
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the 6-month and 2-year yields, is statistically insignificant, consistent with the findings of

Swanson (2021).

In addition, the FWG shock increases the 6-month, 2-year, and 10-year U.S. Treasury

yields by approximately 4.6, 11, and 16 basis points, respectively, all of which exceed the

corresponding estimates of 1.2, 5.1, and 3 basis points reported by Swanson (2021). Overall,

these results support the validity of the identified LSAP and FWG shocks as measures of

unconventional monetary policy surprises. Although some differences in magnitude remain,

the estimated effects are broadly consistent with those reported in the existing literature,

lending credibility to the shock identification strategy adopted in this study.

Monetary policy shocks are identified exclusively on policy event dates to ensure a

comprehensive capture of policy announcements while preserving the high-frequency identi-

fication strategy. The identified policy surprise is assigned only to its corresponding event

date, and the local projection framework is then employed to estimate the daily exchange rate

responses to these event-date shocks. As a robustness check, the regression analyses in the

final section are also conducted using only event-date observations to verify the consistency

of the estimated effects.

5 Empirical results

After constructing and identifying the large-scale asset purchases (LSAP) shock and

the forward guidance (FWG) shock, this section measures and analyses the impulse responses

of the exchange rates to each shock using Local Projections. The key aspects of analysis

focus on exchange rates’ response direction and magnitude, along with the duration of the

shock impacts across different monetary cycles.

5.1 Analyzing Impulse Response to the LSAP shock

Figure 1 presents the impulse response with coefficient tables. During both ZLB pe-

riods and normalization periods, foreign exchange rates appreciated against US Dollar, as

indicated by the negative sign of γ, in response to the one standard deviation of the Fed’s

LSAP shock.

[ insert Figure 1 ]

This finding aligns well with intuition and the uncovered interest parity (UIP) theory,

which suggests that an unexpected decrease in the US interest rate path or yield curve can
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reduce the attractiveness of the US Dollar. This often leads to capital outflows from the

United States and consequently an appreciation of foreign exchange rates against the US

Dollar or Dollar depreciation.

When comparing the magnitude of LSAP shocks across different monetary policy

regimes, the results indicate that LSAP shocks had a larger impact on the representative

foreign exchange rates during the ZLB period than during the normalization period, partic-

ularly for economies that did not implement quantitative easing policies. This is consistent

with literature such as Stavrakeva and Tang (2015), which found that exchange rate reac-

tions were more pronounced during the zero lower bound (ZLB) periods of the 2008 financial

crisis compared to the 1990s.

Regarding impact persistence, this paper observes that the impact of LSAP shock

during ZLB periods tended to last longer, on average, across currencies compared to during

normalization periods.

To gain a more precise understanding, the analysis of the impact magnitude and shock

duration will be conducted separately for Asian and key global currencies, as well as across

different monetary cycles, as follows. During ZLB periods, the Euro and the Japanese

Yen appreciated only slightly against the US Dollar for a few days following the LSAP shock

before quickly returning to their steady states. Meanwhile, the Thai Baht and the Malaysian

Ringgit appreciated significantly, reaching their peak a couple of days after the LSAP shock,

before returning to their steady states by the third month.

The smaller magnitude and short-lived impact of the shock on the two key global cur-

rencies during ZLB periods could possibly be explained by the concurrent implementations

of massive QE programs by Bank of Japan and ECB, alongside the Fed. These unconven-

tional operations reduce the relative short-term money market rate differentials (Dedola et

al., 2021) compared to that of the Fed, as well as the relative differences in market expec-

tations of medium- to long-term interest rate paths. Altogether, these factors seem to have

mitigated the influence of the Fed’s quantitative easing on these advanced currencies.

Even in the presence of foreign exchange management in these emerging economies, the

more persistent effects observed in their currencies, which dissipated only by the third month,

may provide further evidence that the United States’ large-scale asset purchase programs

exerted a more pronounced influence on representative Asian currencies than on major global

currencies, both in terms of the magnitude and duration of the exchange rate responses.

During normalization periods, as shown in the right pane of Figure 1, all exchange rates
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appreciated against the US Dollar by a relatively comparable degree after the LSAP shock.

Most representative foreign exchanges returned to their steady states within 1-2 weeks after

the shock, except for the Malaysian Ringgit, which took 3 weeks.

The short-lived impacts of the Fed’s massive asset purchases on other nations’ foreign

exchange rates during normalization periods, compared to ZLB periods, are fairly intuitive.

As global financial markets perceive the Fed’s shift towards tapering its asset purchases and

raising interest rates, liquidity is likely to return to the United States more quickly during

normalization periods than during ZLBs periods.

5.2 Analyzing Impulse Response to the FWG shock

Figure 2 illustrates the impact of the Fed’s unexpected future pace of monetary policy,

or the FWG shock, on the examined foreign exchange rates.

[ insert Figure 2 ]

The impact of the foreign exchange rate response to the FWG shock is found to be

state-dependent. During ZLB periods, a one-standard-deviation forward guidance shock led

to an appreciation in foreign exchange rates against the US Dollar. In contrast, during the

normalization period, FWG shocks were associated with a depreciation of foreign currencies

against the U.S. dollar; however, these effects were statistically insignificant, suggesting

that forward guidance did not exert a meaningful accommodative effect during periods of

monetary policy normalization. Consequently, these responses are excluded from the figure

for ease of presentation.

Regarding the persistence of the effects, FWG shocks during the ZLB period lasted,

on average, approximately 60–90 days, similar to the persistence observed for LSAP shocks

in the emerging market currencies examined during the same period.

To explore the magnitude and duration of the impact, the response magnitudes of the

Euro, Thai Baht, and Malaysian Ringgit during ZLB periods were relatively comparable,

with the peak observed approximately 1-2 days after the FWG shock and a return to the

steady state occurring within 60-120 days. The Japanese Yen was the only exception, ex-

periencing the smallest degree of impact from the FWG shock, which dissipated within the

first 7 days.

It is worth to mention that the Malaysian ringgit consistently exhibits among the

largest responses to both unconventional monetary shocks. This may reflect several factors.
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First, Malaysia’s managed-float exchange rate regime, similar to Thailand, may affect the

timing and persistence of exchange-rate adjustments following external shocks. Second, its

relatively open capital account and exposure to international portfolio flows make the ringgit

more sensitive to global liquidity conditions. Third, as a commodity exporter, Malaysia

may benefit from increased commodity demand associated with improved global financial

conditions. These factors jointly contribute to larger movements in the ringgit relative to

the others.

5.3 Comparative Analysis and Implications

Based on the impulse response analysis of both the LSAP shock and the FWG shock,

the findings can be interpreted to address some key research questions as follows.

First, foreign exchange rates appreciated against the US dollar following the LSAP

shock under both monetary conditions. In contrast, the FWG shock led to appreciation in

local currencies against the US Dollar only during periods of the Zero Lower Bound (ZLB),

while no statistically significant effects were observed during the normalization period.

In addition, heterogeneous exchange rate responses were observed across the two types

of unconventional monetary policy shocks, namely LSAP and FWG shocks. During the ZLB

period, the magnitude of exchange rate responses to FWG shocks was generally greater than

that to LSAP shocks. These findings are consistent with the quantitative evidence reported

by Swanson (2021) and Ferrari et al. (2021).

Across currencies, only LSAP shocks during the ZLB period exhibited a clear pattern

of exerting stronger effects on emerging market currencies than on major global currencies.

Lastly, variations in the persistence of exchange rate responses were observed across

monetary policy regimes. In particular, the LSAP shock during the ZLB period generally

persisted longer than those observed during periods of monetary policy normalization. In

contrast, no meaningful comparison could be made with the FWG shock, as the exchange

rate responses during the normalization period were not statistically significant.

5.4 Robustness Check on Combined Influence of the Shocks

In real financial market conditions, two unconventional monetary shocks, the LSAP

shock and the FWG shock, would normally occur and exert their impacts concurrently.

Therefore, the test in this section is designed to ensure that the impact of one synthesized
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shock on foreign exchange rates remains statistically significant, even when another shock

occurs simultaneously. This can be achieved by assigning both shocks to be regressed to-

gether in a single equation. Additionally, the test aims to provide insights into the direction

in which these two shocks jointly and contemporaneously influence foreign exchange move-

ments under different financial conditions.

It is important to note that, in line with the objectives of the robustness test, shifting

the analysis from capturing the cumulative response of foreign exchange rates to focusing

solely on the static response represented by a single regression would be preferable. Next, this

section employs event-date frequency rather than the daily frequency used in the previous

section. Another point is that these two unconventional monetary shocks, derived from

Principal Component Analysis, are orthogonal, making it possible to include them together

in a cross-check regression without significant statistical bias.

To ensure the robustness of the estimated impact of the FWG shock and the LSAP

shock under the aforementioned circumstances, the test is performed accordingly.

[ insert Table 5 ]

Table 5 presents the estimation of the impact of both the FWG shock and the LSAP

shock on the event date over the entire sample period from 2009 to 2022. Initially, each

exchange rate is regressed without control variables, followed by regression with the inclusion

of its own lagged variables, both lagged unconventional shocks, and the VIX index. Finally,

the relative size of outright asset purchases on the balance sheets of QE-implementing central

banks—namely the European Central Bank (ECB) and the Bank of Japan (BOJ)—relative

to the Federal Reserve’s is included to capture the effects of QE operations. In addition,

the central bank balance sheet size relative to its steady-state value (BOTBS for the Bank

of Thailand and BNMBS for Bank Negara Malaysia) is incorporated to capture effect of

potential FX intervention.7

The results indicate that both the FWG shock and the LSAP shock significantly led to

an appreciation of across foreign exchange rates against the US Dollar, expressed in negative

shock coefficients, as similarly represented in daily-frequency impulse response by Local Pro-

7The European Central Bank (ECB) and the Bank of Japan (BOJ) operate under free-floating exchange
rate regimes. Meanwhile, both the Bank of Thailand (BOT) and Bank Negara Malaysia (BNM) follow
managed float exchange rate frameworks, under which foreign exchange intervention is typically undertaken
only in response to extreme movements or suddenly large swings in their respective currencies. To account
for this aspect, potential FX interventions are incorporated into the model through BOTBS, which represents
the Bank of Thailand’s balance sheet size relative to its steady state, and BNMBS, which represents Bank
Negara Malaysia’s balance sheet size relative to its steady state.
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jections. The coefficients for the lagged shocks are insignificant and cause mismeasurement

in the regression; therefore, excluding lagged shocks is more appropriate for measuring shock

impact.

[ insert Table 6 ]

When splitting the data into ZLB periods and normalization periods, as shown in

Table 6, both the FWG shock and the LSAP shock led to an appreciation across foreign

exchange rates. The exception is the depreciation of local exchange rates against the US

Dollar in response to the FWG shock during normalization periods. This was similarly

observed in daily-frequency Local Projections, although it is also statistically insignificant

in this examination of event-date exchange rate regressions.

It is noteworthy that comparing the magnitude of the shock impacts on exchange rates

in this single regression test with those impulse responses by the Local Projections is not

directly applicable. This distinction arises because the coefficient from a single regression

reflects a static, time-invariant relationship—here, capturing the effect based on an event

date. In contrast, impulse response coefficients trace the dynamic, time-varying effects of

the dependent variable following a shock, mapping its evolution over a horizon of approxi-

mately 90–120 days. Despite its limitations, the primary objectives of the robustness test -

reaffirming the impact direction and statistical significance of both shocks in alignment with

those obtained from the Local Projections - are effectively achieved.

To summarize, the robustness tests of these shocks’ impact consistently confirm the

initial findings from Local Projections that the LSAP shock led to significant appreciations

of foreign exchange rates against the US Dollar during both ZLB periods and normalization

periods. In contrast, the FWG shock significantly caused exchange rate appreciation against

the US Dollar only during ZLB periods, while its effect was statistically insignificant during

normalization periods.

5.5 Variance Decomposition with Local Projections

This section employs the variance decomposition approach based on local projections

proposed by Gorodnichenko and Lee (2020) to quantify the relative importance of each un-

conventional monetary policy shock in explaining exchange rate fluctuations and to examine

how their contributions evolve over different forecast horizons. Given the limited sample

size, particularly after splitting the sample into different monetary policy regimes, the vari-

ance decomposition is estimated using 1,000 bootstrap replications to mitigate potential
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small-sample bias.

[ insert Figure 3 ]

Figure 3 clearly illustrates that the FWG shock contributed significantly more to for-

eign exchange fluctuations than the LSAP shock during the ZLB period. However, a similar

comparison cannot be drawn for the normalization period, as the effects of FWG shocks

were not statistically significant.

The results have significant policy implications. The study highlights the importance

of communication regarding the future path of interest rates. With its greater role and more

prolonged impact on exchange rate variations compared to another shock, effective guidance

tools can help shape market expectations and manage foreign exchange fluctuations more

effectively.

Intuitively, these findings underscore the importance of forward guidance as a commu-

nication tool in shaping exchange rate dynamics. Although the quantitative analysis does

not identify statistically significant effects of FWG shocks during the normalization period,

the evidence from the ZLB period suggests that effective policy communication can play a

substantial role in influencing financial markets. Consequently, the absence of clear statisti-

cal significance during normalization should not necessarily be interpreted as evidence that

forward guidance is unimportant. Rather, ineffective or unclear communication during peri-

ods of monetary policy normalization may increase the risk of financial market turbulence,

as illustrated by the market disruptions observed during the 2013 Taper Tantrum.

6 Conclusions

Using the Local Projections technique, this paper finds the heterogeneous responses

of foreign exchange rates to the unconventional shocks from the Federal Reserve in sev-

eral dimensions. First, the magnitude of the response was also different, with the FWG

shock having a greater absolute impact on the examined foreign exchange rates compared

to the LSAP shock, aligning with its larger contribution to foreign exchange variation in the

variance decomposition.

Regarding the measured impact across currencies, both emerging and major global

currencies were affected in a quite similar manner. The only exception was the LSAP shock

during ZLB periods, which caused a greater impact on emerging market currencies than

on key global currencies. Under different monetary cycles, the varying impact of shocks on
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currencies was also confirmed.

This paper also finds a variation in the persistence of the LSAP shock’s impact on

exchange rates, with effects lasting longer during ZLB periods than during normalization

periods. However, contrary to the findings of Swanson (2021) and Dedola et al. (2021), the

present study finds that both unconventional shocks dissipated relatively quickly, typically

within a few days to a few months after the shocks. This result is more in line with Wright

(2012).

A key area for further exploration is identifying the determinants of the effectiveness

of forward guidance communication in stabilizing markets, particularly during tightening

periods. This would yield significant policy implications. In addition, comparing the impact

of each unconventional shock on real economic variables such as employment and investment

is crucial. Given the differences in impact horizon on yield curves - where the FWG shock

effectively steers medium-term interest rates, while the LSAP shock influences long-term

tenor - the underlying transmission channels and the timing of their effects on real variables

merit further investigation. Lastly, future research may extend the model to incorporate

formal nonlinear or regime-switching frameworks.
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Tables and Figures

Table 1: Regression timeframe for varying monetary policy periods

Full Sample ZLBs Normalization

Periods 01/01/2009 01/01/2009 12/17/2015,
-03/16/2022 -12/16/2015, -07/31/2019

08/01/2019 3/17/2022
-03/16/2022 - 12/30/2022

Sample Size 3652 2500 1152
Number of Event 122 81 41

Note: This table illustrates the duration of periods concerning global financial conditions: ZLB
periods, and a normalization phase. The Bai-Perron Global L Breaks test is utilized to detect
structural breaks in foreign exchange time series, alongside the information on the federal funds
rate.
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Table 2: Descriptive statistics

Full Sample ZLBs Normalization

USDJPY
Mean 1.18 -1.70 0.03
Standard deviation 0.59 0.58 0.61

USDEUR
Mean 0.88 -1.18 0.25
Standard deviation 0.56 0.59 0.49

USDTHB
Mean 0.04 -0.52 1.01
Standard deviation 0.32 0.30 0.34

USDMYR
Mean 0.74 -1.04 0.08
Standard deviation 0.40 0.42 0.33

Note: 1) Means are represented as basis points of percentage change of respective currency per
one US Dollar. 2) ZLB denotes the zero-lower-bound periods, while Normalization refers to the
period during which the Fed begins tapering and preparing to raise interest rates.
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Table 3: Dates with Speeches by Federal Reserve officials

Speeches of Fed Chairman

August 27, 2010 Chair Bernanke at Jackson Hole
August 26, 2011 Chair Bernanke at Jackson Hole
May 22, 2013 Chair Bernanke at JEC Testimony
October 6, 2020 Chair Powell at NABE Virtual Annual Meeting
August 27, 2021 Chair Powell at Jackson Hole

Speeches of Fed Governors

June 27, 2013 Governor Powell at the Bipartisan Policy Center
October 11, 2013 Governor Powell at the 2013 Institute of

International Finance Annual Membership Meeting
October 13, 2021 Governor Bowman at South Dakota State University
October 19, 2021 Governor Waller at the Stanford Institute for Economic

Policy Research Associates Meeting
November 19, 2021 Governor Waller at the Center for Financial Stability

Note: In addition to regular FOMC announcement dates, dates with public speeches by
high-ranking Federal Reserve officials are included in the high-frequency identification of
unconventional monetary shocks, as shown above.
Source: Federal Reserve Board
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Table 4: Principal Components and Factor Rotation Results

Panel A: The Eigen values from principal components analysis (PCA)
Eigenvalues: (Sum = 5, Average = 1)

Number Value Difference Proportion Cumulative Value Cumulative Proportion

1 2.56 1.492 0.512 2.562 0.512

2 1.07 0.262 0.214 3.632 0.726

3 0.81 0.285 0.162 4.441 0.881

Panel B: Factor Loadings

FFR Eurodollar 3M Treasury 2Y Treasury 5Y Treasury 10Y

Unrotated with No Restriction

LSAP -0.06 -0.35 -0.46 -0.57 -0.58

FWG -0.02 0.34 0.30 0.17 0.19

Sum of squared error = 1984

Rotated with Restriction and Minimized SSE

LSAP 0.00 0.13 -0.32 -0.64 -0.68

FWG 0.00 0.93 0.36 0.05 0.05

Sum of squared error = 136

Source: Author’s calculations and compilation.
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Table 5: The daily estimation of the exchange rate response to forward guidance (FWG)
and large-scale asset purchases (LSAP) on event dates from 2009 to 2022

D(USDJPY) Full Event Sample

C 0.27 0.31 0.31 0.18 1.89
(0.016) (0.015) (0.017) (0.016) (0.018)

FWG -2.92 -2.93** -3.01** -2.78** -2.69**
(0.011) (0.012) (0.012) (0.012) (0.012)

LSAP -8.04*** -8.28*** -8.40*** -8.30*** -8.13***
(0.023) (0.024) (0.028) (0.024) (0.024)

FWG(-1) -1.97
(0.033)

LSAP(-1) 1.06
(0.026)

D(VIX) -0.09 -0.08
(0.001) (0.001)

BOJ-FedBS 2.33**
(0.011)

D(USDJPY(-1)) 1.05 0.59 1.04 0.86
(0.012) (0.013) (0.012) (0.011)

Adjusted R2 0.08 0.38 0.37 0.37 0.37

D(USDEUR) Full Event Sample

C -3.50* -3.02* -3.39 -3.10** 0.32**
(0.019) (0.017) (0.021) (0.015) (0.016)

FWG -1.66* -1.76* -1.37* -1.85* -1.94*
(0.011) (0.011) (0.009) (0.010) (0.011)

LSAP -8.03*** -8.23*** -8.81*** -8.25** -7.01***
(0.028) (0.025) (0.024) (0.025) (0.026)

FWG(-1) -4.27
(0.045)

LSAP(-1) 0.66
(0.052)

D(VIX) -0.06 0.02
(0.001) (0.001)

ECB-FedBS 53.76***
(0.188)

D(USDEUR(-1)) 2.78 0.27 2.75 2.30
(0.034) (0.047) (0.035) (0.034)

Adjusted R2 0.16 0.36 0.37 0.36 0.39
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D(USDTHB) Full Event Sample

C -3.50 -2.83 -2.84 -2.02 -3.04
(0.034) (0.028) (0.025) (0.028) (0.025)

FWG -1.45 -0.06 -0.27** -0.29** -0.32**
(0.062) (0.001) (0.001) (0.001) (0.001)

LSAP -1.31 -2.33*** -2.51*** -2.15*** -2.36***
(0.051) (0.003) (0.005) (0.004) (0.004)

FWG(-1) -1.05
(0.054)

LSAP(-1) 0.26
(0.049)

D(VIX) 0.64* 0.63*
(0.004) (0.004)

BOTBS 4.84**
(0.028)

D(USDTHB(-1)) 22.83*** 22.65** 21.89** 21.42***
(0.071) (0.079) (0.081) (0.078)

Adjusted R2 0.06 0.33 0.32 0.36 0.36

D(USDMYR) Full Event Sample

C 1.48 1.412 1.410 1.518 0.46
(0.011) (0.012) (0.013) (0.014) (0.026)

FWG -1.41*** -0.77*** -0.47** -0.64** -0.70**
(0.003) (0.003) (0.002) (0.003) (0.003)

LSAP -1.06*** -2.01*** -2.59*** -2.00*** -2.07***
(0.002) (0.002) (0.002) (0.002) (0.002)

FWG(-1) -2.17
(0.016)

LSAP(-1) -0.43
(0.019)

D(VIX) 0.08 0.08
(0.001) (0.001)

BNMBS 27.02*
(0.135)

D(USDMYR(-1)) -8.03** -8.30** -8.08** -8.00**
(0.032) (0.032) (0.032) (0.031)

Adjusted R2 0.08 0.35 0.38 0.31 0.30

Note: 1) ***, ** and * represent 1, 5, and 10 percentage of significant level respectively 2) Text in
parenthesis represents a heteroskedasticity and autocorrelation consistent standard error (HAC).
3) The respective foreign exchange rate is represented as units per 1 US Dollar 4) Coefficients are
in a unit of basis point of a percentage change from a previous period. A Positive number
indicates a depreciation of foreign exchange to US Dollar and a negative means an appreciation.
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Table 6: The daily estimation of the exchange rate response to forward guidance (FWG)
and large-scale asset purchases (LSAP) on event dates from 2009 to 2022, across monetary
circumstances

D(USDJPY) ZLBs Normalization

C -0.74 -1.01 5.69 2.88 3.15 6.69
(0.019) (0.018) (0.055) (0.026) (0.024) (0.150)

FWG -2.24** -1.94** -1.26* 4.91 5.26 5.41
(0.011) (0.009) (0.008) (0.034) (0.038) (0.039)

LSAP -6.88** -6.87** -6.13** -14.81*** -14.41*** -14.28***
(0.027) (0.028) (0.029) (0.043) (0.048) (0.049)

D(VIX) -0.17 -0.12 0.33* 0.39
(0.002) (0.002) (0.002) (0.002)

BOJ-FedBS 10.874** 3.484**
(0.052) (0.013)

D(USDJPY(-1)) 2.32 2.38 1.77 -0.68 -0.35 -0.29
(0.021) (0.019) (0.019) (0.043) (0.043) (0.044)

Adjusted R2 0.25 0.25 0.26 0.26 0.27 0.27

D(USDEUR) ZLBs Normalization

C -4.86** -5.00** 14.79*** 0.76 0.87 10.45
(0.022) (0.023) (0.053) (0.022) (0.021) (0.017)

FWG -2.11* -2.26* -2.63** 2.46 2.31 1.97
(0.013) (0.014) (0.013) (0.024) (0.021) (0.020)

LSAP -8.48*** -8.47*** -6.61** -5.46** -4.83** -4.67**
(0.030) (0.031) (0.031) (0.025) (0.021) (0.021)

D(VIX) -0.09 -0.05 0.28 0.42
(0.001) (0.001) (0.002) (0.002)

ECB-FedBS 67.499*** 29.122**
(0.138) (0.135)

D(USDEUR(-1)) 4.53* 4.46* 3.64* -0.379 6.03** 5.98**
(0.028) (0.028) (0.022) (0.004) (0.026) (0.022)

Adjusted R2 0.22 0.22 0.23 0.27 0.28 0.28
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D(USDTHB) ZLBs Normalization

C -1.49*** -0.55* -7.92*** -6.22** -5.78* 4.45*
(0.003) (0.004) (0.004) (0.030) (0.032) (0.029)

FWG -2.47*** -1.38** -2.49*** 8.18 8.57 8.94
(0.007) (0.006) (0.007) (0.061) (0.061) (0.067)

LSAP -0.52** -0.48** -0.29* -13.10** -11.78** -11.01*
(0.002) (0.002) (0.002) (0.062) (0.058) (0.058)

D(VIX) 0.63* 0.62** 0.76** 0.95**
(0.003) (0.003) (0.003) (0.004)

BOTBS 4.78* 8.31**
(0.029) (0.029)

D(USDTHB(-1)) 23.82** 23.16** 22.81*** 16.13* 13.71 13.11
(0.098) (0.090) (0.086) (0.101) (0.101) (0.101)

Adjusted R2 0.23 0.26 0.25 0.28 0.21 0.22

D(USDMYR) ZLBs Normalization

C 1.44*** 1.65*** -0.69* 0.98 0.70 0.70
(0.002) (0.002) (0.003) (0.022) (0.022) (0.078)

FWG -1.95*** -1.68*** -1.84*** 3.67 3.43 3.44
(0.003) (0.003) (0.003) (0.028) (0.029) (0.028)

LSAP -1.58*** -1.61*** -1.77*** -3.39* -4.21** -4.21**
(0.003) (0.002) (0.002) (0.021) (0.021) (0.021)

D(VIX) 0.14 0.15 -0.38 -0.38
(0.002) (0.002) (0.003) (0.003)

BNMBS 52.57** 55.26***
(0.206) (0.199)

D(USDMYR(-1)) 7.27** 7.38** 7.18** 13.30*** 14.39*** 14.39***
(0.032) (0.032) (0.031) (0.034) (0.038) (0.035)

Adjusted R2 0.25 0.25 0.24 0.25 0.28 0.28

Note: 1) ***, ** and * represent 1, 5, and 10 percentage of significant level respectively 2) Text in
parenthesis represents a heteroskedasticity and autocorrelation consistent standard error (HAC).
3) The respective foreign exchange rate is represented as units per 1 US Dollar 4) Coefficients are
in a unit of basis point of a percentage change from a previous period. A Positive number
indicates a depreciation of foreign exchange to US Dollar and a negative means an appreciation.
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Figure 1: Impulse response of daily foreign exchange rates to large-scale asset purchases
(LSAP) shock both during ZLB periods and normalization periods with Local Projections

Note: (1) The negative territory indicates that the local currency appreciated against the U.S.
dollar, signifying a Dollar depreciation, whereas the positive territory indicates the opposite. (2)
The 95% confidence intervals are constructed using heteroskedasticity and autocorrelation
consistent (HAC) standard errors.
Source: Author’s calculations
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Figure 2: Impulse response of daily foreign exchange rates to forward guidance (FWG) shock
during ZLB periods with Local Projections

Note: (1) The negative territory indicates that the local currency appreciated against the U.S.
dollar, signifying a Dollar depreciation, whereas the positive territory indicates the opposite. (2)
The 95% confidence intervals are constructed using heteroskedasticity and autocorrelation
consistent (HAC) standard errors.
Source: Author’s calculations

32



Figure 3: Bootstrap Variance Decomposition

Note: The variance decomposition is computed following the methodology of Gorodnichenko and
Lee (2020) using 1,000 bootstrap replications.
Source: Author’s calculations
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Appendix A: the derivation of the UIP condition

Let St denote the nominal exchange rate of country j against the U.S. dollar, expressed

as units of country j’s currency per one U.S. dollar. Let ijt and iust denote the short-term

interest rates of country j and the United States, respectively. Under the uncovered interest

parity (UIP) condition,

(1 + ijt) = (1 + iUS
t )

Et [St+1]

St

, (1)

1 + ijt
1 + iUS

t

=
Et [St+1]

St

. (2)

Applying a log-linear approximation and using the first-order Taylor approximation,

log(1 + x) ≈ x, |x| ≪ 1,

yields

ijt − iUS
t = Et (logSt+1)− logSt. (3)

Rearranging gives

logSt = (iUS
t − ijt) + Et logSt+1. (4)

Taking expectations one period ahead yields

Et logSt+1 = Et

(
iUS
t+1 − ijt+1

)
+ Et logSt+2. (5)

Iterating the UIP condition forward,
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logSt = Et

∞∑
k=0

(
iust+k − ijt+k

)
+ lim

T→∞
Et logSt+T . (6)

and imposing the standard transversality (no-bubble) condition,

lim
T→∞

Et logSt+T = 0. (7)

Therefore, the change in the exchange rate between t and t − 1, logSt − logSt−1 or

∆ logSt, is mainly driven by revisions in the expectations regarding the future path of interest

rate differentials.

logSt − logSt−1 = (Et − Et−1)
∞∑
k=0

(
iust+k − ijt+k

)
. (8)

This mathematical expression provides the theoretical foundation for using the yield

curve to extract monetary policy shocks and examine their effects on exchange rate dynamics

through impulse responses estimated using the Local Projections method.
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Appendix B: Factor Loadings across Monetary Regimes

Panel A: ZLB Periods

Number Value Difference Proportion Cumulative Value Cumulative Proportion

1 2.702 1.620 0.540 2.702 0.540

2 1.081 0.419 0.216 3.783 0.756

3 0.662 0.144 0.132 4.446 0.889

FFR Eurodollar 3M Treasury 2Y Treasury 5Y Treasury 10Y

Rotated factor loadings with identification restrictions

LSAP 0.00 0.12 -0.39 -0.63 -0.67

FWG 0.00 0.98 0.34 0.19 0.12

Panel B: Normalization Periods

Number Value Difference Proportion Cumulative Value Cumulative Proportion

1 2.319 1.155 0.463 2.319 0.463

2 1.163 0.164 0.232 3.482 0.696

3 0.999 0.493 0.199 4.481 0.896

FFR Eurodollar 3M Treasury 2Y Treasury 5Y Treasury 10Y

Rotated factor loadings with identification restrictions

LSAP 0.00 0.01 -0.44 -0.63 -0.64

FWG 0.00 0.84 0.55 0.01 0.03

Source: Author’s calculations
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Appendix C:

Orthogonalization of Unconventional Monetary Policy Shocks

Regressions Using CFNAI

Full Event Sample

LSAP FWG

C -0.008 -0.006

(0.082) (0.092)

CFNAI -0.029 -0.021

(0.064) (0.057)

Adjusted R2 0.002 0.001

Note: 1) ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

2) Values in parentheses represent heteroskedasticity and autocorrelation consistent (HAC)

standard errors. and 3) CFNAI denotes the Chicago Fed National Activity Index.

Source: Author’s calculations
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