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Abstract 

This paper examines how interest rate differentials shape exchange rate dynamics and inflation in 

Japan within a unified Bayesian time-varying parameter state-space framework. Focusing on Japan relative 

to the United States since 2016, we distinguish between short-term policy rate differentials and long-term 

differentials derived from inflation-indexed bond yields, capturing market-based inflation expectations.  

We document a pronounced asymmetry between short-term and long-term interest rate differentials. 

Long-term differentials exhibit a stable relationship with exchange rate movements, whereby a widening 

differential is associated with yen depreciation, consistent with standard theory. In contrast, short-term 

differentials display a weaker and often unstable relationship, implying yen appreciation for most of the 

sample period but becoming temporarily positive during the 2022 episode of monetary policy divergence. 

We further show that exchange rate pass-through to inflation is highly time-varying and closely 

linked to the underlying drivers of exchange rate movements. Pass-through strengthens when exchange 

rate movements are driven by widening long-term differentials, particularly during periods of monetary 

policy divergence, while remaining limited in stable periods. Overall, the results indicate that inflation 

dynamics in Japan are governed by the transmission of interest rate differentials through exchange rates 

and a regime-dependent pass-through mechanism. The findings highlight the central role of long-term 

expectations and global financial conditions in shaping exchange rate determination and inflation 

dynamics. The analysis carries important implications for the evaluation of monetary policy under 

prolonged low interest rate environments, where transmission mechanisms exhibit significant regime-

dependent variation. 
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1. Introduction 

Understanding how interest rate differentials affect exchange rates remains a central question in 

international macroeconomics. Standard theory, typically formalized through uncovered interest parity 

(UIP)1, predicts a systematic relationship between interest rate differentials and exchange rate movements. 

However, the empirical relevance of this relationship has been widely debated, particularly in 

environments characterized by persistently low interest rates. A large empirical literature documents 

systematic deviations from UIP, commonly referred to as the “forward premium puzzle.” Japan provides a 

natural laboratory to revisit this issue. Since the mid-2010s, short-term policy rates have been constrained 

by the zero lower bound, limiting their informational content for exchange rate determination. In such an 

environment, conventional models that focus on short-term interest rate differentials may fail to capture the 

relevant transmission mechanism. 

This paper re-examines the interest rate–exchange rate nexus by distinguishing between short-term 

and long-term interest rate differentials. We argue that long-term interest rates, which embed expectations 

about future monetary policy and inflation, play a more central role in exchange rate determination when 

short-term rates are constrained. To test this hypothesis, we employ a Bayesian time-varying parameter 

state-space model that jointly estimates exchange rate dynamics and inflation, allowing us to capture both 

the direct effects of interest rate differentials on exchange rates and the indirect effects through exchange 

rate pass-through to inflation. The empirical results reveal a clear asymmetry and strong regime 

dependence. Long-term interest rate differentials exhibit a stable relationship with exchange rate 

movements, such that a widening differential is associated with yen depreciation, consistent with standard 

theory. In contrast, short-term differentials display a negative relationship for most of the sample period, 

implying yen appreciation, but switch to a positive relationship during the 2022 episode of monetary 

policy divergence between the United States and Japan. 

These findings suggest that the conventional interest rate channel is fundamentally regime-

dependent. When short-term interest rates are constrained by the zero lower bound, variations in short-term 

differentials do not reflect meaningful differences in expected returns, weakening or even reversing the 

standard relationship. In contrast, long-term interest rates continue to incorporate expectations about future 

monetary policy and inflation, making them more relevant for exchange rate determination. This 

distinction has important implications for exchange rate pass-through to inflation. Since exchange rate 

movements are more closely linked to long-term interest rate differentials, inflation dynamics are driven 

primarily by shocks associated with long-term rates rather than short-term policy rate changes. In addition, 

 

1 UIP is a no-arbitrage condition linking expected exchange rate changes to interest rate differentials; see Obstfeld and 

Rogoff (1996) and Fama (1984). 
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we show that inflation expectation differentials, proxied by market-based measures such as break-even 

inflation, play a quantitatively important role in exchange rate determination, highlighting the forward-

looking nature of currency markets. 

This paper makes three contributions. First, it provides evidence that the relationship between 

interest rate differentials and exchange rates is fundamentally regime-dependent, with a clear asymmetry 

between short-term and long-term rates. Second, it shows that exchange rate pass-through to inflation is 

time-varying and depends critically on the underlying drivers of exchange rate movements. Third, it 

demonstrates that long-term interest rate differentials—rather than short-term policy rates—play a 

dominant role in shaping both exchange rate dynamics and inflation in a low interest rate environment. 

The remainder of the paper is organized as follows. Section 2 reviews the related literature and 

institutional background. Section 3 presents the empirical model. Section 4 describes the data. Section 5 

reports the empirical results. Section 6 discusses the policy implications. Section 7 concludes. 

 

2. Related Literature and Institutional Background 

The relationship between interest rate differentials and exchange rates is a central issue in 

international macroeconomics, with important implications for asset pricing, capital flows, and monetary 

policy transmission. The standard framework, based on uncovered interest parity (UIP), predicts that 

currencies with higher interest rates should depreciate over time so as to offset the return differential and 

prevent arbitrage opportunities. In this framework, expected exchange rate movements adjust to equalize 

returns across currencies. However, a large empirical literature documents systematic deviations from this 

prediction, commonly referred to as the UIP puzzle. In practice, high-interest-rate currencies often fail to 

depreciate as predicted and may even appreciate, suggesting that the simple UIP relationship does not fully 

capture the mechanisms driving exchange rate dynamics. 

Recent studies emphasize the role of time variation and state dependence in explaining these 

deviations. In particular, the effectiveness of interest rate differentials in explaining exchange rate 

movements depends on the monetary policy environment and the level of interest rates. In the context of 

Japan, the prolonged period of near-zero interest rates has raised questions about the relevance of short-

term policy rates for exchange rate determination. Several studies suggest that long-term interest rates, 

which embed expectations about future monetary policy and inflation, provide more informative signals. 

This paper contributes to this literature by explicitly distinguishing between short-term and long-term 

interest rate differentials and by modeling their effects within a unified time-varying framework. In 

addition, we link exchange rate dynamics to inflation through a time-varying pass-through mechanism, 

offering a more comprehensive view of the transmission process. 
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Japan’s recent exchange rate dynamics cannot be understood without considering the interaction 

between international monetary conditions, inflation expectations, and financial market developments. 

Since the late 2010s, the global macro-financial environment has been shaped by a sequence of major 

shocks. Three turning points are particularly important for understanding the evolution of the yen and its 

transmission to domestic inflation: the COVID-19 pandemic in 2020, the onset of monetary policy 

divergence between the United States and Japan in 2022, and Japan’s foreign exchange intervention in 

September 2022. These events generated substantial movements in exchange rates—including episodes of 

pronounced yen depreciation—as well as shifts in inflation expectations and international interest rate 

differentials. As a result, the macro-financial environment surrounding Japan changed markedly, creating 

conditions under which the exchange rate pass-through mechanism could evolve over time. The figures 

presented in this section provide descriptive evidence of these developments and motivate the empirical 

framework introduced in the following sections. 

 

2.1  Exchange Rate Movements and Domestic Inflation 

Figure 1 presents the evolution of the yen–dollar exchange rate together with Japan’s core-core CPI 

inflation. From 2016 to early 2020, the exchange rate fluctuated within a relatively narrow range, while 

inflation remained persistently low. This period corresponds to Japan’s prolonged low-inflation 

environment under accommodative monetary policy.  

The situation changed after 2022. Following the Federal Reserve’s tightening cycle beginning in 

March 2022, the yen depreciated sharply, at one point exceeding 150 yen per U.S. dollar. At the same time, 

Japan’s core-core CPI began to increase more visibly. Although inflation remained moderate by 

international standards, the timing of this increase suggests a growing role of exchange rate movements in 

shaping domestic price dynamics.  

The co-movement between exchange rate depreciation and rising inflation becomes particularly 

pronounced after the onset of monetary policy divergence between the United States and Japan. This 

pattern suggests that the exchange rate pass-through mechanism strengthened temporarily under changing 

macroeconomic conditions. This observation provides preliminary evidence of time variation in the 

transmission mechanism, which is formally examined in the subsequent empirical analysis. 
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Figure 1. USD/JPY Exchange Rate and Japan’s Core-Core CPI (Seasonally Adjusted) 

Note: This figure plots the monthly USD/JPY exchange rate (left axis) together with Japan’s core-core CPI inflation 

(excluding fresh food and energy, seasonally adjusted; right axis). The sample begins in September 2016. The figure 

illustrates the relationship between exchange rate movements and domestic inflation during a period characterized by major 

macroeconomic disturbances. Vertical dashed lines indicate key turning points in the global macro-financial environment: 

the onset of the COVID-19 pandemic (March 2020), the beginning of the Federal Reserve’s tightening cycle (March 2022), 

and Japan’s foreign exchange intervention (September 2022). Data sources are the Bank of Japan and the Statistics Bureau of 

Japan. 

 

2.2  Inflation Expectations and Break-Even Inflation 

Inflation expectations represent an important channel through which global monetary developments 

influence exchange rates. Figure 2 therefore examines the evolution of break-even inflation (BEI)2 rates in 

Japan and the United States. In the United States, inflation expectations increased sharply following the 

pandemic and reached elevated levels around 2022. By contrast, Japan’s BEI remained relatively subdued 

during the earlier part of the sample but began to rise gradually after 2022. The divergence between U.S. 

and Japanese inflation expectations coincided with a period of widening interest rate differentials and rapid 

yen depreciation. These developments suggest that exchange rate movements were closely linked to shifts 

 

2 Breakeven inflation (BEI), defined as the spread between nominal and inflation-indexed government bond yields, is 

widely used as a market-based measure of expected inflation. Although BEI may reflect inflation risk premia and liquidity 

components, it provides a forward-looking proxy for inflation expectations and is commonly employed in empirical macro-

finance analyses. 
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in global inflation expectations and monetary policy regimes. 

From a financial market perspective, BEI reflects the difference between nominal and inflation-

indexed bond yields and serves as a market-based measure of expected inflation. Its evolution provides 

useful information about how financial markets reassessed inflation prospects during the period of 

monetary policy divergence between the United States and Japan. These expectations play an important 

role in shaping exchange rate dynamics and domestic price developments. Details on measurement issues, 

including liquidity and risk premia, are discussed in Appendix C.8. 

 

Note: This figure reports break-even inflation (BEI) rates for Japan and the United States. The U.S. BEI is calculated as the 

difference between nominal Treasury yields and Treasury Inflation-Protected Securities (TIPS) yields of the same maturity. 

The data are obtained from the Federal Reserve Economic Data (FRED) database, based on the Board of Governors of the 

Federal Reserve System, Release H.15: Selected Interest Rates.  

Japan’s BEI is computed as the difference between nominal Japanese government bond yields and inflation-indexed 

bond yields. Nominal yields are obtained from the Ministry of Finance, while inflation-indexed bond yields are sourced from 

Hamacho SCI. The figure highlights the divergence in market-based inflation expectations between the two economies, 

particularly during the period following the global pandemic and the subsequent monetary policy divergence between the 

United States and Japan. 

 

2.3  Interest Rate Differentials and Global Financial Conditions 

Figure 3 illustrates the evolution of Japan–U.S. interest rate differentials at both short and long 

maturities. Prior to 2022, the short-term differential remained relatively small. However, the Federal 

Reserve’s tightening cycle led to a rapid increase in U.S. interest rates, generating a substantial widening of 

the interest rate gap between the two economies. Long-term yield differentials also increased markedly 
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during this period, reflecting changes in both expected future policy paths and bond market conditions. 

From the perspective of international finance, widening interest rate differentials encourage capital 

flows toward higher-yielding assets. Such flows exert downward pressure on the currency of the lower-

yield country, consistent with uncovered interest parity and related asset-pricing mechanisms. The timing 

of yen depreciation during the sample period closely corresponds to the expansion of these differentials, 

indicating that global financial conditions played a central role in exchange rate dynamics. 

 

2.4  Exchange Rate Policy and Structural Interpretation 

Japan’s authorities intervened in the foreign exchange market in September 2022 in response to rapid 

yen depreciation. Although this intervention temporarily stabilized exchange rate movements, the broader 

trend remained largely driven by global monetary conditions. Overall, Figures 1–3 indicate that the macro-

financial environment surrounding Japan changed substantially during the early 2020s. The combination of 

widening interest rate differentials, shifting inflation expectations, and exchange rate depreciation created a 

setting in which exchange rate pass-through to domestic prices could evolve over time. 

These observations motivate the empirical analysis in the subsequent sections. In particular, they 

suggest that the relationship between exchange rate movements and inflation is time-varying and 

dependent on the prevailing macro-financial environment. To examine this mechanism, the next section 

introduces a time-varying state-space framework that jointly models exchange rate dynamics and inflation 

transmission. 
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Figure 3. Japan–U.S. Interest Rate Differentials (Short-term and Long-term) 

Note: This figure illustrates the evolution of Japan–U.S. interest rate differentials at both short-term and long-term 

maturities. The short-term differential is defined as the difference between the U.S. federal funds rate and Japan’s 

uncollateralized overnight call rate. The long-term differential is based on government bond yields of comparable maturity. 

The widening of these interest rate differentials following the Federal Reserve’s tightening cycle reflects the growing 

divergence in monetary policy between the two economies and provides a key channel influencing exchange rate dynamics. 
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3. Model Specification and Identification 

3.1  Empirical Strategy 

We estimate a Bayesian time-varying parameter state-space model3 that jointly characterizes 

exchange rate dynamics and domestic inflation. This framework allows key coefficients, including the 

exchange rate pass-through parameter, to evolve over time, thereby capturing structural changes in the 

relationship between interest rate differentials, exchange rates, and inflation. In particular, the model 

identifies how the effects of short-term and long-term interest rate differentials on exchange rates, as well 

as the pass-through from exchange rates to inflation, vary across different macro-financial regimes. 

 

3.2  Model Overview 

This section presents the econometric framework used to analyze the joint dynamics of exchange 

rates and inflation. We consider a simultaneous system in which the exchange rate and inflation are treated 

as endogenous variables within a time-varying state-space framework. The model consists of an exchange 

rate equation and an inflation equation estimated jointly. This approach allows key transmission parameters 

to evolve over time while accounting for macro-financial factors such as interest rate differentials and 

inflation expectations. 

Let st denote the log yen–U.S. dollar exchange rate: 

 

Δ𝑠𝑡 = 𝑙𝑜𝑔(𝑆𝑡) − 𝑙𝑜𝑔(𝑆𝑡−1)     (3.1) 

 

which represents the month-on-month log change in the exchange rate. 

Let πt denote domestic inflation: 

 

𝜋𝑡 = 𝑙𝑜𝑔(𝐶𝑃𝐼𝑡) − 𝑙𝑜𝑔(𝐶𝑃𝐼𝑡−12)   (3.2) 

 

Inflation is defined as the 12-month log difference of the consumer price index (CPI), corresponding to the 

standard year-on-year measure of inflation. 

Consistent with the definition of inflation in Equation (3.2), the non-financial explanatory variables in the 

inflation equation—such as international commodity prices, the monetary base, and the consumption 

activity index—are expressed as 12-month log differences. In contrast, the exchange-rate equation is 

specified in terms of month-on-month log changes, reflecting the higher-frequency adjustment of financial 

 

3 Time-varying parameter models are widely used to capture gradual structural changes in macroeconomic relationships; see 

Primiceri (2005). 
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variables. 

The observation equations are specified as follows: 

 

Δst = 𝜇𝑠,𝑡 + 𝜀𝑠,𝑡     (3.3) 

𝜋𝑡 = 𝜇𝜋,𝑡 + 𝜀𝜋,𝑡     (3.4) 

 

where the error terms follow a jointly distributed normal process: 

 

(𝜀𝑠,𝑡,  𝜀𝜋,𝑡)′ ∼ 𝑁(0,  𝛴)    (3.5) 

 

Importantly, the conditional means 𝜇𝑠,𝑡 and 𝜇𝜋,𝑡 are not latent states themselves but are functions of 

time-varying coefficients. The evolution of these coefficients is governed by a state-space structure 

described below. 

 

3.3  Exchange Rate Equation 

The exchange rate equation relates exchange rate changes to interest rate differentials and inflation 

expectations, along with other macroeconomic variables. We distinguish between short-term and long-term 

interest rate differentials, as well as differences in market-based inflation expectations measured by break-

even inflation (BEI), allowing their effects to evolve over time. 

The conditional mean of the exchange rate equation is specified as: 

 

𝜇𝑠,𝑡 = 𝜃0,𝑡     

+𝜃1,𝑡 ∙ 𝑟𝑑𝑖𝑓𝑓𝑡    

+𝜃2,𝑡 ∙ 𝑝𝑖𝑒𝑑𝑖𝑓𝑓𝑡    

+𝜃3,𝑡 ∙ 𝑠𝑡𝑑𝑖𝑓𝑓𝑡    

+𝜃4,𝑡 ∙ 𝐷𝑡
𝑐𝑜𝑣𝑖𝑑      

+𝜃5,𝑡 ∙ 𝐷𝑡
𝑡𝑎𝑟𝑖𝑓𝑓

     (3.6) 

 

where rdiffₜ, piediffₜ, and stdiffₜ denote interest rate and inflation expectation differentials, and Dₜ represents 

policy and event-related dummy variables. The coefficients θⱼ,ₜ are time-varying and capture potential 

changes in the relationship between interest rate differentials and exchange rate movements over time. 
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3.4  Inflation Equation 

The inflation equation incorporates exchange rate movements as a key determinant, capturing the 

pass-through from exchange rates to domestic prices, together with other macroeconomic factors. The 

pass-through coefficient is specified as time-varying, allowing the transmission mechanism to evolve 

across different macro-financial regimes. 

The conditional mean of the inflation equation is given by: 

 

𝜇𝜋,𝑡 = 𝜑0,𝑡 

+𝜑1,𝑡 ∙ 𝛥𝑠𝑡 

+𝜑2,𝑡 ∙ 𝑐𝑜𝑚𝑚𝑜𝑑𝑖𝑡𝑦𝑡 

+𝜑3,𝑡 ∙ 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦𝑡 

+𝜑4,𝑡 ∙ 𝑚𝑜𝑛𝑒𝑡𝑎𝑟𝑦𝑡 

+𝜑5,𝑡 ∙ 𝐷𝑡
𝑐𝑜𝑣𝑖𝑑 

+𝜑6,𝑡 ∙ 𝐷𝑡
𝑡𝑎𝑟𝑖𝑓𝑓

     (3.7) 

 

where the explanatory variables capture global cost pressures and domestic demand conditions. 

 

3.5  State Equation 

Let αₜ denote the vector of all time-varying coefficients: 

 

𝛼𝑡 = (𝜃0,𝑡,   … ,  𝜃5,𝑡,  𝜙0,𝑡 ,   … ,  𝜙6,𝑡)
′
   (3.8) 

 

The state equation is specified as: 

 

𝛼𝑡 = 𝛼𝑡−1 + 𝜂𝑡     (3.9) 

𝜂𝑡 ∼ 𝑁(0,  𝑄)     (3.10) 

 

This specification allows the data to determine the degree of parameter instability without imposing 

restrictive assumptions. 

 

3.6  Link to Uncovered Interest Parity 

The exchange rate equation can be interpreted as an augmented version of uncovered interest parity 

(UIP), incorporating time-varying effects of interest rate differentials and market-based inflation 
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expectations: 

 

𝛥𝑠𝑡 = 𝛼 + 𝛽(𝑖𝑡
𝑈𝑆 − 𝑖𝑡

𝐽𝑃
) + 𝑢𝑡   (3.11) 

 

where deviations from parity are captured by a wedge that may reflect risk premia, portfolio flows, or term 

premia. 

The long-term real yield differential can be decomposed as: 

 

𝑟𝑡
𝑈𝑆 − 𝑟𝑡

𝐽𝑃 ≈ (𝑖𝑡
𝑈𝑆 − 𝑖𝑡

𝐽𝑃) − (𝜋𝑡
𝑒,𝑈𝑆 − 𝜋𝑡

𝑒,𝐽𝑃)  (3.12) 

 

such that short-term nominal spreads capture policy and carry-trade incentives, while real yield spreads 

reflect bond-market pricing forces, including term premia. 

 

3.7  Identification: Policy Channel vs Bond-Flow Channel 

The simultaneous inclusion of short-term nominal spreads and long-term real yield spreads allows 

the model to distinguish between two conceptually distinct transmission channels. Short-term interest rate 

differentials primarily reflect the monetary policy stance and carry-trade incentives, whereby a widening 

U.S.–Japan short-term spread increases the relative return on dollar assets and tends to induce yen 

depreciation. By contrast, long-term real yield differentials capture bond-market pricing forces and 

portfolio reallocation effects. Changes in long-term yield spreads may reflect shifts in investor demand 

across sovereign bond markets, generating capital flows that can exert exchange rate effects that differ in 

both magnitude and sign from those associated with short-term policy rates. Estimating both channels 

jointly allows the data to determine their relative importance without imposing parity conditions ex ante. 

 

3.8  Estimation / Diagnostics 

The model is estimated using Bayesian methods implemented in Stan4. Posterior inference is 

conducted via Hamiltonian Monte Carlo (HMC) with the No-U-Turn Sampler (NUTS), enabling efficient 

exploration of high-dimensional posterior distributions5. This approach is well suited for estimating 

complex state-space models and provides full posterior distributions for all parameters, facilitating a 

comprehensive assessment of parameter uncertainty. To enhance computational efficiency, we adopt a non-

 

4 Stan is widely used for Bayesian inference in state-space models. 
5 Hoffman and Gelman (2014). 
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centered parameterization for the state equation6 and impose weakly informative priors to ensure 

numerical stability without overly restricting the parameter space7. 

All variables are standardized prior to estimation to improve numerical conditioning8. Observation 

variances are parameterized via a Cholesky decomposition to allow for flexible shock correlation, and state 

innovations are implemented in non-centered form. Posterior inference is based on multiple Markov 

chains, and convergence is assessed using standard diagnostics, including the potential scale reduction 

factor (R-hat)9. In addition, we monitor divergent transitions and the energy Bayesian fraction of missing 

information (E-BFMI)10. 

 

  

 

6 Non-centered parameterization improves mixing in hierarchical models (Papaspiliopoulos et al., 2007). 
7 Gelman et al. (2006). 
8 Standardization improves convergence and sampling efficiency. 
9 R-hat measures convergence across chains. 
10 E-BFMI evaluates sampling efficiency in HMC. 



 15 

4. Data and Variable Construction 

4.1  Sample and Frequency 

This section describes the data used in the empirical analysis. The analysis focuses on Japan relative 

to the United States since September 2016, a period characterized by a prolonged low interest rate 

environment in Japan and increasing monetary policy divergence in recent years. The dataset consists of 

monthly macro-financial variables for both economies, including the yen–dollar exchange rate, domestic 

inflation, short-term and long-term interest rate differentials, inflation expectations measured by break-

even inflation (BEI) rates, global commodity prices, and selected domestic macroeconomic indicators. 

Short-term interest rate differentials are constructed using policy rates, while long-term differentials 

are based on yields of inflation-indexed government bonds. Inflation is measured using standard price 

indices, and additional control variables are included to capture macroeconomic conditions. Market-based 

inflation expectations are proxied by BEI rates derived from the difference between nominal and inflation-

indexed government bond yields. All variables are converted to a monthly frequency and expressed as 

monthly averages, rather than end-of-month observations, to ensure consistency across data sources and 

reduce measurement noise. To ensure comparability across variables and numerical stability in the 

Bayesian estimation, all observable variables are transformed as appropriate and standardized to have zero 

mean and unit variance prior to estimation. 

 

4.2  Exchange Rate and Domestic Variables 

The nominal exchange rate (St) is defined as the yen–U.S. dollar exchange rate. Variable 

transformations are defined as follows. Exchange rate changes are measured as the month-on-month log 

difference of (St), 

 

𝛥𝑠𝑡 = 𝑙𝑜𝑔𝑆𝑡 − 𝑙𝑜𝑔𝑆𝑡−1    (4.1) 

 

In contrast, the inflation-side variables are constructed on a year-on-year basis. Specifically, domestic 

inflation is defined as the 12-month (year-on-year) log difference of Japan’s core-core CPI, and 

international commodity prices, the monetary base, and the consumption activity index are likewise 

transformed as follows: 

 

𝜋𝑡 = 𝑙𝑜𝑔(𝐶𝑃𝐼𝑡) − 𝑙𝑜𝑔(𝐶𝑃𝐼𝑡−12)   (4.2) 

This distinction reflects the fact that the exchange-rate equation is intended to capture short-run financial 

dynamics, whereas the inflation equation focuses on more persistent price movements. The nominal 
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exchange rate (Δ𝑠𝑡) is defined as the monthly log change in the yen–U.S. dollar exchange rate, with data 

obtained from the Bank of Japan (BOJ). 

Japanese macroeconomic variables are constructed as follows. The short-term interest rate is 

measured by the uncollateralized overnight call rate (monthly average, BOJ). The monetary base and the 

consumption activity index (BOJ) are expressed as year-on-year log differences. Inflation is measured 

using Japan’s core-core CPI, defined as the CPI excluding fresh food and energy, seasonally adjusted with 

a 2020 base year, obtained from the Ministry of Internal Affairs and Communications, and defined as the 

year-on-year log difference of this series. International commodity prices are proxied by the Global Price 

Index of All Commodities from the Federal Reserve Economic Data (FRED®) database, originally sourced 

from the International Monetary Fund (IMF), and are also expressed as year-on-year log differences. This 

variable captures external cost pressures affecting domestic inflation through global commodity markets. 

To place Japan’s recent inflation dynamics in an international perspective, we compare inflation 

developments across major economies. Figure 4 presents the evolution of inflation in Japan and the United 

States, highlighting substantial differences in inflation dynamics, particularly during periods of global 

economic shocks and monetary policy changes. These differences suggest that the transmission of 

exchange rate movements to domestic prices may vary over time, providing motivation for modeling time-

varying inflation dynamics. 

 

4.3  U.S. Interest Rates and Inflation Expectations 

U.S. interest rate data are obtained from the Board of Governors of the Federal Reserve System, 

Selected Interest Rates (H.15). The variables include the Federal Funds Rate (monthly average), the 7-year 

Treasury constant maturity yield, and the 7-year Treasury inflation-indexed yield. The U.S. 7-year break-

even inflation rate (BEI) is calculated as the difference between nominal and inflation-indexed Treasury 

yields. 

 



 17 

 

Note: This figure compares inflation developments in Japan and the United States over the sample period. The Japanese 

series corresponds to core-core CPI (excluding fresh food and energy), while the U.S. series corresponds to CPI inflation. 

The figure highlights the substantial divergence in inflation dynamics between the two economies, particularly following the 

pandemic. While inflation increased sharply in the United States during 2021–2022, Japan experienced a more gradual rise 

in prices, reflecting structural differences in inflation regimes. 

 

4.4  Japanese Government Bond Yields and BEI (Break-Even Inflation) 

Japanese nominal government bond yields are obtained from the Ministry of Finance. The Japanese 

7-year inflation-indexed bond yield is obtained from Hamacho SCI, which compiles market-based yields 

for Japanese inflation-linked bonds. The Japanese break-even inflation rate (BEI) is constructed as the 

difference between nominal and inflation-indexed yields. See Appendix F for further details on data 

construction. 

Figures A1–A2 in Appendix F present the evolution of nominal and inflation-indexed government 

bond yields for Japan and the United States. Figures A3–A4 illustrate the corresponding BEI measures 

across different maturities. These figures provide supporting evidence for the construction of the BEI 

variables used in the main analysis. 

 

4.5  Interest Rate Differentials 

International financial variables are constructed as U.S.–Japan differentials: 

 

𝑠𝑡𝑑𝑖𝑓𝑓𝑡 = 𝑖𝑡
𝑈𝑆 − 𝑖𝑡

𝐽𝑃
    (4.3) 
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𝑝𝑖𝑒𝑑𝑖𝑓𝑓𝑡 = 𝐵𝐸𝐼𝑡
𝑈𝑆 − 𝐵𝐸𝐼𝑡

𝐽𝑃
    (4.4) 

𝑟𝑑𝑖𝑓𝑓𝑡 = 𝑟7𝑦,𝑡
𝑈𝑆 − 𝑟7𝑦,𝑡

𝐽𝑃
    (4.5) 

 

Here, 𝑠𝑡𝑑𝑖𝑓𝑓𝑡 denotes the short-term interest rate differential, 𝑝𝑖𝑒𝑑𝑖𝑓𝑓𝑡 represents the inflation 

expectation differential measured by break-even inflation (BEI), and 𝑟𝑑𝑖𝑓𝑓𝑡 captures the long-term real 

interest rate differential. Figure 5 shows the BEI differential between Japan and the United States, which 

serves as a proxy for inflation expectations. The figure indicates that the BEI differential varies 

considerably over time, particularly during periods of global monetary policy shifts. These movements 

suggest that differences in inflation expectations play an important role in exchange rate dynamics through 

their interaction with interest rate differentials. 
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Note: This figure plots the difference between U.S. and Japanese break-even inflation rates. The BEI differential captures the 

divergence in market-based inflation expectations across the two economies and serves as a proxy for expected inflation 

gaps in the empirical model. The figure shows that the differential widened substantially after 2021, reflecting rising 

inflation expectations in the United States relative to Japan. This divergence coincided with a period of significant yen 

depreciation and widening interest rate differentials. 

 

4.6  Structural Shock Dummies 

Two structural dummy variables are introduced to capture major exogenous shocks. The COVID-19 

dummy takes the value of 1 from January 2020 to May 2023 and 0 otherwise, reflecting the period of 

pandemic-related disruptions. The tariff dummy takes the value of 1 from January 2025 onward and 0 

otherwise, capturing the effects of trade policy shocks. These variables are included to account for 

extraordinary macroeconomic and policy-related shocks that may influence exchange rate and inflation 

dynamics. 

  

4.7  Macroeconomic Environment and Data Visualization 

To provide additional context for the empirical analysis, Figures A5–A7 in Appendix F present the 

evolution of the main macroeconomic variables used in the estimation. These figures characterize the 

macro-financial environment underlying Japan’s recent inflation dynamics, including inflation 

expectations, global commodity prices, domestic economic activity, and monetary conditions. Visual 

inspection suggests that the period after 2020 is marked by a combination of global price shocks, monetary 

expansion, and widening international financial differentials. 
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Global commodity prices are measured using the Global Price Index of All Commodities from the 

International Monetary Fund, accessed via the FRED database. This index captures broad movements in 

internationally traded commodities and represents an important external cost-push channel affecting 

domestic inflation. In particular, global commodity price shocks may interact with exchange rate 

movements, amplifying or dampening the inflationary effects of currency depreciation. 

 

4.8  Consumption Activity Index 

Domestic demand conditions are proxied by the Consumption Activity Index (CAI) published by the 

Bank of Japan. The CAI is constructed using a range of high-frequency indicators of household 

consumption and serves as a broad measure of domestic economic activity. Changes in domestic demand 

conditions influence inflation through demand-pull mechanisms. Including the CAI allows the empirical 

model to distinguish between inflationary pressures originating from external financial channels and those 

associated with domestic economic activity. 

 

4.9  Monetary Base 

Monetary conditions are represented by the monetary base published by the Bank of Japan. The 

monetary base captures the scale of central bank liquidity provision and reflects the stance of 

unconventional monetary policy implemented during the sample period. Japan maintained an 

accommodative monetary policy framework characterized by large-scale asset purchases and yield curve 

control, leading to a substantial expansion of the monetary base. This expansion is likely to have 

influenced inflation dynamics through liquidity and expectation channels. See Appendix F for additional 

figures illustrating the construction and underlying components of key variables. 
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5. Empirical Results 

5.1  Exchange Rate Determination 

We find a clear asymmetry between short-term and long-term interest rate differentials. Long-term 

differentials exhibit a stable and positive relationship with exchange rate movements, consistent with 

theoretical predictions. In contrast, short-term differentials display a negative relationship for most of the 

sample period, implying yen appreciation. Notably, this pattern is also reflected in recent policy episodes: 

the introduction of negative interest rates in Japan in 2016 was accompanied by yen appreciation, while 

more recent increases in short-term policy rates have not prevented yen depreciation. These observations 

suggest that short-term policy rates do not consistently exert the expected influence on exchange rates. The 

time-varying estimates indicate that this relationship becomes temporarily positive around the 2022 

episode of monetary policy divergence between the United States and Japan, although the period-average 

estimates remain negative, highlighting substantial time variation. These results suggest that short-term 

policy rates provide limited explanatory power in low interest rate environments, while long-term rates 

remain informative. 

Figure 6 illustrates the relationship between Japan–U.S. interest rate differentials and the exchange 

rate. Exchange rate movements are more closely aligned with fluctuations in long-term interest rate 

differentials, particularly during the period of monetary policy divergence after 2021, whereas short-term 

differentials exhibit limited co-movement outside specific episodes such as 2022. Consistent with this 

descriptive evidence, the estimation results confirm that long-term interest rate differentials play a 

dominant role in explaining exchange rate dynamics, while the contribution of short-term policy rate 

differentials is more limited and episodic. 

An additional important determinant of exchange rate dynamics is the inflation expectation 

differential between Japan and the United States. The estimated elasticity of the inflation expectation 

differential is comparable in magnitude to that of the long-term interest rate differential, suggesting that 

expected inflation plays a significant role in exchange rate determination. Since long-term yields embed 

both real interest rates and inflation expectations, these results imply that exchange rate movements reflect 

not only real yield differentials but also differences in expected inflation across countries. In this sense, 

exchange rate dynamics are driven by forward-looking macro-financial expectations rather than purely 

mechanical interest rate gaps. 

Table 1 reports the estimation results for the exchange rate equation. Long-term interest rate 

differentials exert a positive and persistent influence on exchange rate movements, whereas short-term 

differentials display a predominantly negative relationship, except during limited periods. This divergence 

highlights a clear asymmetry in the role of interest rates and suggests that short-term rates may be 
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influenced by policy interventions, liquidity conditions, or time-varying risk premia. Table 1 provides a 

benchmark for interpreting the time-varying effects presented in subsequent figures. 

 

 

 

 

Figure 6. Japan–U.S. Interest Rate Differentials and the Exchange Rate. 

Note: This figure plots the short-term and long-term interest rate differentials between Japan and the United States together 

with the nominal JPY/USD exchange rate. The short-term differential is based on policy-related rates, while the long-term 

differential reflects inflation-indexed bond yields. The figure provides a descriptive overview of the co-movement between 

interest rate differentials and exchange rate dynamics over time.  

The exchange rate appears to be more closely aligned with movements in long-term interest rate differentials, 

particularly during the period of monetary policy divergence between the United States and Japan after 2021. 
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Table 1.  Elasticities of the Yen–Dollar Exchange Rate with Respect to Interest Rate Differentials 

Variable Period Mean 
95%  

Credible Interval 
Posterior Probability 

Long-term real 

interest differential 
Pre-COVID 0.401 [-1.112, 1.801] Pr(β > 0) = 0.715 

 COVID 1.206 [-0.147, 2.582] Pr(β > 0) = 0.959 

 2022H2 1.450 [-0.141, 3.298] Pr(β > 0) = 0.961 

 2023– 1.631 [-0.176, 3.856] Pr(β > 0) = 0.960 

Inflation expectation 

differential 
Pre-COVID 1.035 [-1.948, 4.009] Pr(β > 0) = 0.757 

(BEI differential) COVID 1.224 [-1.464, 4.021] Pr(β > 0) = 0.813 

 2022H2 1.250 [-1.634, 4.231] Pr(β > 0) = 0.804 

 2023– 1.211 [-1.863, 4.323] Pr(β > 0) = 0.788 

Short-term interest 

differential 
Pre-COVID -1.006 [-1.977, 0.005] Pr(β < 0) = 0.974 

 COVID -0.957 [-2.013, 0.148] Pr(β < 0) = 0.956 

 2022H2 -0.979 [-2.068, 0.106] Pr(β < 0) = 0.961 

 2023– -0.918 [-2.047, 0.257] Pr(β < 0) = 0.939 

 

Notes: “Pre-COVID” denotes the period from September 1, 2016 to December 31, 2019; “COVID” denotes the period from 

January 1, 2020 to June 30, 2022; “2022H2” denotes the period from July 1, 2022 to December 31, 2022; and “2023–” 

denotes the period from January 1, 2023 onward. These subsample periods correspond to distinct phases of global and 

domestic macro-financial conditions. Elasticities are derived from standardized coefficient estimates and converted to the 

original scale using the standard deviations of the dependent and explanatory variables. Posterior statistics are based on 

8,000 post-warmup draws (4 chains × 2,000 iterations each). 
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5.2  Exchange Rate Pass-through 

We find that exchange rate pass-through to inflation is highly time-varying. Pass-through remains 

weak during stable periods but increases significantly during episodes of large exchange rate movements, 

indicating that inflation dynamics depend not only on exchange rate changes themselves but also on the 

underlying drivers of those changes. Building on the evidence that exchange rate movements are primarily 

associated with long-term interest rate differentials, we examine how these movements translate into 

domestic inflation. 

Figure 7 presents the estimated time-varying exchange rate pass-through elasticity. The posterior 

mean and credible intervals indicate that pass-through is close to zero and not statistically significant 

during the pre-pandemic period, suggesting limited effects of exchange rate movements on domestic 

inflation under stable macroeconomic conditions. However, pass-through increases markedly during the 

period of monetary policy divergence between the United States and Japan. This episode, characterized by 

rapid U.S. monetary tightening and continued monetary accommodation in Japan, is associated with a 

strengthening of the pass-through mechanism, indicating that the sensitivity of inflation to exchange rate 

movements is state-dependent. These results suggest that pass-through becomes stronger when exchange 

rate movements are driven by large and persistent cross-country interest rate differentials. This increase is 

not persistent. Following the policy turning points in 2022, the pass-through elasticity declines rapidly and 

returns toward levels close to zero, indicating that the strengthening is temporary rather than structural. 

While the period averages reported in Table 2 suggest modest effects, Figure 7 reveals substantial intra-

period variation that is not captured by average values. 

To further examine these dynamics, Figure 8 plots the monthly change in pass-through elasticity. The 

results show that the increase during 2021–2022 occurs through discrete upward adjustments rather than 

gradual changes, consistent with regime shifts in the transmission mechanism. The sharp negative 

movements observed after 2022 indicate a rapid unwinding of the transmission channel. 

Figure 9 reports the posterior probability that the change in pass-through is positive. The probability 

rises significantly during the tightening phase, confirming that the strengthening of pass-through is 

statistically meaningful, and then declines rapidly, consistent with the reversal observed in Figure 7. 

Overall, these results indicate that the pass-through mechanism evolves through discrete, regime-

dependent adjustments rather than smooth transitions, highlighting the importance of time variation in 

exchange rate–inflation dynamics. 
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Table 2.  Time-varying Exchange Rate Pass-through Elasticity 

Period Mean 95% Credible Interval Posterior Probability 

Pre-COVID -0.005 [-0.043, 0.030] Pr(β > 0) = 0.390 

COVID 0.020 [-0.024, 0.078] Pr(β > 0) = 0.782 

2022H2 0.004 [-0.035, 0.042] Pr(β > 0) = 0.583 

2023– 0.004 [-0.031, 0.040] Pr(β > 0) = 0.591 

 

Notes: Pass-through elasticity measures the marginal effect of a one percent depreciation of the yen (JPY/USD) on 

contemporaneous inflation. Elasticities are derived from standardized coefficient estimates and converted to the original 

scale using the sample standard deviations of the dependent and explanatory variables. Estimates are time-varying and 

summarized over the sample period. 

 

 

 
 

Figure 7. Time-varying Exchange-Rate Pass-through Elasticity. 

Note: This figure reports the estimated time-varying exchange rate pass-through elasticity obtained from the Bayesian state-

space model. The solid line represents the posterior mean of the pass-through coefficient, while the shaded area indicates the 

95 percent Bayesian credible interval. The horizontal dashed line denotes zero pass-through. Vertical dashed lines indicate 

the onset of the COVID-19 pandemic (March 2020), the beginning of the Federal Reserve’s tightening cycle (March 2022), 

and Japan’s foreign exchange intervention (September 2022). 

The figure shows that pass-through remained close to zero during the pre-pandemic period, increased temporarily 

during 2020–2021, and exhibited a brief rise around the early phase of the 2022 tightening episode before declining sharply 

thereafter. This pattern suggests a temporary amplification of exchange-rate transmission rather than a persistent structural 

shift. 
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5.3  Instability and Structural Dynamics 

To assess short-run instability in the transmission mechanism, Figure 8 plots the month-to-month 

change in the estimated pass-through elasticity, Δ𝑃Tt. The series exhibits pronounced fluctuations around 

the onset of the Federal Reserve’s tightening cycle and the subsequent foreign exchange intervention 

period. These movements indicate that the pass-through mechanism did not evolve smoothly, but instead 

responded discontinuously to major macro-financial events. 

Figure 9 reports the posterior probability that the monthly change in pass-through is positive or 

negative. The probability rises during the tightening phase and then reverses sharply after 2022, confirming 

that the strengthening of pass-through was statistically meaningful but short-lived. This probabilistic 

evidence reinforces the interpretation that the transmission mechanism experienced temporary instability 

rather than a permanent structural shift. 

Taken together, Figures 8 and 9 suggest that exchange rate pass-through in Japan is best 

characterized as a regime-dependent and episodically unstable process. While the underlying transmission 

remains generally weak, it can strengthen temporarily during periods of heightened monetary policy 

divergence between the United States and Japan and financial stress before returning toward its previous 

low level. 

 

 

  



 27 

 

 

Figure 8. Monthly Change in Pass-through Elasticity (ΔPTₜ). 

Note: This figure plots the month-to-month change in the estimated pass-through elasticity. The series captures short-term 

fluctuations in the transmission of exchange rate movements to inflation. Episodes of heightened volatility correspond to 

periods of global financial instability and rapid changes in international monetary conditions, particularly around the Federal 

Reserve’s tightening cycle and subsequent exchange rate interventions. 

 

 

 

Figure 9. Sign Probabilities of Changes in Pass-through Elasticity. 

Note: This figure reports the posterior probabilities that the monthly change in pass-through elasticity is positive or negative. 

The probabilities are computed from posterior draws of the state-space model. Values above 0.5 indicate that an increase (or 

decrease) in pass-through is more likely than not. The figure provides a probabilistic assessment of the stability of the 

exchange rate transmission mechanism over time. 
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5.4  Total Effect of Interest Rate Differentials on Inflation 

Building on the evidence of time variation and instability in the pass-through mechanism, we 

evaluate the overall macroeconomic impact of interest rate differentials on inflation. The results reveal a 

transmission mechanism in which long-term interest rate differentials drive exchange rate movements, 

which in turn affect inflation through a time-varying pass-through channel. This mechanism becomes 

particularly relevant in a low interest rate environment, where short-term policy rates are constrained and 

exhibit limited variation, reducing their informational content for exchange rate determination. To capture 

this effect, we construct a time-varying total effect that combines exchange rate responses and the pass-

through mechanism. 

Figure 10 presents the estimated total effect of a one-percentage-point increase in the long-term 

interest rate differential on domestic inflation, capturing the full transmission channel from international 

financial conditions to domestic price dynamics. The results reveal a pronounced regime-dependent 

pattern. The total effect increases substantially during the period of monetary policy divergence between 

the United States and Japan around 2021–2022, reaching a temporary peak. This amplification reflects the 

simultaneous strengthening of both exchange rate sensitivity and pass-through during this period. 

Following the policy turning points in 2022, the total effect declines sharply and stabilizes at a lower level, 

indicating that the amplification is temporary rather than structural. 

Figure 11 further examines the statistical significance of this transmission by reporting the posterior 

probability that the total effect is positive. The probability rises markedly during the tightening phase, 

exceeding conventional thresholds and providing strong evidence of a positive inflationary impact, before 

declining rapidly after 2022 as macro-financial conditions stabilize. Overall, these findings indicate that 

the transmission from interest rate differentials to inflation is time-varying and regime-dependent, 

becoming particularly strong during periods of monetary policy divergence but dissipating relatively 

quickly thereafter. 
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Figure 10. Time-varying Effect of the Interest Differential on Inflation. 

Note: This figure presents the estimated total effect of a one-percentage-point increase in the long-term interest rate 

differential on domestic inflation. The total effect combines the exchange rate response and the exchange rate pass-through 

mechanism within the Bayesian state-space framework. The solid line represents the posterior mean, and the shaded area 

indicates the 95 percent Bayesian credible interval. 

The horizontal dashed line denotes zero effect. Vertical dashed lines indicate key macro-financial events, including 

the onset of the COVID-19 pandemic (March 2020), the beginning of the Federal Reserve’s tightening cycle (March 2022), 

and Japan’s foreign exchange intervention (September 2022). 

The figure shows that the total effect increases substantially during the monetary policy divergence between the 

United States and Japan period around 2021–2022, reaches a temporary peak, and declines sharply thereafter. This pattern 

indicates that the inflationary impact of interest rate differentials is time-varying and closely linked to macro-financial 

conditions. 
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Figure 11. Sign Probabilities of the Interest Differential’s Total Effect on Inflation. 

Note: This figure reports the posterior probability that the total effect of the long-term interest rate differential on inflation is 

positive or negative. The probabilities are computed from posterior draws of the Bayesian state-space model. Values above 

0.5 indicate that a positive (or negative) effect is more likely than not. 

The figure shows that the probability of a positive effect increases significantly during the monetary policy 

divergence between the United States and Japan, providing strong statistical support for a positive inflationary impact during 

this period. However, the probability declines rapidly after 2022, indicating that the transmission mechanism becomes 

weaker and more uncertain as macro-financial conditions stabilize. 

 

5.5  Inflation Determinants Beyond the Exchange Rate 

Table 3 reports the elasticity-scale effects of global commodity prices, domestic consumption 

activity, and the monetary base on inflation. The monetary base exhibits a positive and precisely estimated 

elasticity, with the posterior probability effectively equal to one, providing strong evidence that monetary 

expansion played a significant role in shaping inflation dynamics during the sample period. 

International commodity prices display a negative elasticity. This finding reflects limited pass-

through from upstream cost pressures to consumer prices in Japan. In particular, real wages have remained 

stagnant or declined over a prolonged period, constraining firms’ ability to pass rising input costs, as 

captured by the producer price index (PPI), into consumer prices (CPI). As a result, even when cost 

pressures intensify, pass-through to CPI remains limited, leading to a negative estimated elasticity. 

The domestic consumption activity index also shows a weak and slightly negative effect. This result 

is consistent with subdued household purchasing power and limited demand-side pressure on prices. 

Consequently, inflation during the sample period appears to have been driven more by financial and 

monetary factors than by domestic demand conditions. These findings point to structural constraints on 

cost pass-through in Japan. In particular, the divergence between producer and consumer prices (Figures 

A8 and A9) and the prolonged stagnation of real wages (Figure A10 in Appendix F) suggest that firms face 

limited pricing power, as weak household demand constrains their ability to pass cost increases onto prices. 



 31 

 

Table 3.  Elasticities of Inflation with Respect to Global and Domestic Factors 

Variable Mean 
95%  

Credible Interval 
Posterior Probability 

International commodity prices -0.014 [-0.021, -0.006] Pr(β < 0) = 1.000 

Consumption activity index -0.005 [-0.021, 0.011] Pr(β < 0) = 0.722 

Monetary base 0.022 [0.017, 0.027] Pr(β > 0) = 1.000 

Notes: Elasticities are derived from posterior estimates in standardized form and converted to the original scale using the 

sample standard deviations of the dependent and explanatory variables.   

 

5.6  Effects of COVID-19 and Tariff Policy Dummies 

Table 4 reports the partial effects of the COVID-19 and tariff dummies in both the exchange-rate and 

inflation equations. Since the dependent variables are specified in log differences, these coefficients can be 

interpreted as semi-elasticities associated with a discrete shift from 0 to 1 in the dummy variable. 

In the exchange-rate equation, neither the COVID nor the tariff dummy exhibits a credibly non-zero 

effect. The posterior distributions are wide and centered near zero, with sign probabilities close to 0.5. This 

suggests that exchange rate dynamics are primarily driven by financial and interest-rate channels rather 

than by discrete policy shifts associated with the pandemic or tariff episodes. 

In the inflation equation, the COVID dummy does not display a robust effect, with posterior mass 

roughly evenly distributed across positive and negative values. By contrast, the tariff dummy exhibits a 

positive partial effect, with a posterior probability of approximately 0.83 of being greater than zero. While 

the 95% credible interval still includes zero, the skewness of the posterior distribution suggests that tariff-

related policy measures may have contributed to upward inflationary pressure. Overall, these results 

indicate that macro-financial channels dominate exchange-rate dynamics, whereas discrete policy 

shocks—particularly tariff measures—may exert asymmetric effects on inflation. 
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Table 4. Partial Effects of COVID-19 and Tariff Dummies (Elasticity Scale) 

Equation Dummy Mean 2.5% 97.5% P(>0) 

Exchange rate COVID (0→1) -0.258 -2.047 1.472 0.388 

Exchange rate Tariff (0→1) -0.156 -2.386 2.043 0.446 

Inflation COVID (0→1) 0.018 -0.354 0.388 0.537 

Inflation Tariff (0→1) 0.248 -0.269 0.761 0.831 

Notes: Reported values represent estimated effects in log-difference units. Since both the exchange rate and inflation are 

specified in log differences, the coefficients can be interpreted as semi-elasticities, capturing the percentage change in 

inflation associated with a discrete change in the dummy variable (from 0 to 1).    

 

5.7  Summary of Empirical Findings 

The empirical results reveal a clear asymmetry between long-term and short-term interest rate 

differentials. Long-term differentials exert a positive and persistent influence on exchange rate movements, 

while short-term differentials exhibit a regime-dependent relationship. Exchange rate pass-through to 

inflation is time-varying and strengthens during periods of monetary policy divergence between the United 

States and Japan. These findings indicate that pass-through is not a fixed structural parameter but depends 

on macro-financial conditions. 

Overall, the results suggest that inflation dynamics in Japan are primarily driven by the transmission 

of interest rate differentials through exchange rates under a regime-dependent macro-financial 

environment. These findings provide a unified interpretation of exchange rate determination and inflation 

transmission under monetary divergence. 
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6. Discussion: Policy Implications 

The results of this study point to a transmission mechanism in which long-term interest rate 

differentials drive exchange rate movements, which in turn affect domestic inflation through a time-

varying pass-through channel. This mechanism becomes particularly important in a low interest rate 

environment, where short-term policy rates are constrained and exhibit limited variation, thereby reducing 

their informational content. 

From a policy perspective, these findings suggest that focusing exclusively on short-term policy rates 

may lead to an incomplete assessment of exchange rate dynamics and inflationary pressures. Instead, long-

term interest rates—which incorporate expectations about future monetary policy and inflation—play a 

more central role in shaping both exchange rate movements and their transmission to domestic prices. This 

highlights the importance of forward-looking financial conditions in the conduct and evaluation of 

monetary policy. 

The results also reveal that the effectiveness of the exchange rate channel is highly state-dependent. 

During periods of monetary policy divergence between the United States and Japan, particularly around 

2021–2022, both exchange rate sensitivity to interest rate differentials and the pass-through to inflation 

increase significantly. However, these effects are not persistent and diminish as macro-financial conditions 

stabilize, indicating that the inflationary impact of exchange rate movements is temporary and closely tied 

to the underlying sources of financial shocks. 

Overall, the findings suggest that inflation dynamics in Japan cannot be understood solely through 

domestic monetary conditions or exchange rate depreciation in isolation. Instead, they reflect the 

interaction between global financial conditions, interest rate differentials, and time-varying transmission 

mechanisms. While the analysis focuses on Japan, the framework may also be applicable to other 

economies characterized by prolonged low interest rate environments and episodes of monetary policy 

divergence. 
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7. Conclusion 

This paper examines the relationship between interest rate differentials, exchange rate dynamics, and 

inflation in Japan within a Bayesian time-varying parameter state-space framework. By jointly modeling 

exchange rate determination and inflation transmission, the analysis provides a unified perspective on how 

global financial conditions affect domestic price dynamics. 

The empirical results reveal three main findings. First, there is a clear asymmetry between short-term 

and long-term interest rate differentials. Long-term differentials exhibit a stable and positive relationship 

with the yen–U.S. dollar exchange rate, indicating that a widening differential is associated with yen 

depreciation, whereas short-term policy rate differentials show a weaker and often unstable relationship, 

with effects that are not consistently aligned with exchange rate movements, particularly in a low interest 

rate environment. 

Second, exchange rate pass-through to inflation is highly time-varying. Pass-through remains limited 

during stable periods but increases significantly during episodes characterized by large exchange rate 

movements and monetary policy divergence. This finding indicates that inflation dynamics depend not 

only on exchange rate changes themselves but also on the macro-financial conditions that drive those 

changes. Third, the results identify a transmission mechanism in which long-term interest rate differentials 

drive exchange rate movements, which in turn affect inflation through a time-varying pass-through 

channel. This mechanism becomes particularly relevant in low interest rate environments, where 

conventional short-term policy rates are constrained and exhibit limited variation, thereby reducing their 

explanatory power and shifting attention toward longer-term financial conditions. 

These findings have important implications for both macroeconomic modeling and policy analysis. 

Exchange rate pass-through should not be treated as a constant structural parameter but as a state-

dependent process influenced by global financial conditions. Moreover, the results highlight the 

importance of monitoring long-term interest rate differentials and international monetary policy divergence 

when assessing inflation risks in open economies. The results also indicate that the amplification of 

exchange rate pass-through is temporary rather than structural. Periods of heightened transmission are 

associated with specific macro-financial conditions—such as rapid monetary policy divergence between 

the United States and Japan and increased global uncertainty—and dissipate as these conditions stabilize. 

Several limitations remain. The current analysis focuses on contemporaneous transmission and does 

not explicitly model lagged effects. In addition, the study is based on a single-country framework. 

Extending the analysis to incorporate lag structures and cross-country comparisons would provide a more 

comprehensive understanding of exchange rate transmission under global monetary divergence. In 

conclusion, the findings highlight the importance of incorporating time variation and state dependence into 
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empirical models of exchange rate and inflation dynamics. By emphasizing the role of global financial 

conditions and expectations in shaping transmission mechanisms, this paper provides a more 

comprehensive understanding of inflation dynamics in an era of monetary policy divergence. 
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Appendix A. State-space Representation of the Model 

This appendix presents the state-space representation of the empirical model. The system consists of 

an observation equation and a state equation, where the time-varying coefficients evolve according to 

stochastic processes. We begin by introducing the notation used throughout the model. Let Δ𝑠𝑡denote the 

month-on-month change in the logarithm of the yen–U.S. dollar exchange rate, and let 𝜋𝑡denote the 

domestic inflation rate, defined as the year-on-year log difference of the core-core consumer price index 

(CPI). 

The model incorporates several macro-financial explanatory variables. Long-term and short-term 

interest rate differentials between the United States and Japan are denoted by 𝑟𝑑𝑖𝑓𝑓𝑡and 𝑠𝑡𝑑𝑖𝑓𝑓𝑡, 

respectively. Inflation expectations are captured by the break-even inflation differential, denoted by 

𝑝𝑖𝑒𝑑𝑖𝑓𝑓𝑡. Additional control variables include a global commodity price index 𝑐𝑜𝑚𝑚𝑜𝑑𝑖𝑡𝑦𝑡, a domestic 

economic activity indicator 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦𝑡, and the monetary base 𝑚𝑜𝑛𝑒𝑡𝑎𝑟𝑦𝑡, which proxies for monetary 

conditions. To account for major exogenous shocks, we include a set of dummy variables. The variable 

𝐷𝑡
𝑐𝑜𝑣𝑖𝑑represents the COVID-19 period, and 𝐷𝑡

𝑡𝑎𝑟𝑖𝑓𝑓
captures trade policy (tariff) shocks. 

The vector of observed variables is defined as 𝑦𝑡 = (Δ𝑠𝑡, 𝜋𝑡)′, while the vector of time-varying 

coefficients is denoted by 𝛼𝑡, which evolves according to the state equation. The model allows for time 

variation in key structural relationships. Specifically, 𝜃𝑗,𝑡denotes the coefficients in the exchange rate 

equation, and 𝜙𝑗,𝑡denotes the coefficients in the inflation equation. These coefficients capture the evolving 

effects of macro-financial variables on exchange rates and inflation. The observation equation includes a 

disturbance term 𝜀𝑡, assumed to follow a multivariate normal distribution with variance–covariance matrix 

Σ. The evolution of the state vector is governed by a state disturbance term 𝜂𝑡, which follows a 

multivariate normal distribution with variance–covariance matrix 𝑄. Finally, the matrix 𝑍𝑡denotes the 

design matrix associated with the time-varying coefficients. Throughout the paper, the notation (⋅)′denotes 

the transpose of a vector or matrix, and 𝑁(⋅)denotes the normal distribution. 

 

A.1 Observation Equation 

Let yₜ denote the vector of observable variables: 

 

yₜ = (Δsₜ, πₜ)′    (𝐴. 1) 

 

where Δsₜ is the month-on-month change in the logarithm of the yen–U.S. dollar exchange rate, and πₜ 

denotes domestic inflation. 

The observation equation is written in compact form as: 
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𝑦𝑡 = 𝑍𝑡𝛼𝑡 + 𝜀𝑡    (𝐴. 2) 

 

The disturbance term is defined as: 

 

εₜ = (εₛ,ₜ, επ,ₜ)′    (𝐴. 3) 

 

and follows a multivariate normal distribution: 

 

εₜ ~ N(0, Σ)    (𝐴. 4) 

 

A.2 Definition of the State Vector 

The state vector αₜ collects all time-varying coefficients: 

 

αₜ = (θ₀,ₜ, θ₁,ₜ, θ₂,ₜ, θ₃,ₜ, θ₄,ₜ, θ₅,ₜ, φ₀,ₜ, φ₁,ₜ, φ₂,ₜ, φ₃,ₜ, φ₄,ₜ, φ₅,ₜ, φ₆,ₜ)′ (𝐴. 5) 

 

The coefficients 𝜃𝑗,𝑡correspond to the exchange rate equation, while the coefficients 𝜙𝑗,𝑡correspond to the 

inflation equation, capturing the time-varying effects of explanatory variables in each equation. 

 

A.3 State Equation 

The time-varying coefficients evolve according to a multivariate random walk: 

 

αₜ = αₜ₋₁ + ηₜ    (𝐴. 6)  

ηₜ ~ N(0, Q)    (𝐴. 7) 

 

This specification allows for gradual changes in the relationships between macro-financial variables over 

time. 

 

A.4 Design Matrices 

The design matrix for the time-varying coefficients is given by: 

 

𝑍𝑡 = [
1 𝑟𝑑𝑖𝑓𝑓𝑡 𝑝𝑖𝑒𝑑𝑖𝑓𝑓𝑡 𝑠𝑡𝑑𝑖𝑓𝑓𝑡 𝐷𝑡

𝑐𝑜𝑣𝑖𝑑 𝐷𝑡
𝑡𝑎𝑟𝑖𝑓𝑓

0 0 0 0 0 0 0

0 0 0 0 0 0 1 Δ𝑠𝑡 𝑐𝑜𝑚𝑚𝑜𝑑𝑖𝑡𝑦𝑡 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦𝑡 𝑚𝑜𝑛𝑒𝑡𝑎𝑟𝑦𝑡 𝐷𝑡
𝑐𝑜𝑣𝑖𝑑 𝐷𝑡

𝑡𝑎𝑟𝑖𝑓𝑓] 

          (𝐴. 8) 
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A.5 Compact Representation 

The system can be summarized as: 

Observation equation: 

 

𝑦𝑡 = 𝑍𝑡𝛼𝑡 + 𝜀𝑡     (𝐴. 9) 

State equation: 

 

𝛼𝑡 = 𝛼𝑡−1 + 𝜂𝑡     (𝐴. 10) 

where: 

𝜀𝑡~𝑁(0, 𝛴), 𝜂𝑡~𝑁(0, 𝑄)    (𝐴. 11) 

  



 41 

Appendix B. Bayesian Estimation 

The model described in Appendix A is estimated using Bayesian methods implemented in Stan, 

which employs Hamiltonian Monte Carlo (HMC) with the No-U-Turn Sampler (NUTS). This approach 

enables efficient sampling from the joint posterior distribution of the time-varying states 𝛼𝑡and the 

covariance matrices Σand 𝑄. 

 

(1)  Posterior distribution 

Let 𝑦 = ytt=1
T  denote the observed data. The posterior distribution is given by: 

 

𝑝(𝛼, 𝛴, 𝑄 | 𝑦)  ∝  𝑝(𝑦 | 𝛼, 𝛴)  ·  𝑝(𝛼 | 𝑄)  ·  𝑝(𝛴)  ·  𝑝(𝑄)  (𝐵. 1) 

 

where α = αtt=1
T denotes the sequence of time-varying states. 

The likelihood follows from the observation equation: 

 

𝑦𝑡 = 𝑍𝑡𝛼𝑡 + 𝜀𝑡 ,  𝜀𝑡~𝑁(0, 𝛴)    (𝐵. 2) 

 

and the state evolution is governed by: 

 

𝛼𝑡 = 𝛼𝑡−1 + 𝜂𝑡 ,  𝜂𝑡~𝑁(0, 𝑄)    (𝐵. 3) 

(2) Non-centered parameterization 

To improve sampling efficiency, we adopt a non-centered parameterization for the state equation. 

Specifically, the state innovations η_t are expressed as scaled standard normal variables: 

 

𝜂𝑡 = 𝐿𝑄𝑧𝑡,   𝑧𝑡~𝑁(0, 𝐼)    (𝐵. 4) 

where L_Q is a diagonal matrix of state innovation standard deviations. This formulation reduces posterior 

dependence between αt and Q and improves mixing in high-dimensional settings. 

 

(3)  Priors 

Weakly informative priors are assigned to all parameters. The time-invariant coefficients β follow 

normal priors centered at zero. The elements of Σ are modeled using standard deviations and a correlation 

matrix, where the correlation matrix follows an LKJ prior. The state innovation variances Q are 

parameterized on the log scale and assigned normal priors to ensure positivity and numerical stability. 
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(4)  Sampling settings 

Posterior inference is based on four independent Markov chains, each run for 8,000 iterations with 

4,000 warm-up iterations. The warm-up period is used for adaptation of the step size and mass matrix. No 

thinning is applied, and all post-warm-up draws are retained for inference. To ensure stable sampling, the 

target acceptance rate is set to 0.99 (adapt_delta = 0.99), and the maximum tree depth is set to 13 

(max_treedepth = 13). These settings are chosen to mitigate divergent transitions and to ensure adequate 

exploration of the posterior distribution. 

 

(5)  Diagnostics 

Convergence is assessed using the potential scale reduction factor (R̂) and effective sample size. In 

addition, we monitor divergent transitions, tree depth saturation, and the energy Bayesian fraction of 

missing information (E-BFMI). These diagnostics confirm that the posterior samples provide reliable 

inference. 

 

(6)  Standardization and transformation 

All variables are standardized prior to estimation to improve numerical stability. After estimation, the 

posterior draws are transformed back to the original scale. In particular, the coefficient 𝜃5,𝑡 is rescaled to 

obtain elasticity measures, which are used to evaluate the magnitude of the exchange rate pass-through, 

using the ratio of standard deviations of the original variables. 

 

(7)  Interpretation 

The Bayesian framework allows for joint estimation of the time-varying coefficients 𝛼𝑡 and the 

variance parameters Σ and Q, while fully accounting for parameter uncertainty. The resulting posterior 

distributions provide a flexible characterization of time variation in exchange rate determination and 

inflation transmission, including the regime-dependent and transient dynamics discussed in the main text. 

 

 

Appendix C. Prior Specification 

To ensure both numerical stability and economic interpretability, we impose weakly informative 

priors on all model parameters. These priors regularize estimation while allowing sufficient flexibility for 

the data to inform the posterior distribution. 
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C.1 Observation Variance 

The observation error variance is specified on the log scale to ensure positivity: 

 

𝑙𝑜𝑔 𝜎obs ∼ 𝑁(𝑙𝑜𝑔(0.2) , 0.6)    (𝐶. 1) 

This prior reflects moderate uncertainty while preventing extreme variance values. 

 

C.2 State Innovation Variance 

The variance of the state innovations is also modeled on the log scale: 

 

𝑙𝑜𝑔 𝑞 ∼ 𝑁(log(0.03), 0.7)    (𝐶. 2) 

This specification allows for gradual time variation in the coefficients while avoiding excessive volatility 

in the state dynamics. 

 

C.3 Initial State Distribution 

The initial state vector is assigned a diffuse prior: 

𝛼1 ∼ 𝑁(0,0.5𝐼)     (𝐶. 3) 

where 𝐼denotes an identity matrix of appropriate dimension. This prior is sufficiently broad to avoid 

imposing strong prior beliefs on the initial parameter values. 

 

C.4 Coefficients on Control Variables 

All coefficients in the model are treated as time-varying and are included in the state vector 𝛼𝑡. 

Their evolution is governed by the state equation, with the degree of time variation controlled by the state 

innovation variance specified in (C.2). This formulation allows the effects of macro-financial variables to 

evolve flexibly over time. 

 

C.5 Dummy Variable Effects 

The effects of structural shocks, including the COVID-19 period and tariff-related policy changes, 

are captured by the time-varying coefficients within 𝛼𝑡. Their magnitudes and dynamics are determined by 

the state equation and the associated variance prior in (C.2), allowing for discrete shifts while maintaining 

overall regularization. 
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C.6 Correlation Structure 

The correlation matrix of the observation errors is modeled via its Cholesky factor: 

 

𝐿Ω ∼ LKJ(6)     (C.4) 

where 𝐿Ωdenotes the Cholesky factor of the correlation matrix. This prior implies a weakly informative 

and approximately uniform distribution over correlation matrices, avoiding strong assumptions about 

dependence structures. 

 

C.7 Prior Sensitivity 

To assess robustness, alternative prior specifications with wider variances were also considered. The 

main empirical results remain qualitatively unchanged, indicating that the findings are not driven by prior 

assumptions. 

 

C.8 Measurement of Inflation Expectations (BEI) 

In this study, inflation expectations are proxied by break-even inflation (BEI), defined as the yield 

spread between nominal government bonds and inflation-indexed bonds. It is well known that BEI may 

reflect not only expected inflation but also liquidity premia, risk premia, and market segmentation effects. 

In particular, differences in market liquidity between nominal and inflation-linked bonds may introduce 

bias in measured BEI. 

In this paper, these additional components are not explicitly modeled. Instead, BEI is treated as a 

proxy for inflation expectations under the assumption that liquidity and risk premia are relatively stable 

over the sample period and do not materially affect the main empirical results. This approach is standard in 

empirical macro-finance studies where directly observable measures of inflation expectations are not 

available. Therefore, the results should be interpreted as reflecting a composite measure of inflation 

expectations and risk-related components. 
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Appendix D. Elasticity Transformation 

This appendix explains how the estimated coefficients obtained from the standardized model are 

transformed into elasticity measures for economic interpretation. For clarity, we use b to denote regression 

coefficients in the standardized framework, thereby distinguishing them from the model-specific 

parameters used in the main specification. 

 

(1)  Standardized model 

All variables are standardized prior to estimation. Let the original variables be denoted by 𝑦𝑡 and 

𝑥𝑡 ,and their standardized counterparts by 𝑦𝑡
∗ and 𝑥𝑡

∗ , defined as: 

 

𝑦𝑡
∗ = (𝑦𝑡 − 𝜇𝑦)/𝜎𝑦    (𝐷. 1) 

𝑥𝑡
∗ = (𝑥𝑡 − 𝜇𝑥)/𝜎𝑥     (𝐷. 2) 

 

where μy and μx denote sample means, and σy and σx denote sample standard deviations. 

The estimated regression coefficient in the standardized model is given by: 

 

𝑦𝑡
∗ = 𝑏∗𝑥𝑡

∗ + 𝜀𝑡     (𝐷. 3) 

 

Relationship between standardized and original coefficients 

Substituting the standardized variables into the regression equation yields: 

 

(𝑦𝑡 − 𝜇𝑦)/𝜎𝑦 = 𝑏∗(𝑥𝑡 − 𝜇𝑥)/𝜎𝑥   (𝐷. 4) 

 

Rearranging this expression, we obtain: 

 

𝑦𝑡 = (𝑏∗ · 𝜎𝑦/𝜎𝑥)𝑥𝑡 + 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡   (𝐷. 5) 

 

Thus, the corresponding coefficient in the original (unstandardized) scale is: 

 

𝑏 = 𝑏∗ · (𝜎𝑦/𝜎𝑥)     (𝐷. 6) 

 

(2)  Elasticity interpretation 

In this study, the exchange rate pass-through is defined as the elasticity of inflation with respect to 
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exchange rate changes. Since both variables are expressed in log-difference form, the coefficient b directly 

corresponds to an elasticity measure. 

Accordingly, the time-varying pass-through elasticity is obtained as: 

 

𝑃𝑇𝑡 = 𝜑1,𝑡
∗ · (𝜎𝜋/𝜎Δ𝑠)    (𝐷. 7) 

 

where 𝜑1,𝑡
∗  denotes the estimated coefficient in the standardized model, 

𝜎𝜋 is the standard deviation of inflation, and 𝜎Δ𝑠 is the standard deviation of exchange rate changes. 

 

(3)  Implementation 

In practice, the elasticity transformation is applied to each posterior draw of 𝜑1,𝑡
∗  . 

This yields a posterior distribution of 𝑃𝑇𝑡 , from which the posterior mean and credible intervals are 

computed. 

 

  



 47 

Appendix E. Data Construction 

This appendix describes the construction of the variables used in the empirical analysis. 

(1) Sample period and frequency 

The analysis is conducted using monthly data. The sample period spans from January 2016 to the 

most recent available observation. All variables are aligned to a monthly frequency and, where necessary, 

converted to end-of-month values. 

 

(2) Exchange rate 

The exchange rate is defined as the nominal Japanese yen per U.S. dollar (JPY/USD). Let 𝑆𝑡 denote 

the level of the exchange rate. The variable used in the model is the log difference: 

 

Δsₜ = log(sₜ) − log(sₜ₋₁)    (𝐸. 1) 

 

so that an increase in Δ𝑠𝑡 corresponds to a depreciation of the yen. 

 

(3)  Inflation 

Inflation (πₜ) is defined as the year-over-year (YoY) change in CPI: 

 

πₜ = log(CPIₜ) − log(CPIₜ₋₁₂)    (𝐸. 2) 

 

which corresponds to the annual inflation rate expressed at a monthly frequency. Using YoY inflation helps 

to smooth short-term noise and align inflation dynamics with medium-term macroeconomic conditions. 

While exchange rate changes are measured at a monthly frequency, inflation is defined in year-on-year 

terms to capture more persistent price dynamics. 

 

(4)  Interest rate differentials 

Two types of interest rate differentials are constructed. 

First, the long-term interest rate differential is defined as: 

 

𝑟𝑑𝑖𝑓𝑓𝑡 = 𝑟𝑡
𝑈𝑆,𝑙𝑜𝑛𝑔

− 𝑟𝑡
𝐽𝑃,𝑙𝑜𝑛𝑔

    (𝐸. 3) 

 

where rt
US,long

 and rt
JP,long

 denote long-term government bond yields in the United States and Japan, 

respectively. 
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Second, the short-term interest rate differential is defined as: 

 

𝑠𝑡𝑑𝑖𝑓𝑓𝑡 = 𝑟𝑡
𝑈𝑆,𝑠ℎ𝑜𝑟𝑡 − 𝑟𝑡

𝐽𝑃,𝑠ℎ𝑜𝑟𝑡
   (𝐸. 4) 

 

where rt
US,short

 and rt
JP,short

 denote short-term policy-related interest rates. 

Both differentials are expressed in percentage points. 

 

(5)  Inflation expectations differential 

The inflation expectations differential is constructed as: 

 

𝑝𝑖𝑒𝑑𝑖𝑓𝑓𝑡 = 𝜋𝑡
𝑈𝑆,𝑒𝑥𝑝

− 𝜋𝑡
𝐽𝑃,𝑒𝑥𝑝

   (𝐸. 5) 

 

where πt
US,exp

 and πt
JP,exp

 denote inflation expectations, proxied by market-based measures such as 

break-even inflation rates. 

 

(6)  Macroeconomic control variables 

Additional control variables are included in the inflation equation. gt represents global commodity 

price conditions, proxied by an international commodity price index. ct represents domestic demand 

conditions, measured using a consumption activity index. 𝑚bt denotes the monetary base, capturing the 

stance of monetary policy in Japan. To ensure consistency with the definition of inflation, these variables 

are also expressed in year-on-year (YoY) log differences: 

 

𝑔𝑡 = 𝑙𝑜𝑔(𝐺𝑡) − 𝑙𝑜𝑔(𝐺𝑡−12)    (𝐸. 6) 

𝑐𝑡 = 𝑙𝑜𝑔(𝐶𝑡) − 𝑙𝑜𝑔(𝐶𝑡−12)    (𝐸. 7) 

𝑚𝑏𝑡 = 𝑙𝑜𝑔(𝑀𝐵𝑡) − 𝑙𝑜𝑔(𝑀𝐵𝑡−12)   (𝐸. 8) 

 

This transformation aligns all variables in the inflation equation with medium-term dynamics and 

facilitates consistent economic interpretation. Using YoY transformations for all variables in the inflation 

equation avoids inconsistencies arising from mixed-frequency dynamics. 

 

(7)  Dummy variables 

Two dummy variables are introduced to capture major structural shocks. The COVID-19 dummy 

(𝐷𝑡
𝑐𝑜𝑣𝑖𝑑) takes the value of one during the pandemic period beginning in March 2020, and zero otherwise. 



 49 

The tariff dummy (𝐷𝑡
𝑡𝑎𝑟𝑖𝑓𝑓

) captures the period of heightened U.S. tariff measures. 

 

(8)  Data processing 

All variables are seasonally adjusted where necessary. Missing observations are handled using 

standard interpolation methods when appropriate, although the main results are robust to alternative 

treatments. 

 

(9)  Standardization 

Prior to estimation, all variables are standardized by subtracting their sample means and dividing by 

their standard deviations. This transformation improves numerical stability in Bayesian estimation and 

facilitates the interpretation of coefficients after rescaling. 

 

(10) Summary 

The constructed dataset provides a consistent macro-financial framework linking interest rate 

differentials, exchange rate dynamics, and inflation. The definitions above ensure that the estimated 

relationships can be interpreted in terms of economically meaningful elasticities. 
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Appendix F. Additional figures 

This appendix provides supplementary figures that illustrate the macro-financial environment 

underlying the empirical analysis. These variables correspond directly to the key components of the model. 

In particular, break-even inflation rates are used to construct the inflation expectations differential 

(𝑝𝑖𝑒𝑑𝑖𝑓𝑓𝑡), global commodity prices correspond to 𝑔𝑡, the Consumption Activity Index corresponds to 𝑐𝑡, 

and the monetary base corresponds to 𝑚𝑏𝑡. These figures therefore provide a visual representation of the 

economic drivers included in the inflation equation and help interpret the estimated results. 

 

Figure A1. Japan: Nominal and Inflation-Indexed Bond Yields 

This figure compares nominal Japanese government bond yields with inflation-indexed bond yields 

of similar maturity. The difference between these two yields reflects market-based measures of expected 

inflation. The figure illustrates the evolution of Japan’s bond market environment during the sample period 

and highlights the gradual increase in inflation expectations following the COVID-19 pandemic and the 

onset of monetary policy divergence between the United States and Japan. 
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Figure A2. United States: Nominal and TIPS Yields 

This figure plots nominal U.S. Treasury yields and Treasury Inflation-Protected Securities (TIPS) 

yields of comparable maturity. The divergence between these two series reflects changes in expected 

inflation and real interest rates. The sharp increase in nominal yields following the Federal Reserve’s 

tightening cycle indicates a significant shift in U.S. monetary conditions and global financial markets. 
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Figure A3. United States: Break-Even Inflation Term Structure 

This figure presents break-even inflation (BEI) rates across multiple maturities in the United States. 

The term structure of BEI provides information on how inflation expectations evolve across different time 

horizons. These series are used to construct the inflation expectations differential (𝑝𝑖𝑒𝑑𝑖𝑓𝑓𝑡) in the model. 
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Figure A4. Japan: Break-Even Inflation Term Structure 

This figure reports the term structure of Japanese break-even inflation rates across different 

maturities. Compared with the United States, Japan’s BEI term structure exhibits lower levels and smaller 

fluctuations, reflecting Japan’s long-standing low-inflation environment. These series are used to construct 

the inflation expectations differential (𝑝𝑖𝑒𝑑𝑖𝑓𝑓𝑡) in the model. 
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Figure A5. Global Commodity Prices 

This figure plots the global commodity price index obtained from the International Monetary Fund 

via the FRED database. Commodity prices capture external cost-push shocks that may influence domestic 

inflation through import price channels. This series corresponds to the global commodity price variable 

𝑔𝑡in the inflation equation. 
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Figure A6. Consumption Activity Index (Japan) 

This figure presents the Consumption Activity Index published by the Bank of Japan. The index 

serves as a proxy for domestic demand conditions and provides information on fluctuations in household 

consumption. This index corresponds to the domestic demand variable 𝑐𝑡in the inflation equation. 
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Figure A7. Monetary Base (Japan) 

This figure plots the monetary base in Japan over the sample period. The series reflects the scale of 

monetary expansion associated with the Bank of Japan’s unconventional monetary policy framework. This 

series corresponds to the monetary base variable 𝑚𝑏𝑡in the inflation equation. 
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Figure A8. Japan: CPI and PPI 

This figure plots Japan’s core CPI (excluding food and energy) and the producer price index (PPI). 

While PPI exhibits a pronounced upward trend, particularly after 2021, CPI increases more gradually. This 

divergence suggests limited pass-through from upstream cost pressures to consumer prices. 
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Figure A9. United States: CPI and PPI 

This figure plots U.S. core CPI and PPI. In contrast to Japan, both indices rise more closely together, 

indicating stronger pass-through from producer prices to consumer prices. This difference highlights 

structural variation in inflation transmission mechanisms across economies. 

 

 

Taken together, these figures illustrate the macroeconomic conditions that shape the time-varying 

transmission mechanism analyzed in the main text. 
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Figure A10 presents the real wage index (2020 = 100) and its year-on-year change in Japan.  

The real wage index exhibits a prolonged period of stagnation and, in recent years, a noticeable 

decline, particularly after 2022. At the same time, the year-on-year growth rate frequently remains 

negative, indicating that nominal wage growth has not kept pace with inflation. This pattern suggests that 

household purchasing power has been persistently constrained during the sample period. In such an 

environment, firms face limited scope to pass-through cost increases to consumer prices, as demand 

conditions remain weak and price sensitivity is high. These observations provide supporting evidence for 

the weak and time-varying exchange rate pass-through identified in the empirical analysis. 

The interpretation of weak and time-varying exchange rate pass-through in Japan is further 

supported by the behavior of real wages. As shown in Figure A10, real wages in Japan have exhibited 

prolonged stagnation and, in recent years, a noticeable decline, with year-on-year growth rates frequently 

remaining negative. This pattern implies that household purchasing power has been persistently 

constrained, even during periods of rising inflation. In such an environment, firms face limited scope to 

pass-through cost increases to consumer prices, as demand conditions remain weak and price sensitivity is 

high. This demand-side constraint provides a structural explanation for the relatively low and unstable 

pass-through observed in the empirical results. In contrast to economies with stronger wage growth, where 

cost pressures can be more easily transmitted to prices, the Japanese case highlights the importance of real 

income dynamics in shaping inflation transmission mechanisms. 

This finding underscores that exchange rate pass-through is not solely determined by external cost 

shocks, but also critically depends on domestic income conditions and demand-side constraints. 
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Appendix G. Construction of Interest Rate and Inflation Expectation Measures 

expectation measures used in the empirical analysis. The long-term interest rate differential is 

defined as the difference between long-term government bond yields in the United States and Japan. These 

yields reflect both real interest rates and expected inflation components embedded in financial markets. 

To capture inflation expectations, we construct the breakeven inflation (BEI) differential as: 

 

𝐵𝐸𝐼𝑡
𝑈𝑆−𝐽𝑃

= (𝑖𝑈𝑆,𝑡
𝑛𝑜𝑚 − 𝑖𝑈𝑆,𝑡

𝑟𝑒𝑎𝑙) − (𝑖𝐽𝑃,𝑡
𝑛𝑜𝑚 − 𝑖𝐽𝑃,𝑡

𝑟𝑒𝑎𝑙)   (𝐺. 1) 

 

where 𝑖𝑐,𝑡
𝑛𝑜𝑚and 𝑖𝑐,𝑡

𝑟𝑒𝑎𝑙denote nominal and inflation-indexed government bond yields for country 𝑐 ∈

𝑈𝑆, 𝐽𝑃. 

This measure serves as a market-based proxy for cross-country differences in inflation expectations. 

While breakeven inflation may incorporate risk premia and liquidity components, it provides a forward-

looking indicator of expected inflation that is widely used in empirical macro-finance research. Taken 

together, these measures allow us to interpret the long-term interest rate differential as reflecting both real 

yield differentials and inflation expectations, thereby providing a richer characterization of the financial 

factors driving exchange rate dynamics. 
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