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A B S T R A C T   

This paper studies the role the stock market plays in determining the carry trade return. Evidence 
shows stock market returns significantly affect the carry trade returns in Australia, Mexico, Japan, 
the UK, Sweden, and the Eurozone. This paper further examines three channels through which 
stock returns affect the carry trade returns: the Balassa-Samuelson, risk-premium, and flight-to- 
quality effects. Our model shows that the stock market impact on the carry trade return de-
pends on stock market volatility, and the flight-to-quality effect prevails globally. Furthermore, 
the introduction of the stock return significantly improves the out-of-sample forecast of the carry 
trade return when the domestic market is volatile.   

1. Introduction 

The carry trade return has been a puzzle because it violates the uncovered interest rate parity (UIP) theory. If UIP holds, the interest 
rate differentials are linked to expected future changes in the exchange rate, and the average of the carry trade return should be very 
close to zero. However, in practice, carry trade profits can usually be realized by borrowing in the low-interest currency and then 
lending in the high-interest one. The success of such a simple strategy (anomaly) has attracted a vast amount of attention from 
academia1. 

Existing literature tries to explain the carry trade returns as risk premium associated with different risk factors. Several risk factors 
are found, including the volatility index (VIX) (Becker, Clements, & McClelland, 2009; Burnside, Eichenbaum, Kleshchelski, & Rebelo, 
2011; Coudert, Couharde, & Mignon, 2011), the sovereign credit default swap (SCDS) spread (Acharya & Steffen, 2015; Coudert & 
Mignon, 2012; Tse & Wald, 2013), and the risk reversal of currency options (Brunnermeier, Nagel, & Pedersen, 2008). 

However, the risk premium hypothesis is challenged by survey data (Frankel & Froot, 1987; Kenneth and Frankel, 1989; Ito, 1990; 
Verdelhan, 2010; Liu & Sercu, 2009). The survey data suggest that the risk premium is less important relative to the expectation error 
in the carry trade return. Therefore, the explanatory power of the existing literature is challenged. Another limitation of the existing 
literature is that it assumes a linear relationship between carry trade return and its determinants. As we explain below this assumption 
is not warranted by economic theory and could generate econometric biases. 

This paper highlights the distinctive role that the stock market return plays in explaining the carry trade returns in different states. 
It contributes to the literature in two ways. First, stock return is identified as one additional determinant of carry trade return. More 
importantly, we demonstrate that picking up this omitted determinant enhances the explanatory power of existing risk-based models 
on carry trade returns. It also improves the out-of-sample predictive power on carry trade returns. From a theoretical perspective, we 
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extend the risk premium hypothesis in the existing literature. We argue that carry trade returns not only compensate risk, but also 
reflect the Balassa-Samuelson (Balassa, 1964; Samuelson, 1964) and/or flight-to-quality effect (Beber, Brandt, & Kavajecz, 2009; 
Brunnermeier & Sannikov, 2018). As a booming stock market usually highlights economic expansion, it leads to an appreciation in the 
domestic currency and hence higher carry trade return (the Balassa-Samuelson effect, Balassa, 1964; Samuelson, 1964). This effect 
predicts a positive correlation between stock return and carry trade return. The carry trade return might also be affected by a flight-to- 
quality effect. If investors perceive higher stock returns as the required returns of higher risk-taking or even an asset bubble, they are 
most likely to reconstruct their portfolio away from the current riskier assets and towards a bundle of less risky assets (Beber et al., 
2009; Rösch & Kaserer, 2013). As a result, the subsequent fire-sale of a certain currency will eventually dent the carry trade returns. 
This predicts a negative correlation between stock return and carry trade return. Our empirical research finds evidence for both effects. 

Second, we contribute to the literature by identifying non-linear relationship between carry trade return and its determinants. Our 
Markov regime-switching model suggests a strong flight-to-quality effect, and that the effect is stronger when there is both a low VIX 
and high volatility of the domestic stock market. In addition, compared with linear models, Markov regime-switching model improves 
the accuracy of the one-step-ahead prediction of daily carry trade returns. Evidence shows that this improvement is caused by the 
flight-to-quality effect, which makes price movements more predictable by observing deteriorating domestic market conditions. 

The rest of this paper is organized as follows: Section 2 introduces the methodology; Section 3 describes the dataset and defines key 
variables; Section 4 shows the empirical results for eight countries and regions; Section 5 concludes the paper. 

2. Methodology 

2.1. Linear model based on risk premium theory 

This paper investigates the carry trade return Zt generated from trading on a pair of currencies, for which we define the domestic 
currency as the investment currency, and the US dollar as the funding currency. As shown in Eq. (1), the average of Zt should be very 
close to zero if the uncovered interest parity (UIP) theory holds. 

E(Zt + 1) = E
[
(et + 1 − et) −

(
it − i*t

)]
= 0 (1)  

where Zt is the log-return of carry trades; et is the logarithm of the nominal exchange rate (units of US dollar per domestic currency); it is 
the US risk-free rate and it* is the domestic risk-free rate. Thus, the expression of (et+1-et) is the appreciation of the domestic currency, 
and (it - it*) is the interest rate differential. 

As UIP is found to be violated in reality, a large body of literature has tried to explain the non-zero Zt. A stream of literature regards 
the carry trade return as a premium for risk, and suggests three risk sources, including global risk, sovereign credit risk, and skewness 
crash risk. First, the carry trade return compensates for the global downside risk (Atanasov & Nitschka, 2014), and the VIX is typically 
adopted by literature as the gauge for global risk (Brunnermeier et al., 2008; Coudert et al., 2011). Second, Coudert and Mignon (2012) 
uses the SCDS as a proxy of the sovereign default risk, and finds that the variation in the SCDS explains a large part of the carry-trade 
return across different market conditions. Acharya and Steffen (2015) also documents a similar phenomenon in Europe, and Burnside 
et al. (2011) finds that the carry trades provide a profit as compensation for some extreme crash events, such as the Peso problem. 
Third, Brunnermeier et al. (2008) uses the risk reversal of currency options as a proxy of crash risk and finds that the carry trades also 
compensate for the skewness risk. 

To summarize, there are three risk factors as documented: the VIX, sovereign CDS and risk reversal of currency options. They can be 
formulated by a simple linear function as Eq. (2): 

Zt = α1 + α2ΔVIXt + α3ΔSCDSt + α4ΔRRt (2)  

where ΔVIXt represents the daily change of the VIX index, ΔSCDSt represents the daily change of the SCDS, and ΔRRt represents the 
daily change in the risk reversal of the corresponding currency options. However, Tse and Wald (2013) find that the linear model in Eq. 
(2) does not efficiently predict carry trade returns. Therefore, either some missing factors or other model form is needed to explain and 
predict the carry trade returns. 

2.2. Three effects of the stock market return 

This paper considers the stock market return as another candidate factor to explain the carry trade return. We argue that the carry 
trade return may respond to the domestic stock market performance through three effects: the Balassa-Samuelson effect, risk premium 
effect, and flight-to-quality effect. First, a bull stock market often suggests economic expansion and can result in an appreciation in the 
domestic currency, which eventually leads to an increase in the carry trade return (Balassa, 1964; Samuelson, 1964). Second, higher 
stock return in the domestic equity market may imply higher risk-taking for investing in domestic assets, and hence the carry trade 
return Zt defined in Eq. (1) would also increase to compensate for an increase in risk (Dobrynskaya, 2014; Lettau, Maggiori, & Weber, 
2014; Liu & Yang, 2017; Orlov, 2016). Third, if investors regard the high stock return as an indicator of high risk or even a bubble, they 
are most likely to sell the currently riskier assets and replace the present portfolio with less risky assets (Beber et al., 2009; Brun-
nermeier & Sannikov, 2018). As a result, the subsequent sale of a certain currency will dent the carry trade returns, which is a flight-to- 
quality effect. 

Therefore, the stock market return may affect the carry trade returns in two different directions: (i) When the Balassa-Samuelson 
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effect or risk premium effect dominates, the increase in domestic stock market returns would lead to an increase in the carry trade 
return; (ii) When the flight-to-quality effect dominates, the increase in domestic stock market returns would lead to a reduction in the 
carry trade return. 

2.3. The Markov regime-switching model 

According to the discussion in Section 2.2, the positive effect and the negative effect interact with one another to determine the 
final impact of the stock market return on the carry trade return. It is noteworthy that the power of these three effects may vary with 
the market condition. The flight-to-quality effect would be much stronger if the risk of the domestic market is high relative to the US 
market. In contrast, the Balassa-Samuelson and risk premium effects may prevail when domestic assets are relatively safe. Such 
characteristics motivate us to adopt a Markov regime-switching model instead of a simple linear model to allow for different regimes. 

Accordingly, a two-state Markov regime-switching model can be written as: 

Zt = μs +ϕsX1t + ηX2t + εt (3)  

where μs is a state-dependent intercept, s∊(1,2); X1t is a vector of exogenous variables with state-dependent coefficients ϕs; X2t is a 
vector of exogenous variables with state invariant coefficients η; and εt is a white noise term with variance σ2. In a Markov regime- 
switching model, the current state of a given process is unobserved, and the model assumes an unobserved state variable st that fol-
lows a Markov chain. 

The model also makes it possible to explore the characteristics for the probability of the two states, which is helpful in prediction. 
Specifically, the probability that st is equal to j, where j∊(1,2), depends only on the most recent realization, st-1, and is given by: 

Pr(st= j|st− 1 = i) = pij (4)  

where all possible transitions can be collected in a transition matrix P: 

P =

⎡

⎣
p11 ⋅ ⋅ ⋅ pk1
⋮ ⋱ ⋮
pk1 ⋅ ⋅ ⋅ pkk

⎤

⎦ (5) 

P governs the evolution of the Markov chain, and all elements of P are non-negative with the sum of all values of each column being 
1. 

We estimate the probabilities in Eq. (4) using a parameterization by Hamilton (1989): 

pij =
exp

(
− qij

)

1 + exp( − qi1) + ⋅ ⋅ ⋅ + exp
(
− qij

)pik =
1

1 + exp( − qi1) + ⋅ ⋅ ⋅ + exp
(
− qij

) (7)  

where j ∈ (1, ..., k − 1) and qij is the transformed parameter defined by: 

qij = − log
(
pij
pik

)

(8) 

To examine our hypotheses, this paper then studies the determinants for the estimated probabilities for different regimes and 
calculates whether the negative effect (positive effects) prevail when the domestic market is volatile (stable). 

3. Data and variables 

3.1. Raw data 

We collect the daily time series of the carry trade index from the Bloomberg terminal, which is a widely-used pricing index 
encompassing a strategy in which an investor borrows (goes short) money in one or more low-yield currencies and then uses the 
proceeds to invest (goes long) into high-yield foreign currencies. In this paper, we assume the funding currency (the currency bor-
rowed) to be the US dollar only, and that investors go long on the other investment currencies (the currencies bought). This study 
follows Brunnermeier et al. (2008) and Tse and Wald (2013) to include eight countries and regions in the sample: Australia, Norway, 
Mexico, Brazil, Japan, the UK, Sweden, and the Eurozone2. In addition, data for the SCDS return, risk reversal of currency options, 
MSCI Stock Market Indices, and the VIX are also collected from the Bloomberg terminal. The data for stock index futures comes from 
Datastream. All tickers or symbols of these time series are provided in Table 1. This paper covers a sample period from January 5th, 

2 We do not include Canada, Iceland because the data regarding carry trades is not available from Bloomberg. This paper also excludes 
Switzerland because its SCDS trading is not active. New Zealand and Russia are excluded because the data of the stock index futures are not 
available from Bloomberg or Datastream. Following Brunnermeier et al. (2008), we directly model the Eurozone rather than model each individual 
Euro countries separately. Besides the sample countries covered in the cited papers, we also estimate our model for Korea and India, our key 
qualitative results remain. The result table is available upon request. 
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2010 to December 31st, 2017, as SCDS contracts have been more actively traded after 2009 (Tse & Wald, 2013). 

3.2. Variables 

This paper investigates the effect of the stock market return on the carry trade return. We define a variable SUR
t as defined by Eq. (9) 

to represent the unexpected stock (index) return of a certain country minus its US counterpart. 

SURt = [log(Stkpt/Stkpt− 1) − log(Futpt− 1/Futpt− 2)]

−
[
log

(
StkpUSt

/
StkpUSt− 1

)
− log

(
FutpUSt− 1

/
FutpUSt− 2

)] (9)  

where Stkpt is the stock price index at date t and Futpt is the pricing index of the stock index futures at date t. 
The reason that we use the unexpected relative stock return is three-fold: First, stock price changes which are anticipated by the 

markets should have no effect on the carry trade return; Second, the stock future price reflects stock traders’ expectations of the spot 
stock price in the future, so the difference between the realized spot stock price and the stock future price suggests a surprise to market 
participants; Third, it is the relative growth potential and risk prospects in the currency pair countries which affects the carry trade 
return. Fourth, both raw stock return and carry trade returns could be affected by interest rate. Hence, directly use raw stock return as 
explanatory variable might suffer endogeneity bias. By using the unexpected stock return rather than raw stock return as explanatory 
variable, we at least alleviate the bias because most of the information on interest rate included in stock return are anticipated ac-
cording to the dividend discount model. 

Additionally, we also include three control variables ΔVIXt, ΔSCDSt, and ΔRRt (Acharya & Steffen, 2015; Brunnermeier et al., 2008; 
Coudert et al., 2011). ΔVIXt represents the daily change of the CBOE volatility index, ΔSCDSt represents the daily change in the SCDS, 
and ΔRRt represents the daily change in the value of 3-month 25 delta risk reversal corresponding to a certain currency option3. 

3.3. Descriptive statistics 

This paper investigates one single carry trade strategy: to take a long position on a certain investment currency and a short position 
on the funding currency (US dollar only). The cumulative returns of eight carry trades are plotted in Fig. 1. Fig. 1 suggests that the carry 
trade returns are, in fact, country (region)-specific but seem to share some common pattern, such as the boom from 2010 to 2012 and 
the drop since around 2014 and thereafter. 

Table 2 summarizes the descriptive statistics of the variables used in this paper. We report the number of observations (Obs.), mean, 
standard deviation (Std.), skewness and kurtosis for each variable of each country or region. In Table 2, Panel A presents the statistics of 
the daily log returns of carry trades; Panel B presents the statistics of the daily log returns of the country- and region-specific MSCI stock 
market indices; Panel C presents the statistics of the unexpected stock returns relative to the US market; Panel D to F report statistics of 
the three control variables including the daily changes of the VIX, SCDS and 3-month 25 delta risk reversal for each currency option. 

Table 3 shows the correlation matrices for VIX, SCDS, RR, SUR, and v 4. v represents the standard deviation of SUR in the lagged 
month. VIX, CDS, RR, and v are highly related to each other. Except for Brazilian SCDS, all of the SCDS for the other seven countries and 
regions are highly related to VIX. Among VIX, SCDS and RR, the correlation coefficients between v and VIX are the highest in all of the 
countries and regions except in Brazil. 

4. Empirical results 

4.1. In-sample results 

In order to examine the importance of the stock market return in the carry trade, a Markov regime-switching model with two states 
is constructed as shown by Eq. (10) by including the unexpected relative stock return (SUR

t ). In addition, three control variables (ΔVIXt, 
ΔSCDSt, and ΔRRt) are also included based on past literature (Acharya & Steffen, 2015; Brunnermeier et al., 2008; Coudert et al., 
2011). 

Zt = μs +αsSURt + βsΔVIXt + γsΔSCDSt + θsΔRRt + εt (10)  

where μs is a state-dependent intercept, and s∊(1,2), SUR
t , ΔVIXt, ΔSCDSt and ΔRRt, are the explanatory variables with state-dependent 

coefficients αs, βs, γs and θs, respectively5. The ΔVIXt represents the daily change of the CBOE volatility index, ΔSCDSt represents the 
daily change in the sovereign CDS, and ΔRRt represents the daily change in the risk reversal corresponding to a certain currency option. 
εt is a white noise term with a constant variance σ2 regardless of state. 

3 For a given maturity of three months, the 25 risk reversal is the volatility of the 25 delta call less the volatility of the 25 delta put, where the 25 
delta put is the put whose strike has been chosen such that the delta is − 25%.  

4 VIX, SCDS, RR, SUR are the key variables of interest, and the v is used in explaining the estimated probability in the Markov regime-switching 
model.  

5 Results of the post-estimation diagnostic test in Table 5 suggest that all of the explanatory variables have a state-dependent coefficient. 
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In-sample estimates of the regime-switching regressions for each country are reported in Table 4. Results in Table 4 show the stock 
market does help explain the carry trade return in most of the countries, and the strength of the impact is state-dependent. Specifically, 
except in Norway and Brazil, the estimated coefficients αs’s (the coefficient ofSUR

t ) are significant in at least one of the states. Regression 
results in Table 4 also suggest that the contribution of the stock market is important in terms of magnitude, by observing the averaged 
absolute value of the coefficients across two states for Mexico (0.11), the UK (0.11), Australia (0.08), Japan (0.10) and the Eurozone 
(0.05). That is, for UK and Mexico, a 1% increase in daily unexpected relative stock return would lead to an 11bps (0.11%) response in 
the daily carry trade return. The effects of the three control variables are consistent with the previous literature. 

As mentioned before, this paper also aims to find empirical evidence that supports three proposed hypotheses: the Balassa- 
Samuelson hypothesis, risk-premium hypothesis, and flight-to-quality hypothesis. Among these, the first two hypotheses imply a 
positive relationship between the carry trade return and the performance of the stock market whilst the flight-to-quality hypothesis 
encompasses a negative relationship. Table 4 clearly indicates a highly significant flight-to-quality effect prevailing in State 2. Spe-
cifically, we find very significant and negative coefficients before SUR

t for most of the countries or regions (see Panel B). 
In addition, Table 4 indicates that the flight-to-quality effect is much stronger in State 2 than in State 1. The coefficients of SUR

t in 
State 1 are larger than those in State 2 for all of the countries and regions. The results of diagnostic tests in Table 5 verify that the 
differences in the coefficient before SUR

t are significant in five out of the eight countries and regions. Furthermore, the test results on the 
differences of the coefficients in different regimes also verify the use of a regime-switching model. All tests in Table 5 respectively 
assume a null hypothesis that the coefficient has the same value in different states (or regimes) in the regime-switching model. The χ2 

test statistics as listed in Table 5 present high significance for most of the parameters, which indicates rejection of the null. Hence, the 

Table 1 
Data specification. We collect the index futures from Datastream and all of the other variables are from 
Bloomberg. Table 1 presents the specific ticker or symbol for each series in the corresponding database. The VIX, 
SCDS, and stock market index series are reported in “Last Price” type. Risk reversal is reported in “Mid Price” 
type, where Mid Price = 0.5*(Ask Price + Bid Price). While VIX, SCDS are reported in US Dollar, the other three 
series are reported in the currency of the corresponding country.  

Series Ticker Description 

Panel A: VIX Index  
VIX Index Chicago Board Options Exchange SPX Volatility Index  

Panel B: Sovereign CDSs  
ANZ CDS USD SR 5Y D14 Corp Australia Sovereign Credit Default Swap Contract 
NORWAY CDS USD SR 5Y D14 Corp Norway Sovereign Credit Default Swap Contract 
MEX CDS USD SR 5Y D14 Corp Mexico Sovereign Credit Default Swap Contract 
BRAZIL CDS USD SR 5Y D14 Corp Brazil Sovereign Credit Default Swap Contract 
JGB CDS USD SR 5Y D14 Corp Japan Sovereign Credit Default Swap Contract 
UK CDS USD SR 5Y D14 Corp UK Sovereign Credit Default Swap Contract 
SWED CDS USD SR 5Y D14 Corp Sweden Sovereign Credit Default Swap Contract 
ITRX EUR CDSI GEN 5Y Corp Markit iTraxx Europe Index  

Panel C: Risk Reversal  
AUDUSD25R3M BGN Curncy AUD-USD 3 Month 26 Delta Risk Reversal 
USDNOK25R3M BGN Curncy USD-NOK 3 Month 25 Delta Risk Reversal 
USDMXN25R3M BGN Curncy USD-MXN 3 Month 25 Delta Risk Reversal 
USDBRL25R3M BGN Curncy USD-BRL 3 Month 25 Delta Risk Reversal 
USDJPY25R3M BGN Curncy USD-JPY 3 Month 25 Delta Risk Reversal 
GBPUSD25R3M BGN Curncy GBP-USD 3 Month 25 Delta Risk Reversal 
USDSEK25R3M BGN Curncy USD-SEK 3 Month 25 Delta Risk Reversal 
EURUSD25R3M BGN Curncy EUR-USD 3 Month 25 Delta Risk Reversal  

Panel D: Stock Market Index  
MXAU Index MSCI Australia Index 
MXNO Index MSCI Norway Index 
MXMX Index MSCI Mexico Index 
MXBR Index MSCI Brazil Index 
MXAU Index MSCI Australia Index 
MXGB Index MSCI UK Index 
MXSE Index MSCI Sweden Index 
MXEM Index MSCI Euro Index  

Panel E: Share Price Index Futures  
AAPCS00 SFE-SPI 200 Index (Continuous) 
OSXCS00 OSLO-OBX Index (Continuous) 
MIECS00 MEXDER-IPC Index (Continuous) 
BMICS00 BMF-BOVESPA Index (Continuous) 
ONACS30 OSX-NIKKEI 225 Index (Continuous).3RD FUT 
LSXCS00 LIFFE-FTSE 100 Index (Continuous) 
OMFCS00 OMX-OMXS30 Index (Continuous) 
GEXCS00 EUREX-EURO STOXX 50 (Continuous)  
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results in Table 5 suggest regime-dependent coefficients for both the relative unexpected stock return and the other three control 
variables. 

In state 1, stock return has a significant positive coefficient in Mexico, UK and Japan, suggesting that Balassa-Samuelson effect and 
risk-premium effect dominates the flight-to-quality effect. In general, the Balassa-Samuelson effect and risk-premium effect are 
stronger in state 1 in all economies, making the coefficient of stock return larger in state 1 than in state 2. However, the net effect differs 
across economies. Interestingly, the coefficient of stock return in state 1 in Table 4 is a decreasing function of the sample economies’ 
degree of bank concentration (the correlation coefficient is − 0.767, with a p value of 0.026).6 As we have explained, in both states, the 
coefficient of stock return in Table 4 reflects the net effect of two offsetting forces. The Balassa-Samuelson effect and risk-premium 
effect push the coefficient up while the flight-to-quality effect presses the coefficient down. The strong negative correlation be-
tween the coefficient of stock return in state 1 and the degree of bank concentration suggest that although the flight-to-quality effect is 
weaker in state 1 compared to state 2, it is relatively stronger in an economy with a more concentrated banking sector. In Eurozone and 
Sweden where banking concentration is high, the flight-to-quality effect dominates even in state 1. 

4.2. Interpretation of the two states 

To further interpret our results, this study characterizes the two states and shows how the results support our hypotheses. This 
paper highlights that the power of these three effects may vary with market conditions: The flight-to-quality effect arises when the 
domestic stock market is more volatile than the US stock market, while the Balassa-Samuelson effect and risk premium effect usually 
occur when the domestic economy is relatively safe. Section 4.1 shows that the flight-to-quality effect is stronger in State 2 than in State 
1. Therefore, the risk of domestic market relative to the US market in State 1 is expected to be much lower than that in State 2. The 
characteristics of the two states support this prediction. 

This paper explores the determinants of State 1 of the regime-switching model as defined in Eq. (10). We use the VIX and the 
volatility of SUR

t (defined as vt
7) to explain the filtered probability of State 18. The VIX is a natural proxy of the risk perception of the US 

stock market, and the vt is to gauge the risk of the stock market of a non-US country or region. Table 3 shows that the VIX and v are 
linearly correlated. To avoid a potential multicollinearity problem, first we regress vt on the VIXt in Eq. (11) and obtain the residuals 
(denoted byvr

t ) to measure the additional information that may be exploited from vt. Second, we regress the probability of State 1 
(denoted as PRt) on the VIXt andvr

t in Eq. (12). 

vt = μ+ αVIXt + vrt (11)  

PRt = μ+αVIXt + βvrt + εt (12) 

Table 6 shows the estimates of the coefficients of Eq. (12) and suggests that State 1 is accompanied by either high VIX or low 
volatility of the unexpected relative stock return in the non-US stock markets. In other words, State 1 can be characterized by large risk 
in the US market and low risk in the non-US (domestic) markets. Accordingly, the flight-to-quality effect (Balassa-Samuelson effect and 
risk-premium effect) is much weaker (stronger) in State 1 than that in State 2. Intuitively, the non-US stock assets become less risky 
relative to stock assets in the US in State 1, so the investors are less likely to shift their portfolio away from non-US markets towards 
dollar-denominated assets (since the US stock market becomes riskier under State 1). Therefore, the characteristics of the two states 
support the flight-to-quality effect. 

Interestingly, the coefficient of local economy stock volatility in Table 6 is also a decreasing function of the sample countries’ 
degree of bank concentration (the correlation coefficient is − 0.801 with a p value of 0.017). The coefficient of VIX in Table 6 is an 
increasing function of the sample countries’ degree of bank concentration (the correlation coefficient is 0.863, with a p value of 0.006). 
These correlation relationship suggest that if an economy’s banking sector is more concentrated, VIX and local stock volatility has 
stronger impacts on the switching between different states in which the strength of the flight-to-quality effect differ. Those results 
suggest that the flight-to-quality effect has stronger impacts in economies with a more concentrated banking sector. 

4.3. Out-of-sample results 

Because our in-sample regressions support an argument that the stock market indeed plays an important role in explaining the carry 
trade return, a natural extension is to examine whether the information of the stock market could help forecast future carry trade 
returns. This subsection shows this predictability. 

In this section, we compare the prediction accuracy of our model specified as Eq.(16) and the other three models being constructed 
as Eq. (13), (14) and (15). 

Fig. 1. Summary of the carry trade returns.  

6 Bank concentration data are retrieved from the GFDD database of world bank.  
7 vt represents the standard deviation of SUR tin the lagged month.  
8 The probability of State 1 is estimated according to Eq. (4) to Eq. (7). 
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BLM : Zt+1 = μ+ βΔVIXt + γΔCDSt + θΔRRt + εt+1 (13)  

ALM : Zt+1 = μ+ αSURt + βΔVIXt + γΔCDSt + θΔRRt + εt+1 (14)  

Table 2 
Summary of statistics summarizes the descriptive statistics for the variables in a full sample from January 5th, 2010 to December 29th, 2017. The 
statistics include the number of observations (Obs.), mean, standard deviation (Std.), skewness and kurtosis of the corresponding variables. For each 
variable of interest, Table 2 summarizes the statistics for eight countries or regions, respectively, including Australia, Norway, Mexico, Brazil, Japan, 
the UK, Sweden, and the Eurozone. Specifically, Panel A presents the statistics of the daily log returns of carry trades, in which we long a certain 
foreign currency and short the US Dollar. Panel B presents the statistics of the daily log returns of MSCI stock market indexes. Panel C presents the 
statistics of unexpected stock return relative to the US market. The unexpected stock return equals log(Stkpt/Stkpt-1)-log(Futpt-1/Futpt-2), where Stkpt is 
the value of stock price index at date t and Futpt is the value of corresponding index futures at date t. The unexpected relative stock return equals the 
unexpected return of the domestic market minus that of the US. Panel D to F present the statistics of the daily changes in VIX, SCDS and 3-month 25 
delta risk reversal for each currency, respectively. ΔVIX equals to VIXt - VIXt-1, ΔSCDS equals to SCDSt - SCDSt-1 and ΔRR equals to RRt - RRt-1.The 
presentation of currencies follows the code in Bloomberg: AUD represents the Australian Dollar, NOK represents the Norwegian Krone, MXN rep-
resents the Mexican Peso, BRL represents the Brazilian Real, JPY represents the Japanese Yen, GBP represents the Pound, SEK represents the Swedish 
Krona and EUR represents the Euro.  

Series Name Obs. Mean Std. Skewness Kurtosis 

Panel A: Carry Trade Return (%)      
AUD-USD 2085  0.003  0.696 − 0.109  4.889 
NOK-USD 2085  − 0.014  0.725 − 0.339  4.309 
MXN-USD 2085  − 0.007  0.758 − 0.700  10.585 
BRL-USD 2085  0.003  0.954 − 0.211  6.804 
JPY-USD 2085  − 0.012  0.601 0.094  7.268 
GBP-USD 2085  − 0.009  0.559 − 1.659  28.277 
SEK-USD 2085  − 0.007  0.706 − 0.225  4.449 
EUR-USD 2085  − 0.011  0.587 0.003  4.510  

Panel B: Stock Market Return (%)      
Australia 2022  0.010  0.914 − 0.246  4.525 
Norway 2009  0.013  1.200 − 0.170  5.176 
Mexico 2085  0.021  0.937 − 0.139  5.494 
Brazil 2085  0.002  1.353 − 0.174  5.387 
Japan 1986  0.032  1.278 − 0.457  8.632 
UK 2019  0.015  0.962 − 0.167  5.474 
Sweden 2009  0.026  1.205 − 0.364  7.146 
Eurozone 2064  0.015  1.209 − 0.187  6.903  

Panel C: Unexpected Relative Stock Return(bp)      
Australia 1972  − 0.127  191.448 − 0.078  5.512 
Norway 1960  − 2.228  164.051 0.124  4.949 
Mexico 2013  − 0.078  121.050 − 0.069  5.130 
Brazil 2013  − 0.314  178.734 0.025  4.856 
Japan 1922  − 1.669  234.331 0.137  6.088 
UK 1976  0.046  131.094 − 0.097  6.840 
Sweden 1958  − 0.333  153.797 − 0.168  7.391 
Eurozone 2004  0.411  149.392 − 0.100  6.385  

Panel D: Daily Changes in VIX (%)      
ΔVIX 2012  − 0.004  1.582 1.187  19.237  

Panel E: Daily Changes in Sovereign CDS (bp)      
Australia 2085  − 0.016  3.445 0.610  17.051 
Norway 2085  − 0.002  0.922 0.508  12.857 
Mexico 2085  − 0.009  4.404 0.298  8.514 
Brazil 2085  0.022  7.084 0.418  12.472 
Japan 2085  − 0.021  2.056 0.209  14.787 
UK 2085  − 0.030  1.662 − 0.381  17.349 
Sweden 2085  − 0.021  1.248 0.302  9.580 
Eurozone 2085  0.001  0.351 0.558  69.764  

Panel F: Daily Changes in Risk reversal (%)      
Australia 2085  0.001  0.136 − 1.181  19.973 
Norway 2085  − 0.000  0.111 0.534  27.713 
Mexico 2084  − 0.001  0.153 0.555  43.263 
Brazil 2084  − 0.002  0.167 2.219  32.360 
Japan 2085  − 0.000  0.119 − 0.606  12.240 
UK 2085  0.001  0.102 − 3.394  149.166 
Sweden 2085  − 0.000  0.102 0.592  13.428 
Eurozone 2085  0.001  0.105 0.065  17.679  
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BRSM : Zt+1 = μs + βsΔVIXt + γsΔCDSt + θsΔRRt + εt+1 (15)  

ARSM : Zt+1 = μs +αsSURt + βsΔVIXt + γsΔCDSt + θsΔRRt + εt+1 (16)  

where Eq. (13) and (14) are constant-parameter linear models without pre-assumption of regimes/states, and Eq. (13) is a simplified 
specification relative to Eq. (14) without the regressor SUR

t . While Eq. (13) is denoted as a benchmark linear model (BLM), Eq. (14) is 
denoted as an augmented linear model (ALM). Linearity as such are often assumed by past literature (Brunnermeier et al., 2008; Tse & 
Wald, 2013). Eq. (15) is a benchmark regime-switching model (denoted as BRSM) without any consideration of the stock market (no 
SUR

t as a regressor). Eq. (16) is the augmented regime-switching model (denoted as ARSM) with the regressor SUR
t . 

We use the same prediction method for all the models. The first two years of our dataset are assumed to be the “burning-in” period, 
and the corresponding data within this time period are used to obtain initial estimates of the parameters. Initial predictions are 
therefore readily available. We then expand the time period for estimation, re-estimate parameters and predict again. Following this 

Table 3 
Correlation matrices for explanatory variables shows the correlation matrices for the variables of interest in the full sample from January 5th, 2010 to 
December 29th, 2017. The variables include VIX, sovereign CDS, RR, SUR, and v.   

VIX SCDS RR SUR v 

Panel A: Australia      
VIX  1.000     
SCDS  0.680  1.000    
RR  − 0.838  − 0.814  1.000   
SUR  0.021  − 0.020  0.014  1.000  
v  0.745  0.576  − 0.669  0.003  1.000  

Panel B: Norway      
VIX  1.000     
SCDS  0.644  1.000    
RR  0.644  0.624  1.000   
SUR  0.020  0.006  0.004  1.000  
v  0.593  0.399  0.384  0.015  1.000  

Panel C: Mexico      
VIX  1.000     
SCDS  0.432  1.000    
RR  0.791  0.310  1.000   
SUR  0.016  − 0.007  − 0.010  1.000  
v  0.476  0.315  0.411  0.003  1.000  

Panel D: Brazil      
VIX  1.000     
SCDS  − 0.064  1.000    
RR  0.734  − 0.226  1.000   
SUR  0.011  − 0.002  0.003  1.000  
v  0.074  0.383  − 0.045  − 0.002  1.000  

Panel E: Japan      
VIX  1.000     
SCDS  0.649  1.000    
RR  − 0.378  0.103  1.000   
SUR  0.017  0.003  0.016  1.000  
v  0.530  0.346  − 0.262  0.005  1.000  

Panel F: UK      
VIX  1.000     
SCDS  0.660  1.000    
RR  − 0.385  − 0.433  1.000   
SUR  0.021  0.000  0.001  1.000  
v  0.692  0.328  − 0.284  0.010  1.000  

Panel G: Sweden      
VIX  1.000     
SCDS  0.614  1.000    
RR  0.654  0.719  1.000   
SUR  − 0.002  0.002  − 0.002  1.000  
v  0.601  0.343  0.396  0.006  1.000  

Panel H: Eurozone      
VIX  1.000     
SCDS  − 0.539  1.000    
RR  − 0.666  0.663  1.000   
SUR  0.013  0.001  − 0.002  1.000  
v  0.660  − 0.235  − 0.447  0.008  1.000  
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expanding-window approach, we can make every subsequent prediction. Thereby we are able to predict the daily carry trade returns 
and estimate the probabilities of each state on a daily basis. 

According to Campbell and Thompson (2008), the percentage change in the root mean square error, denoted as ΔRMSE in Eq. (17), 
is adopted to measure the improvement in the forecasting accuracy. A negative ΔRMSE suggests that model 1 produces a more accurate 
forecast when compared to model 2. 

Table 4 
Impact of Stock Market Return presents the in-sample results of the two-state Markov regime-switching regression defined in Eq. (10). Zt =

μs +αsSUR
t +βsΔVIXt +γsΔSCDSt +θsΔRRt +εt (10). Panel A and B present the coefficients for state 1 and 2 respectively. SUR

t , ΔVIXt, ΔSCDSt, and ΔRRt, 
are exogenous variables with state-dependent coefficients. SUR

t represents the unexpected stock return of the domestic stock market relative to that of 
the US market. ΔVIXt represents the daily change in the CBOE volatility index, ΔSCDSt represents the daily change in the SCDS, and ΔRRt represents 
the daily change in the risk reversal of the corresponding currency option. All of the variables are expressed in percentages. Standard errors are shown 
in parentheses. ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels respectively.  

Variables Australia Norway Mexico Brazil Japan UK Sweden Eurozone 

Panel A: State 1         
SUR

t  − 0.0209 − 0.0087 0.1075** − 0.0156 0.1035* 0.1341** − 0.0240* − 0.0242*  

(0.0173) (0.0152) (0.0423) (0.0213) (0.0551) (0.0602) (0.0143) (0.0133) 
ΔVIXt − 0.0867*** − 0.2190*** − 0.0311 − 0.2018*** − 0.0903* − 0.1708** − 0.2420*** − 0.1310***  

(0.0163) (0.0178) (0.0212) (0.0281) (0.0533) (0.0751) (0.0152) (0.0138) 
ΔSCDSt − 1.4880 − 14.3349*** − 16.8071*** − 3.1633*** 9.9829** − 38.7999*** − 9.6143*** 11.6290***  

(1.0193) (2.4581) (1.0721) (0.5436) (5.0299) (5.1605) (1.4884) (4.2574) 
ΔRRt 0.5844* − 0.0937 1.5948*** − 1.2813*** − 8.8502*** − 0.5911*** − 0.3411* 0.7874***  

(0.3124) (0.1964) (0.1385) (0.2537) (0.6388) (0.1691) (0.1900) (0.1702) 
Constant − 0.0283 − 0.0215 0.0528 − 0.0150 0.1328 − 1.5339*** 0.0076 − 0.0480**  

(0.0292) (0.0230) (0.0524) (0.0328) (0.1042) (0.1725) (0.0226) (0.0202)  

Panel B: State 2         
SUR

t  − 0.0810*** 0.0217 − 0.1159*** 0.0270 0.0063 − 0.0807*** − 0.0285** − 0.0666*** 

(0.0122) (0.0154) (0.0139) (0.0189) (0.0060) (0.0090) (0.0131) (0.0132) 
ΔVIXt − 0.2079*** − 0.0599*** − 0.1058*** 0.0435* 0.0543*** − 0.0254*** 0.0154 0.0766***  

(0.0221) (0.0161) (0.0129) (0.0250) (0.0089) (0.0077) (0.0134) (0.0163) 
ΔSCDSt − 0.3256 2.8666 − 6.0849*** − 11.1882*** 1.1560* − 3.4820*** 2.2361 52.4900***  

(0.7449) (2.7271) (0.4675) (0.6991) (0.6006) (0.7089) (2.0901) (10.4340) 
ΔRRt 2.1851*** − 3.1174*** − 1.2880*** − 0.2773 − 2.1213*** 2.0715*** − 1.9123*** 3.6437***  

(0.2388) (0.3383) (0.1263) (0.2411) (0.1139) (0.1370) (0.2239) (0.2991) 
Constant 0.0098 − 0.0109 − 0.0251* 0.0213 − 0.0110 0.0017 − 0.0133 0.0199  

(0.0194) (0.0228) (0.0146) (0.0306) (0.0122) (0.0109) (0.0187) (0.0187) 
Observations 1,971 1,959 2,012 2,011 1,921 1,975 1,957 2,003  

Table 5 
Post-estimation Test for the Coefficients in Regime-switching Regression presents the Chi-square statistics of a post-estimation test for Eq. (10) with 
the null hypotheses that the coefficients have the same value in different states. Zt = μs +αsSUR

t +βsΔVIXt +γsΔSCDSt +θsΔRRt +εt (10) where SUR
t , 

ΔVIXt, ΔSCDSt, and ΔRRt, are exogenous variables with state-dependent coefficients. SUR
t represents the unexpected stock return of the domestic stock 

market relative to that of the US market. ΔVIXt represents the daily change in the CBOE volatility index, ΔSCDSt represents the daily change in the 
SCDS, and ΔRRt represents the daily change in the risk reversal of the corresponding currency option. P values are shown in parentheses. ***, **, and * 
represent statistical significance at the 1%, 5%, and 10% levels respectively.  

Chi2 Australia Norway Mexico Brazil Japan UK Sweden Eurozone 

SUR
t   3.3769*  1.6346  22.0311***  1.4931  2.8823*  12.4634***  0.0517  4.1920**   

(0.0661)  (0.2011)  (0.0000)  (0.2217)  (0.0896)  (0.0004)  (0.8201)  (0.0406) 
ΔVIXt  72.6723***  49.3261***  7.4751***  37.0335***  6.8428***  3.6952  171.5551***  91.0667***   

(0.0000)  (0.0000)  (0.0063)  (0.0000)  (0.0089)  (0.0546)  (0.0000)  (0.0000) 
ΔSCDSt  7.1616***  20.7773***  75.9224***  129.8864***  2.9455*  45.7904***  20.9971***  12.1645***   

(0.0074)  (0.0000)  (0.0000)  (0.0000)  (0.0861)  (0.0000)  (0.0000)  (0.0005) 
ΔRRt  28.6637***  64.2203***  250.8166***  5.4505**  117.4518***  149.7789***  27.4006***  69.4020***   

(0.0000)  (0.0000)  (0.0000)  (0.0196)  (0.0000)  (0.0000)  (0.0000)  (0.0000) 
Constant  1.3620  0.0912  1.7101  0.4455  1.7507  79.2872***  0.4918  4.9828**   

(0.2432)  (0.7626)  (0.1910)  (0.5045)  (0.1858)  (0.0000)  (0.4831)  (0.0256)  
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− 1 (17)  

where Zt is the observed carry trade return at date t; Ẑmi t is the predicted value of Zt by model I; T0 is the date of the initial prediction; 
and T is the number of total observations in the sample. 

Table 7 presents the RMSEs of different model specifications to compare their out-of-sample predictability9. Panel A shows the 
RMSEs calculated with the observations in a subsample if and only if the following two conditions are simultaneously satisfied: (i) The 
realized volatility of SUR

t for day t, denoted by vt, is higher than the median value of the previous vt in the whole sample10; (ii) The SUR
t is 

lower than the median value of the previous SUR
t . The two conditions ensure that the risk in the domestic stock market is high and the 

stock return is relatively low. Hence, the subsample is constructed to describe a market condition in which the flight-to-quality effect is 
strong. As a comparison, Panel B shows the RMSEs calculated in the full sample. 

Results in Table 7 suggest that the introduction of the stock market performance conditionally predict future carry trade returns. 
The stock market return helps improve the prediction accuracy only when the domestic stock market (non-US countries) is volatile 
(shown in Panel A), while in full-sample prediction the stock market return does not help (shown in Panel B). In Table 7, we use 
“(model 1, model 2)” to denote the ΔRMSE defined in Eq. (17). A negative ΔRMSE suggests an improvement in prediction accuracy 
when using model 1 instead of model 2. Take the ΔRMSE shown in the sixth column in Panel A as an example. The negative ΔRMSE in 
five countries and regions suggest that the RMSE of the augmented regime-switching model (ARSM) defined in Eq. (16) is lower than 
the RMSE of the benchmark regime-switching model (BRSM) described in Eq. (15) in Norway, Mexico, Brazil, Japan and the Eurozone. 
Specifically, the addition of the stock market return to a benchmark regime-switching model helps five out of eight countries and 
regions to achieve a decrease in RMSE, ranging from 0.10% to 0.53%. In the sixth column of Panel B, however, only the ΔRMSE for 
Mexico and the UK are negative. Additionally, the results in the seventh column of Panel A show the superiority of using the regime- 
switching model instead of the linear model. The RMSE of the augmented regime-switching model (ARSM) is lower than that of the 
augmented linear model (ALM) defined in Eq. (14) in six out of the eight countries and regions. Therefore, both the introduction of the 
stock market return and the consideration of the state-dependent characteristics are helpful in predicting the carry trade returns. 

As a robustness check, we also show that the out-of-sample results are robust at different winsorizing levels in Table 811. The 
comparison of full-sample and subsample RMSEs in Table 8 again display the profound enhancement in prediction accuracy by 
considering the impact of the stock market return during the volatile period for the domestic stock market, together with the supe-
riority of regime-switching models over the linear models. Among the countries and regions that achieve improvement in prediction 
accuracy in Table 7 in Panel A, four out of the five countries and regions also achieve a significant improvement in prediction power 
from both the benchmark regime-switching model and the benchmark linear model to the augmented regime-switching model in 
Table 8. The augmented regime-switching model also achieves an improvement in prediction accuracy from the augmented linear 
model in the same five countries and regions as in Table 7. 

Table 6 
Interpretation of the states Table 6 presents the possible determinants for the predicted probability of State 1(denoted as PRt) for the Markov regime- 
switching regression defined as Eq. (10). To avoid a potential multicollinearity problem, we first regress vt on the VIXt in Eq. (11) and obtain the 
residuals (denoted by vr

t ) to measure the additional information that may be exploited from vt . Second, we regress PRt on the VIXt and vr
t in Eq. (12). 

vt = μ+αVIXt +εt (11) PRt = μ+αVIXt +βvr
t +εt (12) where VIXt represents the value of CBOE volatility index at date t, vt represents the volatility of 

the unexpected stock return of the domestic stock market relative to that of the US market, defined as the standard deviation of SUR
t in the lagged 

month, vr
t is the residuals obtained by regressing vt on VIXt. The data of the first two years is used to construct the initial standard deviation for 

unexpected relative stock return. Standard errors are shown in parentheses. ***, **, and * represent statistical significance at the 1%, 5%, and 10% 
levels respectively.  

Variables Australia Norway Mexico Brazil Japan UK Sweden Eurozone 

VIXt 0.0239*** 0.0196*** 0.0001 0.0017*** 0.0001* − 0.0000 0.0357*** 0.0111***  

(0.0010) (0.0012) (0.0002) (0.0003) (0.0000) (0.0001) (0.0013) (0.0009) 
vr

t  − 0.0138 − 0.0596*** 0.0097*** − 0.0037 − 0.0004* 0.0029 − 0.1285*** 0.0133  
(0.0117) (0.0145) (0.0033) (0.0026) (0.0002) (0.0019) (0.0151) (0.0116) 

Constant 0.0384** 0.2042*** 0.1734*** 0.4478*** 0.0717*** 0.0047** − 0.1844*** 0.2867***  

(0.0180) (0.0212) (0.0032) (0.0051) (0.0006) (0.0023) (0.0237) (0.0165) 
Observations 1,969 1,957 2,010 2,009 1,916 1,973 1,956 2,001 
Adjusted R-squared(%) 22.40 12.90 0.40 1.70 0.20 0.00 29.10 6.80  

9 The first group of four columns, from the second column to the fifth column, presents the root mean standard error (RMSE) of the model ARSM 
(defined in Eq.16), BRSM (Eq.15), ALM (Eq.14), and BLM (Eq.13), respectively. The second group of three columns, from the sixth column to the 
eighth column, presents the difference in RMSE (ΔRMSE) for three pairs of model comparison. We use “(model 1, model 2)” to present the ΔRMSE 
defined in Eq. (17).  
10 The median of a particular variable at date t is chosen from its observed values within a time window ranging from the start date of our sample to 

date t-1. vt is calculated based on a rolling window of the past 22 trading days.  
11 While the forecast errors, defined as (Zt+1- Ẑmi t+1)2, are winsorized at the 5% and 95% levels for all the models in Table 7, the forecast errors 

are winsorized at the 1% and 99% levels in Table 8. 
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Table 7 
Improvement in predictability accuracy. Table 7 shows the root mean square error (RMSE) to measure the predictability of models. We use ARSM to 
denote the results for the augmented regime-switching model in Eq. (16), BRSM to denote the benchmark regime-switching model in Eq.(15), ALM to 
denote the augmented linear model in Eq. (14), and BLM to denote the linear model in Eq. (13). Panel A shows the RMSEs calculated with a subsample 
if two conditions are satisfied: (i) vt is higher than the median value of the previous vt in the whole sample; (ii)SUR

t is lower than the median value of 
previous SUR

t . Panel B shows the RMSEs calculated in the full sample. BLM: Zt+1 = μ+βΔVIXt +γΔCDSt +θΔRRt +εt+1 (13) ALM: Zt+1 =

μ+αSUR
t +βΔVIXt +γΔCDSt +θΔRRt +εt+1 (14) BRSM: Zt+1 = μs +βsΔVIXt +γsΔCDSt +θsΔRRt +εt+1 (15) ARSM: Zt+1 = μs +αsSUR

t +βsΔVIXt +γsΔCDSt 

+θsΔRRt +εt+1 (16) We use the data of the first two years to construct the initial estimation of models, and re-estimate the coefficients of models every 
subsequent month by enlarging the sample. The standard errors are winsorized at the 5% and 95% levels for all the models. We use “(model 1, model 
2)” to denote the percentage change in RMSE: ΔRMSE = (RMSE of model 1/RMSE of model 2) − 1.  

Panel A RMSE(%) ΔRMSE (%) 

Countries ARSM(Eq.16) BRSM(Eq.15) ALM(Eq.14) BLM(Eq.13) (ARSM,BRSM) (ARSM,ALM) (ARSM,BLM) 

Australia 0.0521  0.0519 0.0520  0.0519 0.3766 0.1539 0.3280 
Norway 0.0647  0.0650 0.0650  0.0651 − 0.4398 − 0.5535 − 0.6523 
Mexico 0.0805  0.0810 0.0810  0.0810 − 0.5358 − 0.5311 − 0.5775 
Brazil 0.1127  0.1128 0.1129  0.1128 − 0.1024 − 0.1772 − 0.1564 
Japan 0.0536  0.0538 0.0537  0.0538 − 0.3350 − 0.0931 − 0.2851 
UK 0.0500  0.0499 0.0499  0.0499 0.1148 0.1603 0.1507 
Sweden 0.0535  0.0533 0.0537  0.0533 0.4503 − 0.3168 0.4036 
Eurozone 0.0564  0.0565 0.0566  0.0568 − 0.2610 − 0.4417 − 0.7118  

Panel B RMSE(%) ΔRMSE (%) 

Countries ARSM(Eq.16)  BRSM(Eq.15) ALM(Eq.14)  BLM(Eq.13) (ARSM,BRSM) (ARSM,ALM) (ARSM,BLM) 

Australia 0.1300  0.1297 0.1297  0.1297 0.1951 0.2509 0.3732 
Norway 0.1370  0.1370 0.1369  0.1368 0.0052 0.1651 0.3164 
Mexico 0.1501  0.1506 0.1505  0.1503 − 0.3344 − 0.1276 − 0.5045 
Brazil 0.1965  0.1963 0.1962  0.1960 0.0944 0.2469 0.8117 
Japan 0.1196  0.1194 0.1193  0.1192 0.2171 0.3269 0.3958 
UK 0.1053  0.1053 0.1054  0.1053 − 0.0125 0.0502 0.3297 
Sweden 0.1294  0.1292 0.1291  0.1288 0.1172 0.4571 0.4341 
Eurozone 0.1103  0.1102 0.1105  0.1103 0.1012 − 0.002 0.1042  

Table 8 
Robustness check of predictability accuracy. Table 8 shows the results for the predictability when the standard errors are winsorized at the 1% and 
99% levels. We use ARSM to denote the results for the augmented regime-switching model in Eq. (16), BRSM to denote the benchmark regime- 
switching model in Eq. (15), ALM to denote the augmented linear model in Eq. (14), and BLM to denote the benchmark linear model in Eq.(13). 
Panel A shows the RMSEs calculated with a subsample if two conditions are satisfied: (i) vt is higher than the median value of the previous vt in the 
whole sample; (ii)SUR

t is lower than the median value of previous SUR
t . Panel B shows the RMSEs calculated in the full sample. BLM: Zt+1 =

μ+βΔVIXt +γΔCDSt +θΔRRt +εt+1 (13) ALM: Zt+1 = μ+αSUR
t +βΔVIXt +γΔCDSt +θΔRRt +εt+1 (14) BRSM: Zt+1 = μs +βsΔVIXt +γsΔCDSt +θsΔRRt 

+εt+1 (15) ARSM: Zt+1 = μs + αsSUR
t + βsΔVIXt + γsΔCDSt + θsΔRRt + εt+1(16). We use the data of the first two years to construct the initial 

estimation of models, and re-estimate the coefficients of models every subsequent month by enlarging the sample. We use “(model 1, model 2)” to 
denote the percentage changes in RMSE: ΔRMSE = (RMSE of model 1/RMSE of model 2) − 1.  

Panel A RMSE(%) ΔRMSE (%) 

Countries ARSM(Eq.16) BRSM(Eq.15) ALM(Eq.14) BLM(Eq.13) (ARSM,BRSM) (ARSM,ALM) (ARSM,BLM) 

Australia 0.0666  0.0664 0.0666  0.0666 0.3376 0.1052 0.0955 
Norway 0.0768  0.0773 0.0772  0.0772 − 0.6283 − 0.4663 − 0.4909 
Mexico 0.0894  0.0901 0.0899  0.0900 − 0.7062 − 0.4563 − 0.6432 
Brazil 0.1464  0.1465 0.1465  0.1465 − 0.061 − 0.0683 − 0.0991 
Japan 0.0721  0.0720 0.0719  0.0720 0.1397 0.292 0.1683 
UK 0.0622  0.0621 0.0622  0.0622 0.1047 − 0.0161 0.0259 
Sweden 0.0692  0.0691 0.0694  0.0692 0.1556 − 0.2018 0.0953 
Eurozone 0.0713  0.0713 0.0714  0.0715 − 0.0316 − 0.2380 − 0.3392  

Panel B RMSE(%) ΔRMSE (%) 

Countries ARSM(Eq.16)  BRSM(Eq.15) ALM(Eq.14)  BLM(Eq.13) (ARSM,BRSM) (ARSM,ALM) (ARSM,BLM) 

Australia 0.1530  0.1527 0.1528  0.1527 0.2046 0.1571 0.1949 
Norway 0.1629  0.1631 0.1626  0.1626 − 0.1479 0.1537 0.2083 
Mexico 0.1761  0.1765 0.1767  0.1765 − 0.2766 − 0.3735 − 0.2706 
Brazil 0.2342  0.2341 0.234  0.2339 0.0500 0.0726 0.1466 
Japan 0.1427  0.1421 0.142  0.1419 0.3882 0.4718 0.5168 
UK 0.1225  0.1226 0.1224  0.1224 − 0.0395 0.0980 0.1288 
Sweden 0.1512  0.1510 0.1507  0.1504 0.1494 0.3185 0.4954 
Eurozone 0.1305  0.1304 0.1308  0.1305 0.0890 − 0.2065 − 0.0089  
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5. Conclusion 

This paper finds that the stock market return plays an important role in explaining and predicting carry trade returns. Empirical 
results from the Markov regime-switching model show the state-dependent coefficients of the stock return, daily changes in VIX 
(ΔVIX), SCDS (ΔSCDS), and risk reversal (ΔRR). The results suggest that the stock market return significantly affects the carry trade 
return in Australia, Mexico, Japan, the UK, Sweden, and the Eurozone. Additionally, the negative effect prevails. 

Furthermore, the two-state regime-switching model provides a suitable setting to examine the interaction between positive effects 
(the Balassa-Samuelson and risk premium effects) and the negative effect (the flight-to-quality effect), and shows a strong pattern 
supporting the flight-to-quality explanation. The estimated State 1 in our two-state regime-switching model is characterized by a high 
VIX and low volatility of the domestic stock market, which strongly weakens the flight-to-quality effect. A high VIX depreciates the 
stocks in the US, and the low volatility of the domestic stock market indicates the risk in the domestic market is relatively low. 
Therefore, the willingness of shifting from risky assets (the domestic currency) to less risky assets (the US Dollar) is not strong, and the 
flight-to-quality effect weakens. As a result, the coefficients of the stock market return is significantly larger in State 1 than in State 2 
for all the countries and regions. In addition, the fact the coefficients are more significant in State 2 shows that the flight-to-quality 
effect is the main cause of the stock market impact on the carry trade return. 

Finally, this paper explores the ability of the augmented regime-switching model with the stock market return to forecast the carry 
trade return. In the out-of-sample prediction, we find a clear pattern aligning with the state-dependent flight-to-quality effect. We 
characterize a volatile state for the domestic market as high volatility and a low level of unexpected relative stock return. The addition 
of the stock market return improves the prediction accuracy of the regime-switching model only in the volatile state owing to the flight- 
to-quality effect. In the full-sample prediction, the introduction of the stock market return does not help with prediction in most 
countries and regions because the positive effects offset the moderate flight-to-quality effect. Therefore, the prediction results again 
show the impact of the stock market return on the carry trade return is dominated by the flight-to-quality effect. 
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