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Abstract - A number of recent papers have investigated the role played by volatility in determining the cross section of 
currency returns. We show that the importance of volatility depends on whether the currency markets are unexpectedly 
volatile. Low volatility is largely unrewarded in the market, whereas high volatility is a risk which has a substantial impact on 
returns. 
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I. INTRODUCTION 
 
The carry trade anomaly that high-interest rate 
currencies tend to generate excess returns is a long- 
established fact among market professionals and 
among academics ever since [10]. Attempts to explain 
it have focused on a number of risk factors. One of the 
most fundamental principles of international finance is 
that, under risk-neutrality and rational expectations, 
exchange rates and interest rates move so that a 
strategy of borrowing low-interest currencies and 
simultaneously lending high-interest currencies earns 
no excess returns. In other words, uncovered interest 
rate parity applies at all times subject only to the 
transaction cost of arbitrage. The reality is very 
different, however, a fact which has been clear to 
practitioners and academics alike for some years. 
There is by now a vast empirical literature 
demonstrating that, even in the long run, the carry 
trade does appear to generate excess returns, which 
means that the appreciation of low interest rate 
currencies and depreciation of high interest rate 
currencies is insufficient to offset the interest rate 
differential. On the contrary, as for example [8] and 
the well-known paper by [10] showed, exchange rates 
are more often seen to move in the opposite direction 
from the one predicted by interest rate parity i.e. high 
interest currencies tend to appreciate rather than 
depreciate, and vice versa. 
 
A number of possible explanations of this anomaly 
have been suggested in the published literature. [12] 
pointed to deviations from rational expectations. [10] 
himself suggested that the cause may be a 
time-varying risk premium, setting off a hunt for 
plausible factors. In recent years, the search has 
focused on volatility, either in currency markets (e.g. 
[14] or in the broader financial environment ([6]). A 
closely related literature looks to crash risk [3], [11], 
an explanation very much in the spirit of the rare 
events literature following on the seminal work by [2], 
but in recent years attention has centered on the role of 
volatility as the key variable  
 

driving returns. In particular, [14] demonstrated that  
two factors accounted for a substantial proportion of  
carry trade returns: a so-called dollar factor acting as 
the equivalent of the market return in equity market 
research, and the volatility of exchange rates in 
general. More recently, [7] showed that returns to the 
carry trade depended on whether the currency markets 
were in a high- or low-volatility state. In this paper, we 
extend this approach in the direction suggested by the 
recent work of [1] and [13] who proposed a model in 
which the factor loadings in the CAPM are themselves 
made conditional on the state of the market, 
specifically whether returns are increasing or 
decreasing. The approach we take here differs insofar 
as we start from the proposition that volatility 
innovation, not market return, is the factor that 
conditions attitudes to risk. In other words, we 
postulate that markets may well be more sensitive to 
increases in volatility when the markets are 
unexpectedly volatile (the volatility innovation is 
high), whereas when the markets are relatively 
tranquil, investors are likely to be less concerned about 
changes in volatility, which proposition is consistent 
with the extensive literature on asset pricing in crisis 
(e.g. [3], [11]). 
 
II. THE MODEL 
 
In formal terms, we assume that in normal (low 
volatility innovation) times the stochastic discount 
factor takes the following form (e.g. [14]): 

 
               

  (1) 
  

where is the excess return on the average currency 
against the US dollar and  denotes volatility 
innovations. However, in periods when volatility 
innovation exceeds the threshold  of one standard 
deviation above its sample mean level 

, we replace unconditional 
stochastic discount factor (SDF) with the conditional 
SDF: 
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     (2) 

 
which implies that each factor loading can take either 

of two possible values,     and  

   in normal times, or  

and     in high volatility innovation 
months. The implication (see [4]) is that the expected 
return on currency   is: 

 
      

(3) 
 

where   are the loadings on the two factors 
in the normal state, with associated risk prices 

 and  are the loadings for the 
high volatility state where  are the risk 
prices. In the event, we cannot reject the hypothesis 
that the first factor is uncorrelated with the level of 
volatility innovation , so we can safely impose the 
assumption that   , allowing us to work with 
the equation: 

 
            (4) 

 
III. DATASET AND METHODOLOGY  
 
Our dataset consists of monthly carry trade returns 
computed from the spot and forward exchange rates  
for the 29 OECD countries, from November 1983 to 
January 2017, out of which we form 6 currency 
portfolios ranked by return from lowest to highest and 
the portfolios are adjusted every month. As can be 
seen from Table I, the excess return on a long position 
in the highest-carry currencies combined with a short 
position in the lowest yielded an excess return of 
6.65% and a Sharpe Ratio of 0.72, albeit with negative 
skewness. 
The monthly foreign currency market return (  is 
defined as the average return of the 6 portfolios. It is 
also considered as the dollar risk factor as it is 
measuring the risk of borrowing one dollar and 
investing equally weighted in other 29 currencies.  

Monthly exchange rate volatility is defined as:  

               (5) 

where is the number of currencies for which data 
are available on day     and there are     days in 
month . We concentrate on the unexpected change in 
monthly volatility as [5] argues that it is the 
unexpected change??in future market volatility rather 
than the level of volatility that risk-averse investors 
want to hedge and this idea is empirically supported by 
[1] in the stock market and by [14] in the currency 
market. 

Our econometric approach follows the standard 

Fama-Macbeth procedure, starting from time series 
estimation of the factor loadings, which are then used 
as explanatory variables in cross-section regressions, 
so that the first stage is the time-series regressions: 

  
    (6) 

 
for each portfolio     and     where   

  is the number of months in the sample 
period, and whenever the change in volatility is above 
the threshold 0.00099 when  is one standard 
deviation above its sample mean   , where : 

  
 

 
Then in the second stage, we estimate the 

cross-section: 
    
 

where  is the average return for portfolio . ,  , 
 and  are the point estimates from the first stage 

estimations. In the estimation, we restrict , 
which is consistent with the theory that the market 
price of risk is equal to the sample average of the 
market excess return. This is the case because the 
market has a unit loading of market risk and therefore 
the risk price is equal to the average of market return. 
From the second stage estimation, we can get the 
volatility risk price  and the additional volatility risk 
price  for the high volatility innovation state. 
I. Results Table II shows the results of the 1st-pass 
regressions for the full sample of 399 months (Panel 
A) 
II. for the 9 high-volatility months (Panel B). All the 
estimates in both panels are significantly different 
from zero. The first thing to note is that, in both panels, 
while the loadings for the dollar (market) factor are all 
very close to 1.0, the loadings on volatility are clearly 
diminishing from lowest- (#1) to highest-carry 
portfolios (#6). 
Secondly, and most importantly, if we compare the 
two panels we can see that the betas for volatility 
innovation are noticeably greater in absolute terms in 
the high-volatility state, providing support for the 
superiority of the conditional over the unconditional 
model. Indeed, the difference is most marked at the 
two extremes - portfolios #1 and #6, hinting at a 
possible nonlinearity which we do not investigate 
here. In Figure 1, we plot the volatility risk-loading  
against the realized mean excess returns of 6 portfolios 
for the unconditional and conditional model in Panel A 
and B respectively. Clearly, the conditional model in 
Panel B fits the data better.  

 
The results for the second-stage cross-section 
regressions are given in Table III, which provides the 
risk price for each risk factor. We present the results 
from unconditional-ICAPM model in Panel A as a 
benchmark. Comparing the results in Panel A and 



International Journal of Management and Applied Science, ISSN: 2394-7926                                                 Volume-3, Issue-11, Nov.-2017 
http://iraj.in 

 The Pricing of Unexpected Volatility in The Currency Market 
 

14 

Panel B, it is clear that incremental volatility pricing 
makes an important contribution to explaining the 
return. Its coefficient is negative and significantly 
different from zero, and its inclusion makes the 
volatility factor-price  insignificant. Note also that 
the equation adjusted  rises from 0.81 to 0.94, very 
high in the context of monthly currency returns. Figure 
2 illustrates graphically the superior fit of the 
Conditional over the Unconditional ICAPM for our 
portfolios. 
 
CONCLUSION 

 
As far as currency market behavior is concerned, the 
evidence presented in this paper suggests that 
investors are more concerned with volatility in states 
when it is unexpectedly high than when it is low, and 
that these concerns are reflected in the difference in 
risk premia in the two states. In modelling terms, the 
implication is that the conditional ICAPM which takes 
account of this effect fits the facts better than the 
unconditional ICAPM and that ignoring this 
conditioning gives misleading results. The most likely 
behavioral explanation is that our results are a 
consequence of the sort of patterns observed in the 
large empirical literature documenting nonlinear 
adjustment in the exchange rate process (see for 
example [15], [16]). If there is a band of 
low-amplitude fluctuations around the long-run 
equilibrium exchange rate, investors may well be quite 
relaxed about changes in the level of volatility 
("noise") within this zone, especially if in this region 
transaction costs are relatively high compared to the 
returns to currency trading ([9]). By contrast, at times 
when a number of exchange rates are relatively far 
from their long-run or purchasing-power parity levels 
([7]), volatility risk may be taken more seriously and 
unexpected rises priced accordingly. 
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APPENDIX A. Tables 
 

Portfolio 1 2 3 4 5 6 DOL HML 
Mean -1.49 0.3 1.58 1.69 2.75 5.16 1.665 6.65 
Std. Dev. 9.56 10.07 9.70 9.56 10.07 10.30 8.89 9.19 
Skewness 0.08 -0.14 -0.08 -0.37 -0.78 -0.63 -0.33 -1.08 
SR -0.16 0.03 0.16 0.18 0.27 0.50 0.19 0.72 

Table I: Excess Returns from Currency Portfolios 
 
Notes: 29 currencies allocated to 6 portfolios according to size of forward discount. Portfolios adjusted monthly.  

Panel A: All observations (399-month)  Panel B: when >0.00099 (49-month) 
 

   
PF Alpha DOL V   PF Alpha DOL V  
1 -0.003 0.968 3.982 0.794  1 -0.017 1.062 11.873 0.894 
 [0.001] [0.044] [1.052]    [0.004] [0.065] [2.099]  
2 -0.001 1.047 1.711 0.844  2 -0.006 1.078 3.953 0.912 
 [0.001] [0.041] [0.638]    [0.004] [0.064] [2.099]  
3 -0.000 1.038 1.706 0.893  3 -0.001 1.020 1.987 0.928 
 [0.001] [0.024] [0.559]    [0.003] [0.054] [1.940]  
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4 0.000 0.999 -1.337 0.876  4 -0.005 1.035 0.851 0.944 
 [0.000] [0.028] [0.608]    [0.003] [0.050] [2.165]  
5 0.001 1.016 -2.726 0.835  5 0.010 0.948 -8.022 0.889 
 [0.001] [0.045] [0.920]    [0.005] [0.060] [3.109]  
6 0.003 0.932 -3.336 0.682  6 0.022 0.874 -12.22 0.787 
 [0.001] [0.047] [1.035]    [0.005] [0.075] [2.710]  

Table II: The 1st Stage of FMB Regression 
 

Notes: Results from 1st stage time series FMB regression. Test assets are excess returns to 5 carry trade portfolios. 
Factors are dollar risk (DOL) and volatility risk ( V). Panel A: estimates for full sample. Panel B: estimates when 
volatility innovations are above the threshold. Newey-West standard errors in brackets.  
 
 

Panel A. Unconditional ICAPM model 

  

 Market 
Return 

Market 
Volatility risk   MAE 

 0.138*** -0.060***  0.812 8.76e-4 
S.E. [0.036] [0.014]    

 

Panel B. Conditional ICAPM model 

   

 Market 
Return 

Market 
Volatility risk 

Extra Market 
Volatility risk  MAE 

 0.138 -0.018 -0.023*** 0.940 5.20e-4 
S.E.  [0.017] [0.008]   

Table III: The 2nd Stage of FMB Regression 
 

2nd-stage time series FMB regression. Test assets are excess returns to 6 carry trade portfolios. Factors are dollar 
risk (DOL) and volatility risk ( V). Panel A: full sample. Panel B: estimates when volatility innovations exceed 
threshold. Newey-West standard errors in brackets.  

 
 

PF     
1 -0.003 0.955*** 0.038 4.070*** 
 [0.001] [0.044] [0.095] [0.948] 
2 -0.001 1.040*** 0.020 1.758*** 
 [0.001] [0.051] [0.075] [0.722] 
3 -0.000 1.063*** -0.077 1.529*** 
 [0.000] [0.026] [0.057] [0.583] 
4 0.000 0.988*** 0.033 -1.261*** 
 [0.001] [0.033] [0.048] [0.639] 
5 0.001 1.027*** -0.030 -2.795*** 
 [0.001] [0.034] [0.068] [0.892] 
6 0.003 0.927*** 0.015 -3.301*** 
 [0.001] [0.052] [0.089] [1.044] 

Table IV: Results for Equal Market Loading in Equation (3) 
 

This table reports the results of estimating equation (3) where the loadings of market risk under higher volatility 
innovation periods are not significantly different from the loadings for the whole period.  is a dummy variable 
which takes the value 1 if  and takes the value 0 otherwise. Newey-West standard errors are 
reported in the brackets. 
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APPENDIX B. Figures 
 

Figure 1: risk-return relation for 6 currency portfolios re-sampled monthly based on interest rate differential with 
USA. Left-hand panel: realized mean excess return versus ICAPM betas. Right-hand panel: realized mean excess 
return versus conditional relative betas. 
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Figure 1: Risk-return relations for Unconditional and Conditional ICAPM Models

 
Figure 2: fitted mean excess returns from 6 portfolios against realized mean excess returns of 6 portfolios for both 
unconditional ICAPM (squares) and conditional ICAPM (stars). The distance from the points to the 45-degree 
line shows absolute pricing errors of the model. The sample period is 12/1983 to 01/2017. 
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Figure 2: Pricing Error Plots for Unconditional and Conditional ICAPM Models 
 
 
 
 
 

 


