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CHAPTER 1 

INTRODUCTION 

1.1 Background and Problem Review 

The relationship between spot and forward rates is significant for market 

participants for investing, hedging, speculating perspectives as well as policy making 

of the government. The forward exchange rate is negotiated today between a bank and 

a client in order to enter into a forward contract agreeing to buy or sell some amount of 

foreign currency in the future. Multinational corporations, banks and other financial 

institutions enter into forward contracts to take advantage of the forward rate for 

hedging purposes such as hedging future payables or receivables denominated in a 

foreign currency against foreign exchange risk.  

The theory of “Rational Expectations” states that markets use all available 

information efficiently in forming expectations and such expectations are rational and 

unbiased; therefore, the forecast errors are uncorrelated and have zero means. The 

empirical results are contradicting to the theory since forward rates have found to be 

consistently biased forecasts of future spot rates as the changes in the future spot rates 

are generally negatively related to the forward discount. Froot and Thaler (1990) look 

at the coefficients on the forward premium (𝛽) from lots of papers observed on major 

currencies and find that the coefficients are not only smaller than the theoretical 

standard value of 1, but their average value is in the negative sign, which means the 

forward rate actually points in the wrong direction. Forward rate forecasts of future spot 

rates clearly violate the rational expectations hypothesis, which is the failure of FRUH. 



 

 

 

2 

The currency market of forward and spot relationship remains an empirical and 

theoretical puzzle.[1] 

[2] evidences have clearly shown the systematic deviations from rationality 

have also been documented in currency market, the recent models try to explain the 

sources of the irrationality forecasts of forward rate including systematic expectations 

theory, the presence of risk premium contained in forward rates, and statistical issues 

theory, which are occasionally promising, but they have also not resulted in any 

significant changes in the overall conclusions of significant non-rationality in forward 

rates (Engel, 1996). Also, such previous empirical studies generally test for the 

rationality of the forecasts on general properties such as bias or autocorrelation in 

errors, which provide limited insights into behavioral interpretations behind inefficient 

forecasts, and until now, there is only few researchers have explored on the behavioral 

biases in foreign exchange market to explain the failure of FRUH across currencies. 

Therefore, this paper aims to investigate if foreign exchange markets are characterized 

by the behavioral biases seen in other asset market by examining the ability of currency 

forward rates to forecast future spot exchange rates and to revise such forecasts with 

the availability of new information. This paper examines how forecast revisions reflect 

systematic behavioral biases of over-or-under reaction and optimism-or-pessimism, 

which are behavioral factors that could explain failures of rationality. 

[3] results of the rejections of the unbiasedness hypothesis cause this paper to 

question the common assumptions of unbiasedness hypothesis. This paper believes that 

inefficient foreign exchange market and the bias in the forward rate may cause from 

both irrational expectations and a risk premium since the markets are not risk neutral 

(or no risk premium) and rational (or the speculators cannot make excess returns) as 
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assumed by the forward rate unbiasedness hypothesis. Most commonly, investors are 

risk- averse and they typically demand risk premium in order to hold purely speculative 

positions. Since there is no long or short data on the forward currency market at any 

given time as they are traded in the OTC market, this paper also aims to assess the 

possible behavioral explanations of the failure of the forward rates unbiasedness 

hypothesis while controlling for time- varying risk premium and assess possible 

behavioral explanations of the failure of the FRUH. Brenner and Kroner (1995) support 

that a no-arbitrage condition should be reasonable to control. The fundamental theorem 

of asset pricing states that the condition of no-arbitrage is equivalent to the existence of 

a risk neutral measure. Lewis (1989) examines the forward rates as forecasts of future 

spot rates and states that 50 percent of the errors come from learning issues or the 

anticipations of future shifts in fundamentals, and the remaining 50 percent of the errors 

come from a risk premium. Mohanram and Dan (2013) also find a strong linkage 

between a measure of risk; the cost of equity, and analysts forecast errors for stocks. 

Aggarwal, Lucey and Conner (2014) find that risk premium is clearly shown to be 

important in the gold forward market as after controlling for risk premium using the 

Chicago Board Options Exchange market volatility index (VIX) as the measurement, 

they see a decline in forecast errors when volatility increases. Thus, the risk premium 

might be the determinant of the failure of forward rate unbiasedness hypothesis in FX 

markets.  
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1.2 Objective of the Study 

Hence, this study objective is to examine the ability of currency forward rates 

to forecast future spot rate and answer the research questions which are: How foreign 

exchange markets are characterized by the behavioral biases and does time-varying risk 

premium the determinant for there deviations from rationality? This paper aims to 

assess possible behavioral explanations of the failure of the FRUH while controlling 

for time-varying risk premium. Apart from that, this paper aims to examines whether 

the markets overlook is stable over time as the data set of this paper contains a wider 

range of horizons than the other previous studies. 

 

1.3 Contributions 

[4]irical studies generally test for the rationality of the forecasts on general 

properties such as bias or autocorrelation in errors. One motivation behind this work is 

aiming to use behavioral interpretations behind inefficient forecasts of forward rates. 

 The organization of this thesis is as follows: Chapter 1 present the Introduction 

and motivation behind this thesis while Chapter 2 provide the literature reviews of past 

related researches in the efficient market hypothesis, a review of the literatures on the 

forward rate unbiasedness hypothesis, the theoretical bases and empirical evidences for 

behavioral biases in equity markets, and the empirical evidences for possible 

explanations of the forward exchange rate bias. Chapter 3 present the developed 

hypothesis. Chapter 4 shows details the data used and descriptive statistic of the sample. 

Chapter 5 shows the methodology and results to answer the research questions. Chapter 

6 provides the conclusions of this thesis. 
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CHAPTER 2 

LITERATURE REVIEWS 

2.1 The Efficient Market Hypothesis 

[5]Theres are thought to be rational and risk neutral under the efficient market 

hypothesis (EMH). They are assumed to be rational and therefore value securities 

rationally. EMH states that if economic agents are risk neutral, all available information 

is used rationally; therefore, the market is competitive. As risk neutral investors needs 

no compensation for risk, the future spot rate may not be differing from expectation. 

With no taxes and transaction costs, or other frictions, the foreign exchange market will 

be efficient in the sense that the expected rate of return to speculation in the forward 

exchange market will be zero. The EMH also states that since forward exchange rates 

fully reflect all available information concerning the expectations of investors for future 

spot rates, the forward rates should be an unbiased forecasts of future spot rates. The 

tests of market efficiency are comprised of joint tests of two null hypotheses which are 

the market efficiency hypothesis (MEH) and the unbiasedness or the rational 

expectation hypothesis. (UH or REH).  

The efficient market hypothesis [6](EMH) was firstly introduced by Fama 

(1970). This theory consists of three types of market test with the market efficiency 

concepts based on various information sets (1) The Weak Form: Past information is 

already reflected on price, or the foreign exchange rate forecasting based on historical 

exchange rate as history tends to repeat itself. (2) The Semi-Strong Form: Public 

information is united in the asset price, or the prediction of foreign exchange rate based 

on the availability of public information and (3) The Strong-Form: All available 
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information, together with the private information is reflected in the asset price, or 

forecasting of foreign exchange rates made by agents, such as the central bank, who 

may have more information than others. The results of De Nederlandsche Bank and the 

Bank of Canada also state that although the central bank own more information in term 

of monetary and exchange rate policy, they still cannot predict the future spot rate. 

Because the foreign exchange markets are large and liquid, they are believed to be the 

most efficient financial market; however, Grossman and Stiglitz (1976) contribute an 

important message that information is costly to collect and analyze, so not all 

information will be collected. Therefore, market will never be fully efficient or reach 

the strong-form.  

In the foreign exchange market, lots of researchers support the weak-form tests, 

which show that the technical analysis model that observes on the basis of past realized 

spot rate is a technique for predicting changes in foreign exchange rate, does better than 

the fundamental analysis model at predicting foreign exchange rate in the short run. 

Fundamental factors that contribute to a change in exchange rate include monetary 

policy, political stability, interest rates and imports as well as exports. Many researchers 

conclude that fundamental analysis models using publicly available macroeconomic 

variables to estimate exchange rates, such as inflation and interest rates, are not 

successful in predicting foreign exchange rate in the short-run. 
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2.2 Forward Rate Unbiasedness Hypothesis (FRUH) 

[7]e theoretical foundation of the FRUH forms in the Uncovered Interest Parity 

(UIP) condition and Covered Interest Parity (CIP) condition. If UIP holds the expected 

changes in spot exchange rate for a k-period horizon   (Et(st+k) −  st) should be 

indifference from the difference of the domestic and foreign nominal interest rate (it −

 it
∗). UIP is determined by a parity relationship among the spot exchange rate and 

differences in interest rates between two countries, which reflects an equilibrium in 

foreign exchange market whereby arbitrage opportunities are eliminated. As the 

equilibrium, when interest rates vary across two countries, the parity condition implies 

that the forward rate is a premium or discount indicating from interest rate differential. 

CIP states that the nominal interest rate differential between two countries (it −  it
∗) 

must be indifferent to the countries’ forward exchange rate premium or discount (ft
k −

 st). This means that the forward rate derives its value from the spot rate and the 

additional information in available interest rates, which investors eliminate exposure to 

foreign exchange risk or the unanticipated changes in exchange rates with the use of 

the forward contract; therefore, the exchange rate risk is effectively covered. Under this 

condition, a domestic investor will receive equal returns from investing in domestic 

assets or in foreign currency assets in other countries with different interest rate, and 

converting the foreign currency for domestic currency at the negotiated forward rate 

because they will be indifferent to the interest rates on deposits in these countries 

because of the forward rate equilibrium. CIP allows for no arbitrage opportunities since 

the return on domestic deposits is equal to the return on foreign deposits. If the returns 

are not equal by the use of the forward contract, there would be potential arbitrage 
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opportunities. For the equilibrium to hold under differences in interest rates between 

two countries, the forward rate must generally differ from the spot exchange rate; in 

other words, the forward rate premium or discount reflects the interest rates differential 

between two countries.  

Using UIP and CIP condition, FRUH can be formulated by simply substituting 

the expected changes in the spot rate with the ex-post changes in the spot rate plus an 

error term. FRUH is the joint hypothesis of the conditions of UIP and rational 

expectations under the assumption of risk neutrality. Therefore, the future change in 

spot exchange rate for a k-period horizon should be equal to current forward premium. 

Isard (2008) state that if the ex-post spot exchange rate appreciation (depreciation) 

should be equal to the forward exchange rate premium (discount), respectively. To 

perform empirical tests of the FRUH, most of the research commonly use the “Fama 

Regression” (Fama, 1984) to test whether the current forward premium (ft
k −  st) is an 

unbiased predictor of the future spot exchange rate return( st+k −  st) by regressing 

current forward premium on the future spot exchange rate return. The main focus of 

FRUH is not on how accurate of the forward exchange rate forecast, but it is rather on 

whether the forecast errors are systematically biased.  

If the rational expectations are true, the forward exchange rates fully reflect 

available information about the expectation of investors, so forward rate should be 

unbiased forecasts of future spot rates, so the null hypothesis of unbiasedness is β = 1, 

if the null hypothesis are rejected, it means that FRUH does not hold. The implication 

of the null hypothesis rejected is that market participants may make systematic time 

varying forecast errors or forward exchange rate does not correctly predict the future 

spot rate movement on average. Most empirical evidences show forward rates have 
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been documented to be consistently biased forecasts of future spot rates as β is found 

to be closed to -1 rather than 1 (Froot and Thaler, 1990); (Gospodinov, 2009). It means 

that the forward bias puzzle is commonly accepted.  

 

2.3 The Theoretical Bases and Empirical Evidences for Behavioral Biases in 

Equity Markets 

This paper notes that markets and investors continuously revise their 

expectations with new information and such revisions may be influenced by behavioral 

pattern that deviate prices from market rationality and efficiency.  General investors 

usually have limited ability to access and process information; therefore, sometimes 

they create many behavioral biases, and the common one is overconfidence. Barberis 

et al. (1998) state that overconfidence among general investors has two types, which 

are overweighting prior beliefs and underweighting new information.  These lead to 

under-react to information as the adjustments are naturally insufficient as stated by 

Slovic and Lichtenstein (1971) because the different starting points lead to different 

estimates, which biased toward the initial values. During decision making, individuals 

tend to rely too heavily on an initial piece of information offered to make subsequent 

judgments. For example, in stock markets, Montier (2002) finds general investors tend 

to under-react to fundamental information, and the past prices are likely to influence 

the price today since investors are usually conservative and tend to judge the past price 

according to the historical prices, which result underreact to recent information. Amir 

and Ganzach (1998) find that security analysts under-react to new information. Jackson 

and Johnson (2006) also find a generalized under-reaction pattern in equity market. 
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Shiller (2002) states that the discovered negative beta would be consistent with the 

widely accepted bias of conservatism. 

Another behavioral bias of investors is over-reaction, which occurs when 

investors place too much weight on new information in forming their expectations 

regarding future events. For example, investors may conclude earning growth from a 

consistent past histories earning growth of some companies too far into the future. Then, 

investors over- value and overprice these companies and become disappointed in the 

future when the forecasted earnings growth is not as expected because they use the 

representativeness heuristic without considering that a history of high earnings growth 

is unlikely to repeat itself. Such overreaction tends to drive prices to be above their fair 

or rational market value, only to have rational investors take opposite side of the trades 

and bring prices eventually back in line. With an inadequate quantity of similar 

information, investors will under- react to information. However, with large amounts 

of similar information, investors will over-react to information.  

Abel (2002), Posteshman (2001) and Daniel et al. (1998) identify the evidences 

among investors that they are systematic pessimism in response to new information and 

over-react at long horizons and tend to under-react at short horizons. Ball and 

Croushore (2001) have found systematic pessimism in the equity market responses to 

new information. The empirical evidences show systematic deviations from rationality 

and efficiency and seem to reflect well-documented behavioral patterns among 

investors in the equity market. 

Some literatures state that costly and asymmetric information as well as the 

limited arbitrage of investors can lead to systematic deviations from rational 

expectations. The recent literatures on equity markets explore the reasons for such 
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deviation from rationality and efficiency. Schleifer and Vishny (1997) note that 

financial markets are not frictionless because it the reality, trading is always associated 

with certain transactions and information costs, such as commission and tax 

implication; therefore, investors face limitation on the nature of arbitrage as to 

arbitrage, it requires capital and is normally risky to do. Also, arbitrage may be limited 

by agency problems between skilled arbitragers and general arbitragers since they have 

different skills and more connections. Therefore, due to restrictions that are placed, 

rational traders who aim to arbitrage face pricing inefficiencies and prices may remain 

in a non-equilibrium as Schleifer and Vishny state that these systematic non-rational 

behavioral patterns may remain due to the limited arbitrage of investors.  

 

2.4 The Empirical Evidences for Possible Explanations of the Forward Exchange 

Rate Bias 

Many empirical evidences have proved that even though there are much higher 

trading volumes in foreign exchange markets than the equity markets, systematic 

deviation from rationality also happens in this market. Bekaert at al. (2001) conclude 

that there are three main possible reasons for the rejection of forward rates as an 

unbiased forecast of future spot rates, which are  

1) The systematic expectations theory: The systematic expectations theory 

explains that market participants make systematic prediction errors. The main idea is 

that market participants make irrational expectations as they are not risk neutral and 

rational as assumed by FRUH. One subcategory under the systematic expectations 

theory that is commonly used to explain the failure is “The Carry Trade Effect”, which 

causes the short-term bias from fundamentals. A basis strategy for the carry trade in 
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currency is that selling forward currency at premium and buying forward currency at 

discount yields a positive excess returns, which generates high economic value to a risk 

averse investors. The recent studies suggested that the momentum inherent in carry 

trades may lead to worsen biasedness (Spronk et al, 2013; Verschoor, 2013).  

  2) The presence of risk premium: Froot and Frankel (1989) state that the bias in 

the forward rate causes from both irrational expectations and a risk premium. Waheed 

(2009) also finds that the risk premium might be the determinant of the failure of FRUH, 

and he finds that the external current account balance position, foreign portfolio 

investment, inflation as well as interest rate are determinants of the risk premium. 

However, Frankel and Poonawala (2010) find that forward rate biasedness is less 

pronounced for developing market currencies than for developed market currencies, so 

they suggested that a time-varying exchange rate risk premium may not be the 

explanation for bias since to invest in emerging market probably be riskier, but the 

finding shows that bias in their forward rate is smaller, which might be because high 

riskiness in emerging market currencies may not entirely incorporated in the exchange 

rate risk premium when considering the conditional bias to be an exogenous variables 

such as risk factors as well as changes in an economic conditions and policies. Bernoth 

et al. (2005) find that the time- varying approach leads to the failure of risk premium as 

risk premium is negatively correlated with expected spot exchange rates. The literature 

surveys of Engel (1996) and Burnside et al. (2010) conclude that the time-varying risk 

premium approach occasionally explain the forward rate bias.  

 3) The statistical issues theory: This means that the statistical tests themselves 

may lead to false rejections due to poor probabilities and finite sample. Some 

researchers find that the empirical failures of the hypothesis resulting from 
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contaminated data and even inappropriate selections of the time length of forward 

contracts. For example, sampling error (Breuer and Wohar, 1996), near co-integration 

(Maynard, 2003), small sample sizes and serial correlation in the forward premium 

(discount) (Baillie and Bollerslev, 2000), nonlinearities in the data (Clarida et al., 2001), 

and omitted variables (McBrady, 2005; Pippenger, 2011). Also, Barnhart and Szakmary 

(1991) state that conflicting results of FRUH may due to the different time period that 

examined and specific factors during the period. For example, forward exchange rates 

that predict future spot exchange rates are influenced by changes in interest and 

inflation rates differentials and monetary policy changes between countries, which 

implies that changes in expectations, during the time that forward rate prediction is 

made, can partly explain the forecast errors. Lothian and Wu (2011) identify that their 

sample data in 1980s resulted in the negative slope estimates due to the changes of 

monetary policy in US and UK. So far, Aggarwal et al. (2008) state that even though 

they have improved statistical methodologies that account for potential statistical 

problems of the forward rates biasedness, they reconfirm that the forward rates are the 

bias forecast of the future spot exchange rate.  

It has been widely accepted that forward rates reflect systematic biases as 

forecasts of future spot rates. Until now, there is little empirical literature on behavioral 

biases in foreign exchange market. There is only the research of DeGrauwe et al. (2005) 

as well as Aggarwal and Zong (2008). DeGrauwe et al state that behavioral bubble or 

wave of optimism leads asset prices to be higher than its true value causes biasedness 

in forward exchange rates as investors stick on the trading strategies in the prior periods 

that have been profitable. Aggarwal and Zong observe market rationality at short- 
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horizon and find that market overlook is pessimism, and forecast revisions in forward 

rates as forecast of future spot rates reflect systematic under-react to new information. 
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CHAPTER 3 

HYPOTHESIS DEVELOPMENT 

[8]s most empirical evidences show that forward rates have been documented 

to be consistently biased forecasts of future spot rates but the sources of such bias are 

still unclear; therefore, this paper does not only aim to examine the rationality of 

forward rates as forecast of future spot rates, but this paper also aims to examine on 

behavioral interpretations of such biases and deviations from rationality and efficiency 

by examining new available information that incorporated in the changes in the forward 

rate on how such forecast revisions of forward rates as forecast of the same future spot 

exchange rate are characterized by systematic behavioral biases of over-or-under 

reaction and optimism-or-pessimism. Moreover, to assess possible behavioral 

explanations of the failure of the FRUH, this paper examines whether time-varying risk 

premium is the the determinant for there deviations from rationality. In addition, this 

paper aims examines the evolution of the behavioral dynamics over time to assess 

whether the markets overlook is stable or not. 

 

RESEARCH QUESTION I: How foreign exchange markets are characterized by 

systematic behavioral biases of over-or-under reaction and optimism-or-pessimism 

overtime? 

As the rationality hypothesis is firmly rejected according to many theoretical 

results, this paper estimates that forecast revisions of forward rates as forecast of future 

spot rates have a high likelihood to reflect systematic pessimism and systematic under- 

reaction to new information overtime. This is because people are generally learning 
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slowly and are usually conservative, so they difficultly shake off their initial value of 

memories and tend to underweight new available information. Therefore, when new 

available information is processed, investors under-react to this information. 

 Also, this study predicts systematic pessimism according to forecast revisions 

in forward rates as forecasts of future spot rates because the examined period was the 

period of the subprime mortgage crisis and the world economic recovery periods. Ever 

since the starting of the global financial crisis in 2007, financial investors have 

remained stressed as they experienced various shocks and uncertainties that caused by 

low oil prices, shifting in capital flows caused by the anticipated reversal of US 

monetary expansion, instability within Eurozone and the unstable situation in Greece 

(Chavdarov ,2015). These situations increase the level of uncertainty among financial 

market participants, which lead to the drop in confidence of investor. Investors would 

withdraw their money from risky assets and exchange rate is the most liquid asset of 

all, so it is normally very sensitive during the crisis. This might reflect systematic 

pessimism among investors due to uncertainty they face. 

 

RESEARCH QUESTION II: Does time-varying risk premium the determinant for 

there deviations from rationality? 

This research predicts that after controlling for time-varying risk premium, both 

forecast errors and forecast revisions are expected to decline because the markets are 

not risk neutral and rational as assumed by the forward rate unbiasedness hypothesis 

since most commonly, investors are risk- averse and they typically demand risk 

premium in order to hold purely speculative positions. The fundamental theorem of 

asset pricing states that the condition of no-arbitrage is equivalent to the existence of a 
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risk neutral measure. Therefore, after controlling for time- varying risk premium, it 

seems to be a complete market with no arbitrage opportunity, so all relevant information 

will fully reflect into the forward rates. They would be no behavioral bias, and forward 

rates can be an unbiased forecast of future spot exchange rate.  
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CHAPTER 4 

DATA AND DESCRIPTIVE STATISTIC 

 

[9] data covers the foreign exchange rates of the eight major industrialized 

countries quoted against the U.S. Dollar (USD), which are Australian Dollar (AUD), 

Canadian Dollar (CAD), British Pound (GBP), Euro (EUR), Japanese Yen (JPY), Swiss 

Franc (CHF), New Zealand Dollar (NZD) and Mexican Peso (MXN). The research of 

Cochrane (2001) identifies risk as a concept in asset pricing model, which does not 

frequently change over day-to-day. Therefore, this research studies in weekly 

frequency. The data set for weekly spot and forward rate of 3,6,12 and 24-month as 

well as FX implied volatility for each currency pair during June, 2006 – December, 

2014 are used in this studies. Yields to maturity for 3 months, 6 months,1 year, 2 years 

and 3 years are also required for each currency. All of which are obtained from 

Bloomberg Database. Table I shows the descriptive statistics for the data set at the 

levels for the forecast error and forecast revision for each currency at 3,6 and 12-month 

horizons. One notice point is that the calculation of forecast errors is similar to forward 

premium (discount). Also, all the examined variables are in log-form.
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CHAPTER 5 

METHODOLOGY 

5.1 Primary Analysis for Testing Forward Rate Unbiasedness Hypothesis 

Table II reports the results of the tests for unit roots for examining forward rate 

unbiasedness hypothesis (Equation 1) in each of the time series including the spot rate, 

3-month forward rate, 6-month forward rate, 12-month forward rate and the 2-year 

forward rates. All examined variables are in Log-Form in order to overcome the Siegel 

paradox. To examine the non-stationary and unit roots associated in the spot and 

forward rates, an augmented Dickey-Fuller (ADF) test which allow for serial 

correlation in error term (𝜖𝑡) should be used. This is important because unit root tests 

of the spot and forward rates should take into account any seasonality in the generation 

of time-series data. The results clearly show that all variables at the level have unit roots 

as stochastic trends are prevalent in the spot and forward rates. The presence of 

stochastic trends (random walk) in the spot and forward rates restricts the statistical 

model that can be used. Therefore, the first differences are applied in order to turn it to 

be stationary.  

Theoretically, forward rates can be priced using a no-arbitrage condition 

relationship between the spot and forward rate, which is known as covered interest rate 

parity as the relationship between interest rates and the spot and forward currency 

values of two counties are in equilibrium, so there are no interest rate arbitrage 

opportunities between those two countries. Brenner and Kroner (1995) show that the 

existence of co-integration between the spot rate and forward rates depend entirely on 

the time-series properties of the cost of carry, or
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“Differential” between domestic and foreign interest rates because under covered 

interest rate parity, the forward rate is simply a reflection of interest rates differentials 

between two countries. If the differential is stationary, then the spot and forward rate 

are tied together, and they would be co-integrated. However, if the differential has a 

stochastic trend, then the spot and forward rate tend to drift apart, and they would not 

be co-integrated. The cost of carry can be calculated by Ln 𝐷𝑡−𝑘
𝑡

  = 𝑘(𝐷𝑟𝑡−𝑘
𝑡 − 𝐹𝑟𝑡−𝑘

𝑡 ), 

where 𝐷𝑟𝑡−𝑘
𝑡  (𝐹𝑟𝑡−𝑘

𝑡 ) is the domestic and foreign interest rates 𝑘- period at time 𝑡 − 𝑘, 

respectively. This paper examines on 𝑟𝑡−3𝑚
𝑡 , 𝑟𝑡−6𝑚

𝑡 , and 𝑟𝑡−12𝑚
𝑡 , which are 3-month, 6-

month and 12-month horizons, respectively. Table III clearly show that the differentials 

for all time horizons are stationary, which is similar to the finding of Brenner and 

Kroner, who state that the differential will not likely to have a stochastic trend 

considering the currency market because the similar underlying economic forces likely 

to drive interest rates in both countries, so the difference of domestic and foreign 

interest rates would eliminate the trend.  

As the spot and forward rates are all I (1) series (integrated of order 1), a co-

integrating vector should be estimated. The results of Johansen Co-integration tests of 

the spot rate and 3-month forward rate, the spot rate and 6-month forward rate, and the 

spot rate and 12-month forward rate in the levels for each currency are shown in Table 

IV. This paper shows that there are a co-integrating relationship exists between spot 

and forward rates for all horizons, but does not find the co-integrating vector of (1, -1) 

for any horizons for all tested currencies. This finding is not uncommon as if the spot 

and forward rate are co-integrated with a (1, -1) co-integrating vector, the evidence will 

be in favor of the FRUH. The result supports that the conditions for co-integration 
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literally holds between the spot and forward rates and that co-integration can only exist 

follows three conditions, which are firstly, the spot rates and the 
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forward rates are non-stationary in the levels. Secondly, both spot and forward rate 

series are stationary in first difference. Thirdly, there exists a linear combination of 

levels, where 𝜇𝑡+𝑘 = 𝑆𝑡+𝑘 +  𝛽𝐹𝑡. Also, in the context of spot and forward rates, the 

fact that these are essentially rates of the same currency but with different delivery and 

payment dates, means that financial theory would suggest that they should be co-

integrated. Since this paper finds that both spot and forward rates at all time horizons 

are co-integrated, it can be implied that they have a long term equilibrium relationship 

that they may deviate from the short run. Therefore, the error correction term should be 

formed into the equation. Error correct terms would results better long run forecast than 

traditional time-series models.  

 

5.2 Testing for Forward Rate Unbiasedness Hypothesis 

According to Engel (1996), he constructs a comprehensive review of the literature on 

forward and spot rates relationship with the assumptions that if rational expectations 

hold and investors are risk neutral, the forward rate is an unbiased predictor of the 

expected future spot rate, or the forward rate is a conglomeration of all investors’ 

expectations, which can be expressed as: 

𝐸𝑡(𝑆𝑡+𝑘) =  𝐹𝑡
𝑡+𝑘 

where the expected spot rate at 𝑡 + 𝑘 conditional on the information available at time 𝑡 

should be equal to the forward rate at time 𝑡 . The above hypothesis is usually 

constructed at the levels relationship as: 

𝑆𝑡+𝑘 =  𝐹𝑡
𝑡+𝑘 +  휀𝑡 

where 휀𝑡 is the rational expectation forecast error. Forward exchange rates have 

important theoretical implications for forecasting future spot exchange rates as the 
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forward rate should be an unbiased predictor of the future spot exchange rate. Markets 

use all available information efficiently in forming expectations and such expectations 

are rational and unbiased, so that the rational expectation forecast errors are expected 

to be zero. This leads to a regression at the levels which has generally been used to test 

for the unbiasedness hypothesis of forward exchange rates, which is expressed as: 

𝑆𝑡+𝑘 =  𝛼 +  𝛽𝐹𝑡
𝑡+𝑘 +  𝜇𝑡+𝑘 

where the null hypothesis is that 𝛽 = 1, 𝛼 = 0 and 𝐸𝑡(𝜇𝑡+𝑘) = 0.  

Spot and forward rates are generally found to have unit root. Also, the 

hypothesis of unbiased forward exchange rates requires that not only that 𝑆𝑡+𝑘 and 𝐹𝑡 

to be co-integrated, but also the co-integrating vector must be equal to (1, -1). This 

paper investigates the co-integration between 𝑆𝑡+𝑘and 𝐹𝑡, and finds that they are co-

integrated for all horizons of every examined exchange rates, but the co-integrating 

vectors are not equal to (1, -1) as there are more than one co-integrating vectors which 

means they have long run relationship; therefore, the traditional time-series models are 

not appropriate for modeling the co-integrating vector of (𝑆𝑡+𝑘, 𝐹𝑡) and the use of such 

equation can lead to wrong interpretations since the traditional time-series models are 

misspecified considering the co-integration of spot rate and forward rate, and error 

correction terms needs to be added. 

Brenner and Kroner (1995) develop the appropriate test for unbiasedness as 

follows in order to overcome statistical issues, such as a stochastic trend of the input 

variables and an omitted repressors bias, which occurs when the model incorrectly 

leaves one or more important casual factors, and the model may be bias when it 

compensates for the missing factors by over-or-underestimating the effect of one of the 

other factors.  
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𝚫 𝑳𝒏 𝑺𝒕 =  𝜶 +  𝜷𝚫𝑳𝒏 𝒇𝒕−𝒌
𝒕 +  𝜹(𝑳𝒏 𝒇𝒕−𝟐𝒌

𝒕−𝒌 −  𝑳𝒏 𝑺𝒕−𝒌) +  𝝐𝒕  (1) 

 

𝐿𝑛 𝑆𝑡 −  𝐿𝑛 𝑆𝑡−𝑘 =  𝛼 +  𝛽(𝐿𝑛 𝑓𝑡−𝑘
𝑡 −  𝐿𝑛 𝑓𝑡−2𝑘

𝑡−𝑘 ) + 𝛿 (𝐿𝑛 𝑓𝑡−2𝑘
𝑡−𝑘 −  𝐿𝑛 𝑆𝑡−𝑘) +  𝜖𝑡 

 

where the unbiasedness hypothesis is satisfied if (𝛼, 𝛽, 𝛿) = (0, 1, 1) and the residual 

are serially uncorrelated. Market efficiency hypothesis is forward exchange markets 

states that traders have rational expectations. If the rational expectation holds true, the 

forward market provides an unbiased estimate of the future spot rate, these two 

variables would be perfectly positively correlated. The rational expectations hypothesis 

(REH) also states that economic agents should have make use of all available 

information in forming expectations, so there should be no systematic patterns in 

forecast errors. The error correction term implies that the model controls for forecast 

error of the previous period in order to get the clear result of the current period. This 

involves regressing the change in the spot rate over 3-, 6-,12- and 24- month periods 

predicted by the change in the forward rates and the change in previous period forecast 

error. The dependent variable can therefore suffer from serious autocorrelation inherent 

in the data, and such issue can be dealt by regressing OLS with Newey-West 

heteroskedasticity and autocorrelation consistent (HAC) standard errors.  

The empirical results based on the differencing equations with the error 

correction term shown in Table V strongly reject the hypothesis of unbiased forward 

exchange rates forecast of future spot rate, which confirm other previous researches as 

𝛼 ≠ 0 and there are on the basis of serial correlation in the residuals. As the null 
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hypothesis are rejected, it means that FRUH does not hold. The implication of the null 

hypothesis rejected is that market participants 
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may make systemaatic time varying forecast errors or forward exchange rate does not 

correctly predict the future spot rate movement on average. Two obvious results are 

that there is more predictive power at shorter periods for every foreign exchange rates, 

and at longer horizons, the forecast of forward rates obviously does not follow the 

rational expectations. This result may consist to some evidences that FRUH does hold 

at short horizons. According to the theory of “Normal Backwardation”, when the 

expected spot rates are above the forward rates, this leads to the desirable of speculators 

to net long their positions to gain profits as risk premium is required in order to hold 

purely speculative positions, so forward rates tend to approach the expected spot rates 

overtime as new information brings them into line with the expected future spot rates. 

Keynes (1930) claims that forward price will be either above or below the expected 

future spot depending on whether speculators hold short or long positions, respectively. 

Backwardation states that as the contract approaches the expiration, or the shorter the 

contracts, the forward rate will trade at a higher price compared to when the contract 

was far away from the expiration; therefore, this might lead to smaller forecast errors 

of the forward rates and the forecast of future spot exchanges rate in the shorter-horizon.  

 

5.3 Primary Test Analysis for Testing Behavioral Biases 

Before examining the idea of forecast revision process, this paper checks for the 

stationary for both 𝐹𝐸𝑡 and 𝐹𝑅𝑡 for every time horizons. All examined variables are in 

Log-Form. Table VI results that for 3-month and 6-month horizons, all of 𝐹𝐸𝑡 and 𝐹𝑅𝑡 

are found to be stationary. For 12-month horizon, 𝐹𝐸𝑡 and 𝐹𝑅𝑡 generally have unit root; 

therefore, this paper takes the first difference for both 𝐹𝐸𝑡 and 𝐹𝑅𝑡 in order to turn it to 

be stationary. 
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As the variables 𝐹𝐸𝑡 and 𝐹𝑅𝑡rates are I(1) series (integrated of order 1) at 12-month 

horizon, a co-integrating vector should be estimated. This paper investigates the co-

integration between 𝐹𝐸𝑡 and 𝐹𝑅𝑡 for 12-month horizon. If there two or more series are 

co-integrated, it means they have long- run relationship, so error correction term is 

needed to be added into the model.  For 12-month horizon, as shown in Table VII, both 

variables are not co-integrated for every examined exchange rates, and the co-

integrating vectors are not equal to (1, -1). Also, 𝐹𝐸12𝑚and 𝐹𝑅12𝑚 tend to drift apart as 

they are not co-integrated. Thus, there is no need to correct the bias in the co-integrating 

vector following the error correction term. 

[10]changes in FX implied volatility for each currency against USD is used as 

the proxy for risk for all time horizons, including 3-month horizon, 6-month horizon, 

and 12-month horizon, which are formed as 𝐿𝑛 [
𝑉𝑜𝑙𝑡−3𝑚

𝑉𝑜𝑙𝑡−6𝑚
] , 𝐿𝑛 [

𝑉𝑜𝑙𝑡−6𝑚

𝑉𝑜𝑙𝑡−12𝑚
]  and 

𝐿𝑛 [
𝑉𝑜𝑙𝑡−12𝑚

𝑉𝑜𝑙𝑡−2𝑦
], respectively. They are considered to be exogenous variables, so this paper 

examines for unit roots using Augmented-Dickey-Fuller tests, and the results presented 

in Table VIII shows that they are all stationary time serie
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5.4 Testing for Behavioral Biases 

[11]This paper aims to distinguish between the markets general overlook and 

the market response to new information by examining the relationship between the 

market mistakes (𝐹𝐸𝑠) on a particular day and the forecast revisions (𝐹𝑅𝑠) to the same 

expected future spot rate on that day. Two possible factors that could affect the market 

participants forecast from behavioral interpretations are that the market processes of 

new information on general outlooks (optimism-and-pessimism) and its response to that 

information (under-and-over reactions), which are independent of whether the received 

information is good or bad.  

Forecast Error is formulated as 𝐿𝑛 𝐹𝑡
𝑡+𝑘 − 𝐿𝑛 𝑆𝑡+𝑘 to investigate the error of 

forward rates for forecasting spot rates. Forecast revisions is formulated by assuming 

that at time 𝑡 − 𝑘, market participants form the forecast of the future spot rate at times 

𝑡 and 𝑡 + 𝑘 , which are 𝐹𝑡−𝑘
𝑡 and 𝐹𝑡−𝑘

𝑡+𝑘  forward rates, respectively. At time 𝑡 , market 

participants realize that the prior expectation formed at 𝑡 − 𝑘 is not accurate, so they 

use the forecast error as a part of new information to revise their forecast at time 𝑡 + 𝑘. 

Market participants revise their forecast of the future spot rate formed at time 𝑡 − 𝑘 for 

time 𝑡 + 𝑘, which reflects in the forward rate as 𝐹𝑡−𝑘
𝑡+𝑘 , and today, they form a new 

expectation with the arrival of new information for the future spot rate at 𝑡 + 𝑘, which 

will be different from the original expectation and reflects in the forward rate as 𝐹𝑡
𝑡+𝑘 

as market participants have a tendency to adjust their beliefs to the most recent data and 

to make decision based on information they have at the present time. The forecast 

revision is then formed as 𝐿𝑛 𝐹𝑡
𝑡+𝑘 − 𝐿𝑛 𝐹𝑡−𝑘

𝑡+𝑘. It is the process reflected in how the 

changes in the prediction of the forward exchange rate as a forecast of the same future 
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spot rate. Forecast revisions support the statement of Kozlova (2013) who states that 

economists and market participants revise their forecasting strategies as the new 

information becomes available and such revisions may incorporate changes in a 

country’s institution, political, policy and economic situations as well as shocks to 

technology. Also, the statement of Amir and Ganzach (1998) who state that analysts 

usually base their forecasts on the previous information set and combined with new 

information to predict future company earnings.  

As this paper aims to examines the markets overlook over time; the 3-month 

horizon represents short horizon, the 6-month horizon represents medium horizon, and 

the 12-month horizon represents long horizon. Forecast errors are regressed on forecast 

revisions. This leads to the regression for behavioral biases testing, which is expressed 

as: 

 

𝑭𝑬𝒕 = 𝜶 + 𝜷𝑭𝑹𝒕 +  𝝁𝒕  (2) 

 

[12]of 3 and 6-month horizon are stationary. The equations are then expressed as above 

base Equation (2).  

(𝐿𝑛𝐹𝑡−3𝑚
𝑡 − 𝐿𝑛𝑆𝑡) = + (𝐿𝑛𝐹𝑡−3𝑚

𝑡 − 𝐿𝑛𝐹𝑡−6𝑚
𝑡 ) +𝜇𝑡 

 

(𝐿𝑛𝐹𝑡−6𝑚
𝑡 − 𝐿𝑛𝑆𝑡) = + (𝐿𝑛𝐹𝑡−6𝑚

𝑡 − 𝐿𝑛𝐹𝑡−12𝑚
𝑡 ) +𝜇𝑡 

 

However, for 12-month horizon, the forecast errors and forecast revisions are not 

stationary, but after taking the first differences, they turn to be stationary. Therefore, 

this paper has to examine for the co-integration between 𝐹𝐸12𝑚 and 𝐹𝑅12𝑚 . The result 
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in Table VII finds that 𝐹𝐸12𝑚 and 𝐹𝑅12𝑚  are not co-integrated for any currency pairs 

since a stationary combination of the non-stationary variables has not been found and 

there is no co-integration, so obviously there would be no sense in forming an error 

correction term as these two variables do not have a long run equilibrium relationship 

and that do not deviate from in the short run. Therefore, the equation for 12-month 

horizon is formed by taking the first differences for both 𝐹𝐸12𝑚 and 𝐹𝑅12𝑚 as follow: 

 

𝑭𝑬𝒕 =  +   ∆𝑭𝑹𝒕  + 𝝁𝒕   (3) 

 

(𝐿𝑛𝐹𝑡−12𝑚
𝑡 − 𝐿𝑛𝑆𝑡)  − (𝐿𝑛𝐹𝑡−12𝑚

𝑡−1 − 𝐿𝑛𝑆𝑡−1)  = + {(𝐿𝑛𝐹𝑡−12𝑚
𝑡 − 𝐿𝑛𝐹𝑡−24𝑚

𝑡 )  

− (𝐿𝑛𝐹𝑡−12𝑚
𝑡−1 − 𝐿𝑛𝐹𝑡−24𝑚

𝑡−1 )}. +𝜇𝑡 

 

[11]. Similarly, if  is negative, it reflects general pessimism in the market. The 

slope (β) is a measure of market participants’ propensity to over- or under-reaction. A 

positive β implies overreaction. Over-reaction occurs when 𝐹𝐸  and 𝐹𝑅  have same 

signs. i.e. Forecast revisions revise upward, [13]he forward rates tend to rise above the 

expected future spot exchange rates, causing a positive forecast error. However, a 

negative β implies under- reaction. Under-reaction occurs when forecast error (𝐹𝐸) and 

forecast revisions (𝐹𝑅) happen to have the different sign or they have a reverse trend. 

i.e. Forecast revisions revise downward, but the expected spot rate tends to rise above 

the forward rates, resulting a negative forecast error. 

[14]ndent variables are expected to suffer from autocorrelation inherent in the 

data due to the overlapping value of regressing a long horizon dependent variables as 

for regressing the FRUH, OLS with Newey-West HAC standard errors are regressed 
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for all time horizons: 3-Month, 6-month and 12-month with four lags in order to control 

for autocorrelation.  

[15]This finding is similar to Aggarwal and Zong (2008), who find that the 

forward exchange rates are characterized by systematic pessimism under-reaction to 

new information during short- horizon, and Daniel et al. (1998) who discover the 

evidences among investors in equity markets that they are systematic pessimism in 

response to new information and over-react at long horizons and tend to under-react at 

short horizons. Therefore, such deviations from rationality and efficiency indicates 

well- documented behavioral patterns among market participants. 

[16]𝑅 seems to have greatest explanatory power at 12-month horizon, and at 3-

month horizon, the explanatory powers are almost close to zero. This evidence clearly 

shows that the FRUH almost holds at the short horizon, which supports to the previous 

evidence that at short horizon the F[17]does almost hold, and the longer the horizons, 

the more behavioral biases occur and the larger forecast error as it is more difficult to 

predict, the forecast of future spot exchange rate stays farther from the realized value 

of future spot rate as there is more time for economic and political conditions to change. 

This reflecting decreasing overtime of systematic pessimism among investors due to 

uncertainty [18] 
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5.5 Testing for Behavioral Biases with Controlling of Time-Varying Risk 

Premium 

[19]is paper aims to assess the possible behavioral explanations of the failure of 

the forward rates unbiasedness hypothesis while controlling for time-varying risk 

premium as an explanatory factor in no behavioral biases hypothesis, this paper adds a 

proxy for risk into the regressions with the results shown in Table X.  

[20] other asset markets, the concept of risk [21]markets is as a currency value 

is denominated in terms of another currency, so what would be a risk premium of one 

currency would be a risk discount for the holder of other currency in the foreign 

exchange. Therefore, this paper uses the FX implied volatility for each currency against 

USD as the proxy for market risk. Implied volatility is the estimated volatility of an 

asset price, which is derived from an option price. Since most option trading volume 

usually occurs in at-the-money (ATM) options, these are the contract generally used to 

calculate implied volatility.  In general, implied volatility increases when the market is 

bearish. In contrast, implied volatility decreases when the market is bullish. This is 

because of the common belief that bearish markets are riskier than bullish markets, and 

the higher the implied volatility, the higher the risk [22] 

[23]This paper uses the percentage changes in implied volatility of the current 

forecast period and 3-month lag of that forecast period; %𝑉𝑜𝑙𝑡−6𝑚
𝑡−3𝑚 = 𝐿𝑛 [

𝑉𝑜𝑙𝑡−3𝑚

𝑉𝑜𝑙𝑡−6𝑚
], the 

current forecast period and 6-month lag of that forecast period; %𝑉𝑜𝑙𝑡−12𝑚
𝑡−6𝑚 =

𝐿𝑛 [
𝑉𝑜𝑙𝑡−6𝑚

𝑉𝑜𝑙𝑡−6𝑚
], and the current forecast period and 12-month lag of that forecast period; 
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%𝑉𝑜𝑙𝑡−2𝑦
𝑡−12𝑚 = 𝐿𝑛 [

𝑉𝑜𝑙𝑡−12𝑚

𝑉𝑜𝑙𝑡−2𝑦
]  for 3-,6- and 12-month horizon, respectively. The 

equations are formed for 3-month and 6-month horizons as follow: 

 

𝑭𝑬𝒕 = 𝜶 +  𝜷𝟏𝑭𝑹𝒕 +  𝜷𝟐%𝑽𝒐𝒍𝒕 + 𝝁𝒕  (4) 

 

(𝐿𝑛𝐹𝑡−3𝑚
𝑡 − 𝐿𝑛𝑆𝑡) = +  𝛽1(𝐿𝑛𝐹𝑡−3𝑚

𝑡 − 𝐿𝑛𝐹𝑡−6𝑚
𝑡 ) +  𝛽2𝐿𝑛 [

𝑉𝑜𝑙𝑡−3𝑚

𝑉𝑜𝑙𝑡−6𝑚
] + 𝜇𝑡 

 

(𝐿𝑛𝐹𝑡−6𝑚
𝑡 − 𝐿𝑛𝑆𝑡) = +  𝛽1(𝐿𝑛𝐹𝑡−6𝑚

𝑡 − 𝐿𝑛𝐹𝑡−12𝑚
𝑡 ) +  𝛽2𝐿𝑛 [

𝑉𝑜𝑙𝑡−6𝑚

𝑉𝑜𝑙𝑡−12𝑚
] + 𝜇𝑡 

 

For 12-month horizon, the equation is expressed as: 

 

𝑭𝑬𝒕 =  +  𝜷𝟏∆𝑭𝑹𝒕 + 𝜷𝟐%𝑽𝒐𝒍𝒕 + 𝝁𝒕   (3) 

 

(𝐿𝑛𝐹𝑡−12𝑚
𝑡 − 𝐿𝑛𝑆𝑡)  − (𝐿𝑛𝐹𝑡−12𝑚

𝑡−1 − 𝐿𝑛𝑆𝑡−1)  = + 𝛽1 {(𝐿𝑛𝐹𝑡−12𝑚
𝑡 − 𝐿𝑛𝐹𝑡−24𝑚

𝑡 )  

− (𝐿𝑛𝐹𝑡−12𝑚
𝑡−1 − 𝐿𝑛𝐹𝑡−24𝑚

𝑡−1 )} + 𝛽2 𝐿𝑛 [
𝑉𝑜𝑙𝑡−12𝑚

𝑉𝑜𝑙𝑡−2𝑦
] + 𝜇𝑡 

[24]hypothesis of no behavioral biases requires that both 𝛼 and β are zero. After 

controlling for the time-varying risk premium, the results have changed significantly as 

both alphas and betas fall, which reflect a more balanced mood of the FX market over 

time and approach no behavioral bias hypothesis, which means that the time-varying 

risk premium is the determinant of the deviations from rationality. This result conforms 

to the research of Holden et al. (1990) as they discover that the forward rate is the sum 

of risk premium plus the expected spot rate; therefore, with the existence of a time 
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varying risk premium, the forward rate would be a poor predictor of future spot 

exchange rate. Still, the evidence reconfirms the finding of the regression without 

controlling of time-varying risk premium as the market mood is still found to be 

consistently pessimism overtime, and the markets under-react to new information in the 

short-horizon, while in the medium- till long- horizons, the markets generally over-

react to new [25] 

O[26] the explanatory power increases by almost double; however, the 

predictive powers are still lowest at shorter horizons. The results are reconfirmed the 

previous results that the FRUH do sometimes hold or almost hold at short horizons, and 

systematic behavioral biases clearly occur at longer horizons. Forecast accuracy 

decreases as the time horizon increases. Shorter- range forecasts must contend with 

fewer uncertainties than longer-range forecasts, therefore, they tend to be more 

accurate. 

Moreover, the general results show that the percentage changes in implied 

volatility are statistically significantly negative correlated with 𝐹𝐸𝑠 at all maturities for 

all tested currency pairs. The negative coefficient can be implied that as implied 

volatility of domestic currency increases, risk of that currency would increase, so many 

investors tend to hold more USD as USD has been seen as a safe, secure and strong 

currency. Most commodities such as gold and oil are priced in [27]so this gives an 

additional reason to hold currency in USD in order to minimizing transaction costs of 

using dollars to buy commodities. This leads to an appreciation of USD. Furthermore, 

as risk increases, uncertainties affect on the confidence of the forecast of forward rate. 

The confidence of the forecast of forward rate would be lower, so forward rates would 

not likely to be board, resulting the decreasing in degree of over-and-under reactions. 
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Therefore, the realized future spot rates tend to rise even more above the forward rates, 

and consequently, forecast errors tend to decline even more. 
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CHAPTER 7 

CONCLUSION 

[28]Behavioral interpretation is clearly shown to be important to explain the 

non-rationality of forward rates forecast of the future spot exchange rate. The FX 

market’s forecast errors are generally found to be systematic pessimism in response to 

new information overtime for every currency. They tend to be over-react at long 

horizons and under-react at short horizons similar to the equity market, which indicate 

well- documented behavioral patterns among market participants in asset markets. The 

paper finds that all the examined[29] share similar patterns in the forecast revisions 

processes. [30], after controlling for time-varying risk premium using the percentage 

changes in FX implied volatility, the results have changed significantly as both alphas 

and betas fall, which reflect a more balanced mood of the FX market over time and 

approach no behavioral bias hypothesis.  

[31]s significantly show that the FRUH do almost hold at short horizons, and 

the longer horizons, the more behavioral biases occur. Thus, the deviations from 

rationality can be partly explained by behavioral factors and the risk premium. 
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