I.  Introduction

The rapid globalization of financial markets has allowed for the addition of foreign assets to investors’ equity portfolios.  Data suggests, however, that investors have failed to take full advantage of foreign markets, instead preferring to hold primarily domestic assets (French, 1991; Lewis, 1999).  According to modern portfolio theory, this home bias implies that investor portfolios are inefficient.  A large body of literature therefore seeks to explain why rational investors do not further diversify internationally, giving a multitude of debated explanations.  In this paper, I attempt to further the arguments that investors are acting rationally due to higher amounts of risk associated with foreign markets.  In particular, I attempt to use deviations in purchasing power parity (PPP) to explain high levels of domestic investment.

Since the home bias effect implies inefficient investor portfolios, when considered globally it also implies inefficiencies in the allocation of capital in world markets.  Global equity investments allow firms to receive the capital they need to become more profitable.  Equity prices reflect firm profitability.  As a firm expands its capital, the marginal rate of profitability from investment decreases, and therefore the risk/reward ratio of additional investment also decreases.  This suggests that efficient world capital markets would allow capital to flow to those firms that need it most, and therefore could yield the largest returns.  The home bias effect, by implying inefficient global capital markets, results in equity investment that does not accurately target firms with the most profitability potential.


The home bias effect is an interesting topic because it suggests investors could decrease risk in their equity portfolios without decreasing expected returns.  While it is impossible to eliminate risk altogether from such portfolios, a rational investor will attempt to hold the most efficient portfolio possible, one with the minimum amount of risk for a given expected return.  While the current body of literature offers several hypotheses pertaining to why domestic assets are over emphasized, it is limited in that there is little agreement as to which hypothesis is correct.  This paper offers support to one of those hypotheses.


My paper establishes a theoretical investment world that mirrors the types of investment choices actually available.  I then generate efficient investment curves that reflect possible risk and returns on efficient portfolios, both adjusting for PPP deviations and assuming no additional PPP-related risk.  Upon comparing the two types of portfolios, I find that once PPP deviations are accounted for, the level of domestic investment in an efficient portfolio increases, albeit not to the levels actually observed.  This finding is based upon an increase in the share of the domestic asset in PPP-adjusted portfolios relative to portfolios that assume no PPP risk.  I also attempt to discover whether or not investors are diversifying their portfolios based on expected future performance, or are instead attempting to hedge solely against those times of large domestic market movements.


My paper is organized in this manner.  The next section provides a brief introduction to portfolio theory and a survey of the current literature pertaining to the home bias effect.  Section III describes in more detail the issues this paper attempts to address.  Section IV gives a description of how the model generates efficiency envelopes, and how these curves are used to discover the role of PPP deviations in the home bias effect.  Section V gives the results from the efficiency curve comparisons and analyzes those results.  Section VI concludes.

II.  Literature Review

Introduction

This section outlines much of the previous work done relating to the home bias effect.  It summarizes the relevant portfolio theory, and then defines the home bias effect.  By doing this, the costs associated with home bias are made evident.  Finally, this section explores some of the potential causes of home bias given in the existing body of literature; the effects of PPP deviations are the main focus of this paper.

Portfolio Theory

The rational equity investor attempts to maximize expected return for a given level of portfolio risk, i.e. the variance of the portfolio.  The variance of the portfolio is determined by the variances of all the assets within the portfolio plus their covariance terms (Bodie, 1998; Cecchetti, 2006).  The fact that the effects of asset variance on the overall portfolio variance change with diversification is an important mathematical distinction.  If all assets are held in equal proportions, a term that is (1/n) squared, where n is the number of assets, weights asset variance in the portfolio.  This means as n, the number of assets, approaches infinity, the variance of the portfolio depends less and less upon the variance of the individual assets (Cecchetti, 2006).  The covariance term, however, does not approach zero as the number of assets approach infinity (Bodie, 1998).  Ultimately, the covariance of assets within the portfolio is all that affect the variance of the portfolio itself.  In such a case, all the idiosyncratic risk of the portfolio has been eliminated, and there are no further gains to be made from diversification.

Home Bias Effect

Since portfolio diversification results in the reduction of idiosyncratic risk, a rational investor will attempt to hold many assets.  In the case of an equity portfolio, these assets can include international stocks.  While the economies of the various countries around the world are correlated, the correlation is not as strong as the industries within a single economy (Levy, 1970).  As a result, a decrease in the portfolio risk is possible by increasing foreign investment. 

Assuming investors are rational, they should maintain a substantial percentage of their equity portfolios abroad.  Yet studies show that this is not the case (Lewis 1999, French 1991).  Investors typically hold the vast majority of their portfolios in domestic assets.  This in essence is the home bias puzzle; if investors could reduce the idiosyncratic risk by investing greater proportions of their portfolios abroad, why are they not doing so (Lewis, 1999; Solnik, Karolyi, & Stulz, 2003)?   

Costs of Home Bias

The home bias puzzle suggests that investors’ portfolios are not efficient.  An efficient portfolio is defined as one that yields the maximum expected returns for a given risk level, or, inversely, one that has the minimum amount of risk for a given expected return (Bodie, 1998).  An easy way of measuring portfolio efficiency is through the construction of an efficiency locus, which plots the expected returns and variances of all available efficient portfolios.  Each point on the locus represents the efficient risk/return ratios for portfolios of diversified assets (Bodie, 1998; Levy, 1970).  
The efficiency locus is a graphical representation of the risk/return tradeoff for various efficient portfolios of risky assets.  A rational investor will hold a portfolio that both is on the locus and whose risk/return tradeoff is equal to his marginal rate of substitution between risk and return.
  Relative risk aversion (RRA) is defined as how much additional expected return an individual requires for a given amount of additional risk and determines the slope of investors’ indifference curves (Woglom, 2003).  The general relationship is RRA equals twice the slope of its respective indifference curve (Woglom, 2003).
Figure 2.1
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Above is a graphical representation of an efficiency locus for risky assets and a set of indifference curves.
  The indifference curves A and B both have the same level of relative risk aversion, but a different level of expected utility.  Curve C has a lower level of risk aversion than A and B.  An investor with a relative risk aversion corresponding to indifference curve B would be indifferent to any portfolio located on the curve.  An investor with an indifference curve of A would also be indifferent to any portfolio on his curve, but would require a larger expected return for a given risk level than an investor with a utility level corresponding to indifference curve B.  An investor with a relative risk aversion corresponding to indifference curve C would prefer to hold an efficient portfolio with a larger amount of risk and a larger amount of expected return than an investor with indifference curve B.   Current research suggests that the average investor’s RRA is much greater than one, and probably greater than 2; therefore, the assumption that the average investor’s indifference curve has a slope of 1 is valid (Friend, 1975).  

The most important characteristic of these indifference curves is that, since relative risk aversion does not change with the level of wealth, two individuals with different levels of wealth would have the same slopes for their indifference curves 
 ADDIN EN.CITE 
(Friend, 1975)
.  As a result, for a given level of relative risk aversion and a given efficiency locus of risky assets, there is a single possible point of tangency.  This point is the utility maximizing efficient portfolio for the investor with that particular level of RRA (Friend, 1975; Woglom, 2003).  As an example, estimating relative risk aversion to be 2 on the diagram above, the point of tangency of indifference curve B with the efficiency locus is the utility maximizing efficient portfolio.   

All portfolios that fall within the locus are inefficient (Bodie, 1998; Levy, 1970).  In the case of the international equity portfolio, by investing disproportionately in domestic assets, investors fail to spread risk efficiently, causing their portfolios to be inefficient (Lewis, 1999).  If a world efficiency locus is created by treating various countries markets as individual assets, portfolios that fall within that locus would be examples of the costs of home bias.  The difference in variance between the locus and the portfolio with the same expected return would be the extra risk created by home bias.  An example of this cost of home bias is shown in Appendix B.  

Potential Causes of Home Bias

If potential gains can be made from reducing the idiosyncratic risk associated with home bias, it appears that rational investors must be subjected to some additional costs in investing abroad. Yet while formal institutional barriers to investment, such as taxes and varying degrees of liquidity in markets, used to exist, these barriers have been greatly reduced or altogether disappeared 
 ADDIN EN.CITE 
(French, 1991; Kho, Stulz, & Warnock, 2006)
.  The additional cost of foreign investment, therefore, can be assumed to be an increase in risk of foreign assets instead of an increase in transaction costs.

Because of this, one of the most basic arguments for the existence of home bias is that investors are in fact not acting rationally.  The reason for this irrationality may be that investors perceive risk in the unfamiliar; they view foreign investments as more risky simply because domestic investment opportunities may be more recognizable (Cai & Warnock, 2006; French, 1991).  Investors may have more optimism for domestic markets simply because of feelings unsupported by return data 
 ADDIN EN.CITE 
(French, 1991; Suh, 2005)
.   

An interesting test of this is a study where households are given the chance to make one of two investments with the exact same probability distribution for return and variance, but one investment is more familiar to the household.  More often than not, the investor chooses the more familiar investment, even given the knowledge that the two choices are statistically equal (Tversky, 1991).

Conversely, assuming investors are acting rationally, asymmetry in information is potentially responsible for an increase in costs of foreign investment.  If investors do not have the same type of access to information about firms abroad as they do for domestic firms, then they are less likely to invest abroad, as foreign assets may be seen as riskier.  Empirical testing shows a negative correlation between information asymmetry and expected returns (Bellalah & Aboura, 2006).  These reduced expected returns could be viewed as a byproduct of increased perceived risk; further studies have shown that the perceived risk is greater in equity markets than debt markets (Gehrig, 1993).  Therefore, the lower expected returns/increased risk that are associated with information asymmetry may explain home bias in equity investments, as imperfect information could be seen as an additional cost of foreign investment (Bellalah & Aboura, 2006).  

Perhaps the most debated explanation for the home bias effect is that it is a result of investors hedging against deviations in purchasing power parity (Adler, 1983; Lewis, 1999).  PPP deviations cause exchange rate fluctuations that affect domestic currency real returns and thereby increase risk in foreign holdings 
 ADDIN EN.CITE 
(Adler, 1983; Bodie, 1998; Bohn, 1996; Lewis, 1999)
.  If a foreign currency suffers a real depreciation relative to a domestic currency, then securities valued in the foreign currency have less value to the domestic investor; this is the source of PPP-related risk.  This exchange rate risk changes both the variance and the expected return of a foreign asset - the return on risk free assets varies directly with the PPP deviations (Bodie, 1998).  It is also important to note that empirical findings suggest that while the law of one price holds in the long run, in the short run PPP deviations not only exist but tend to persist (Adler, 1983).  Since PPP deviations are not extreme short-term phenomena, investors must factor their effects into investment decisions.

There are, however, ways to reduce risk from PPP deviations.  For example, investors making short-run decisions can hedge against PPP deviations with future contracts (Bodie, 1998).  This means that they can agree upon a fixed exchange rate for the future.  An example is an American investor buying a Japanese bond that pays a certain amount in yen, while simultaneously purchasing a future contract buying dollars for yen.  No matter what happens to the dollar/yen exchange rate, the bond payment is guaranteed.   

Some empirical findings suggest that in fact PPP deviations do not change investor behavior (Cooper, 1994).  If the risk from PPP deviations can be minimized through certain types of hedges, as shown above, its share in the cause of home bias should be minimal.  Hedges, however, are costly, and may be unfamiliar to many investors.  Because of this, the extent to which PPP deviations cause home bias is contested.
III.  The Issue

Introduction

This section explains the main issue this paper seeks to address, and how the theory of efficient portfolios will address it.  It proposes that PPP deviations are causing higher rates of domestic investment by adding risk to foreign assets, and that this phenomenon can be observed in PPP-adjusted efficient portfolios.  Lastly, it states the hypothesis that PPP-adjusted efficient portfolios will have higher proportions of domestic assets than non-PPP-adjusted efficient portfolios.    

Theory

The main issue this paper seeks to address is whether or not PPP deviations are responsible for the home bias effect in global equity investments.  


In order to address this issue, I make a critical assumption.  I assume that investors are rational and want to hold efficient portfolios.  Because of this assumption, I attempt to find a reason that efficient portfolios emphasize domestic asset holdings in the real world.  The explanation I am proposing is that PPP deviations are creating additional risk in foreign markets.  Since PPP deviations tend to persist, an investor would account for additional risk associated with such deviations with respect to foreign investments by increasing the proportion of domestic assets in his portfolio.  


My study creates a representation of international investment opportunities, and then tests whether or not PPP deviations are causing increased shares of domestic assets in efficient portfolios.  To represent the world capital market, I select a group of countries and economic markets that are representative of the types of markets typically utilized by the average investor, i.e. large developed nations, smaller developed nations, and emerging markets.  By selecting markets that encapsulate the diversity of available investment opportunities, I approximate the global capital market available to the modern investor.  Stock market index returns are used to estimate the returns of each of these individual markets. 


By using exchange rate data, I am able to adjust each market’s return data for PPP deviations.  This is further explained in the next section.  Efficient portfolios that account for PPP deviations are then created.  If these portfolios show an increase in domestic asset holdings when compared to an efficient portfolio that is not adjusted for PPP deviations, then the theory that PPP deviations are causing the home bias effect will be supported.  The home bias effect would then be a result of rational investment behavior – of investors attempting to hold an efficient portfolio. 

Hypothesis

PPP deviations are at least partially responsible for the home bias effect.  Once market return data is adjusted for PPP deviations, efficient portfolios will have a higher proportion of domestic assets relative to non-PPP-adjusted efficient portfolios.

IV.  The Model

Introduction

This section describes how I generated envelope curves of efficient portfolios and how those envelopes can be used to discover whether or not purchasing power parity deviations are responsible for the home bias effect.  By identifying efficient portfolios that have been adjusted for PPP deviations, and comparing them to a portfolio that has not been adjusted, PPP deviations can be found as a partial source for home bias.  

A small group of countries and a market has been selected in order to represent possible international investment decisions.  Stock market index data was collected and used to estimate monthly annualized returns.  This data in turn was used to find efficiency envelopes for each market after adjusting for PPP deviations.

The Data

In order to approximate possible investment choices, a grouping of stock indexes has been selected to represent a potential world capital market.  The grouping consists of indexes for four nations and the emerging markets; The United States, Great Britain, and Japan all represent large, developed economies, while Australia is representative of a smaller developed economy.  These economies are described by their major stock market indexes: the S&P 500, the FTSE 100, the Nikkei 225, and the Australian All Ordinances (AORD), respectively.  The Morgan Stanley Emerging Markets Index (MSCI EM) is used to approximate investment opportunities in the emerging markets.  Each index is treated as a single asset so that a five asset portfolio can approximate the possibilities for international diversification.

Stock market indexes give stock return data in terms of price.  Investors, however, care about the returns on their investments.  To convert the stock price data into return data, a logarithmic function is used.  

R = [Log(Pt) - Log(Pt-1)]1200
This function estimates the percent returns between two time periods, Pt and Pt-1.  Since the data set gives price data monthly, these periods are months.  By including the exponent 1200, the function estimates the returns in terms of annual percentages.  It multiplies the returns by 12 to convert monthly return data into continuously compounded annual return data, and by 100 to give returns in percentages.
To try and capture the effects of PPP deviations, each stock market has been adjusted so that it reflects the returns of an investor for each of the respective currencies.  In order to do this, the stock index prices are converted into that country’s domestic currency.
  This domestic currency allows the total portfolio to represent efficient investment behavior for an investor from that country.  
Description of Model
An efficient portfolio is one that can have no possible higher level of expected return for a given amount of risk.  As discussed in the literature review, one way of making a portfolio more efficient, of reducing the risk associated with a given expected return, is to further diversify the portfolio.  By allowing relative asset shares of a portfolio to fluctuate, the model minimizes the variance of the portfolio; this estimates the efficient amount of diversification.  Since each asset in the model represents a different global market, the model estimates the efficient amount of international diversification.  It does this by estimating the portfolio share of each market on the efficiency locus for a given expected return.


The set of portfolio estimates takes the form of an envelope curve of risk and return, which plots a point for each efficient portfolio with a given expected return and a corresponding minimum variance.  The positively sloped portion of this envelope, including the inflection point, is the efficiency locus for risky assets, and plots only those portfolios that are efficient.


I calculate the envelope by minimizing variance for a given expected return.  The variance of an efficient portfolio is determined by the variance/covariance matrix for each of the assets, which in this case is derived from their historical return data.  In the case of the five asset international portfolio, the total portfolio variance is a summation of each asset share squared multiplied by its own variance and twice the asset shares of each unique pair of assets multiplied by their covariance.  This is represented by the equation:

                                                                                              5     5
σ2  =   ∑  ∑ si* sj * σij  
                                                                 i=1  j=1
In this equation, σii = σ2i = the variance of asset i.  The benefits from international diversification are clear; as the number of international assets increases, the total portfolio’s variance decreases, since each asset’s own variance is weighted by its portfolio share squared.  Ultimately, as the number of assets approaches infinity, only the covariance of the assets affects total portfolio variance.  The expected return of an efficient portfolio is the average of the expected returns for each asset, weighted by their portfolio share.  The expected returns of the assets are estimated to be an average of the historical returns for the analysis period.  
Not only does the model calculate the share of each asset in a portfolio, but by adding the restriction that the asset share is greater than or equal to zero, the possibility of short selling an asset can be eliminated.  Short selling a risky asset is represented by a negative portfolio share.  Limiting asset portfolio shares to be non-negative, therefore, restricts the possibility of short selling.

Unrestricted short sales are an assumption in many existing empirical analyses.  This creates a problem, however.  Ross states that in the real world, shorting a risky asset is generally penalized (Ross, 1977).  Estimating efficient portfolios without some sort of restriction on short sales fails to account for this “penalty rate.”  As a result, assuming an investor can freely short or long risky assets is unrealistic (Black, 1972). 

Allowing the shorting of risky assets causes an efficient portfolio to have an equal or smaller variance than an efficient portfolio that does not allow short selling; by shorting a diverse selection of its stocks, an individual investor can approximate shorting a foreign market.  Yet because of the penalty rate and possible unfamiliarity with shorting, I assume investors do not short sell.  Because disallowing short sales increases portfolio variance, the envelope curve of non-short sell portfolios falls inside of the envelope curve that allows short selling.

Deriving envelope curves that allow short selling and that disallow short selling is a different process.  For an envelope that allows short selling, the whole envelope can be found by identifying two efficient portfolios, using each as an asset in a two asset portfolio, and varying their share weight in order to generate an efficient portfolio for an infinite number of expected returns (Sharpe, 1970).  This method does not work for an envelope that forbids short selling.  In order to calculate such an envelope, one must calculate each point individually by using the same minimization process used to determine the original two efficient portfolios along the short sell envelope, but adding in the restriction that share prices cannot fall below zero.  The diagram on the following page is an example of these efficiency envelopes.  It maps the efficiency locus for the five asset international portfolio, from the period of November 1987 to December 2007, allowing for both short selling and no short selling.  In this particular example, the markets are unadjusted for PPP deviations, so the percentage returns are measured in terms of each market’s home currency.
  Expected returns are measured in percentages on the dependent axis, and risk is measured by portfolio variance on the independent axis.

Figure 4.1
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Sources: Stock return data from yahoo.com/finance and mscibarra.com ; Inflation data from IFS Online 

(imfstatistics.org)
Application of Model

Since the majority of international investment occurs in the markets of the US, the UK, Japan and a limited number of other highly developed large economies, the portfolio includes the assets which are most utilized in actual international portfolios.  Additionally, the inclusion of Australia allows the portfolio to encapsulate those economies that are less traditionally utilized in international portfolios, but that are less risky than developing economies.  The inclusion of the Emerging Market Index allows the portfolio to include an asset that represents investment choices in lesser developed nations.  Due to the diversity of investment opportunities represented by the five indexes, I hope to approximate the actual opportunities that are provided by international diversification.


By using foreign exchange data to convert the returns into a single currency, the efficiency envelope is adjusted to reflect the perspective of a domestic investor.  All the portfolios along this curve are efficient only for the investor who uses that currency.  Since the curve reflects efficiency for a domestic investor, and is adjusted for PPP deviations, I will hereafter refer to it as the domestic currency adjusted locus.  This is because PPP deviations cause the expected return of a market to vary when estimated for different international investors. The difference in returns on foreign investments between currencies is a result of this PPP-deviation adjustment.   

Using this logic, an efficient portfolio that has not been adjusted for PPP deviations can be estimated.  This is done by leaving each asset’s return data in terms of its own respective domestic currency. By creating such a portfolio, I can compare those portfolios that account for PPP deviations to a control portfolio.    

The domestic currency adjusted locus derived by the model estimates the share of the domestic asset in an efficient portfolio for a given expected return.  By comparing such figures with portfolio shares in an efficient portfolio that has not been adjusted for PPP deviations, the effects of PPP deviations on rational investing can be observed.  If the domestic holdings in a domestic currency adjusted portfolio are greater than in a non-PPP-adjusted portfolio, this would suggest that investors would rationally hold a higher ratio of domestic assets in their portfolio as a response to PPP deviations.  If such difference is substantial, this would suggest that some home bias may be a rational investor response to PPP risk.  

For example, by looking at all markets in US dollars, one can analyze the returns a US investor would experience.  Optimizing that portfolio would yield efficient shares in a US portfolio.  In that portfolio, the S&P 500 asset would be considered the domestic asset; the domestic asset of each country is its own stock market.  By comparing such a portfolio to one that is not adjusted for exchange rate differences, one can draw inferences as to the effects PPP deviations have on rational investing by looking at the relative portfolio shares of the domestic asset in the two portfolios.  

V.  Results

Introduction

The following sections detail the results of the stock data analysis.  The first test uses multiple points of comparison between the various portfolios, including common expected returns and assuming common relative risk aversion for the typical investor.  The hypothesis that PPP deviations cause a rational investor to increase the portfolio share of his domestic asset is not fully supported; there is no case in which every country significantly emphasizes its own asset in relation to those of other countries.  Though the hypothesis is not fully supported, this test does not claim to fully explain home bias, and possible reasons for some of the incongruent results have been proposed.  As a result, the overall hypothesis that PPP deviations partially explain the home bias effect receives some support.

The second test isolates a time period of relative stability in the Japanese market in order to approximate the returns and variances an investor may expect in the future.  The total twenty year analysis period includes a significant crash in the Japanese market, resulting in low predicted investment in Japan.  Since investors are concerned with the future, past observations such as recessions may be discounted.  The second test finds that, after adjusting Japan’s return data, investment is increased in Japan and the domestic currency adjusted portfolios show an increase in domestic investment relative to the no PPP-risk portfolio, with one exception.

The third test attempts to explain home bias assuming investors diversify primarily in order to avoid major market shocks.  The hypothesis is that since international markets tend to move together in times of large movement, foreign assets are not as good of hedges as previously concluded. By only including data from months where real returns were more than one standard deviation from the mean, the data set is altered to reflect only those periods of large market movements, when the annualized return is more than one standard deviation from the mean.  The results do not support the hypothesis; in fact, international diversification in emerging markets is more beneficial in times of substantial domestic fluctuation.     

The First Test

For the first test, the entire set of stock data is taken into account, so the model uses the entire period of November 1987 to November 2007 to calculate expected returns and variances.

To generate a point of comparison, the portfolios for each nation are selected with a common expected return of 6.85%.  This return was chosen because each market had an efficient portfolio with an expected return of 6.85%.  As a result of taking 6.85% as a given expected return, the portfolios generated are all on the efficiency locus for their respective markets, since a higher expected return is not possible with an equal lower variance.  

As stated previously, to measure the increase in demand for domestic assets as a result of PPP deviations, a no PPP-risk portfolio is included in the data analysis.  The portfolio lacks risk associated with PPP deviations as measured by exchange rate changes. Inflation on each asset is subtracted using CPI data from the assets respective countries, with the exception of the emerging market index, which uses US inflation to match its US dollar returns.  

As can be inferred from my hypothesis, my expected results are increases in each nation’s domestic asset share when measured as a percentage of the total domestic currency adjusted portfolio, relative to that asset’s share in a non-PPP-adjusted efficient portfolio.  This result would be interpreted as consistent with an increase in risk associated with foreign assets relative to domestic assets once the stock data is adjusted for exchange rates. 

Analysis (full results reported in Appendix A)

Table 5.1
	Nation
	Portfolio σ
	% Dom Asset PPP-risk adj
	% Dom Asset no PPP-risk adj
	Change

	Australia
	46.95
	37.33%
	29.17%
	8.15%

	US
	36.80
	48.16%
	44.38%
	3.77%

	Japan
	48.21
	16.53%
	0.00%
	16.53%

	UK
	55.34
	9.58%
	0.00%
	9.58%


Sources: Stock return data from yahoo.com/finance and mscibarra.com ; Historical exchange rate data from The Federal Reserve Bank of St. Louis; Inflation data from IFS Online (imfstatistics.org)
The above table is a condensed summary of the test results.  All the results are rounded to the nearest tenth of a percentage point.  The two most important categories are % Dom Asset PPP-risk adj and Change.  % Dom Asset PPP-risk adj is the percentage of domestic asset in the overall domestic currency adjusted portfolio; for example, in order to achieve 6.85% returns in an efficient manner, Australia must invest 37.33% of its total portfolio in domestic assets.  The Change column describes the change in domestic investment behavior from the no-PPP risk portfolio.  This column shows the increase in domestic investing as a result of PPP deviations.

Looking at the % Dom Asset no PPP-risk adj data, it is clear that substantial gains can be made by increasing international diversification.  As an example, when one does not adjust for exchange rate risk the model estimates that the US should only hold 44.38% of its total portfolio in US assets.  This is in stark contrast to the data presented by French and Poterba (1991), who estimate actual US domestic equity holdings to be approximately 94% in 1989.  Once adjusted for PPP deviations, the results generally show a lesser amount of potential gains from diversification, but still allow for substantial risk reduction.  This is reflected in the domestic shares still falling short of observed levels, even after the increase.

In this table, there are two interesting cases.  The most interesting is Japan.  According the Change column, PPP deviations are more responsible for home bias in Japan than in any other country tested.  This result could be deceiving, however, due to Japan’s share in the no PPP-risk portfolio.  As can be seen in the table, Japan has a 0% share in the no PPP-risk efficient portfolio.  This is due to the dismal performance of Japan’s stock market during the analysis period, as shown graphically in Appendix C.  For instance, in December of 1989, the Nikkei 225 was at ¥38916; in April of 2003, it had fallen to ¥7831.42.  This decline is best represented by the average annual real return of -2.21%.  


The reason this result could be deceiving is that while the results reflect the data available for the Nikkei during the analysis period, investors looking forward may discount the figures generated from the data.  The large decline in Japanese stocks was due to a market correction that is not indicative of the future performance of the Nikkei.  As a result, -2.21% is probably not the current expected return of the Nikkei 225.  While historical data is used to estimate expected returns and variances, investors will realize that the performance of the Nikkei in the analysis period is probably atypical, and will consider figures such as -2.21% annual expected returns as an inaccurate prediction of future behavior.


The second interesting case is that of the UK.  Relative to the other countries, the UK had small real returns during the analysis period, with an annual average of 3.47%.  While this figure does not suggest poor performance on par with Japan, it does help explain the UK’s 0% portfolio share in the no PPP-risk portfolio.  Perhaps more difficult to explain is the UK’s relative share in its PPP-adjusted portfolio.  In the case of PPP-adjusted portfolios, UK investors maintain a smaller proportion of domestic assets than even Japanese investors.  We will look at a possible explanation later.  

By showing the potential gains from increasing international diversification after adjusting for currency, the results support the hypothesis that PPP deviations are somewhat responsible for home bias.  However, the results also seem to suggest that PPP deviations are causing different levels of domestic investment in efficient portfolios in most of the countries.  For example, the efficient level of domestic investment in a PPP-adjusted portfolio with a given expected return of 6.85% for the US is 48.16%, while it is only 9.85% in the UK.  

This result could be due to the point of comparison used.  By using a common expected return, each portfolio estimated implies that the typical investor in different countries has a different degree of relative risk aversion.  The literature review discussed how relative risk aversion is a measure of investor indifference to risk/reward combinations;
  the slope of a tangent line to the envelope is equal to RRA/2. 
  By taking a given expected return of 6.85%, the efficient portfolio generated for each country is associated with an investor indifference curve tangent to the envelope at the point of that portfolio.  Since these indifference curves have different slopes across the countries, the efficient portfolios all are associated with differing levels of relative risk aversion.   As stated earlier, the relative risk aversion levels all the countries are positive, but the differences in RRA at a 6.85% given return may be causing skewed results.

In order to address this issue, a new point of comparison can be drawn.  Instead of comparing portfolios on the basis of expected returns, they can be compared by using a common measure of relative risk aversion.  Since the relative risk aversion for individuals is estimated to be approximately 2, each country will be compared at the point where the slope of the tangent line to its efficiency locus is 1 (Friend, 1975).
 

Table 5.2
	Nation
	E(r)
	Portfolio σ
	% Dom Asset PPP-adj
	% Dom Asset no PPP
	Change

	Australia
	5.63%
	37.34
	57.97%
	37.13%
	20.83%

	US
	7.17%
	36.93
	50.98%
	49.71%
	1.27%

	Japan
	6.55%
	47.85
	19.04%
	0.00%
	19.04%

	UK
	4.90%
	42.14
	59.11%
	19.94%
	39.17%


Sources: Stock return data from yahoo.com/finance and mscibarra.com ; Historical exchange rate data from The Federal Reserve Bank of St. Louis; Inflation data from IFS Online (imfstatistics.org)
As before, the Change column is determined by finding the difference between the portfolio share of each domestic asset and the portfolio share of that asset in the no risk portfolio of the same expected return.  This allows the Change data to describe the difference in efficient domestic holdings and the same asset in an efficient portfolio when PPP-risk is removed.  


The two most important differences in this set of results when compared to the previous set are 1) an increase in most country’s Change column and 2) the level of domestic investment in the domestic currency adjusted efficient portfolios for Australia, the US, and the UK.  The results show an increase in the Change column for all countries except the US relative to the calculations done with a constant expected return.  The decrease in US Change can be easily explained, however, by the increase in the US asset share in the no PPP-risk portfolio.  In this portfolio, the US maintains a near 50% share, which leaves less room for increase (post domestic currency adjustment) than the other markets.  The non-US results suggest that home bias is better explained by PPP deviations when holding portfolios with an RRA near 2.  Since the average investor has a relative risk aversion of 2, the evidence for PPP deviations as at least a partial cause of home bias is especially strong.  


Also, once adjusted for PPP deviations, the efficient portfolios for Australia, the US, and the UK all hold over 50% of their assets domestically.  While this is not the case for Japan, its figures can again be low due to dramatic decline in the Nikkei previously discussed.  This test suggests that PPP deviations are causing the rational investor to hold over half of his portfolio in domestic assets.  If this is the case across countries, PPP deviations are a significant factor in home bias.


The UK example is perhaps the strongest evidence for PPP deviations as a source of home bias, with a 39.17% increase in domestic asset share once PPP deviations are accounted for.  The UK is also the best support for using a common relative risk aversion over a common expected return as a point of comparison.  While the UK maintained 0% portfolio share in the no PPP-risk portfolio with a given expected return of 6.85%, its portfolio share in the no PPP-risk portfolio with a given expected return of 4.905% (which corresponds to the expected return of an efficient portfolio for a UK investor with a RRA of 2) is nearly 20%.  Using a common measure of relative risk aversion allows portfolios to be generated that more accurately estimate the actual risk/return preferences of investors across markets.

The Second Test

The second test attempts to reduce the error associated with historical returns not being indicative of future performance.  Since the data represents only twenty years of stock returns, it could include an uneven distribution of booms and recessions.  An example of this is the real returns of Japanese stocks calculated in yen.  Over the period being analyzed, the average annual return is approximately -2.21%.  This figure seems highly unlikely to be representative of future performance.  It could be explained if the data set started at the peak of a Japanese economic boom, and then included the resulting market correction, or conversely if the set included a recession but ended before the resulting correction.

To correct for this potential error, the data set for Japan has been broken down into a five year subset from July of 1992 to July of 1997.  During this period, the Nikkei 225 experienced relative stability.  This also can be seen graphically in Appendix C.  The rest of the market data is left unchanged; the first test shows the 20 year analysis period to estimate positive average annual expected returns for Australia, the US, the UK, and the emerging markets.    

By selecting a period without uncorrected large market variations for Japan, a period that has low variances and reasonable returns relative to the twenty year set, I hope to approximate more realistic investor expectations for future market performance.  Such a five-year period would be representative of longer term market data, since in the long run market corrections should prevent skewed average annual return and variance data.

Looking at the results from the first test, an annual expected real return of between 3% and 7% seems a reasonable range.  After adjusting Japan’s return data, the average annual expected return for each market is approximately within this range.  The expected results are an increase in the domestic holdings in the domestic currency adjusted portfolios relative to the no PPP-risk portfolio, and a positive portfolio share in the no PPP-risk portfolio for each asset.

Analysis

Table 5.3
	
	E(r)
	Portfolio σ
	% Dom Asset PPP-adj
	% Dom Asset no-PPP
	Change

	Australia
	5.02%
	34.67
	44.60%
	36.64%
	7.96%

	US
	6.59%
	30.95
	40.04%
	46.93%
	-6.90%

	Japan
	7.04%
	42.07
	29.48%
	14.25%
	15.23%

	UK
	5.35%
	44.73
	46.37%
	6.03%
	40.35%


Sources: Stock return data from yahoo.com/finance and mscibarra.com ; Historical exchange rate data from The Federal Reserve Bank of St. Louis; Inflation data from IFS Online (imfstatistics.org)
Above is a condensed summary of the results.  The domestic currency adjusted portfolios in the table all have a relative risk aversion of 2.


The no PPP-risk portfolio with a corresponding expected return to each domestic currency adjusted portfolio with an RRA of 2 has a non-zero share in each respective domestic asset.  This result was expected.  By adjusting Japan’s stock return data to reflect more likely future performance, Japan’s desirability increased.


The Change column for the US shows that, after adjusting for PPP deviations, US investors actually hold less of their domestic asset.  This result is in stark contrast to the hypothesis proposed in the issue section.  One possible explanation is related to the US’s relatively large share in the no PPP-risk portfolio.  This would suggest that there are diminishing returns to increasing levels of domestic investment, even when PPP deviations are accounted for, which would support the argument that PPP deviations are not wholly responsible for home bias.


The most interesting result, however, is the decrease in domestic holdings in the domestic currency adjusted portfolios relative to the first test (with the exception of Japan).  This could be a result of truncating Japan’s historical stock data.  While this data adjustment yielded a more reasonable expected return for Japan’s future performance, it also decreased the level of correlation with the other markets.  Japan therefore is a far more attractive investment than in the first test, and is pulling investment away from the domestic markets.  The Change column, with the exception of the US, shows this effect to not outweigh the increases in domestic investment as a result of PPP deviations. 
The Third Test

The third test attempts to establish the relevance of the first two tests.  Home bias is additional portfolio risk associated with the failure to adequately diversify internationally.  This additional risk is based upon the idea that the covariance between a foreign and a domestic asset is lower than the covariance between two domestic assets.  As previously discussed, as a portfolio becomes further diversified, the covariance of the assets has greater effect on portfolio variance. 

The question then becomes: what are investors hedging against by internationally diversifying their portfolios?  An investor may be most concerned with reducing risk to minimize the chance of suffering a large financial loss.  An adequately diversified domestic portfolio would suffer such losses in times of domestic market recessions.  During a major market decline, the domestic portfolio would experience losses since, when diversified, it represents the domestic market as a whole.  Investor choices to diversify internationally may therefore be attempts to hedge against large domestic decline.

If investors are attempting to protect themselves from periods of extreme domestic market movements, then the covariance between domestic and foreign assets is only relevant during these periods.  Assuming domestic assets were perfectly stable, they would have little risk, and diversification of this risk may not be important.  International diversification lessens portfolio risk because losses in domestic markets can be partially offset by lesser foreign losses or even positive foreign gains.

If the covariance of domestic and foreign assets spikes during times of large market movements, there would be less incentive to internationally diversify an equity portfolio.  This is because foreign markets would be experiencing the same type of activity, whether positive or negative, as domestic markets.  In this case, investors may not view international diversification as beneficial relative to the case where covariances with foreign markets do not increase during times of large movements.  If this is the case, home bias may be the result of investors only attempting to hedge against large market movements.

In order to test the hypothesis that home bias is caused by investors placing the most value on the benefits of diversification during times of marked economic fluctuation, the same type of testing previously used will be applied to a data set that measures returns only during times of large movements.  As a simplified case, severe fluctuation in market returns will be estimated from the perspective of a US investor.  In order to isolate times of domestic market movements, the only data points considered are those in which the S&P 500 annualized real returns are more than one standard deviation from the mean.  This yields 62 data points, as compared to the 240 observations of the entire data set.  

Tables 5.4
	
	USD
	Entire
	Data
	Set
	

	
	Aus
	US
	Japan
	UK
	EM

	Aus
	1
	0.4108
	0.3891
	0.4239
	0.4684

	US
	0.4108
	1
	0.3538
	0.6398
	0.5451

	Japan
	0.3891
	0.3538
	1
	0.359
	0.3078

	UK
	0.4239
	0.6398
	0.359
	1
	0.4808

	EM
	0.4684
	0.5451
	0.3078
	0.4808
	1


	
	USD
	1 Std
	Dev
	
	

	
	Aus
	US
	Japan
	UK
	EM

	Aus
	1
	0.5387
	0.6199
	0.5687
	0.1303

	US
	0.5387
	1
	0.5396
	0.8523
	-0.1417

	Japan
	0.6199
	0.5396
	1
	0.4906
	0.0963

	UK
	0.5687
	0.8523
	0.4906
	1
	-0.0468

	EM
	0.1303
	-0.1417
	0.0963
	-0.0468
	1


Sources: Stock return data from yahoo.com/finance and mscibarra.com ; Historical exchange rate data from The Federal Reserve Bank of St. Louis; Inflation data from IFS Online (imfstatistics.org)
The tables above present the correlation coefficients for the five markets when calculated for both the entire 20 year data set and a set that accounts for only time of large market movements, adjusted for PPP deviations for the US investor.  This table is evidence that the correlation between foreign and domestic markets is in fact higher during times of large domestic movements than when measured from an entire continuous time period, with one important exception.  The covariance between the US and the Emerging Market Index actually shrinks to the point where the two are negatively correlated when calculated from only those periods of large US market movements.  A US investor would therefore emphasize the emerging markets in his portfolio if he were attempting to diversify away risk during times of domestic recession.    

My expected results are a large positive change in the percentage of domestic and emerging market assets held by the US investor when considering only times of market movements instead of considering the return data as a whole.  This would mean that home bias would not be a result of investors hedging against PPP-deviation risk, but instead that most foreign assets are simply not as beneficial to hold during times when most needed.

Analysis

Table 5.5
	
	E(r)
	% Aus
	% US
	% Japan
	% UK
	% EM

	UStotal
	7.17%
	16.15%
	50.98%
	0.00%
	8.04%
	24.84%

	USdeviation
	3.28%
	33.05%
	8.53%
	0.00%
	30.05%
	28.37%

	Change
	
	16.90%
	-42.45%
	0.00%
	22.01%
	3.53%


Sources: Stock return data from yahoo.com/finance and mscibarra.com ; Historical exchange rate data from The Federal Reserve Bank of St. Louis; Inflation data from IFS Online (imfstatistics.org)
The above table shows the efficient portfolio composition for two different US investor portfolios.  The row USdeviation describes an efficient portfolio for US investors with an RRA of 2, taking into account only those months where the S&P500 deviated more than one standard deviation from its mean estimated real return.  The row UStotal describes a portfolio with the minimum variance possible for a US investor with an expected real return of 3.28%, taking into account the returns for every month over the 20 year period.  The Change column shows the difference in each country’s relative portfolio share when US investors consider only  those times of large domestic market fluctuation.  It does this by subtracting asset shares in the US domestic currency adjusted full data portfolio from asset shares in the US domestic currency adjusted portfolio that measures large market fluctuations.


This test uses a common degree of relative risk aversion as a comparison point.  While this method was shown to be superior in the first test, the differences in the variances and expected returns of the assets in the two portfolios being compared in this test cause a common investor level of RRA to correspond to extremely dissimilar expected returns for the portfolios.  This is important to note when analyzing the results.  

The hypothesis stated that, during times of large domestic deviation, the demand for US assets would be greater than when the data was considered in totality.  This would have resulted in a positive number in %US Change cell.  In fact, the actual result is a large negative number.  If a US investor was assembling his portfolio based on the best mixture to hedge against large risks, he would hold a much smaller percentage of domestic assets relative to if he were attempting to minimize risk at all times.


Also predicted was a large increase in demand for the emerging market asset during times of large US market movements.  This would have resulted in a large positive number in the %EM Change cell.  While there is an increase in demand for the emerging market asset, it is not nearly as large as the Australian or British asset.  As expected, if a US investor were attempting to hedge against risk during times of large market movements, he would diversify by holding more emerging market assets in his portfolio, but the amount of this increase is unexpectedly small.

The results do raise some questions.  Since the US market’s covariance with Australia and the UK’s respective markets increases during times of large US movements, why would a US investor further diversify in those markets if he were hedging against US recession?  And why did the demand for US assets fall when predicted to rise?


These problems can be explained by the properties of the portfolios being generated.  While covariance is the only determinate of risk in a portfolio with an infinite amount of assets, the portfolio above has only five assets.  Therefore, the variance of each asset still affects overall portfolio risk.  Also, the assets all have different expected returns.  This also affects the proportions of assets an investor will hold in his portfolio.  Other problems stem from overall portfolio efficiency; the two portfolios being compared are different to the point that there is no expected return that corresponds with an efficient portfolio in both cases.
VI.  Conclusion

This paper attempted to confirm purchasing power parity deviations as a cause of the home bias effect in global equity investments.  By creating and comparing efficient portfolios that both allowed and disallowed additional risk from PPP deviations, I was able to identify trends of increased domestic investment as a rational reaction to PPP deviations.


The testing found, with a few notable exceptions, that levels of efficient domestic investment did in fact increase as a result of PPP deviations.  In the first and second test, explanations for the exceptions to this trend were put forth.  In the third test, a new potential explanation for US home bias was given, but was unable to provide clear conclusions because of unpredicted results.


This paper shows that deviations in purchasing power deviations are causing additional risk in foreign assets, and that investors are reacting to that risk by investing higher proportions of their portfolios domestically.  By doing this, I support the argument that PPP deviations are responsible, at least partially, for the home bias effect.


By showing PPP deviations to be a cause of the home bias effect, my results imply that investors are not acting entirely irrationally.  This implies that there are in fact barriers to international capital flows.  Because of barriers to capital flow, returns on equity investments do not accurately reflect the profitability of firms; instead, they reflect both firm profitability and the additional costs of international investment.  The larger implication of my results, therefore, is that global capital allocation is not efficient.      


The results from the testing also present important issues not entirely related to the arguments of this paper, but potentially addressable with further research based on the existing model.  The issue is foreign investment in emerging markets.  Appendix A shows the full results for the testing, and a trend for large amounts of investment in emerging markets is evident in all of the tests for each domestic currency adjusted portfolio.  This finding is in stark contrast with French and Poterba’s (1991) empirical observation that the emerging markets comprise a small proportion of international investment.


The question this poses is, in addition to holding inefficient portfolios, are investors in large developed economies such as the US hindering development in the emerging markets by failing to include them as a significant share in their international portfolios?  This issue is important because it deals with the income gap problem across countries discussed by economists such as Wallerstein (1974).  By failing to hold efficient portfolios, investors may be contributing to the perpetuation of poverty in the emerging markets.


The ill effects of small amounts of foreign investment for the development of emerging economies are discussed by Anyanwu (2006) in relation to African development.  In his paper, Anyanwu suggests that increased foreign investment could boost the development of Africa, and that increasing economic stability is making Africa a safer investment opportunity.  The same logic could be applied to the rest of the emerging markets.  By holding efficient portfolios, investors could reduce their own risk while simultaneously reducing poverty in lesser developed countries.


My paper showed PPP deviations to be partially responsible for home bias, but it also showed that foreign investment in emerging markets to be a rational investment behavior.  This result is a topic for further study.

Appendix A
This appendix gives the full results for each of the tests.

Test 1

E(r) = 6.85%

	Nation
	E(r)
	Portfolio σ2
	% Aus
	% US
	% Japan
	% UK
	% EM
	% Dom Asset PPP adj
	% No Adj
	Change

	Australia
	6.85%
	2204.42
	37.33%
	7.75%
	0.00%
	0.00%
	54.92%
	37.33%
	29.17%
	8.15%

	US
	6.85%
	1354.48
	15.88%
	48.16%
	1.78%
	11.71%
	22.47%
	48.16%
	44.38%
	3.77%

	Japan
	6.85%
	2324.12
	17.83%
	21.78%
	16.53%
	22.33%
	21.54%
	16.53%
	0.00%
	16.53%

	UK
	6.85%
	3062.52
	7.38%
	31.51%
	0.00%
	9.58%
	51.53%
	9.58%
	0.00%
	9.58%

	No PPP-Risk
	6.85%
	1240.15
	29.17%
	44.38%
	0.00%
	0.00%
	26.44%
	
	
	


Sources: Stock return data from yahoo.com/finance and mscibarra.com ; Historical exchange rate data from The Federal Reserve Bank of St. Louis; Inflation data from IFS Online (imfstatistics.org)
RRA =2

	Nation
	E(r)
	Portfolio σ2
	% Aus
	% US
	% Japan
	% UK
	% EM
	% Dom Asset PPP adj
	% No Adj
	Change

	Australia
	5.63%
	1394.08
	57.97%
	15.79%
	0.00%
	1.86%
	24.39%
	57.97%
	37.13%
	20.83%

	US
	7.17%
	1364.07
	16.15%
	50.98%
	0.00%
	8.04%
	24.84%
	50.98%
	49.71%
	1.27%

	Japan
	6.55%
	2289.96
	16.94%
	20.34%
	19.04%
	22.99%
	20.69%
	19.04%
	0.00%
	19.04%

	UK
	4.90%
	1775.61
	16.08%
	4.43%
	0.00%
	59.11%
	20.38%
	59.11%
	19.94%
	39.17%

	No PPP-Risk
	5.63%
	1394.08
	57.97%
	15.79%
	0.00%
	1.86%
	24.39%
	57.97%
	37.13%
	20.83%


Sources: Stock return data from yahoo.com/finance and mscibarra.com ; Historical exchange rate data from The Federal Reserve Bank of St. Louis; Inflation data from IFS Online (imfstatistics.org)
Test 2

	Nation
	E(r)
	Portfolio σ2
	% Aus
	% US
	% Japan
	% UK
	% EM
	% Dom Asset PPP adj
	% No Adj
	Change

	Australia
	5.02%
	1201.76
	44.60%
	17.18%
	23.20%
	4.19%
	10.83%
	44.60%
	36.64%
	7.96%

	US
	6.59%
	958.03
	16.85%
	40.04%
	20.02%
	3.34%
	19.76%
	40.04%
	46.93%
	-6.90%

	Japan
	7.04%
	1769.87
	16.09%
	12.17%
	29.48%
	29.35%
	12.91%
	29.48%
	14.25%
	15.23%

	UK
	5.35%
	2001.11
	10.28%
	0.00%
	26.62%
	46.37%
	16.73%
	46.37%
	6.03%
	40.35%


Sources: Stock return data from yahoo.com/finance and mscibarra.com ; Historical exchange rate data from The Federal Reserve Bank of St. Louis; Inflation data from IFS Online (imfstatistics.org)
Test 3

	
	E(r)
	Portfolio σ
	% Aus
	% US
	% Japan
	% UK
	% EM

	UStotal
	7.17%
	36.93
	16.15%
	50.98%
	0.00%
	8.04%
	24.84%

	Usdeviation
	3.28%
	51.68
	33.05%
	8.53%
	0.00%
	30.05%
	28.37%

	Change
	
	14.74
	16.90%
	-42.45%
	0.00%
	22.01%
	3.53%


Sources: Stock return data from yahoo.com/finance and mscibarra.com ; Historical exchange rate data from The Federal Reserve Bank of St. Louis; Inflation data from IFS Online (imfstatistics.org)
Appendix B

This appendix shows a measurement of the home bias effect.  The efficiency locus is the domestic currency adjusted locus for the US from November 1987 until November 2007.  The actual US portfolio was calculated using US portfolio asset share data from French and Poterba’s (1991) empirical study.  That data was viewed in the terms of my model’s asset categories, and I used my model to calculate the actual US portfolio.
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In this diagram, the cost of home bias is the difference in portfolio variance for the actual US portfolio and the efficient portfolio with the same expected return.  This large difference is the extra risk associated with failure to properly diversify, and is represented by the bold line.
Appendix C
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This appendix shows a graphical representation of the stock activity for each market.  Each graph is scaled logarithmically.
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� The marginal rate of substitution between risk and return for an investor is the slope of his indifference curve. 


� This graphical representation plots expected return against variance (σ2).  If the independent variable was instead standard deviation, σ, the indifference curves would be bowed.   


� This is done using historical foreign exchange data from dates corresponding to the index return data.  In some cases, the foreign exchange data was generated from other foreign exchange data.  This process is accurate because arbitrage prevents discrepancies in the prices of currencies.  For example, the data for the exchange rates between the Yen and the Australian dollar were found by multiplying the Yen/USD ratio by the USD/AUD ratio.


� This is true with the exception of the emerging markets index.  The MSCI EM is denoted in terms of US dollars, so the emerging markets are measured in terms of the US domestic currency.


� As discussed in the literature review, the assumption that investors can freely short risky assets is unrealistic.  While the complete restriction of short selling probably overcompensates for real world barriers, it is a better assumption than complete freedom to short sell.


� The indifference to risk/reward combinations was graphically depicted with indifference curves.


� As described in the literature review, this tangent line is the indifference curve for investors.


� The literature review details Friend and Blume’s (1975) finding that the average RRA for an investor is greater than 1 and possibly greater than 2.  As a result, I assume 2 to be a valid level of relative risk aversion for investors.
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