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Monthly returns on twenty-seven Eurobonds from July 1982 to June 
1986 were examined. There were no consistent differences in returns based 
on the country in which a firm is located. There were consistent differences 
due to industry classification, with energy-related firms exhibiting higher 
average returns and variances. 

Excess returns were calculated using the capital asset pricing model and 
arbitrage pricing theory. The results from calculation of mean average 
deviation, root mean square, and R2 all indicate that the arbitrage pricing 
theory was a better descriptor of the Eurobond market. 

The excess returns were also examined using stochastic dominance. 
Arbitrage pricing theory never dominated the capital asset pricing model 
using first-order criteria, but consistently dominated using second-order 
criteria. The results were discussed in terms of the implications for investors 
and portfolio managers. 
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CHAPTER I 

INTERNATIONAL BONDS 

A substantial amount of evidence has been presented concerning the 

equity markets in different countries. The desirability of diversification in 

the international equity markets has been demonstrated, but there has been 

relatively little research into foreign bond markets. There are several 

possible reasons for this lack of research. The first concerns the lack of 

comparability of data. Most of work done in domestic assets concerns 

equities. The researcher in equities has relatively easy access to comparable 

data. A further contributing factor in the lack of research into international 

debt instruments concerns problems in finding an index. If one is concerned 

with measuring market performance, it is relatively common practice to use 

the Standard and Poors 500, New York Stock Exchange, or American Stock 

Exchange index. Each of these indices is based on equities. Some bond 

indices are available. Merrill-Lynch and Salomon Brothers, for example, 

compile domestic bond indices. The index problem can be particularly 

difficult when one is interested in world bond markets. The Financial Times 

compiles a bond index for the United Kingdom, and Credit Lyonnais compiles 

a French bond index. However, for the majority of countries researchers 

must construct their own index (Solnik and Noetzlin 1982). To further 

complicate matters, even in the United States the majority of bonds are 

traded in the over-the-counter market (Henning, Pigott, and Scott 1981). 
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Transactions data such as are available for equities (on Center for Research in 

Securities Prices and COMPUSTAT tapes) are very difficult to obtain for 

bonds. Market weights may not be available for the computation of an index 

(Ibbotson, Carr, and Robinson 1982). These factors have combined to limit 

the amount of research that has been done on the international bond market. 

Most of the work that has used data from the international bond markets has 

only indirectly concerned the bond markets themselves. This work has 

concentrated on combining bonds with equities in an effort to reduce risk. 

Research on international bonds is important for a variety of reasons. On 

a world-wide basis, more wealth is in bonds (54 percent) than in equities. An 

understanding of the largest markets is desirable. Investors disregarding a 

market due to lack of information may miss opportunities to reduce risk, gain 

higher returns, or both. Corporate issuers of debt may be overlooking an 

important source of lower cost funds (Kidwell, Marr, and Thompson 1985, 

1986). The U.S. government s use of the international markets as an 

important source of f unds is increasing. 

Ibbotson, Carr, and Robinson (1982) analyzed the returns on equities and 

bonds in 18 countries between 1960 and 1980. They found that non-U.S. 

bonds outperformed U.S. bonds despite the high U.S. interest rates prevailing 

during much of the period studied. However, the U.S. dollar was generally 

weak during the period, and the superior returns from non-U.S. bonds were 

largely due to currency appreciation against the dollar. These authors also 

found that returns on bonds in different countries are correlated, and that the 

correlation is due to co-movement between various currencies. Historically, 

equities have outperformed bonds (Ibbotson, Carr, and Robinson 1982), but 

an international portfolio of stocks and bonds has been less volatile than 



equities-only portfolios (Solnik and Noetzlin 1982). This generalization holds 

true in spite of an increase in the volatility of bond markets (Ibbotson, Carr, 

and Robinson (1982). 

Ibbotson, Carr, and Robinson (1982) set the tone for work on 

international bonds. Other researchers also tend to focus on interest rates, 

exchange rate risk, and the intercorrelations between bond markets in 

different countries. Accordingly, these topics will help to organize the 

discussion. Additional topics include the efficiency of international bond 

markets, risk-return relationships, and the presence or absence of market 

segmentation. 

Interest Rates 

In general, bond prices declined and investors faced capital losses on 

their holdings over the period 1970-1980. (Ibbotson, Carr, and Robinson 

1982; Solnik and Noetzlin 1982). Therefore, the only way to show a positive 

return was through coupon yield (Ittensohn 1976). Since interest rates tend 

to rise during periods of inflation, an examination of inflation rates may 

provide a clue as to future interest rate movements. Kuroda (1982) graphed 

long-term yields on Japanese government bonds against the Japanese 

inflation rate. Visual inspection indicates that the inflation rate led the bond 

yields. The gensaki (Japanese short-term) rate and the inflation rate were 

regressed on the long-term yields as shown in equation 1. 

(1) Rt - ZMgi*t-g • • C 

where Rt - long-term yield 

r - short-term yield 

« - inflation 



c - constant 

x and m - weights 

Both terms had significant explanatory power, indicating that Japanese 

inflation leads Japanese bond rates. Kuroda's results confirm those of 

Ibbotson, Carr, and Robinson (1982), who found that long-term yields were 

positively correlated with inflation in every country that they examined. It 

appears that inflation rates may provide information about future interest 

rates in the international markets. 

Eichange Rates 

International bond investors must consider exchange rate risk 

(Ittensohn 1976). A substantial bond price gain or a favorable coupon rate 

could be wiped out by unfavorable exchange rate movements. When gains 

are translated into the home currency, adverse eichange rate changes could 

create losses. Several researchers have found relatively low exchange rate 

risk for international equity investors (Bertoneche 1979; Solnik 1974; Solnik 

and Noetzlin 1982). Solnik and Noetzlin (1982), however, found that exchange 

rate risk can play a larger role in influencing the returns on international 

bond investment. When exchange rate risk is calculated by subtracting the 

standard deviation of returns measured in the local currency from the 

standard deviation of returns measured in dollars, shown in equation 2, 
(2) S.D. in dollars 

- S.D. in local currency 
S.D, attributable to eichange rate? 

where S.D. - sample standard deviation 

as much as 50 percent of the risk faced by an investor in international bonds 

is due to exchange-rate risk (Solnik and Noetzlin 1982). The exchange-rate 



risk calculated in the same way for an investor in international equities is 15 

percent (Solnik and Noetzlin 1982). The exact amount of exchange-rate risk 

varies depending on the geographical distribution of the holdings, and can be 

reduced by using a portfolio consisting of a combination of bonds and 

equities. Currency appreciation was a minor factor in the total returns when 

Solnik and Noetzlin (1982) formed such a combination portfolio. Based on 

their results, Solnik and Noetzlin (1982) suggest that one of the important 

roles of bonds in the international portfolio is to help achieve currency 

diversification. 

Solnik and Noetzlin (1982) made no attempt to factor out other forms of 

risk such as political risk. These forms of risk appear in equation 2 only to 

the extent that they are reflected in the exchange rates. 

Exchange rate risk is more important due to the increased volatility of 

exchange rates since "dirty float" was adopted (Bergstrand 1984). Solnik 

and Noetzlin (1982) found that exchange rate volatility is often higher than 

bond market volatility. Allan (1982) confirms the importance of the currency 

factor, finding that currency selection is a critical factor in achieving above-

average bond returns. By calculating the standard deviations of dollar-

adjusted returns and of returns in local currency, and dividing the dollar-

adjusted standard deviation by the local-currency standard deviation, Allan 

(1982) found that conversion into U.S. dollars increased the variability of 

bond returns. Solnik and Noetzlin (1982) formed a multi-country portfolio, 

and Allan (1982) looked only at individual countries. The results may not be 

strictly comparable, but they are compatible in demonstrating that exchange-

rate risk can be substantial in international bond investments, but that bonds 

can be used to help diversify exchange rate risk. 



Yield Iflterwrrelation 

Diversification is best achieved when the correlation between asset 

returns is low. Yield intercorrelations are, therefore, a factor to consider in 

international markets. In contrast to the eitensive work done on 

intercorrelations in international equity markets (eg., Finnerty and 

Schneeweis 119791; Grubel and Fadner 119711; Lessard (1974,19761; Panton, 

Lessig, and Joy 119761), there has been little work done on yield 

intercorrelations in international bond markets. The only blocs of markets 

exhibiting intercorrelation of returns that have been identified are a 

Continental European Bloc made up of continental Europe excluding Spain and 

Italy, and a North American Bloc consisting of Canada and the U.S. (Ibbotson, 

Carr, and Robinson 1982). 

Risk-Return Relationships 

Some of the types of risk involved in an investment in international 

bonds have been described above. These include exchange rate risk and 

political risk. Current investment theory equates risk with the variability of 

returns. Each of the types of risk discussed earlier will affect the variability 

of returns. This section discusses only the variability (uncertainty) of 

returns, and ignores other types of risk. Where this is impossible, other types 

of risk are discussed explicitly. 

Solnik and Noetzlin (1982) examined the question of variability of 

returns directly by calculating the percent return and the percent risk in 

investments in international portfolios. The portfolios included both bonds 

and equities, but were limited to liquid markets. They report that an 

international portfolio of stocks and bonds dominated a U.S. portfolio of stocks 



and bonds in a Modern Portfolio Theory sense. Unfortunately, they did not 

report the returns or standard deviations. Reading from their Chart 1, the 

figures in Table 1 were derived. 

TABLE 1 

Risk and Return in U.S.-0nly and International Portfolios 

of Stocks and Bonds (Data From Solnik and Noetzlin 1982) 

Source Risk R^tfffl 

U.S. 10 % 6 1/2 % 

International 91/2 % 9 1/2 % 

International diversification seems to hold promise for investors by both 

decreasing the risk and increasing the returns. (These results also indicate 

that issuers of debt may benefit by raising cheaper funds in international 

markets. See Kidwell, Marr, and Thompson 1985,1986, for direct evidence.) 

Adler (1983). using data from 1973-1981, constructed a portfolio of 

equities, and added international debt to the portfolio in increments. He 

defined risk as the "volatility" of the returns from the portfolio. The 

risk of the portfolio decreased, with an increase in returns, when 20 percent 

of the portfolio was switched to international bonds. The risk level of the 

international bond/equity portfolio was less than the risk level of a portfolio 

of U.S. securities available on the same date when the international portfolio 

contained up to 50 percent bonds. The international portfolio also provided 

higher returns. 
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Solnick and Noetzlin (1982) also compared the results of their stock plus 

bond portfolios to the Capital International World Stock Index (a market-

valued weighted index) and found that their portfolios outperformed the 

index, suggesting market inefficiency. However, it is impossible to conclude 

from their data whether the inefficiencies are in the market for stocks, bonds, 

or both. 

Interpretation of these results Is complicated because the results are 

reported in local currency. Allan (1982) examined the returns from equities, 

bonds, and cash instruments in several countries over the years 1972-1981. 

Bonds generally underperformed all other assets over this period. Returns in 

the local currency were correlated with returns in U.S. dollars, but conversion 

into U.S. dollars increased the risk of international bond investments to above 

that of international stock investments. This result is inconsistent with data 

generally accepted for U.S. markets that higher risk levels are rewarded with 

higher returns over the long run, and raises some interesting questions. 

Perhaps the international markets are fundamentally different from the U.S. 

markets. International markets could be less efficient than U.S. markets. 

Despite lack of a rigorous definition of risk, Allan's results indicate that bonds 

are riskier, but offer less return, than stocks. 

Ibbotson. Carr, and Robinson (1982) listed the returns and standard 

deviations of returns on bonds in fourteen countries. Unfortunately, they 

report no summary statistics, but a correlation coefficient calculated from 

their Table VI shows a weak relationship between risk and return (r-.19 

between return and standard deviation). These results indicate that if there 

is inefficiency (as suggested by Solnik and Noetzlin's (1982) results), it may 

be more pervasive in the bond markets. 



There has been little direct work done on efficiency of international bond 

markets. Wise (1982) reviewed the legal restrictions in the Japanese bond 

market, and concluded that the market is slowly moving toward efficiency. 

Similar inferences can be drawn from Kuroda's (1982) work on rational 

expectations and the Japanese bond market. Kuroda concludes that investors 

use the information available in a market when participating in that market. 

Ittensohn (1976), after a series of personal discussions with international 

portfolio managers, concludes that the international capital markets vary in 

efficiency. Maru and Takahashi (1985) postulate that bond dealers provide 

liquidity by buying and selling for their accounts when orders are not 

balanced. The fee for providing liquidity is the bid/ask spread. They 

regressed the gensaki rate, transaction volume, bond yield, and two dummy 

variables representing information reporting system changes and the 

admission of banks to the government bond market, on the spread, as shown 

in equation 3. 

(3) SPt - «o • a l H + + " a4*l(T2) + u* 

where SP - spread 

i - gensaki (Japanese short-term) rate 

V - volume 

Tj - dummy for information reporting (published 

quotations) 

T2 - dummy for admission of banks 

Maru and Takahashi (1985) found that the spread decreased due to higher 

volume, more information, and the admission of banks to the market. With 

increases in volume (Japan now has the second largest bond market in the 

world) discussed by Maru and Takahashi (1985) and Ittensohn (1976) and 
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the decreases in regulation discussed by Maru and Takahashi (1985) and Wise 

(1982), the Japanese bond market has become more transactional efficient. 

Market Structure 
Work on market structure has concentrated on the presence or absence of 

efficiency in the Japanese bond market. Maru and Takahashi (1985) 

examined the transactional efficiency of that market. Before the market 

reforms (denoted by the dummy variables in equation 3). Maru and 

Takahashi found that four large dealers dominated the secondary bond 

market in Japan. Each of these had a group of smaller firms allied with it. 

Trades were essentially all intragroup, which resulted in a segmented market. 

Beginning in 1975, the Japanese government sold more and more bonds. This 

increased volume led to larger and larger inventories of bonds with the 

dealers. Larger inventories led in turn to potentially greater losses with 

fluctuations in bond value. The four groups could not handle the volume in 

the old fashion. The Committee on Securities Exchange (the Japanese 

equivalent of the SEC) recommended inter-dealer brokering of bonds. By 

allowing dealers from different groups to trade with each other, inter-dealer 

brokering tends to reduce segmentation. 

Kuroda (1982) graphed the term structure of Japanese interest rates and 

found strong evidence of traditional market segmentation. Kuroda notes that 

Japanese bond yields are calculated using the simple interest to maturity 

formula found in equation 4. 

(4) R - (C » 11 - P)/« 
P 
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where R - yield 

II - redemption value at maturity 

C - (semiannual) coupon 

it - years to maturity 

When the returns are converted into compound yield formulations 

(discounted cash flows), the evidence for segmentation is greatly diminished, 

with interest rate gaps between various maturities being reduced by more 

than 50 per cent Kuroda developed an equation for the term structure of 

interest rates based on the pure eipectations hypothesis, and regressed it on 

government bond returns. Both the short-term interest rate and the inflation 

rate were significant predictors, and the overall r2 was .9706. He concluded 

that the pure eipectations theory is a better explanation of the Japanese bond 

market than is market segmentation. 

Summary 

The international bond return literature raises several issues of interest. 

First, with increasing internationalization of markets, the international debt 

markets can no longer be overlooked, either from the standpoint of the issuer 

or the investor. The issuer may be able to tap a source of capital that would 

otherwise be unavailable, or may be able to find less expensive sources of 

capital. The investor may be able to achieve greater diversification, earn 

higher returns, take a lower risk to be able to achieve the same returns, or 

take advantage of potential market inefficiencies. Given the size of the 

international debt markets, further understanding of them could provide 

important information to both issuers and investors. 

The international markets may offer a laboratory for the testing of 
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financial theory. It could be that the concept of the risk/return trade-off that 

dominates domestic portfolio construction is incorrect for the rest of the 

world. This issue is essential for the construction of a theory of the capital 

markets. 
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CHAPTER II 

PRICING THEORIES 

Capital Asset Pricing Model 

The Capital Asset Pricing Model (CAPM) is a mean-variance model of 

security pricing. It assumes that returns can be completely described by 

population mean and variance. If the mean or eipected return is plotted on 

the vertical axis, and the variance is plotted on the horizontal axis, the result 

is the relationship shown in figure 1. If investors are faced with a choice 

between points A and B is figure 1, they will choose A because it gives a 

higher return than B and offers no more risk. Point A is therefore in the 

efficient set. An efficient set is a group of choices that gives the highest 

possible return for a given level of risk, where risk is measured by the 

variance of returns. By extending this logic to any other two points with the 

same variance on the mean-variance surface in figure 1, it is clear that the 

only choices that an investor will make will be on the upper portion of the 

curve. This upper portion is called the efficient frontier, and consists of a 

series of efficient sets. 

15 
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Return 

Variance 
Figure 1. The risk-return trade-off. 

The CAPM assumes that: all investors have homogeneous expectations; 

there are no transactions costs; the markets are efficient; investors are 

rational; and investors can engage in unlimited short selling. 

It is further assumed that all borrowing and lending are done at the 

same, risk-free, interest rate. A ray drawn from the risk-free rate of return, 

Rf, is tangent to the efficient set at point M in figure 2. All points on this line 

will dominate all other points on the efficient frontier. At points between Rf 

and C, there are no possible points below the line. From C and above, 

investors will earn a higher rate of return by choosing points on the ray than 

by choosing points on the efficient frontier. If investors are rational, they 

will choose the higher returns with no added risk. Rf can be considered to be 

the returns on one (risk-free) asset, and Rffl can be considered the returns on 

another, risky, asset. An investor can form a portfolio of these two assets. 

At Rf, the investor has all investable wealth in the risk-free asset. 

Between Rf and M, the investor has some proportion of investable wealth 
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in the risk-free asset and some proportion in the asset M. At point M, ail of 

the investor 's investabie wealth is in M. Beyond M, the investor has sold 

short and invested the proceeds in M. The logic can be readily generalized to 

include several risky assets with multivariate normal distributions. Each of 

these points (Rm, Rf, C, and M) represent portfolios of the several assets, 

rather than individual securities. The only changes will be in the actual 

calculations of the means and variances. 

Variance 

Figure 2. The efficient set. 

In CAPM, the straight line running from Rf through M in figure 2 is the 

Capital Market Line (CML). M is the market portfolio, a mean-variance 

efficient portfolio that includes all possible assets. M is unique in that it 

dominates all other portfolios. The market portfolio must be identified in 

order to determine the return on the market, Rm, and the risk in the market. 

The equation for the CML is: 
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(5) Rp - Rf • 

where Rp - return on the portfolio 

- risk free rate of return 

x - market price of risk, where x - (RB - Rf)/Sn 

- standard deviation of the market. 

Beginning with the CML, an equation for the Securities Market Line 

(SML), the relationship between risk and return for a single security, can be 

developed. A graph of the SML is presented in figure 3, where a new risk 

measure, 0, is shown on the horizontal axis. 

Retain 

Figure 3. The security market line. 

Equation 6 represents in SML shown in figure 3. 

(6) R| - Rf + »|(Rm - Rf) 

where Rf - return on the security 

*r - risk free rate of return 
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Rm - return on the market portfolio 

Pi - risk measure for the i& security - COVj m/VARm 

There is exactly one risk factor in the CAPM, Pi for the SML and the variance 

for the CML. The CAPM enjoys wide acceptance (Bower, Bower, and Logue 

1984; Cho 1984; Fogler 1982; Roil 1978; Roll and Ross 1980), and has been 

used by some regulatory bodies in order to determine required rates of 

return for regulated companies (Bower, Bower, and Logue 1984). 

There have also been a large number of empirical tests of the CAPM 

(Black, Jensen, and Schoies 1972; Roll 1977). In order to make these tests, 

the ei ante form of the CAPM presented above has been recast into the ei 

post formulation given in equation 7. 

(7) R|t - Rft - (Rait - Rft& • «it 

In equation 7, «it is a mean-zero random noise variable, and the subscript / 

denotes a particular time period. The results of the empirical tests are 

summarized by Copeland and Weston (1983). They conclude that (a) there is 

an additional additive non-zero term found in empirical tests of (6), and that 

the slope is lower than predicted to the study of security returns (see Ross 

1977, for a complete discussion of this point); (b) 0 is the best single measure 

of risk; (c) the linear model in (6) fits the data well; (d) Rm > Rf over long 

periods of time; and (e) factors other than 0 explain a portion of returns. 

Conclusions (b), (c), and (d) support CAPM; conclusions (a) and (e) do not. Roll 

(1977) critically reviewed three major tests of CAPM and concluded that the 

results of all three were ambiguous and could not be interpreted as 

supporting CAPM. 

Roll s arguments (1977,1978) follow two major lines of reasoning. First, 

Roll argues that only one hypothesis from CAPM can be tested —whether or 
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not the market portfolio is mean-variance efficient. According to Roll, ail of 

the other aspects of the theory are directly dependent on mean-variance 

market efficiency. The only way that the mean-variance efficiency of the 

market portfolio can be tested is to actually use the market portfolio, which 

would require the specification of every possible asset. A proxy for the 

market portfolio may be efficient, but the market portfolio may not be. Or, a 

proxy might be inefficient, but the market portfolio efficient. As long as only 

a proxy is available, it is impossible to determine whether or not the market 

portfolio is efficient, since the sampling distribution is unknown. Second, the 

market proxy chosen will determine the SML, since the 0 of a portfolio varies 

with the proxy chosen. As noted above, there is no guarantee that the proxy 

will be efficient. Therefore, the problem is compounded. In brief, the SML is 

determined relative to the proxy, but the proxy can distort the resulting SML. 

Arbitrage Pricing Theory 

Arbitrage Pricing Theory (APT) is a more recent approach to modeling 

capital markets. APT is a relatively new theory, with the basic model being 

formulated by Ross in 1976 (1977). Due to empirical and theoretical 

problems in tests of CAPM, Ross (1976,1977) developed APT as an 

alternative. APT allows several factors to affect security returns, and in that 

sense, is a logical extension of CAPM. The relationship is still assumed linear, 

although now in multivariate space. If there are several factors that affect 

the returns on a security, the relationship between the factors and the 

returns can be written as equation 8. 

(8) Ri - B(R|) • b j iFi • b j 2 F 2 + ... • «i 

where E(lj) - expected return of the i& security 
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Fk - the k factors affecting the returns of the i& security 

b i t " the sensitivity of the i& security to factor k 

«it - a mean zero random variable representing random 

risk and idiosyncratic to the i& asset (Cho 1984,1487). 

With four assumptions, equation 8 can be used to arrive at the APT pricing 

equation (Roll and Ross 1980). The assumptions necessary to reach the 

pricing equation are that markets are perfectly competitive and frictionless; 

investors have homogeneous expectations; cjt is a random variable; and there 

are only a small number of factors (k) in relation to the number of assets (n). 

According to APT, there exist portfolios called arbitrage portfolios that 

have the characteristics of requiring no new wealth and have no risk. Since 

there is no risk, arbitrage portfolios have no excess returns. If an investor is 

currently holding a portfolio, a new portfolio can be formed by changing the 

proportion of wealth in each asset in the portfolio. Since no new wealth is 

used, the investor must sell some assets and use the proceeds to purchase 

other assets. Therefore, the total of the changes in the Wj's (the weight or 

proportion in the i& asset) must sum to zero. The return available on the 

new portfolio is given by equation 9. 

(9) Rp ~ 2jn=|WjRj 

- 2iW|B(Rf) • XjWjbnFi • ... • SjWibikFjc • XjWj* 

If the wj's are chosen to eliminate systematic risk, the result is equation 10. 

(10) Rp • ZjWjbjj ~ 0 

The we in equation 9 is eliminated by application of the law of large 

numbers, so by appropriate substitution and simplification, equation 8 

becomes equation 11. 

(11) Rp - 2jWjE(Rj) 
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There are n portfolio weights that must satisfy equations for each of the k+1 

factors that determine the returns. The resulting equations can be more 

easily considered as a matrii, indicated by an underlined variable. A 

portfolio can be formed with the properties we - 0 and wb - 0. where x is an 

n-dimensionai vector of ones. By applying the logic of (10) and (11) to a 

matrix, wR - 0. where R is the return vector. Therefore, xE(R) - 0, where 

E(R) is a matrix of expected returns. Since we ° 0 and wb • 0. E(R) is a linear 

combination of e and b. It follows that there will exist some constants such 

that 

(12) B(Rj) - xo + M b n + *2*i2 + — + *kbik-

Equation 12 is the APT pricing equation. If there is a risk-free asset, xo -

Rf. can be determined by forming portfolios that have all of their risk 

related to one factor and no risk on the other factors. In this instance, Xj is 

equal to the excess return on a portfolio with only systematic risk, as shown 

inequation 13. 

(13) M - Rj - Rf. 

There are several reasons why APT is a more general model than CAPM. 

APT does not require any unique attributes of the market portfolio. Any 

well-diversified portfolio will serve in APT, whereas CAPM requires an 

efficient portfolio of all assets (Roll and Ross 1980). APT also does not make 

assumptions concerning the shape of the distribution of returns where CAPM 

requires two-moment distributions. (There is evidence that this assumption 

is not generally satisfied Ross 1978). If distributions are more than two-

moments, CAPM also requires specification of two-moment utility functions. 

Finally, APT requires only one risk-averse investor (Roll and Ross 1980; 

Stambaugh 1983). CAPM is a special case of APT (Ross 1976, 1977). Its 
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greater generality has lead many to prefer APT over CAPM. 

It can be argued that APT has a built-in advantage over CAPM. Tests of 

APT specify only that some assets be used, and the entire test procedure is 

built around these assets. These selected assets, in effect, become the market. 

This is exactly the position disallowed CAPM. 

The proposed study examines the question of which asset pricing model 

better predicts returns in the eurodollar bond markets. Theoretically, the 

APT model offers several advantages. APT reduces the problems of data 

availability in the international debt markets. Without a large data set, it is 

impossible to determine the shape of the distribution of returns. Hence, one 

of the central assumptions of CAPM could not be tested. Use of APT allows 

the possibility that several different factors to have significant effects on the 

returns in eurodollar markets. The existence of several factors is something 

that must be considered. Lessard (1976) performed a factor analysis on 

international equity markets, finding that there were three factors that 

tended to influence returns. The most important factor was a "country" 

factor. The country in which a company is located plays the most important 

role in determining the returns for that company. Lessard's second most 

important factor was a "world" factor. When the world markets change, the 

returns for a company also change. Lessard's least important factor was an 

"industry" factor. The returns of a security seem to be related to how well 

the company's industry is doing. 

This study may allow some comments on the utility of the APT model, 

using the international markets as a "laboratory" for financial theory. One of 

the problems with using APT lies in the fact that the factors, Ffc in (8), are not 

well specified. It is not clear how many factors there are (or should be), or 
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what the factors mean. The lack of economic meaning of the factors is not 

unique to APT. Solnik (1977) has commented on the lack of economic 

meaning in empirical tests of the APT, especially in an international context. 

Roll and Ross (1980) present an early test of APT in which they examined 

the usefulness of a model that proposed several explanatory factors to 

account for security returns. They used all stocks listed on the New York and 

American Stock Exchanges between 3 July 1962 and 31 December 1972, 

formed portfolios of 30 stocks on an alphabetical basis, and performed a time 

series analysis on the daily returns. For each portfolio, a maximum-likelihood 

factor analysis was performed to determine the number of factors and the 

appropriate loadings on the factors. The factors and loadings were used to 

estimate the risk premia. Roll and Ross concluded that there were three or 

four factors that are important in asset pricing. They also concluded that the 

intercepts were the same for all portfolios. Roll and Ross (1980) suggest that 

there may be some problems with using the maximum-likelihood method for 

factor analysis due to the assumptions of Gaussian distributions. Dhrymes, 

Friend, and Gultekin (1982) examined the APT using a maximum-likelihood 

factor analytic technique and found that the number of factors that are 

significant in explaining securities returns increased as the number of stocks 

in the portfolio increased. They also found differences based on how the 

stocks were grouped. 

Cho (1984) formed portfolios of from 20 to 80 stocks, based on SIC codes. 

He then performed an interbattery factor analysis, which allows factors to be 

selected by comparing adjacent groups. He did not find that the number of 

factors varied with the number of stocks in a portfolio. However, Cho found 

between two and nine factors, depending on the specifics of the factor 
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analysis. Cho, Elton, and Gruber (1984) used a zero-0 CAPM methodology to 

generate 0's and found that sii or seven factors were statistically significant. 

When they repeated their study using the Roll and Ross methodology, they 

found five to six significant factors. 

Another problem with APT is the meaning of the factors. APT allows 

several factors to enter the pricing relation, and the results of Cho (1984), 

Cho, Elton, and Gruber (1984), Dhrymes, Friend, and Gultekin (1982), and Roll 

and Ross (1982) suggest that there are several factors that may predict 

returns. However, different studies find different numbers of factors 

depending on the methodology employed. 

An uncertain number of factors does not negate APT. It does, however, 

make interpretation of the results (and hence APT) difficult. Ross (1977) 

argues that "It is only necessary that agents agree on what the factors are, 

not on their impact on asset returns" (207, original italics). Roil and Ross 

(1980) recognize the importance of the issue, suggesting that the factors 

relate to "fundamental economic aggregates" (1077). Roll and Ross (1983) 

suggest that unanticipated inflation, industrial production and the cost of risk 

bearing are potentially important factors. Fogler (1982) suggests that there is 

a market effect as well as factors related to stock stability, growth, and oil 

stocks. These factors are logical. There has also been some consistency in the 

factors found in the studies. Factors that have shown up consistently include 

a market proxy (Arnott 1980; Fogler, John, and Tipton 1981; King 1966), and 

industry effects (Arnott 1980; King 1966). 

Considering the recency of the APT, this consistency is reassuring. 

However, the "consistency" should be interpreted with some degree of 
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caution. Ingersoii (1984) and Reinganum (1981) note the problems of 

interpreting the factors. Roll and Ross (1980) suggest that the factors may be 

different in different groups of stocks. If such findings were confirmed, APT 

is reduced from a theory to an empirical description of results. 

The status of APT is further clouded by the wide range of factors found 

by different researchers - - an internal inconsistency. Some of the 

inconsistencies can be explained by the use of different types of procedures 

or different time periods (cf. Cho, Elton, and Gruber 1984; Brown and 

Weinstein 1983). If APT is to be considered as having general theoretical or 

explanatory power, these differences should be minimal. Fogler (1982) 

suggests that the factors should be important factors that are stable over 

time, should be independent of other factors, and should represent all 

systematic variance. 

Shanken (1982) has argued that the problems concerning the factors in 

APT may be insurmountable. He showed that two portfolios that give the 

same returns can be obtained with different factor structures, or even with 

different numbers of factors. APT apparently does not discriminate between 

different factor structurings. Intuition suggests that the factors should have 

an economic meaning. However, given the same returns with different 

numbers of factors, it becomes impossible to assign economic meaning to the 

factors. Further, the 0 in CAPM can be decomposed into a linear combination 

of elements (Shanken 1982). This makes it even more difficult to assign 

economic meaning to the factors in APT. The different factors may combine 

into a "market factor," making APT indistinguishable from CAPM. 
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CHAPTER III 

METHODOLOGY 

Dill 

The data source for the study consists of daily prices of Eurodollar bonds 

from thirty companies covering the period from July 1982 to June 1986. The 

data was provided by a major trading house on condition that the source not 

be made public and that information on no more than thirty different bonds 

be provided. The companies were selected with the intent of including a 

broad range of countries and industries, yet to contain sufficient information 

in both country and industry to allow systematic examination. The temporal 

limits were selected because data was available on all securities of interest 

over that time period. 

It was impossible to preview the data in order to determine 

completeness. When the data was received, it was apparent that there were 

a large number of missing observations. In an attempt to mitigate this, 

monthly prices were used in the analysis. Even using monthly prices, three 

companies had to be deleted from the analysis due to the large number of 

missing observations. The fewest number of observations was twenty-eight. 

The breakdown of country and industry of the remaining twenty-seven 

companies is presented in Appendix 1. 

The monthly prices were converted into returns by subtracting the end of 

the month price from the beginning of the month price and dividing by the 

beginning of the month price. In cases where either the beginning of the 
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month or the end of the month price was not available, the price from either 

the preceding or following day was used. If the preceding day's price was not 

available, the price from the following day was used. If both the preceding 

and following day's price was unavailable, the price from two days preceding 

was used. If that price was not available, the price from two days following 

the end of the month was used. The preceding-following rule was used out to 

three days. Data was available from each of the twenty-seven bonds within 

these limits. It was assumed that any interest payments were paid on the 

thirtieth of June and the thirty-first of December, or on the nearest available 

date that a price was available according to the preceding-following rule. 

Analysis 

Part I 

The first part of the analysis is descriptive in nature. Average returns for 

all countries and industries are presented on a monthly basis. Originally, the 

data were to be organized according to the classification table presented in 

Appendix 2, so that differences could be tested with the analysis of variance 

technique described by Hayes (1968) and Kirk (1973). Since it was necessary 

to drop some of the firms from the analysis, the analysis of variance would 

not be meaningful. There are too few remaining firms in some classifications 

to be sure that the remaining data is representative of the industry or 

country from which they are drawn. Some cells in the analysis of variance 

would be missing. It is also not possible to collapse the data across industries 

and use a one-way analysis of variance to test for differences between 

countries. The one-way analysis of variance assumes that observations for 

each classification (here, country) are drawn randomly and independently. 
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In the present data set, observations are drawn based on months, and hence 

should be expected to show dependency. The appropriate analysis would be 

a repeated-measures analysis of variance. A repeated-measures analysis 

assumes that there are observations in each cell (here, in each month). There 

is enough missing data that this assumption is not tenable for the present 

work. Accordingly, Part I consists of the presentation and discussion of the 

means, variances, and intercorrelations of the returns. 

Part II 

The second part of the analysis examines which of the two pricing 

models, CAPM or APT, best describes the data. The research methodology 

used consists of the following steps: 

1. Developing the pricing equation for CAPM, which involves developing 

the portfolio to be used in estimating Rm; 

2. Developing the pricing equation for APT; 

3. Calculate the errors of prediction by CAPM; 

4. Calculate the errors of prediction by APT; 

5. Compare the results according to stochastic dominance. 

Determination of errors of prediction bv CAPM.—A problem in using 

CAPM lies in deciding how to measure the "market" returns. According to 

Roll (1977, 1978), the entire universe of all possible investments must be 

used. If it is not, then the CAPM model could be misspecified. Since in theory 

the market portfolio will be market-value weighted (Fama 1976), the index 

should also be market-value weighted. Unfortunately, it is impossible to 

meet these specifications, since it is impossible to use the entire universe of 

all investments. This study defines the available sample pricing data as the 
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market. The same data is used to derive the market index. Twenty-seven 

securities are clearly not the entire market of Eurodollar bonds, but no 

additional information is available due to the restrictions placed on data by 

the source. However, the use of available information also allows a more 

direct comparison between APT and CAPM. APT has a built-in advantage 

over CAPM in that tests of APT specify only that some assets be used. The 

entire test procedure is built around these assets, with the selected assets 

becoming the market. The present procedure does the same with CAPM. 

Since information on the Eurodollar market is difficult to come by, it is 

impossible in the present instance to determine market values. Therefore, 

the appropriate efficient portfolio is selected according to the technique 

described by Lintner (1965). Assuming the existence of a risk-free asset, if 

the slope of the CML ([Rm - Rf]/<fm) is maximized, the point of tangency 

between the CML and the efficient frontier is the market portfolio. There are 

no restrictions regarding short sales. 

In the following development, it is assumed that there are two securities 

available. The returns to securities 1 and 2 are represented by Rj and R2, 

respectively. The proportion of assets placed in the two securities are 

represented by w j and W2- All assets are invested, so w j + W2 - 1. With 

only two securities, the return on the market is given by equation 14. 

(14) A - WJRJ • ¥282 

The variance in the market is given by equation 15, 

(15) B - WJZSJI + 2WJW2SJ2 + W22S22 

where Sjj is the covariance between the assets. The standard deviation of the 

market is given by the square root of the variance, 

(16) 
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the partial derivative with respect to the weights and setting the result equal 

to zero gives equation 17. 

(17) *A/*W B-1/2 - | / 2 AB-3/2 *B/*W - 0 

Factoring, the first-order condition is 

(16) 1/2 B" 1/2(2 *A/*W - AB"1 *B/*w) - 0 

Therefore, 

(19) 2 *A/*w - AB" 1 *B/*w - 0 

Partialing A and B with respect to w\ and W2 and substituting into equation 

19, the result is equations 20 and 21. 

(20) 2Ri - AB- l (2W|Su • 2W2S12) 

(21) 2» 2 " AB-1(2W2S22 * 2* lS l2> 

The 2 s cancel, so 

(22) t | - AB"l(wiSit *W2Si2> 

(23) *2-AB- l<W2S22*WiS |2 ) 

Rearranging terms, 

(24) AB" ' (W|Sl l • W 2 Si 2 ) « 

(25) AB-l(W2S22<-WiSt2>->2 

it will now be convenient to shift to matrii notation. By the definitions 

in equations 14 and 16, A and B are scalars. The product of scaiars is also a 

scalar, so equations 24 and 25 can be rewritten as an equation of matrices. 

(26) A B - l £ M « R 

Rearranging terms, 

(27) » A B - 1 - E£-l 

A new vector, & can be defined as 

(28) 1 - * A B " 1 . 

Substituting (27) into (28), 
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(29) Z » M l 

Combining equations 26 and 28 to get equations 30 and 31, 

(30) z j - wi AB"1 

(31) *2 " v 2 AB~1. 

Summing over the z's, 

(32) ZjZi - AB~1 ZiWi. 

Since (29) is true, Zj is known. The sum of the weights is one, so 

(33) ZZi-AB-1. 

Therefore, the solution for the optimal weights is given by 

(34) Z|/AB-l«Wi. 

Available monthly prices are converted to returns, and the series of 

equations shown in (34) solved. 

The calculation of prediction error requires that monthly returns for each 

bond be regressed against the monthly returns on the market portfolio. This 

gives a value for the slope, which is the estimated for each bond. There are 

twenty-seven securities with one d for each security. The estimated Bj's are 

then regressed against the monthly returns for the corresponding bond for 

each of the forty-eight months covered by the data. The intercept of these 

equations are the values of Rft. There are forty-six values of Rft, one for each 

month. The return on the portfolio for each month is Rmt. The risk-adjusted 

predicted returns are calculated by substituting the values of Pj, Rft, and Rmt 

into equation 7. In order to determine the prediction errors, the risk-

adjusted predicted return is subtracted from the actual return. There are 

forty-six prediction error calculations, one for each month. 

Determination of errors of prediction bv APT.-Acoording to APT, there 

will be more than one common factor that will help explain returns. Factor 
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analysis of the matrix of excess returns (Oldfieid and Rogelski 1981) is used 

to determine the common factors for the APT model. Since the interbattery 

factor analysis of Cho (1984) cannot be used due to limitations on the sample 

size, the maximum likelihood technique with orthogonal rotation of the 

factors is used. Although the results should not depend on the particular 

type of rotation (Roll and Ross 1980), orthogonal rotation produces 

statistically "independent" factors that are often more easily interpreted 

(Nunnally 1967). In keeping with the APT tradition of a priori specification 

of the number of factors (Bower, Bower, and Logue 1984; Roll and Ross 1980), 

the factor analysis will be constrained to four factors. Roll and Ross (1980) 

have found that about four factors are sufficient to price securities (also 

Bower, Bower and Logue 1984). However, since this is in part an exploratory 

study on a new data set, a second factor analysis which does not constrain the 

number of factors is run. 

The APT pricing equation is given in equation 12. 

(12) B(R|) - *o + Xfbii • X2b|2 • ... * 

Applying a four-factor model, equation 12 becomes equation 33. 

(33) E(E|) -X(j + M b i l • *2&i2 + *3*i3 • M^i4-

The sensitivity coefficient on each of the four factors is determined by 

regressing the excess return on the bond against each factor. To borrow an 

example, Fogler (1982) regressed the monthly returns of Burroughs 

Corporation common stock against the results of a four-factor factor analysis. 

His results are combined with equation 33 to give equation 34. 

(34) E(Rf) - x 0 + M(-*0) • *2(* 26) + ̂ 1 3 2 ) * 26). 

The risk premium for each factor is determined by regressing monthly 

portfolio excess returns on monthly portfolio sensitivity coefficients. The 
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four-factor model with risk premiums calculated will be used to predict the 

returns for each of the securities. Actual returns will be subtracted from the 

returns predicted by the APT model to determine the errors of prediction. 

Analysis of Results.-The CAPM and APT equations (161 and 181 respectively) 

are fitted over the time period in question and the errors of prediction 

calculated. The prediction errors are compared using stochastic dominance. 

According to choice theory as proposed by von Neumann and 

Morgenstern (1951), investors choose alternatives which maximize their 

expected utility. Stochastic dominance allows an investor to examine several 

strategies (Timme and Hunter 1986) for asset selection according to the 

expected utility criterion. If one strategy is stochastically dominant over 

another, the first strategy will be preferred to the second. 

Two levels of stochastic dominance are examined. A strategy exhibits 

first-order stochastic dominance over another if the first strategy (called F) 

gives higher expected utility than the second (called G) in every possible state 

of nature, or F(i) s G(x) for ail i. F(i) and G(x) are the cumulative 

distributions of F and G, and i represents returns. Second-order stochastic 

dominance occurs if a / b F(x)dx s g/k G(x)dx for all x, and G(x) • f(x) for at 

least one value of x. The variables a and b represent the smallest and largest 

values of F and G. 

In order to evaluate first- and second-order stochastic dominance, the 

distributions of prediction errors by CAPM and by APT are divided into q - 1 

to n quantiles (Timme and Hunter 1986). In the present study, a qu an tile is a 

month. The variable iq i is the q& quantile prediction error for CAPM, and 

Xq 2 is the q& quantile prediction error for APT. CAPM dominates APT by 

first-order stochastic dominance if Xqj i xq>2 for all q. CAPM dominates APT 
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by second-order stochastic dominance if x'qj I x'q 2 for all q, where x' is the 

first derivative of 1. APT dominates CAPM if the inequalities are reversed. 

Prediction errors are examined for each security. In the original 

proposal, in order to determine the overall dominance of CAPM or APT, 

instances where CAPM dominates were to have been considered a "success" 

and instances where APT dominates were to have been considered a "failure". 

If there is no consistent finding of dominance in favor of one or the other 

models, the probability of a "success" (defined as when CAPM dominates APT) 

should be one-half. The utility of CAPM or APT under the conditions 

specified was to have been examined by using the binomial distribution to 

test the following hypothesis: 

Ho: p(the probability of a "success") - .5 

Hj :p* .5 . 

If CAPM dominates APT, p should be significantly above .5, and if APT 

dominates CAPM, p should be significantly below .5. It would be necessary to 

use the binomial test due to lack of knowledge regarding the underlying 

distributions of error terms. However, the results were such that the 

hypothesis test was unnecessary. 
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CHAPTER IV 

RESULTS 

Part I 

The means and variances of the monthly returns for the securities in the 

study are given in Table 2. As noted above, it is not possible to analyze these 

results using the analysis of variance technique. The means are plotted in 

Figure 4. Each company is represented by a bar. There does not seem to be a 

consistent effect due to the country that a company is located in. However, 

there are four major spikes in Figure 4. These occur in the middle two 

companies from Canada, the last from France, and the second from the U.S. 

40 



41 

TABLE 2 
Means and Variances of Monthly Returns 

Company Meap Variance 
Australia & New Zealand Bank 0.0090618 
American Telephone & Telegraph 0.0091926 
Bank of Montreal 0.0068587 
Bank of Nova Scotia 0.0067037 
Bank of Tokyo 0.0064775 
Banque Nationale de Paris 0.0067387 
Barclays Bank 0.0078528 
Banque Worms 0.0073119 
Chase Manhattan Corp 0.0071915 
Citicorp 0.0077177 
Credit Nationale 0.0064594 
Creditenstalt Bankverei 0.0079595 
ARCO 0.0169894 
GAZde France 0.0217564 
Hydro Quebec 0.0142758 
Shell Canada 0.0140814 
GiroZentrale 0.0059926 
Industrial Bank of Japan 0.0069714 
C. Itoh 0.0070337 
Kleinwort Bank 0.0073353 
National Westminster Bank 0.0068761 
Nippon Credit 0.0073534 
Petroleum Corporation of New Zealand 0.007184 
Sanwa International Bank 0.006994 
Toronto Dominion Bank 0.0069554 
Williams & Glynns Bank 0.00716 
ZentralsKasse 0.0063808 

0.000559712 
0.000560748 
0.000253590 
0.000239670 
0.000240823 
0.000240525 
0.000258108 
0.000261996 
0.000243809 
0.000249304 
0.000220460 
0.000303698 
0.001326620 
0.002312580 
0.000889026 
0.000835686 
0.000204963 
0000252728 
0.000265906 
0.000260797 
0.000248364 
0.000252442 
0.000256858 
0.000253160 
0.000234314 
0 000261128 
0.00022585 
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Figure 4. Mean Monthly Return as a Function of Country 

Figure 5 replots the data in Figure 4 so that companies are presented 

according to industry. Here it is apparent that the results in Figure 4 are due 

to industry grouping. All four of the highest returns are either in the Energy 

or Utility grouping. The highest return is that on the bond issued by GAZ de 

France in the Utility grouping. The second highest is on ARCO's bonds 

(Energy), third highest on Hydro Quebec's bonds (Utility), and fourth highest 

on Shell Canada's bonds (Energy). The remaining utility is ATT, which is not 

energy related. The remaining energy company is Petroleum Corporati6n of 

New Zealand. It is not clear why returns on the securities of this company 
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Figure 5. Mean monthly return as a function of industry. 

are not on par with the rest of the energy securities. 

Table 3 gives the correlation matrix for the returns on the securities 

under study. (Table 3 is also presented in a different format in Appendii 3.) 

The returns on ARCO, Hydro Quebec, and Shell Canada are highly correlated. 

However, the returns on GAZ de France are negatively correlated with the 

others showing high returns. In fact, GAZ de France is negatively correlated 

with all of the other securities except those of Banque Worms and Chase 

Manhattan, with which there is a small positive correlation. The other 

security that shows consistently negative correlations with the others is 

ZentralsKasse, which again is negatively correlated with all securities 
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TABLE 3 
Intercorrelations 

Aust&NZ 
Bank 

Am. T&T Bank 
Montreal 

Bank Nova 
Scotia 

Aust & NZ Bank 
Am. T & T 
Bank Montreal 
Bank Nova Scotia 
Bank Tokyo 
Banque Nat Paris 
Barclays Bank 
Banque Worms 
Chase Manhattan 
Gticorp 
Credit Nationale 
Credit. Bankverei 
ARCO 
GAZ de France 
Hydro Quebec 
Shell Canada 
Giro Zentrale 
Ind. Bank Japan 
C. Itoh 
Kleinwort Bank 
Nat. Westmin. B. 
Nippon Credit 
Petro Corp of NZ 
Sanwa Int. Bank 
Toronto Dom. B. 
Will. & Giynns B. 
ZentralsfCasse 

1 .82619 
1 

.68165 

.98016 
1 

.99499 

.98894 

.97450 
1 
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Table 3 - Continued 

Aust & NZ Bank 
Am. T & T 
Bank Montreal 
Bank Nova Scotia 
Bank Tokyo 
Banque Nat Paris 
Barclays Bank 
Banque Worms 
Chase Manhattan 
Citicorp 
Credit Nationale 
Credit. Bankverei 
ARCO 
GAZ de France 
Hydro Quebec 
Shell Canada 
Giro Zentrale 
Ind. Bank japan 
C. Itoh 
Kleinwort Bank 
Nat. Westmin. B. 
Nippon Credit 
Petro Corp of NZ 
Sanwa Int. Bank 
Toronto Dom. B. 
Will. & Glynns B. 
ZentralsfCasse 

Bank Banque Nat. Barclays Banque 
Tokvo de Paris Bank Worms 
.83964 .69787 .70727 .34557 
,99088 .98202 .98677 60605 
.97535 .95855 .97844 .61257 
.99655 .98668 .99041 .59621 

1 .98862 .99098 .60427 
1 .99028 .62801 

1 .63919 
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Chase Citicorp Credit Credit. 
Manhattan Nationale Bankverei 

Aust & NZ Bank .58405 .69334 .70267 .67418 
Am T&T .82207 .98215 .99405 .98922 
Bank Montreal .79709 .98312 .98748 .98715 
Bank Nova Scotia .79394 .97709 .99321 .98177 
Bank Tokyo .80963 .98081 .99311 .98409 
Banque Nat Paris .84198 .97496 .98284 .98237 
Barclays Bank .82906 .98602 .99207 .98352 
Banque Worms .84239 .66086 .61395 .73716 
Chase Manhattan 1 .84460 .81271 .86520 
Citicorp 1 .98641 .99230 
Credit Nationale 1 .98797 
Credit. Bankverei 
ARCO 
GAZ de France 
Hydro Quebec 
Shell Canada 
Giro Zentrale 
Ind. Bank Japan 
C. It oh 
Kleinwort Bank 
Nat. Westmin. B. 
Nippon Credit 
Petro Corp of NZ 
Sanwa Int. Bank 
Toronto Dom. B. 
Will. & Glynns B. 
ZentralsKasse 
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Table 3 - Continued 

ARCO GAZde 
Franre 

Hydro 
Quebec 

Shell 
Canada 

Aust & NZ Bank 
Am. T & T 
Bank Montreal 
Bank Nova Scotia 
Bank Tokyo 
Banque Nat Paris 
Barclays Bank 
Banque Worms 
Chase Manhattan 
Citicorp 
Credit Nationale 
Credit. Bankverei 
ARCO 
GAZ de France 
Hydro Quebec 
Shell Canada 
Giro Zentrale 
Ind. Bank japan 
C. Itoh 
Kleinwort Bank 
Nat. Westmin. B. 
Nippon Credit 
Petro Corp of NZ 
Sanwa Int. Bank 
Toronto Dom. B. 
Will. & Glynns B. 
ZentralsKasse 

.66554 

.98652 

.98389 

.96493 

.97311 

.96165 

.97534 

.63022 

.81334 

.98379 

.98603 

.99409 
1 

-.54090 
-.29699 
-.29907 
-.28595 
-.32491 
-.28157 
-.28908 
.19654 
.05771 

-.28609 
-.34227 
-.26584 
-.28507 
1 

.68472 
98516 
.98085 
.98695 
.98789 
.97922 
.98688 
.61542 
.82535 
.98123 
.98849 
.98115 
.97314 

-.27468 
1 

.68743 

.98961 

.97491 

.99484 

.99382 

.99078 

.99061 
-65475 
.83726 
.98116 
.99079 
.99129 
.97318 

-.29041 
.99112 

1 
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Table 3 - Continued 

Giro 
Zentrale 

Ind. Bank 
jaoan 

C. Itoh Kleinwort 
Bank 

Aust & NZ Bank .70767 .83249 .69808 .82553 
Am. T & T .99223 .98652 .98662 .98539 
Bank Montreal .97738 .97200 .96018 .98009 
Bank Nova Scotia .99393 .99034 .98441 .99075 
Bank Tokyo .99330 .98868 .98572 .99052 
Banque Nat Paris .98484 .98322 .98462 .98058 
Barclays Bank .98538 .98401 .98276 .98817 
Banque Worms .62733 .62352 .58491 .62546 
Chase Manhattan .82051 .82448 .83005 .82008 
Citicorp .98049 .97855 .96828 .98361 
Credit Nationale .99289 .98635 .98267 .99344 
Credit. Bankverei .98830 .98265 .97884 .98296 
ARCO .97498 .96813 .96771 .97314 
GAZ de France -.29875 -.32291 -.53869 -.30348 
Hydro Quebec .98936 .98535 .97814 .98744 
Shell Canada .99423 .99694 .99074 .98833 
Giro Zentrale 1 .99674 .98109 .99115 
Ind. Bank japan 1 .97935 .98590 
C. Itoh 1 .97795 
Kleinwort Bank 
Nat. Westmin. B. 
Nippon Credit 
Petro Corp of NZ 
Sanwa Int. Bank 
Toronto Dom. B. 
Will. & Glynns B. 
ZentraisfCasse 



Table 3 - Continued 

49 

Nat. West. Nippon Petro. Corp. Sanwa 
Bank Credit of NZ Intl. Bank 

Aust & NZ Bank .81898 .81911 .82733 .73488 
Am. T & T .98368 .99402 .99058 .89096 
Bank Montreal .98144 .98720 .97514 .86396 
Bank Nova Scotia .98398 .98228 .99014 .85236 
Bank Tokyo .98654 .98576 .99201 .87639 
Banque Nat Paris .97814 .97292 .98494 .90504 
Barclays Bank .98507 .98314 .98406 .88946 
Banque Worms .6244 .62882 .62551 .64373 
Chase Manhattan .81919 .83071 .83710 .85948 
Citicorp .98427 .98834 .97966 .88602 
Credit Nationale .98909 .99278 .98876 .88345 
Credit. Bankverei .98423 .99041 .99036 .93312 
ARCO .97271 .98894 .97320 .86755 
GAZ de France -.30468 -.33358 -.29668 -.10990 
Hydro Quebec .98718 .98099 .98896 .87368 
Shell Canada .99490 .98119 .99477 .87042 
Giro Zentrale .98937 .98612 .99620 .88652 
Ind. Bank Japan .98981 .97855 .99385 88452 
C. Itoh .96338 .98004 .98223 .91222 
Kleinwort Bank .98839 .98793 .98602 .86497 
Nat. Westmin. B. 1 .98008 .98941 .88288 
Nippon Credit 1 .98365 .88021 
Petro Corp of NZ 1 .90297 
Sanwa Int. Bank 1 
Toronto Dom. B. 
Will. & Glynns B. 
ZentralsKasse 
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Table 3 - Continued 

Toronto Wms & ZentralsKasse 
Dominion Glvnns 

Aust & NZ Bank .67948 .82712 -.13485 
Am.T&T .99024 .96643 -.08908 
Bank Montreal .97361 .94664 -.12006 
Bank Nova Scotia .98713 .98581 -.02862 
Bank Tokyo .98704 .97549 -.07802 
Banque Nat Paris .97994 .98254 -.05998 
Barclays Bank .98456 .97216 -.09056 
Banque Worms .65830 .57899 .42239 
Chase Manhattan .86026 .80461 .31622 
Citicorp .98717 .96201 -.09270 
Credit Nationale .98541 .96888 -.11060 
Credit. Bankverei .98990 .96979 -.06707 
ARCO .97718 .94283 -.09050 
GAZ de France -.29390 -.32470 .70146 
Hydro Quebec .97955 .96517 -.07885 
Shell Canada .98693 .97651 -.07124 
Giro Zentrale .98654 .97201 -.05179 
Ind. Bank Japan .98417 .97084 -.08764 
C. Itoh .97896 .97125 -.15098 
Kleinwort Bank .98699 .97155 -.07765 
Nat. Westmin. B. .98327 .96789 -.10571 
Nippon Credit .99064 .96046 -.09208 
Petro Corp of NZ .98916 .97171 -.05545 
Sanwa Int. Bank .90124 .86510 .12453 
Toronto Dom. B. 1 .97012 -.06393 
Will. & Glynns B. 1 -.12283 
ZentralsKasre 1 

except for those of Banque Worms and Chase Manhattan. The returns on all 

other securities with the possible exceptions of Australia and New Zealand 

Bank and Banque Worms tend to be highly correlated (in the range of .9 or 

higher). Australia and New Zealand Bank and Banque Worms show lower 
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positive correlations with the other securities (in the range of .6 - .8). 

Figure 6 shows results similar to those in Figure 4 when variances are 

plotted. The same high points appear for variances as for means. 

0.0025 r 
0.002 • 

Variance 0.0015 
of Returns 0.001 

0.0005 
0 •• — - H M i l l MMrn 

Au Au Ca Ca 
st st na na 
ra r i da da 
i l l a 
a / 

Fr Fr Ja Ja Ja UK UK 
an an pa pa pa 
ce ce n n n 

NZ Country of Location 

Figure 6. Variance of returns as a function of country. 

US US 

When variances are replotted according to industry, as in Figure 7, the 

pattern is again clear. The same companies are involved. Considering 

Figures 5 and 7 together, it seems that investors are requiring a higher 

rate of return on utilities and oils to be compensated for the higher risk 

as assessed by the variance. 



52 

Variance 
of Returns 

0 . 0 0 2 5 -r 

0 . 0 0 1 5 

0 . 0 0 0 5 

Ba Ba Ba Ba Ba Ba Ba Ba Ba Ba Ut En in 
nk nk nk nk nk nk nk nk nk nk Hi er du 

ty gy St 
r- i 

Industry 
i 1 
al 

Figure 7. Variance of returns as a function of industry. 

Figures 8 and 9 confirm this. In these two figures, the coefficient of 

variation is plotted against country (Figure 8) and industry (Figure 9). The 

coefficient of variation shows no apparent tendency to rise or fall according to 

either grouping. 
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Figure 8. Coefficient of variation as a function of country. 
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Figure 9. Coefficient of variation as a function of industry. 
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Part II 

Four-Factor Results 

Table 4 shows that no instance of first-order stochastic dominance was 

observed. Violation generally occurred somewhere in the middle to last one-

third of the series. Table 4 also shows that second-order stochastic 

dominance was obtained in each of the twenty-seven instances. In every 

case, APT dominated CAPM. 

TABLE 4 
Four-Factor APT Dominance Results 

Company First-Order Second-Order 
— — Dominance Dominance 
Australia & New Zealand Bank No Yes 
American Telephone & Telegraph No Yes 
Bank of Montreal No Yes 
Bank of Nova Scotia No Yes 
Bank of Tokyo No Yes 
Banque Nationale de Paris No Yes 
Barclays Bank No Yes 
Banque Worms No Yes 
Chase Manhattan Corp No Ye* 
Citicorp No Yes 
Credit Nationale No Yes 
Creditenstalt Bankverei No Yes 
ARCO No Yes 
GA2 de France No Yes 
Hydro Quebec No Yes 
Shell Canada No Yes 
Giro Zentrale No 
Industrial Bank of Japan No 
C. Itoh 

Yes 
Yes 

No Yes 
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Table 4-Continued 

Company First-Order Second-Order 
Dominance Dominance 

fwleinwort Bank No Yes 
National Westminster Bank No Yes 
Nippon Credit No Yes 
Petroleum Corporation of New Zealand No Yes 
Sanwa International Bank No Yes 
Toronto Dominion Bank No Yes 
Williams & Glynns Bank No Yes 
ZentralsKasse No Yes 

The mean absolute deviations and the root mean squares of the residuals 

from APT and CAPM for each company are shown in Table 5. In every case, 

the mean absolute deviations for CAPM are higher than those for APT. The 

same is true of the root mean squares. 

Company 

TABLE 5 
Four-Factor APT Results 

Mean Abs. 
Dev., APT 

Mean Abs. 
Dev.. CAPM 

Root Mean 
Square. APT 

Root Mean 
Square. APT 

Aust. & NZ Bank 
Am. T «t T 
Bank Montreal 
Bank Nova Scotia 
Bank Tokyo 
Banque Nat. Paris 
Barclays Bank 
Banque of Worms 
Chase Manhattan 

.00688751 

.00633082 

.00181868 

.00162116 

.00177097 

.00121331 

.00205032 

.00149442 

.00136721 

.01425644 

.01661903 

.00950750 

.00924092 

.00963875 

.00945042 

.01156347 

.00980998 

.00990336 

.06191832 

.05271798 

.01615715 

.01322730 

.01619250 

.01060004 

.01360752 

.01225751 

.01179981 

.11798902 

.13661559 

.09500742 

.09245046 

.09354837 

.09086068 

.08122805 

.08952201 

.09201112 
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Table 5-Continued 

Company Mean Abs. Mean Abs. Root Mean Root Mean 
Dev.. APT Dev.. CAPM Sauare. APT Sauare. APT 

Citicorp .00225660 .00992942 .02144349 .09094977 
Credit Nationale .00162582 .00934731 .01401691 .08896424 
Credit. Bankverei .00180363 .01029238 .01177154 .08554744 
ARCO .00656075 .03062013 .05554119 .24387488 
GAZ de France .01436225 .04072665 .12627304 .32034022 
Hydro Quebec .00806124 .02073289 .06871971 .18947251 
Shell Canada .00677272 .02041159 .05527561 .17049106 
Giro Zentrale .00128761 .00826621 .01081408 .08234239 
Ind. Bank Japan .00129704 .00814849 .01095023 .06791494 
C. Itoh .00127349 00960325 01141486 09257283 
Kleinwort Bank .00144625 .01013804 .01386030 .09374204 
Nat. Westmin. B. .00147863 .00980490 .01445161 .09258771 
Nippon Credit .00124632 .00987056 .00951865 .08766228 
Petro. Corp of NZ .00137648 .00968270 .01099888 .09012552 
Sanwa Int. Bank .00137535 .00927708 .01292482 .09117987 
Toronto Dom. B. .00130400 .00937950 .01171155 .09150688 
Will. & Glynns B. .00113261 .00971163 .00962963 .09221227 
2e ntralsKasse 00172487 ,00929800 ,01589309 •09052422 

Table 6 shows a similar result when the R2's for CAPM and the four-

factor APT are compared. In every case, the R2 for the four-factor APT is 

higher than the R2 for CAPM. 

These results are consistent with the view that APT is (at some level) a 

better way to describe the market for Eurodollar bonds. An APT equation 

calculated with four factors (the number commonly used - Bower, Bower and 

Logue 1984) yields smaller mean absolute deviations and root mean squares 

than a CAPM equation, which may be thought of as a "one factor" APT. The 

four-factor APT equation also shows second-order stochastic dominance over 

the CAPM equation. 
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TABLE 6 
r2 Calculations 

CAPM 4-Factor APT 6-Factor APT 
Companv R-Sauare R Sauare R-Sauare 
Australia & NZ Bank .2021 .7803 .8646 
AT&T .1688 .8763 .9364 
Bank of Montreal 2090 9771 .9851 
Bank of Nova Scotia .2040 .9837 .9876 
Bank of Tokyo .1898 .9757 .9800 
Banque Natl de Paris .1982 .9890 .9904 
Barclays Bank .0456 .9732 .9818 
Banque Worms .2490 .9859 .9899 
Chase Manhattan .1895 .9867 .9879 
Citicorp .2194 .9568 .9661 
Credit National .1948 9800 9808 
Creditenstalt Bankverei .2036 .9849 .9916 
ARCO .0046 .9484 .9872 
GAZ de France .0145 .8468 .9263 
Hydro Quebec .0964 .8813 .9599 
Shell Canada .1730 .9130 .9450 
Giro Zentrale .2277 .9867 .9897 
Indust. Bank of japan .4796 .9865 .9889 
C. Itoh .2511 .9886 .9916 
Kleinwort Bank .1823 .9821 .9844 
Nat. Westmin. Bank .1984 .9805 .9855 
Nippon Credit .1993 .9905 .9904 
Petro. Corp. NZ .2129 .9883 .9897 
Sanwa Intl. Bank .2210 .9843 .9859 
Toronto Dom. Bank .2021 .9869 .9871 
W ms. & Glynns Bank .2264 .9916 .9935 
ZentraMasse 1864 .9749 .9789 

Six-Factor Results 

An APT analysis was also performed using a statistical criteria for 

setting the number of factors. A factor analysis was performed on the 

data with an incremental number of factors specified, and a x 2 test 

performed. The hypotheses were of the form "Hq; n factors are sufficient to 
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explain the data," against "Hj: at least n+1 factors are necessary." Table 7 

shows that according to the x2 test, six factors were needed to explain the 

data. 

TABLE 7 
Hypothesis tests of number of factors 

No. of Common 
Factors in 
Null Hvoothesis 

Minimum No. of 
Common Factors in 
Alternative Hvoothesis x2 DF Prob>x2 

0 1 3189.519 351 0.0001 
1 2 628.478 324 0.0001 
2 3 519.761 298 0.0001 
3 4 419.253 273 0.0001 
4 5 358.251 249 0.0001 
5 6 296.386 226 0.0011 
6 7 248.710 204 0.0178 
7 8 209,812 133 0.QS49 

The finding of six factors is somewhat at odds with the general 

procedure of assuming four factors based on previous work (Bower, Bower, 

and Logue, 1984), but not dramatically out of line with earlier work 

concerning the number of possible factors. For example, the present results 

fit well with those of Cho, Elton, and Gruber (1984), who found between five 

and seven factors. 

Table 8 indicates that the results of the dominance tests are the same as 

those for the four-factor analysis. There were no instances of first-order 

dominance, and second-order dominance was obtained in every instance. 
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TABLE 8 
Six-Factor APT Dominance Results 

Company First-Order Second-Order 
Dominance Dominance 

Australia & New Zealand Bank No Yes 
American Telephone & Telegraph No Yes 
Bank of Montreal No Yes 
Bank of Nova Scotia No Yes 
Bank of Tokyo No Yes 
Banque Nationale de Paris No Yes 
Barclays Bank No Yes 
Banque Worms No Yes 
Chase Manhattan Corp No Yes 
Citicorp No Yes 
Credit Nationale No Yes 
Creditenstalt Bankverei No Yes 
ARCO No Yes 
GAZ de France No Yes 
Hydro Quebec No Yes 
Shell Canada No Yes 
Giro Zentrale No Yes 
Industrial Bank of Japan No Yes 
C. Itoh No Yes 
Kleinwort Bank No Yes 
National Westminster Bank No Yes 
Nippon Credit No Yes 
Petroleum Corporation of New Zealand No Yes 
Sanwa International Bank No Yes 
Toronto Dominion Bank No Yes 
Williams & Glynns Bank No Yes 
ZentralsKasse No Yes 

Table 9 shows that the mean absolute deviations and the root mean 

squares for APT were again smaller in every instance than were the values 

for CAPM. Similar results are again apparent when the R2's for CAPM are 
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compared to the R2's for the six-factor APT in Table 6. The sii-factor APT 

R 2 ' s are higher in every instance. The r2's for the six-factor APT are also 

higher than those of the four-factor APT, with the single exception of 

GiroZentrale. Even in this instance, the difference between the four-factor 

and six-factor r2 is negligible. 

The six-factor results confirm the results from the four-factor analysis, 

indicating that APT is superior in predicting the returns from the Eurodollar 

bond market. 

TABLE 9 
Six-Factor APT Results 

Company Mean Abs. 
Dev.. APT 

Aust.&NZ Bnk .006494659 
ATT .004509410 
Bk Montreal .001497576 
Bk N. Scotia .001420107 
Bk Tokyo .001553500 
Bq Ntl Paris .001220170 
Barclays .001688850 
Bq Worms .001249538 
Chase .001327193 
Citicorp .002047858 
Cred Ntl .001547196 
CSBankverei .001208206 
ARCO .003067039 
GAZ de France .009793420 
Hydro Quebec .004766157 
Shell Canada .005616365 
Giro Zentrale .001102605 
Ind Bk Japan .001167422 
C. Itoh .001116007 
Kleinwort Bk .001392810 
Ntl West Bk .001384157 
Nippon Credit .001231321 

Mean Abs. 
Dev.. CAPM 

Root Mean 
Square. APT 

Root Mean 
Square. CAPM 

.0142564406 

.0166190341 

.0095074957 

.0092409239 

.0096387457 

.0094504205 

.0115634714 

.0098099786 
0099033568 
.0099294209 
.0093473109 
.0102923839 
.0306201326 
.0407266478 
.020732887 
.0204115884 
.0082662136 
.0081484944 
.0096032500 
.0101380381 
.0098048955 
.0098705590 

.048608137 

.037781979 

.013018511 

.011519672 

.014711602 

.009917477 

.011227796 

.010361762 

.011250421 

.018952040 

.013757764 

.008765201 

.027686753 

.087640266 

.039948840 

.043964138 
009504075 
.009916708 
.009807595 
.012932833 
.012437308 
.009583925 

.11798902 

.13661559 

.09500742 

.09245046 

.09354837 

.09086068 

.08122805 

.08952201 

.09201112 

.09094977 

.08896424 

.08554744 

.24387488 

.32034022 

.18947251 

.17049106 

.08234239 

.06791494 

.09257283 

.09374204 

.09258771 

.08766228 
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Table 9 - Continued 

Company 

Petro Corp NZ 
Sanwa Intl Bk 
Toron Dom Bk 
Wms&Glynns 
ZentralsKasse 

Mean Abs. Mean Abs. Root Mean Root Mean 
Dev., APT Dev.. CAPM Square. APT Square. CAPM 

. 0 0 1 3 4 6 2 3 9 

. 0 0 1 3 3 4 7 1 9 

. 0 0 1 3 7 7 3 6 7 

. 0 0 0 9 9 9 1 7 4 

• Q Q i 6 2 f f l I 

. 0 0 9 6 8 2 7 0 4 9 

. 0 0 9 2 7 7 0 8 1 4 

. 0 0 9 3 7 9 5 0 0 0 

. 0 0 9 7 1 1 6 3 2 6 

, 0 0 9 2 9 8 0 0 2 2 

. 0 1 0 3 0 7 1 7 2 

. 0 1 2 2 5 2 4 0 0 

. 0 1 1 6 2 2 2 5 6 

. 0 0 8 4 5 1 6 1 0 

• 0 1 4 1 7 2 0 9 8 

.09012552 

.09117987 

.09150688 

.09221227 
•09052422 
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CHAPTER V 

CONCLUSIONS 

The results indicate that Eurobonds issued by energy-related companies 

tend to have higher risk as measured by variance than non-energy-related 

companies. Investors generally require a higher rate of return to compensate 

for increased risk. In concordance with this, energy-related Eurobonds tend 

to have higher mean rates of return. The finding of higher risks and returns 

in energy-related companies is reasonable in light of the time period under 

eiamination. During the period, energy prices were high, but failing. 

Given the intercorrelations of the bonds in the present study, it appears 

that there are some opportunities for diversification in the Eurobond market. 

This finding confirms the results of Solnick and Noetzlin (1982) and Adler 

(1983)- There did not appear to be any groups of countries with high 

intercorrelations such as seems to characterize the international equities 

markets (Finnerty and Schneeweis 1979; Grubel and Fadner 1971; Lessard 

1974, 1976; Panton, Lessig, and Joy 1976). Additional study with larger 

samples would be necessary to confirm these inferences, particularly in light 

of the results of Ibbotson, Carr, and Robinson (1982), which are suggest 

patterns of intercorrelations in the international bond markets. 

The results of the root mean squares, mean absolute deviations, and R?'s 

all demonstrate unequivocally that APT is a better predictor than CAPM for 

the securities in the study, and hence characterizes the market for Eurodollar 
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bonds better. Additional support comes from the stochastic dominance 

criteria. Although APT never exhibited first-order dominance over CAPM, it 

did consistently show second-order dominance of CAPM. 

The stochastic dominance methodology provides an eitension of the work 

regarding the superiority of APT over CAPM. The results indicate that the 

decision-maker's utility function is important in determining which model to 

use in managing a portfolio. If the decision-maker simply prefers more to 

less, the decision-maker should be indifferent to using CAPM or APT. 

However, if the decision-maker is risk-averse, APT should be selected. 

The finding of six factors is somewhat at odds with the general procedure 

of assuming four factors based on previous work (Bower, Bower, and Logue 

1984), but not dramatically out of line with earlier work concerning the 

number of possible factors. A wide range of factors have been found. Cho 

(1984) found between two and nine factors, and Cho, Elton, and Gruber 

(1984) found between five and seven factors. The results of the present 

study indicate that while four factors may be describe the data, as many as 

six may be necessary to give a complete description. The results may be 

specific to the sample studied. Roll and Ross (1980) suggested that different 

numbers of factors may be found in different groups of securities, and the 

present study used securities that have not been studied before. Since there 

has been so little work done with APT in long-term bond markets, the 

present results are suggestive. It would be of some interest to compare the 

number of factors found in portfolios of international stocks with the number 

found in portfolios of international bonds. A further characteristic of the 

present study is that the bonds were all denominated in the same currency. 

A different number of factors may be found if the bonds were issued in 
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different currencies. 

The present study also did not address the issue of the meaning of the 

factors. Comparing a series of securities that were as alike as possible in all 

respects except one may provide insights into factor meanings. The 

international bond markets may provide a way of addressing this perplexing 

issue. 
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Company Country Industry 

Australia & New Zealand Bank Australia/NZ Bank 
Creditenstalt Bankverei Austria Bank 
Giro Zentrale Austria Bank 
ZentralsKasse Austria Bank 
Bank of Montreal Canada Bank 
Bank of Nova Scotia Canada Bank 
Toronto Dominion Bank Canada Bank 
Banque Nationale de Paris France Bank 
Banque Worms France Bank 
Credit Nationale France Bank 
Bank of Tokyo Japan Bank 
Industrial Bank of Japan Japan Bank 
Nippon Credit Japan Bank 
Sanwa International Bank Japan Bank 
Barclays Bank UK Bank 
Kleinwort Bank UK Bank 
National Westminster Bank UK Bank 
Williams & Glynns Bank UK Bank 
Chase Manhattan Corp US Bank 
Citicorp US Bank 

American Telephone & Telegraph US Utility 
GAZ de France France Utility 
Hydro Quebec Canada Utility 

ARCO US Energy 
Shell Canada Canada Energy 
Petroleum Corporation of New Zealand Australia/NZ Energy 

C. Itoh Japan Industrial 
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APPENDIX B 

COUNTRY 

Australia Canada France frreat Japan United 
ft l e v Zealand Britain States 

I • 
D 
U 
S 
I 
R 
T 

Banting 

Utilities 

Energy 

Chemical 

Industrial 
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