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About the Assignments

Assignments are an important part of this course. It is felt that this sort of learning by doing is an integral part of internalizing new ideas and concepts. Each participant will learn how to use quantitative methods through applied modelling in computer-based assignments (in Excel). In working on the assignments you will apply theory to practical problems. The tools developed will, hopefully, also be useful in your future work on similar issues. Please try to get to work on these assignments as soon as you can. While I do not think there is as much work here as it might first seem, those of you who might not have had a lot of experience working in Excel may have to incur minor set-up costs.

About Excel

In some of the questions, the instructions will be very specific. In others you will have to figure out how to use Excel to your advantage. Excel’s on-line (Help/Contents and Index) is good. It may also be helpful to use the Office Assistant (at Help/Microsoft Excel Help). The latter is somewhat irritating but still useful. By poking around and experimenting, you will develop an intuition for the program. Formulas can be invoked by clicking on the Function Wizard button, indicated by 
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. You can also click on the formula bar, which will bring up the function button. Finally you may go to the menu bar and click on Insert/Function.


It is a good idea to save your work from time to time in case something goes wrong. It is also a good idea to save under different file names (e.g. WORK1.XLS, WORK2.XLS, etc.) because you may change your mind about something you have done.

Note: If you use Excel with Swedish settings, use decimal commas (,), not decimal dots (.). Also, instead of using commas to separate the arguments in a function, use semicolons (;)! For example, write “sum(1,2; 3,0)” instead of “sum(1.2, 3.0)”.

Hand-In and Grading

Excel sheets with the assignments (named ASSIGN1.XLS, ASSIGN2.XLS and ASSIGN3.XLS) have been prepared for you and can be accessed from the computers via CourseWeb or via http://www.hhs.se/personal/simonov/9511/Assignments.htm. The sheets have been color coded white in the areas that you have to fill in, and yellow in the areas that are better left unchanged.


A report should be handed in Feb 8, at the latest, in the boxes outside the Finance department. This report should contain answers to the questions asked, as well as the following graphs produced by Excel: one from Assignment 1 (the “combined” Frequency Graph), one from Assignment 2 (step 6) and two from Assignment 3 (steps 7 and 8). The report should be type-written and no longer than three pages (plus the 4 graphs).

Specifically, the report should contain no Excel-sheets beside the graphs.


If you show that you have made a bona fide attempt to work through the questions in the assignments you get credit (which is necessary for passing the course). Note, however, that handing in figures or graphs, that are obviously inconsistent with economic theory, does not suggest an attempt has been made.


 Solutions to the assignments will be available Feb 9 at 8:15 in room Ragnar. Reports that are handed in early will be returned on this occasion.

Important notes: The Excel workbooks all come in “Protected” mode. As is described below, you need to unprotect the workbook for Assignment 2. For your own benefit, please keep the protection on the other workbooks as it will prevent you from messing up preprinted formulas and graphs (the workbooks are not “Protected” to keep you from discovering any hidden information…). For the same reason, please never use the “Delete” command on the “Edit” menu.

1. Rate of Return Distributions

Objective

You will (i) construct frequency diagrams for asset returns using historical data and use them to assess investment risks, and (ii) construct an approximative frequency diagram using the means and standard deviations of the returns.

Data

The data for the assignments are percentage returns on US stocks and bonds, a stock portfolio for developed markets, as well as an emerging market portfolio for the period 1985 to 1987.

Steps

1. Calculate arithmetic and geometric averages as well as standard deviations of the portfolios. What are arithmetic average returns?

Hint: For the arithmetic and geometric average, and the standard deviation you can use the GEOMEAN, AVERAGE and STDEV functions.

2. Make a table showing the frequency and cumulative distribution of returns on US stocks, developed markets, emerging markets, and US bonds (I have already made intervals in the columns labeled “bin,” rows 4 to 26).

Hint: Use the FREQUENCY function, or write an IF statement. The frequency function returns an array. To make an array formula, select the cells that you want to include in the array (AG4:AG26 for US stocks), enter the formula and press Ctrl+Shift+Enter. It is helpful to use the $ symbol in cell references. $ indicates an “absolute” cell reference. This distinction becomes important when you begin to copy formulas and move them to other locations on the spreadsheet.

When you are done, the frequency in the 20% bin should contain the number of observations in the interval –22% to –20% etc.

Note: The distributions will automatically show up in the four sheets named “Frequency Graphs”, which are used to illustrate the data.

3. What is the probability of losing money if you invest in (i) US stocks (ii) developed markets, (iii) emerging markets and (iv) bonds, respectively during one month?

Hint: The information can be gathered directly from the tables. For instance, the bin labelled “-22%” tells us the number of times there were rates of return less than -22%. 

4. Answer the previous question using the normal approximation. That is, assume that the monthly returns are normally distributed with the same average and standard deviation as in the sample. Compare the answers to this and the previous question. Does the comparison tell you anything about the distribution of returns?

Hint: Use the NORMDIST or NORMINV functions.

5. What is the probability that stocks will do worse than bonds during one month?

Hint: Use an IF statement that returns the value 1 if the bond return is higher that month, and 0 otherwise. Then calculate the percentage of months when bonds did better. This is an estimate of the probability in question.

6. What is the probability that US and international stocks will do worse than bonds during a two-year period? Compare these answers to the answers in the previous step.

Hint: Repeat the above analysis on a new set of columns where two-year returns have been calculated for all the data.

How much would your portfolio be worth by the end of March 1997 if you invested $1 in an equally-weighted portfolio of the assets every month starting in 1985?

7. Constructing Efficient Frontiers

Objective

You will learn how to construct mean-variance efficient portfolios. Among other things, you will construct a portfolio of US stocks and bonds, and international stocks (developed and emerging markets) that have the same return but less risk than a US portfolio. You will learn how to use these techniques to make asset allocation decisions.

Data

The data for the assignment consists of returns on (i) US stocks, (ii) US bonds, (iii) a portfolio for developed markets, and (iv) an emerging market portfolio. The data spans from 1985 to 1997.

Steps

1. Calculate arithmetic and geometric averages, the standard deviations of the returns of the four portfolios.

2. Calculate the covariance matrix of the returns.

Note: To construct the covariance matrix, you can use Excel’s COVAR function to calculate both variances and covariances for our model. Compare the diagonal elements of the covariance matrix with the square of the standard deviations calculated in Step 1 for monthly data. The reason that the figures are not exactly similar is that Excel calculates the standard deviation as a sample statistic (i.e. by dividing by n-1, where n is the sample size), whereas it calculates the covariance as a population statistic (i.e. by dividing by n)

3. Calculate means and standard deviations of some benchmarks. Perform the calculations for the following portfolios (US stocks/Developed markets/Emerging markets/US bonds);

50%/0%/0%/50%, 80%/0%/0%/20%, and 20%/0%/0%/80%.

4. Construct the mean-variance efficient portfolio with an expected return of 1.40%. Which assets is it comprised of? Suppose you are currently investing 100% in US equities with a monthly rate of return around 1.40%. How much could you reduce volatility (or standard deviation) without changing your expected monthly return of 1.40% if you invested the same amount of money into a portfolio mix of US equities and bonds, and international stocks? What do the weights on the mean-variance efficient portfolio look like? Comment.

Hint: Excel is equipped with an additional program called Solver. Solver calculates solutions to what-if scenarios based on adjustable cells and constraint cells. Here, you will use Solver to adjust the portfolio weights in order to minimise the variance of the portfolio, given the constraints that (i) the expected return should be 1.40% and (ii) that the portfolio weights add up to unity. Note that the resulting variance and the required rate of return together constitute a point on the mean-variance efficient frontier. Hence, the whole frontier could be traced out by repeating the process using many different values for the expected return.

To run  Solver, click on the Tools menu and select Solver (if you encounter problems loading the Solver, consult the on-line help index entry “Installing add-ins” or “Installing Solver”). Solver cannot be used on protected sheets. To unprotect a sheet, choose TOOLS/PROTECTION/UNPROTECT  SHEET.

In your Solver window, highlight the “Target Cell” field, and then click on the standard deviation cell in the sheet ($C$17). Then click on “Min,” since we want to minimize the standard deviation. Next, highlight the “By Changing Cells” field, and select the raw weight cells ($F$3:$F$6) from the sheet. This is where the values of possible portfolio weights will go. Finally, add the constraints by clicking the “Add” button:

· (i) Total portfolio weights must sum to 1, so add a constraint requiring that cell reference $F$7 = 1.

· (ii) Since our objective is to minimize the volatility while maintaining a constant expected return, our model requires a second constraint for the return we wish to optimize. Therefore,  we need to add a constraint requiring that cell reference $D$17 equals the expected rate of return. Note that Solver for some reason prefers decimal dots to decimal commas, at least on my computer.

5. Construct a mean-standard deviation frontier, and compare it to the benchmark portfolios. Are they on the frontier?

Hint: The simplest tool for a portfolio manager is a graph of the minimum variance frontier. To get this graph, we will repeat the previous step several times using as returns the values listed in the sheet (C30:C37). Use the solver eight times, each time choosing a new return level from C30-C37. I.e. the first time you set the constraint D17 = 0, and then solve for the (minimum) standard deviation. The weights generated by the solver are displayed in F3-F6: fill these, “by hand”, into D30-G30. The standard deviation will show up automatically in cell B30. The second time the constraint on the return is set to D17 = 0.5 before solving for the new standard deviation. Now fill in the new weights from F3-F6 into D31-G31. The standard deviation for this portfolio then automatically shows up in cell B31. Repeat this exercise for the remaining values in cells C32-C37.

Note: The mean-standard deviation frontier is plotted automatically on a separate sheet called “Chart of Mean-Standard Deviation Frontier.” 

6. Repeat the previous step but with a short selling constraint on equity (not on bonds), saying that portfolio weights must be non-negative. In addition, assume that you have an upper bound of 50% in each separate stock market. Are there any differences? Why (or why not)?

Hint: This is similar to the previous step, but you have to add a constraint in the Solver module. Select the Solver again and add a constraint saying that $F$3:$F$5 must be greater than 0. In the same manner restrict them to be lower than 0.5. These constraints then state that individual asset weights in the portfolio cannot be negative and that maximum 50% of the wealth is invested in one market.

Note: The chart of the mean-standard deviation frontier is automatically updated to show both frontiers.

7. Finally, evaluate the difference between investing only in US assets, and investing in US and international stocks. Do this by constructing the mean-variance efficient frontier using only US bonds and stocks. Discuss the results.

3.  CAPM and the Treynor-Black Model

Objective

Putting yourself in the position of a portfolio manager unleashing a team of security analysts, you will apply the Treynor-Black (TB) model on a set of securities to construct an optimal portfolio.

A few comments

The TB model is explained in Bodie, Kane & Marcus (BKM), chapter 28.4. From experience, however, many of the problems you encounter relate to general portfolio mathematics or statistics; these issues are covered in BKM, chapters 6.2, 9.1 and 10.1.


BKM is a bit unclear about whether the Sharpe ration is defined in terms of the expected (either required or predicted) or the realized excess return. E.g. in chapter 28 the ratio is expressly defined as an expected value, whereas in chapter 24 it is just as clearly stated in realized terms (when evaluating portfolio manager performance). In Assignment 3 you will use Sharpe ratios to study the active and optimal portfolios, which were chosen using the analysts’ predictions; hence the relevant returns are expected returns – as predicted by the analysts. 

Steps

For simplicity, the market portfolio is assumed to be equal to the portfolio of US stocks utilized in the previous assignments. The monthly rates of return used previously are restated in the second column of the spreadsheet for convenience – at the bottom, you can find the expected return and standard deviation of the market portfolio. The next five columns hold monthly returns of five fictive securities: Zeus, Hera, Dionysos, Apollo and Aphrodite. 

1. Calculate, for the five securities, the standard deviation, covariance with the market portfolio, the estimated beta and the (arithmetic) mean rate of return in the respective cells at the bottom of the sheet.

Note: To estimate the standard deviation, use the COVAR-function: take the square root of the covariance of the variable with itself. This is to avoid confusing sample/population statistics as mentioned above.

2. The beta values are automatically inserted into the appropriate cells at the top of the spreadsheet. Use these, together with the risk free rate of return, to calculate the required (monthly) rates of return on the five securities under the CAPM assumptions (assume the historical mean return on the market equals the expected return on the market). Then convert these monthly returns into yearly returns. From now on we will utilize yearly returns and standard deviations only.

3. Calculate, for the market portfolio and each of the securities, the total risk as well as its two components: market risk and the idiosyncratic risk. The risks should be expressed as standard deviations.
 The market portfolio and the original capital market line should now be displayed in the “Mean-Variance Analysis Chart” (of the same type as e.g. figure 28.2 in BKM).

Compare the required returns with those actually realized during the sample period (automatically calculated from the monthly rate of return). Are they fairly close to each other? Does there seem to be a relationship between the discrepancy and the idiosyncratic risk? Which securities have the highest (i) required return (ii) realized return and (iii) idiosyncratic risk?

4. Assume that the “team of analysts” present their report which states that the predictions for the β:s and the idiosyncratic risks in fact are equal to those just estimated by you, but that the expected returns are as given at the top of column “S” (do not fill in the “Analysts’ predicted rate of return –alternatives” cells now – that is the purpose of the final step below). These returns will henceforth be referred to as the predicted returns. Use the required and predicted returns to calculate the securities’ α:s. Judging by the sign of the α:s, which position (long/short/none) will be taken in the five securities to form the active portfolio?

5. Determine the composition of the active portfolio by calculating the weights of the five securities. The left column (W) should contain the nominator of equation 28.6 in BKM, and he right column (X) should contain the portfolio weights. Make sure that the components of the latter sum to unity and that the positions are in accordance with the intuition from the previous step.

6. Use the weights to find the characteristics of the active portfolio (the alpha, the beta and the idiosyncratic risk are automatically calculated as a weighted average of the corresponding parameters of the individual securities as on page 881 in BKM). The location of the active portfolio is subsequently displayed in the “Mean-Variance Analysis Chart.”

7. Now we turn to the final step: determining the optimal portfolio. First, construct the efficient frontier from combinations of the active and passive portfolios by simply checking a “1” in the appropriate cell (the frontier is drawn automatically in the “Mean-Variance Analysis Chart.”

8. Assume that short positions in risky assets are prohibited. As the manager in the “Concept Check” example page 889 in BKM does, discard securities with negative α:s (this is most easily accomplished by setting the relevant α:s in column U to zero – a zero α security is discarded by design). How does this affect the Sharpe ratio of the active portfolio? Is it surprising? How does this affect the Sharpe ratio of the optimal portfolio? Comment.

9. Now use the “Analysts’ predicted rate of return – alternatives” cells (let the α:s in cells U7-U11 be calculated from the difference between cells S21-S25 and M6-M11). First assume the opposite sign for the α of Aphrodite by setting the predicted return equal to 15.8, but keeping the predictions for the remaining securities. (Do not use the COPY-command to fill in S21-S25 since that will effect the formatting of the cells – fill them in by hand.) Then look a the “Mean-Variance Analysis Chart.” How does the location of the active portfolio in relation to the capital market line rhyme with the sentence on top of page 878 in BKM beginning with “Given their…”? Comment.

Return to the original prediction of Aphrodite’s return, and analyze the corresponding scenario for Zeus (i.e., assume the opposite sign of its α). Again look at the “Mean-Variance Analysis Chart” and comment. What is the α of the active portfolio in this scenario? How does that rhyme with the sentence a little further down on page 878 beginning with “Because of…”? Comment.

* Assignments 1 and 2 were constructed by Sten Holmström and Magnus Dahlquist (building partly on exercises prepared by Ravi Jagannathan and Michael Sher), and Assignment 3 was constructed by Joel Reneby.


� Note the difference from Assignment 1. In this assignment you shall simply convert monthly returns so as to express them in yearly terms – the implicit investment horizon is still 1 month; in Assignment 1 you calculated yearly returns when the investment horizon was 1 year.


To express a monthly return or variance in yearly terms simply multiply by 12. Therefore, to express a monthly standard deviation in yearly terms you multiply by the square root of 12…


� For the relationship between total, market and idiosyncratic risks, see e.g. BKM chapter 10.1.
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