  

SESSION 5- FINANCIAL FUNCTIONS
 Mid-semester Test

Next week there will be a Mid-semester test which will take up the whole class (The test will last for one hour in total). 

You must attend the class you signed up with at the beginning of the semester, if this is not possible you need to contact B. Morley before the test.

It is worth 20% of the marks for this course.

Your class tutor will issue you with a floppy disk to save your answers on. 

When you have answered the questions, you should copy all your answers from Excel tables and charts and paste them into a Word document. You should name your answer document with your computer username, and also write your name on the floppy disk. 

Each test will be based on the work you have done in Weeks 1 to 4 (i.e. up to last week). You should revise:

a) how to enter an Excel formula, including powers, logs to the base 10 and natural logs; 

b) how to create a chart in Excel (particularly X-Y charts and Column charts)

c) how to find data on the web;

d) simple equations and models, including the respecification of equations in terms of price instead of quantity.

Also make sure that you remember how to save a Word document on to a floppy disk inserted in Drive A:

There will be several different test papers, so do not rely on getting the same questions as other classes! 

In this lecture, you should learn:

- How to use Excel for financial mathematics

- To apply basic tools for investment projects appraisal

5.1 Compounding and discounting 
In lecture 4, while learning how to reproduce simple economic models with Excel, we looked at the growth process, and how to track growth, using the formula: 

Xt = X0*(1 +r)t 

growth equation
The present session looks at the closely related discounting process and its application to asset valuation and investment appraisal. 
 The process of compounding and discounting 
- Compounding. How much I am going to have if I invest a sum X0 at an interest rate r for t years? The starting point to answer this question and to understand this material is to imagine what happens when you deposit money in a bank account. If you deposit £100 this year and this pays interest earned on the initial sum (the principal) plus any interest accumulated in the previous years back into the account (Compound Interest), then the value of the account will grow according to the above growth formula. If the rate of interest is 6% per annum then after t years you would have a balance of 100*(1.06)^t, a proposition illustrated here
- Discounting. In many areas of economics, particularly the analysis of investment and savings decisions, it is very useful to consider this process in reverse. Instead of putting a known sum aside today and asking what it will be worth in t years time, we want to work out the value of a promise today that we will receive a known sum at some specified future date. This calculation can be done by a simple rearrangement of the growth equation. Instead of solving for an unknown future sum Xt in terms of a sum today X0, we express today's equivalent, X0, in terms of a sum Xt receivable t periods from now. The expression: Xt = X0*(1 +r)t is rearranged to give the discounting (or 'discounted cash flow', DCF) formula:

 X0 = Xt/(1 +r)t 


Present Value

which expresses the Present Value of a sum Xt receivable t periods from now when the rate of interest (now called discount rate) is r. Another way of thinking about it is to observe that X0 is the amount you would have to invest at time 0 with an interest rate of r to generate Xt by period t. Click here for an illustration. 

5.2 Discounting in Excel 

This approach is central to most of the analysis in financial economics; and also one that lends itself readily to spreadsheet analysis. There are two ways of calculating present value in Excel. One is to use the discounting formula, entering it directly just like any other formula. The alternative is to make use of the Net Present Value(NPV) function, which is one of the functions available in the Financial Functions section of the listing of functions available through the fx icon on the Excel toolbar. 

For a demonstration of the equivalence of the Excel NPV function and the calculation of present value via the discounting formula click  here .But be careful not to use the Present Value function in Excel: that is used for a different purpose and could not calculate what I have defined above as 'Present Value'. 

5.3 Application to bond pricing 

An application illustrating the principle quite well is the valuation of government securities, sometimes termed 'bonds' or 'gilts'. Most Government bonds offer a fixed set of interest payments plus repayment of the face value of the bond (say £1000) at some specified future date. For example a Treasury 6% 2010 bond pays interest of £60 per annum, irrespective of the market rate of interest, each year until 2010 when the owner receives the final interest installment of £60 plus the original £1000. These bonds are bought and sold on financial markets and their value fluctuates with interest rates. Their value fluctuates because the present value of the stream of fixed nominal payments changes with the rate. For an illustration, click here .
You should note that if you try this with 'real bonds' i.e. using data from the newspaper you will not get amounts exactly matching the NPV as calculated here. This is for various technical reasons including the timing of payments being more complex than we have depicted and also our neglect of the role of withholding tax. 

5.4 Investment Appraisal 

Suppose an investor or firms face two (mutually exclusive) projects. Since an individual’s or firm’s capital is limited they will want to choose the best project (one which maximizes profits – assuming the maximisation of profits is the objective function). If both projects require an initial outlay and then generate income over several years, how do we decide which project is the best? We could use our present value criteria. 

This would recommend that the project with the greater Net Present Value (NPV) is chosen, as long as NPV>0. Definition: the NPV is simply the sum of present value of the income inflows minus the present value of cash outflows and the initial outlay. As always, we need to include an interest rate (discount rate) in order to complete the formula. 

If n is the number of cash flows in different units of time (years), the formula for Net Present Value is: NPV = ∑t=0�n [Xt/(1+r)t]

Unfortunately, the NPV method is very sensitive to the discount rate r used, because the profitability of investment projects hinges on r. To assess the sensitivity of our investment project to r, we can take an alternative approach. We can calculate the discount rate that will give the NPV of zero. This is commonly referred to as the Internal Rate of Return (IRR). The decision rule with IRR is to choose the project with the highest internal rate of return, as long as the IRR is greater than the market rate of interest. 

In order to calculate the IRR you could use one of the built-in formulas in Excel. Alternatively, a graphical approach is often useful as it enables one to compare NPVs across a range of discount rates. Click here for an illustration. 

Some remarks: NPV and IRR are criteria that can give contrasting results. Nevertheless, the advantage of NPV is that it gives results in cash terms, while IRR does not differentiate between the scales of projects. For instance, a project giving £1000 NPV could be rejected in favor of one giving £1 NPV, the latter having a higher IRR.

5.5 Application to equity pricing 

It is well known that equity prices as well as bond prices are sensitive to interest rates. The reasoning is similar: the analyst projects expected profits (or dividends) for the firm into the future and then discounts these expected receipts to get a present value, which can then be compared with the firm's share price to decide whether to buy or sell the share. The complication is that the firm's profit stream runs indefinitely into the future. But by making the assumption that the profit level remains constant it is possible to exploit the formula for the value of a perpetuity, namely: 

Present Value of the Share = X0 = d/r
where d is the dividend expected each and every year and r is the current rate of interest. 

As an example, a firm forecast to make profits of 100 per year forever would have a present value of 1000 if the interest rate were 10% and 2000 if the interest rate fell to 5%. The reason for the increase in value when interest rates fall is simply that you would need to set aside a larger lump sum today in order to generate the same stream of income into the future. This formula is very easy to apply in Excel. 

5.6 Continuous compounding 

Thus far we have assumed that interest is received once a year, i.e. periods = t = years. Often interest will be calculated more frequently (e.g. quarterly, semi-annually, daily), with the result that the balance on the account grows slightly more quickly. Let’s see how the growth formula change if the interest is calculated m times per each year t. It becomes:

Xt = X0*(1 +r/m)mt 
example: if interest is calculated on a quarterly basis, then m=4; if daily, then m = 365
What happens when m very large? In the limit, as the interval between calculations of interest payable shrinks towards zero, we have the case of continuous compounding. Mathematically this gives (the above formula boils down to): 

Xt = X0* ert  


Continuous compounding formula

Growth models in economics are built around this kind of structure. Excel is very useful for tracing the time paths produced: continuous compounding just requires inputting the above formula (instead of the growth equation we used before)

Just as growth is slightly higher with continuous rather than discrete compounding, so we would expect the calculation of present value to be adjusted. Rearrangement of the formula gives: 

X0 = Xt / ert, sometimes written as X0 = Xt* e-rt . For a direct comparison of the effect of using discrete rather than continuous rates click here 
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