THE FISHER EQUATION:
THE RELATIONSHIP BETWEEN REAL AND NOMINAL INTEREST RATES
(by Richard Constand)

Focusing attention on the nominal riskless interest rate, we find that the nominal riskless interest rate (krf) is composed of the real riskless rate of interest (k*) plus an inflation premium (IP).  The IP actually contains 2 parts; the expected level of inflation and a cross-product of expected inflation and the riskless real rate.  

This relationship was first discussed by an economist, Irving Fisher, and is formalized in the Fisher Equation.





 EMBED Equation.2  

We include the cross-product of the expected inflation and the real riskless rate of return because of the nature of the mathematics in calculating price level adjusted future values.  If the cross-product is ignored, we do not properly calculate the nominal rate necessary to protect us from anticipated inflation.  In the last decade or so, many textbook authors have ignored the cross-product in their presentations of the Fisher Relationship.  If they have justified this omission at all, they have stated that since inflation is low the cross-product has little impact on the calculation of an inflation adjusted risk-free rate.  This is a dangerous approach.  There is no guarantee inflation will remain low in the coming years and in a high inflation environment, the omission of the cross-product will lead market participants to improperly plan for the negative effects of inflation on returns.
THE FISHER EQUATION: WHY IS THE CROSS-PRODUCT NECESSARY

This discussion explains, in detail, why the cross-product is necessary in the Fisher Equation.

If, for example, we invest $100 for a year at a real riskless rate of 3% and we expect a 4% inflation rate, the amount we need in the future in order to insure we earn our inflation adjusted return of 3% (assuming our inflation expectation is correct) is $107.12.  We arrive at this future amount with the following calculation.




Now, at the end of the year, if actual inflation equaled our expected inflation rate of 4%, we can deflate our future value of $107.12 to constant (beginning of period) dollars in order to assess our real return.




And we have earned our desired real return of 3%.




If we did not include the cross-product, we would demand only 7% as a nominal riskless rate and our inflation adjusted return would be less than our desired 3% return.  

For example, without inclusion of the cross-product, our krf demanded would be 7%.




If we demand a 7% return at the beginning of the period, we end up with $107.00 at the end of the year.




And our inflation adjusted, constant dollar return would be approximately 2.88% rather than our desired 3%.




Without inclusion of the cross-product in our inflation premium, the mathematics does not allow us to properly protect ourselves against the effects of inflation.

THE FISHER EQUATION: HOW TO USE IT TO DETERMINE AN EX-ANTE REQUIRED RATE OF RETURN

The Fisher Equation was developed in terms of the “expectations” of financial market participants.  This means that an investor determines their required nominal riskless rate of return before they invest their money.  The phrase often used is the “investor’s ex-ante required nominal rate of return”.  The Latin term Ex-Ante means “from before, before the event” and reflects the fact that the decision is made before the investment.

While the Fisher Equation only addresses the determination of the nominal riskless rate of return, it should be remembered that the riskless rate is the foundation upon which all other rates of return are built. Furthermore, inflation risk, and the necessary inflation risk premium, can change dramatically in a very short time because inflation is caused by the actions of governmental officials.

In order to protect against inflation, investors use the following process.  The investor first determines the required real riskless rate of interest or return.  Next, an expectation the future inflation rate is formulated. Based on this inflationary expectation, investors arrive at an appropriate inflation premium that is based on both the inflation expectation and the interaction between inflation and their investment return.  The calculation of the expected (ex-ante) nominal rate is performed using the Fisher Equation.

This inflation adjusted nominal rate is then demanded in the hope that the inflationary expectations will be fulfilled and the actual (inflation adjusted) real return at the end of the investment period equals the desired real return identified at the beginning of the investment.

Of course, there is no guarantee that the actual inflation rate over time equals the expectation of inflation that the investor held prior to the investment.  In fact, the actual real return will exactly equal the (ex-ante) anticipated real return only if the original inflationary expectation was a perfect forecast of actual inflation.  This rarely happens.  For a discussion of the implications of incorrect inflationary forecasts, see the discussion on the calculation of the “Ex-post Actual Real Return

THE FISHER EQUATION: HOW TO USE IT TO CALCULATE AN EX-POST ACTUAL RATE OF RETURN

In the real world, inflation forecasts are seldom perfect.  This means that after the investment period, the real return may deviate from the ex-ante expected real return if actual inflation deviates from the original inflation forecast.  If this happens, we say the (ex-post) actual return differs from the (ex-ante) expected return.  “Ex-post” is a Latin term meaning “what happen after”.  

If the ex-post actual inflation differs from the ex-ante expected inflation rate, the actual real (inflation adjusted) return will be different than the expected real return.  In general, the following relationships will hold.

If the actual inflation is greater than the expected inflation, the actual real return will be less than the expected or desired real return.

If the actual inflation is less than the expected inflation, the actual real return will be greater than the expected or desired real return.

If the actual inflation equals the expected inflation, the actual real return will equal the expected or desired real return.

The ex-ante form of the Fisher Equation is presented below.




On an ex-post basis, we know the nominal riskless rate (krf) we received and the actual inflation for the period.  Given this information we can work backwards using the same equation and, replacing the actual inflation rate for the original expected inflation rate, we can solve for the actual, inflation adjusted, real return we earned over the period.

For example, suppose we originally expected inflation of 3% and we held a desire for a real inflation adjusted return of 4%.  At the beginning of the period, we would have demanded a 7.12% return.




Now assume that at the end of the year, the actual inflation was 5% rather than the expected 3%.  Using a modification of the Fisher Equation, we can find the actual (ex-post) real return on our investment.




The actual real return, after adjusting for the actual inflation rate, is only about 2.02%, far lower than the desired 4% real return desired at the beginning of the period.

A different approach to this calculation of the actual, ex-post real return uses interest rate factors and inflation rate factors.  If the earned nominal return equals 7.12%, the associated nominal interest rate factor is 1.0712, (1 + interest rate).  This nominal interest rate factor can be deflated by dividing by the inflation factor, which is 1.05 (1 + inflation rate), in order to arrive at a real, inflation adjusted, return factor.




Subtracting 1 from the real return interest factor of 1.0201905 gives .0201905 (or 2.01905%), the same answer as was found using the Fisher Equation on an ex-post basis.
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