Introduction to Interest Rate Risk

Query: Why do banks assume interest rate risk?  Do they HAVE to do so?

I. Predictability of Interest Rate Changes

A. Yield Curves

Three Theories to explain the shape of the yield curve.

1) Liquidity Preference: Investors need to be compensated for lack of liquidity

Yield curve shape:

2) Pure Expectations: Investors care only about their total yield. The expected total yield earned through a series of short term year investments should equal the yield from one long-term investment (of equal total time). IE:

A series of seven one year investments (with interest rates (yields that will be likely to vary from year to year) should equal the same overall yield as a seven year investment. Timeline:







[image: image1.jpg]



This theory is important, because interest rates changes in the future can be inferred by the shape of the PURE EXPECTATIONS yield curve.

3) Market Segmentation: There is a demand and supply for money of different maturitites. There is substitute for the maturity that you wish to borrow (lend).

4) Modified Expectations: Combination of Liquidity Preference & Pure Expectations. Long term rates are a function of expected short term rates - but long term rates must also include some compensation for lack of liquidity.

The ME yield curve is thought to be the "observed yield curve", or the yield curve we see based on real-world data. Once we plot the ME yield curve, we might infer the shape of the Pure Expectations yield curve to make predications about future interest rate changes.

B. Time series Plots

Interest Rates plotted vs. time
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II. Observation of  "interest rate risk". What are its symptoms? 

a) Balance sheet (Market Value)

(Focus of Analysis: Duration Gap)

b) Income Statement

(Focus of Analysis: Dollar Gap)

Note: The off balance sheet management of interest rate risk includes use of derivative instruments/ interest rates swaps and interest rate options (among other derivative instruments.) We will focus first on on-balance sheet I-rate risk management.

Net Interest Margin (NIM) = 
(Int Income - Int Expense) 

 





       Avg earning assets

 Or NIM
= NII/Earning assets

Note: the formula listed at the top of page 132 is not completely correct. The above formulas are correct.

Dollar Gap = $GAP =  ($) Rate Sensitive Assets - ($) Rate Sensitive Liabilities. Note: the $GAP will be given in DOLLARS.

Definition: Generic definition of rate sensitive => Will roll-over or mature in 90 days (1 qtr) or less.  However, rate sensitivities are often specified for particular periods of time (ie: 0-30 days, 31-60 days, 61-90 days etc.) For example, the latter would denote the dollar amount of assets and liabilities that mature in the period of 61 days to 90 days from now.

Other Ratios using the dollar GAP:

1) Relative Gap ratio = $GAP/Total Assets

2) Interest rate sensitivity Ratio = $RSA / $RSL

How does one use the $GAP to measure changes in profitability reflected on the bank's income statement for a given change in "i"?


((NII) = RSA ((i) - RSL((i) = $GAP ((i)

Note: the "delta" should precede NII and "i" in the above formula. If it doesn't, your computer doesn't have the same symbols font used to create this document. See equation 5.6 on page 139.

Managing Interest Rate risk using Dollar Gaps:

Example: Problem 5.2 (page 163)

IV. Problems with the Dollar Gap

1) Deficiencies in the general time horizon. (an asset maturing in 1 day and a liability maturing in 30 days would both be classified as "rate sensitive" in the 0-30 gap.

2) Correlation with the market. The underlying assumption is that interest rate changes will affect assets and liabilities in the same manner. (Solution: Use a "standardized gap" which accounts for the differences in the relative rate changes of certain assets & liabilities.)

3) Focus on NII is the most important measure of shareholder wealth. (What  would be a better indicator of s/h wealth?)

DURATION GAP ANALYSIS:

Used to measure expected changes in the MV of assets and liabilities, when I-rates change.  Is this a superior indicator of the impact of interest rates on s/h wealth relative to changes in NII?

Duration as a measure of interest rate risk
I. Introduction to duration

A) What does duration indicate? Is it an exact or approximate measure? 

Answ: Weighted Average Futurity of a cash flow

It can be used to measure the approximate percentage change in market value of a fixed cash flow instrument (like a bond or a loan) when interest rates change. It is just an approximate measure, though, and is less accurate for larger changes (+ or -) in interest rates.

QUERY: For a given required rate and coupon rate, does a short-term or long-term bond experience more price variability as interest rates change?  Long-Term WHY? Cash flows at a later date mean that, if interest rates should increase, we would have to wait longer to reinvest the cash flows at the higher rate.

Query: For a given maturity, does a discount, par or premium bond experience more price variability as interest rates change? Discount bond - lower cash flows sooner in lower coupon payments - greater cash flows at a later date.

How to Calculate Duration: The Spreadsheet Method

The following example is used to calculate the duration of a 5-year $1000 bond, with a 6% coupon rate (with interest payments made annually (Not semiannually - as is the usual case). This bond as a current required rate of return of 9%.





Spreadsheet Method:




weight




discounted
disc CF /
weight x

year
cash flow
cash flow
price
year

1
60
55.04587
0.062318
0.062318

2
60
50.5008
0.057172
0.114344

3
60
46.33101
0.052452
0.157355

4
60
42.50551
0.048121
0.192483

5
1060
688.9273
0.779938
3.899689

sum

883.3105
1
4.426189



price ^

Duration ^

Chapter 8
I. The Duration GAP: Measures the level of overall interest rate exposure.

Formula: 

Duration Gap = D( assets ) - {[liab/assets] x D(liabilities)}

D(assets) =  weighted average duration of the assets

D(Liabilities) are similarly determined. (in the above formula, "asset" is replace with "liability", and "$total assets" is replaced with "$total liabilities")

Terminology:  Will a short-funded institution have a positive or negative duration gap?  Will a short-funded institution have a positive or negative $GAP?

Example of a Macro Hedge:

 A Numerical Example
Eight Halfs Bank

Balance Sheet (market value basis)

             Assets                     Liabilities + Equity

  ---------------------------------------------------------------------

  asset            $amount    rate
  D   liab. or NW       $amount  rate  D

home equity loan       30     9.0%  10  NOW accounts       10       5%  .25

variable rate mtg.     10     7.5%   1  CDs                20       6% 2.00

Credit card debt       10    18.0%  1.5 long-term debt     25       9% 8.00

fixed-rate mortgage    10     8.8%  20  equity              5       --  ---

                     ------                                ---

                       60                                  60

Assets, weighted average req rate calculation:

 Assets: Weighted average Duration calculation:

Liabilities: weighted average required rate calculation:

Liabilities:  Duration calculation:

What is 8/2's duration gap?

III. Another Application of Duration:

The bank manager is ULTIMATELY concerned with interest rate changes and their impact on the market value of the bank's equity. (Note: Changes in the MV of the bank's equity is observable in the stock price)

We can use Duration theory and MACAULAYS Duration to calculate approximate changes in the market values of a bank's assets and a bank's liabilities when interest rates change. We can use the DURATION GAP to calculate the approximate change in the MV of a bank's equity directly.

  Formulas & more formulas:

     Change in the market value of the assets:

         change in i rate

         -----------------  x -D(assets) x ($total assets)

           (1 + i)

    Change in the market value of the liabilities:

          change in i rate

        ----------------------  x -D(liabilities) x ($total liab)

           ( 1 + i)

Using the example given on the previous page, calculate:


a. The change in the MV of liabilities if interest rates increase by


1%.


b. The change in the MV of assets if interest rates increase 1%

c. Change in the MV of equity if interest rates increase by 1%


d. Redo a-c for an interest rate decline of 2%.
On your own: Another example

     Change in interest rates: 2% decline.


            Asset duration = 3 years.

            Liabilities' duration= 1.5 years.

      total assets = $1000 ,     rate = 10%

      total liabilities = $900,  rate = 8%

      total equity = $100

   a) Calculate the change in the MV of assets.

   b) Calculate the change in the MV of the liabilities

   c) Using the data from  "a" and "b", above, calculate the change in the MV of the bank's equity.


IV. An approximation formula for the change in the MV of equity:

Change in equity / $total assets = -DGAP x [change in i]

                                           -------------

                                            (1 + i)

where "i" is the average required rate on assets.

d) Recalculate the change in the MV of the equity using the approximation formula above. How does this compare to your answer in "c"?

Note: Just as a "0 $GAP" is not necessarily optimal, a "0 DGAP" is also not necessarily optimal. 

QUERY: How can we alter the firm's DGAP?




Macro Hedging using Duration

Immunized Portfolios, or DGAP management:

                                    (choose one)

Query: In times of (highly volatile / relatively stable interest rates) banks will typically choose a smaller DGAP?

An "Immunized" portfolio is one which is not exposed to interest rate risk (DGAP = 0). (RELATE to the formula for a change in equity value above)

 Creating An Immunized Balance Sheet

      SUPPOSE that your bank has the following (simplified) B/S:

                       ( in 1000s)

            assets                         Liabilities & OE

                         amt   Dur.                  amt   Dur.

           Loans         500   1.2         Time deps 520   4.1

           treasuries    500   4.5         CDs       380   1.3

                                           equities  100   ---

You are asked to determine which accounts should be increased of decreased if interest rates become volatile to totally eliminate the bank's exposure to interest rate risk. Also determine the EXACT amounts of balance sheet items which would immunize this institution.

Solution:

 Duration GAP  Versus RATE SENSITIVITY (or Dollar) GAP

Pros and Cons of each




$GAP PROS:

a) easy to understand and to calculate.

b) looks at risk exposure for a given period of time.




 $GAP CONS:
a) Doesn't consider the timing of cash flows. (Ie: consider two 10 year assets: Asset "A" has a cash flow of $100 in one year and $1000 in ten years. Asset "B" has a cash flow of $1000 in one year, and $100 ten years from now. They both have a maturity of 10 years. Clearly asset B is safer for the recipient of the cash flows. As interest rates increase, the cash flow in 10 years will be discounted at increasingly greater factor. The cash flow in year 1 can be reinvested sooner at the new, higher rate.)

b) Often difficult to determine the terms for rollover. (IE: if the increase in value associated with reinvestment at higher rates exceeds the penalty, some long-term CDs may be withdrawn early. Fixed rate loans may be refinanced at lower rates if i-rates fall. Therefore, a 20-year mtg. may be repriced at lower rates in a much shorter period.).

c) Only focuses on a segment of the banks risk exposure at one time (as determined by the definition of "rate sensitive".)

      


DURATION GAP PROS:

a) Can measure an institution's overall (comprehensive) interest rate risk exposure.

     

b) Recognizes timing of cash flows.



c) Can predict changes in equity value




DURATION GAP CONS:


a) Assumes parallel shifts in term structures.



B) Market value calculation of B/S items imperative to calculations.



c) Continuous adjustments (calculations) required.



d) Difficult to calculate. One must determine the required rate of return for all of the assets. If the asset is publically traded,it can somewhat easily be determined. If the asset is NOT publically traded (such as commercial loans), the required rate is difficult to determine.

            
e) Can't be used to determine an exact change in market value.


 
The greater the change in interest rates, the more error



there is in using duration to calculate changes in market value.

            
With the proliferation of computers, it is often optimal to simply



rediscount the future cash flows by the new market interest rate



to determine the new market value.
    � required rate of return
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