



           Chapter 9

                    Managing Interest Rate Risk: Duration Gap and 

                                    Market Value of Equity

Chapter Objectives

1. Demonstrate the importance of measuring interest rate risk in terms of price sensitivity of assets, liabilities, and stockholders’ equity.

2. Demonstrate how economic value of equity (EVE) analysis focuses on interest rate risk over longer time periods as opposed the static GAP and earnings sensitivity analysis.

3. Demonstrate applications of Macaulay’s duration, modified duration, and effective duration in estimating price sensitivity.

4. Introduce duration Gap and duration-based models of interest rate risk.

5. Describe how sensitivity analysis is applied to a bank’s economic value of equity (EVE).

6. Document the strengths and weaknesses of GAP versus duration gap analysis.

7. Critique various strategies to manage earnings and EVE in terms of what a bank’s bets are versus the prevailing yield curve.

Key Concepts

1. Duration is an approximate elasticity measure of how much the market value of a security or 

portfolio will change when the level of interest rates changes. The longer is duration, the greater is relative price sensitivity.

2. For securities with options, analysts typically estimate an effective duration. This calculation 

recognizes that cash flows on the security may change when interest rates change as the underlying options are exercised.   

3.   The economic value of equity (EVE) is a plug figure representing the market value of assets minus the market value of liabilities. It does not equal market capitalization (share price times the number of shares outstanding). Thus, by itself the EVE figure does not equal the true value of the bank.

4.  Duration gap (DGAP) measures the comparative price sensitivity of a bank’s assets versus the price sensitivity of its liabilities when the target measure of performance is the market value of stockholders’ equity (EVE). DGAP equals the weighted average duration of assets minus the product of a bank’s liabilities to assets ratio and the weighted average duration of liabilities.

5. A positive DGAP indicates that assets are more price sensitive than liabilities, on average.

Thus, when interest rates rise (fall), assets will fall proportionately more (less) in market value than liabilities and EVE will fall (rise) accordingly. A negative DGAP indicates that liabilities are more price sensitive than assets. Thus, when interest rates rise (fall), assets will fall proportionately less (more) in value than liabilities and the MVE will rise (fall).

6. EVE sensitivity analysis effectively involves the same steps as earnings sensitivity analysis.

In this case, however, the bank focuses on the relative durations of assets and liabilities, how much the durations change in different interest rate environments, and what happens to the market value of equity across different rate environments.

7. Generally, if a bank is liability sensitive in the sense that net interest income falls when rates

rise and vice versa, it will likely have a positive DGAP suggesting that assets are more price sensitive than liabilities, on average. If a bank is asset sensitive in the sense that net interest income rises when rates rise and vice versa, it will likely have a negative DGAP suggesting that liabilities are more price sensitive than assets, on average.

8. DGAP analysis has the advantage of focusing on all cash flows from the underlying assets 

and liabilities and not just cash flows that are expected to arise over short time intervals. Interest rate risk can be summarized in one measure for the entire portfolio.  

9.   EVE sensitivity analysis focuses on long-term interest rate effects because it incorporates the present values of all expected cash flows. However, it is a liquidation analysis. The value for EVE is measured as the market value of assets minus the market value of liabilities. As such, it ignores other factors that affect the value of the firm, such as franchise value, contingent liabilities, the value of off-balance sheet activities, etc.  Given the longer-term focus of EVE analysis, it is not uncommon for EVE sensitivity results to differ from earnings sensitivity results. For example, a bank with significant long-term mortgage holdings will typically have a positive DGAP especially in a rising rate environment. As such, EVE will fall when rates rise. Yet, earnings sensitivity analysis may show an increase in expected net interest income over 1 year when rates rise given a bank’s ability to widen its spread temporarily as the bank raises asset base rates before increasing rates on liabilities.
10.  It is difficult to consistently alter either GAP or DGAP on balance sheet and increase

earnings or the economic value of stockholders’ equity. Whenever management chooses to change asset and liability maturities and/or durations in anticipation of rate changes, it is placing a bet against forward rates from the yield curve. 

11. The general level of interest rates and the shape of the yield curve appear to follow the U.S. 

business cycle. In expansionary stages, rates rise until they reach a peak as the Federal Reserve tightens credit availability. In contractionary stages, rates fall until they reach a trough when the U.S. economy falls into recession. Portfolio managers should consider this information when making choices regarding the maturities and durations of assets and liabilities and how to price them.

Teaching Suggestions

This chapter follows conceptually from the material introduced in Chapter 5 on GAP and earnings sensitivity. It is important to point out that both GAP/Earnings Sensitivity and duration gap/EVE Sensitivity models are two ways of looking at the same type of phenomena. GAP and Earnings Sensitivity analysis focus on rate sensitivity. Duration gap and EVE Sensitivity focus on price sensitivity. Carefully distinguish between the two. An asset or liability that is extremely rate sensitive is not very price sensitive. If the asset or liability is extremely price sensitive, it is not very rate sensitive. Earnings sensitivity analysis focuses on short-term income effects and is important to bankers in their budgeting as well as their risk assessment. EVE sensitivity analysis focuses on longer-term interest rate effects on aggregate firm value. It is closely tied to ensuring that the bank remain solvent.

An example of the relationship between GAP and duration gap is helpful. Consider a bank that borrows federal funds overnight to buy 30-year zero coupon Treasury bonds. The liability is extremely rate sensitive as it reprices every day. It is not price sensitive because it will always trade near par. The zero coupon T-bond, however, is extremely price sensitive because it has a 30-year Macaulay’s duration, but is not rate sensitive because the rate will not change for 30 years. The bank will have a negative GAP with this transaction and a positive DGAP.

Work carefully through the examples applying duration measures to emphasize the price sensitivity of individual assets and liabilities. Then work through the First Savings Bank example. Focus on the output represented by the variability in EVE in Exhibit 6.5. The percentage change in EVE and the absolute change in EVE across different rate environments indicate how much risk a bank has assumed.

Finally, work with students to help them understand the importance of prevailing yield curve information in managing GAP and duration gap. Many students will believe that banks can simply adjust the rate sensitivity or price sensitivity of assets and liabilities to take advantage of perceived changes in interest rates. Emphasize that this involves placing an explicit interest rate bet. Work through examples to document what that specific bet is.

Answers to End of Chapter Questions

1. Basic steps:

a. Develop an interest rate forecast.
b. Estimate the market values of assets, liabilities, and stockholders’ equity.
c. Estimate the weighted average duration of assets and liabilities; calculate duration gap. This involves estimating when embedded options in the underlying assets and liabilities will be exercised.
d. Forecast EVE. 

e. Select a new interest rate environment and repeat steps a through d.

The result is a forecast of EVE and the change in EVE across different interest rate environments.

2. Low coupon bonds have longer Macaulay’s durations because an investor has to wait longer 

to receive any cash flow. With a coupon bond, an investor receives interim coupon payments before final maturity. Because Macaulay’s duration equals the weighted average of time until the cash flows arise, where the weights are the present values of each cash flow as a fraction of the security’s price, instruments with interim cash flows will have a duration of less than final maturity. The Macaulay’s duration of a zero coupon instrument is final maturity.

3. The current price of the bond is $9,944.32. 

a. Macaulay’s duration = (0.0283)1 + (0.02746)2 + (0.02665)3 + (0.91759)4 

                                        =  3.83 semiannual periods, or 1.915 years. 

      Modified duration  =  1.915 / (1.061)  

                                       =  1.80 years

b. Percentage change in price  =  - 1.8 x (-.01)

   
  =  + 1.8%

                

or           =   .018 x $9,944.32  =  + $179

4. a. If rates rise to 7.5% (3.75% semiannually), the price falls to $982,993 from $1 million.

  b. Effective duration =      (1,000,000  -  982,993)   =    3.401  

 


     1,000,000 (.0375 - .0325) 

5. Percentage change in prices using annual interest rates:

a. 5-year zero:  % change in price =  - 5 (-0.01)  =  + 0.0463  or 4.63%

 (1.08) 

 b.  15-year zero:  % change in price  =  -15 (-.01)   =   + 0.1389 or 13.89%






  (1.08)

6. There is interest rate risk with this transaction. The liability is a zero coupon deposit that pays 

all interest and principal at maturity in 5 years. Thus, the Macaulay’s duration of the deposit is 5 years. The loan amortizes over 5 years with monthly payments of principal and interest. Thus, the Macaulay’s duration of the loan is less than 5 years. The duration gap for this transaction is negative because the liability duration is longer and the effective liability to asset ratio equals one. If interest rates rise (fall), the market value of the deposit will fall (rise) more than the market value of the loan such that the market value of equity rises (falls).

7. With GAP analysis, it is easy to collect and update data and interpret figures. Most managers 

and analysts focus on earnings so GAP and earnings sensitivity results are highly intuitive. Duration gap analysis, however, focuses on price sensitivity, which is often more confusing. It incorporates the time value of money. The strength in duration gap analysis is this focus on market value sensitivity and the fact that EVE analysis is a comprehensive view of risk over the entire range of cash flows and maturities or durations. The GAP/earnings sensitivity model emphasizes short-term income statement effects. DGAP/EVE sensitivity analysis emphasizes long-term market value effects. Both models suffer from difficulties in estimating when embedded options will be exercised and what true cash flows will be. A bank’s ALCO should use both models for a comprehensive view of interest rate risk.

8. The statement is generally true. A bank with a negative GAP will have more RSLs than RSAs

and will typically lose when the level of rates rises. This is consistent with a bank having more fixed-rate assets than fixed-rate liabilities. The more rate sensitive an asset or liability is, the less price sensitive it is and the shorter is its duration. The more fixed-rate assets or liabilities a bank has, the longer the corresponding durations. Thus, a bank with a negative GAP will generally have longer duration asses than liabilities and will have a positive duration gap.

9. Duration gap analysis

a. Average duration of assets  =  (102,000/500,000) 1.8 + (375,000/500,000) 1.5  =  1.492 years

Average duration of liabilities = (130,000/450,000)4 + (70,000/450,000)1 + 

                                                                                         (250,000/500,000) 3.3  =  3.145 years

DGAP  =  1.492  -  (450,000/500,000) 3.145

             =  -1.3385 years

The bank is positioned to gain if rates rise and lose if rates fall.

b. Using an average earning asset yield of 9.72%:

Change in EVE  =    - (-1.3385)[(-.015)/(1.0972)]500,000   =   -$9,149.43

Change in market value of assets:  

  Bonds: -1.8[(-0.015)/(1.072)]102,000  =  +2,569.03

  Loans: -1.5[(-0.015)/(1.11)]375,000    =  +7,601.35

           Total:


           +10,170.38

Change in market value of liabilities:

  Small TDs: -4[(-0.015)/(1.036)]130,000
   =   + 7,528.96

  Large CDs: -1[(-0.015)/(1.063)]70,000 
   =   +    987.77

  Trans. Accts: -3.3[(-0.015)/(1.028)]250,000  =  +12,037.94
 
       Total:



        +20,554.67

        Change in EVE  =  10,170.38  -  20,554.67  =  -10,384.29

  c.  Objective: to reduce (immunize against) risk, the bank needs to move DGAP closer to zero. This involves increasing the average duration of assets relative to the average duration of liabilities. One alternative might be to issue 30-day CDs and use the proceeds to buy 6.75-year duration bonds. Assuming a transaction of this nature in the amount of $100,000, the bank’s DGAP would change to:    Duration of assets:  (102/600)1.8 + (375/600)1.5 + (100/600)6.75  =  2.369 years

        Duration of liabilities: (130/550)4 + (70/550)1 + (250/550)3.3 + (100/600)0.08 = 2.585 years

            DGAP  =  2.369 – (550,000/600,000) 2.585  =  0 years

With DGAP equal to zero, the bank is effectively immunized from the impact of interest rate changes.

10. The objective is to reduce risk with DGAP > 0.

a. This transaction increases risk because the asset duration is longer than the liability duration.

b. This transaction decreases the average duration of assets. If done in the right magnitude, it may move DGAP closer to zero and thus reduce risk.

c. This transaction uses a longer duration liability to acquire a shorter-duration asset. Together it reduces the bank’s DGAP and likely moves it closer to zero. Thus, risk is reduced.

11. The bank is positioned to gain if interest rates fall, especially if they fall 2%-3% below the base 

case scenario. The bank is positioned to lose smaller amounts if rates rise. The implication is that the bank’s DGAP is positive, such that the duration of assets exceeds the duration of liabilities.

12. EVE Sensitivity

a. If rates fall sharply, the bonds will be called. The bonds are likely callable around par, so the 

bank will not realize any gain or price appreciation when the bonds are liquidated. The bank loses in the sense that a decline in rates will generally increase the market value of liabilities while holding callable bonds forces the bank to give up the beneficial increase in market value of the bonds. EVE will be lower than otherwise if the bank did not own bonds with this call feature in a falling rate environment. If rates rise sharply, the bonds will not be called and EVE will adjust accordingly as the DGAP model would normally indicate.

b. If rates move higher, customers may withdraw their funds early unless the bank agrees to pay 

higher rates. In this context the bank loses because the market value of liabilities will not fall as much as it might normally. There is no real change in EVE if rates fall. 

c. If rates fall sharply, the mortgages will prepay. The bank gives up a higher yield earning asset

and must reinvest the proceeds at lower rates. The bank again foregoes any real price appreciation of the mortgages because it has sold the prepayment option to borrowers. Thus, a decrease in rates will likely increase the market value of liabilities more than it increases the market value of the assets (mortgages) so that EVE is less than it otherwise would be. An increase in rates will not trigger additional prepayments, so the DGAP model results will apply.

