Answers to Chapter 22 
Questions:

1.  Through its daily open market operations, such as buying and selling Treasury bonds and Treasury bills, the Fed seeks to influence the money supply, inflation, and the level of interest rates. When the Fed finds it necessary to slow down the economy, it tightens monetary policy by taking actions that raise interest rates. The normal result is a decrease in business and household spending (especially that financed by credit or borrowing). Conversely, if business and household spending decline to the extent that the Fed finds it necessary to stimulate the economy, it allows interest rates to fall (an expansionary monetary policy). The drop promotes borrowing and spending. 

2.  The repricing gap is a measure of the difference between the dollar value of assets that will reprice and the dollar value of liabilities that will reprice within a specific time period, where repricing can be the result of a rollover of an asset or liability (e.g., a loan is paid off at or prior to maturity and the funds are used to issue a new loan at current market rates) or because the asset or liability is a variable rate instrument (e.g., a variable rate mortgage whose interest rate is reset every quarter based on movements in a prime rate). Rate sensitivity represents the time interval where repricing can occur. The model focuses on the potential changes in the net interest income variable. In effect, if interest rates change, interest income and interest expense will change as the various assets and liabilities are repriced, that is, receive new interest rates.

3.  The maturity bucket is the time window over which the dollar amounts of assets and liabilities are measured. The length of the repricing period determines which of the securities in a portfolio are rate-sensitive. The longer the repricing period, the more securities either mature or will be repriced, and, therefore, the more the interest rate risk exposure. An excessively short repricing period omits consideration of the interest rate risk exposure of assets and liabilities are that repriced in the period immediately following the end of the repricing period. That is, it understates the rate sensitivity of the balance sheet. An excessively long repricing period includes many securities that are repriced at different times within the repricing period, thereby overstating the rate sensitivity of the balance sheet. 

4. The CGAP effect describes the relations between changes in interest rates and changes in net interest income. According to the CGAP effect, when CGAP is positive the change in NII is positively related to the change in interest rates. Thus, an FI would want its CGAP to be positive when interest rates are expected to rise. According to the CGAP effect, when CGAP is negative the change in NII is negatively related to the change in interest rates. Thus, an FI would want its CGAP to be negative when interest rates are expected to fall. 

5. According to the CGAP effect, when CGAP is positive the change in NII is positively related to the change in interest rates. Thus, an FI would want its CGAP to be positive when interest rates are expected to rise. 

a.  Yes. This change will increase RSAs, which will increase GAP.

b.  No. This change will decrease RSAs, which will decrease GAP.

c.  No. This change will increase RSLs, which will decrease GAP.

d.  No. This change will have no impact on either RSAs or RSLs. So, the change will have no impact on GAP.

e.  Yes. This change will increase RSAs, which will increase GAP.

6.  When rates rise, the bank manager would want to set the repricing gap greater than zero. As rates rise, interest income will increase by more than interest expense, resulting in an increase in net interest income. If rates are about to fall the manger would like to set the repricing gap less than zero. As rates fall, interest income will decrease by less than interest expense, resulting in an increase in net interest income. 

7. The following are rate sensitive: a, b, d, f, g, h, i, and j.

8.  The gap to total assets ratio (commonly referred to as the gap ratio) is the ratio of the cumulative gap position to the total assets of the FI. The cumulative gap position is the sum of the individual gaps over several time buckets. The value of this ratio is that it tells the direction of the interest rate exposure and the scale of that exposure relative to the size of the FI. This version of the gap ratio is used by regulators to measure interest rate risk.
9.  The spread effect is the effect that a change in the spread between rates on RSAs and RSLs has on net interest income (NII) as interest rates change. The spread effect is such that, regardless of the direction of the change in interest rates, a positive relation exists between changes in the spread and changes in NII. Whenever the spread increases (decreases), NII increases (decreases).

10. a.  The repricing model has four general weaknesses:

i.   It ignores market value effects of interest rate changes.
ii.  It ignores cash flow patterns within a maturity bucket.
iii.  It fails to deal with the problem of rate-insensitive asset and liability cash flow runoffs and prepayments.
iv.  It ignores cash flows from off-balance-sheet activities.

[bookmark: _GoBack]b.  Large banks are able to reprice securities every day using their own internal models so reinvestment and repricing risks can be estimated for each day of the year.

11.  Taking the first derivative of a bond’s (or any fixed-income security) price (P) with respect to the yield to maturity (R) provides the following:


The economic interpretation is that D is a measure of the percentage change in the price of a bond for a given percentage change in yield to maturity (interest elasticity). This equation can be rewritten to provide a practical application:


In other words, if duration is known, then the change in the price of a bond due to small changes
in interest rates, R, can be estimated using the above formula.

12.  The change in the net worth of an FI for a change in interest rates is given by the following equation:

[image: ]
where k = L/A.  Thus, three factors are important in determining ΔE:

i.  [DA  - DL k] or the leveraged adjusted duration gap. The larger this gap, the more exposed is the FI to changes in interest rates.
ii.  A, or the size of the FI. The larger A, the larger the exposure to interest rate changes.
iii.  ΔR/1 + R, or interest rate shocks. The larger the shock, the larger the FI’s exposure.

13.  In this case, the actual return earned would exceed the original yield. The benefits from a higher reinvestment rate would exceed the price reduction effect if the investor gets to hold the security long enough.

14.  When rates rise, the bank manager would want to set the duration gap less than zero. As rates rise, the value of the liabilities will decrease by more than the value of assets, resulting in an increase in the market value of equity. If rates are about to fall the manger would like to set the duration gap greater than zero. As rates fall, the value of the assets will increase by more than the value of liabilities, resulting in an increase in the market value of equity. 

15. The three criticisms are:

i.  Duration matching can be costly because it is not easy to restructure the balance sheet periodically, especially for large FIs.
ii.  Immunization is a dynamic problem because duration changes over time. Thus, it is necessary to rebalance your portfolio as your assets and liabilities change over time.	
iii.  Duration is not an appropriate tool for immunizing portfolios when the expected interest rate changes are large because of the existence of convexity. Convexity exists because the relationship between bond price changes and interest rate changes is not linear, which is assumed in the estimation of duration. Using convexity to immunize a portfolio will reduce the problem.

16.  Convexity is the degree of curvature of the price-yield curve around some interest rate level. The duration model predicts that the relationship between an interest rate change (or shock) and a bond’s price change will be proportional to the bond’s D (duration). By precisely calculating the true change in the bond’s price, however, we would find that for large interest rate increases, duration overpredicts the fall in the bond’s price, and for large interest rate decreases, it underpredicts the increase in the bond’s price. That is, the duration model predicts symmetric effects for rate increases and decreases on the bond’s price. In actuality, the capital loss effect of rate increases tends to be smaller than the capital gain effect of rate decreases. This is the result of the bond’s price-yield relationship exhibiting a property called convexity rather than linearity, as assumed by the basic duration model.

17.  Book value accounting reports assets and liabilities at the original issue values. Market value accounting is an economist’s definition of capital. Specifically, the economist’s definition of an FI’s capital, or owners’ equity stake, is the difference between the market values of its assets and its liabilities. This is also called an FI’s market value. This is the economic meaning of capital. A problem with book value accounting is that current market values may be different from book values because of changes in market conditions, such as interest rates or prices. This is especially a problem if an asset or liability has to be liquidated immediately. If the asset or liability is held until maturity, then the reporting of book values does not pose a problem. 

For an FI, a major factor affecting asset and liability values is interest rate changes. If interest rates increase, the value of both loans (assets) and deposits and other debt (liabilities) fall. If assets and liabilities are held until maturity, interest rate changes do not affect the valuation of the FI. However, if deposits or loans have to be refinanced, then market value accounting presents a better picture of the condition of the FI. The process by which changes in the economic value of assets and liabilities are accounted is called marking to market. The changes can be beneficial as well as detrimental to the total economic value of the FI.

18.  The book value definition of capital is the value of assets minus liabilities as found on the balance sheet. This amount often is referred to as accounting net worth. The economic definition of capital is the difference between the market value of assets and the market value of liabilities. The market value of equity is more relevant than book value because, in the event of bankruptcy, the liquidation (market) value determines the FI’s ability to pay various claimants.

a.  The loss in value caused by credit risk is borne first by the equity holders, and then by the liability holders. With market value accounting, the adjustments to equity value are made simultaneously as the losses due to this risk element occur. Thus, economic insolvency may be revealed before accounting value insolvency occurs.

b.  Because book value accounting recognizes the value of assets and liabilities at the time they were placed on the books or incurred by the firm, losses are not recognized until the assets are sold or regulatory requirements force the firm to make balance sheet accounting adjustments. In the case of credit risk, these adjustments usually occur after all attempts to collect or restructure the loans have occurred. 

19.  Market values produce a more accurate picture of the bank’s current financial position for both stockholders and regulators. Stockholders could more readily see the effects of changes in interest rates on the bank’s equity. As noted in the next problem, it also accurately reflects the liquidation value of a distressed bank. Among the arguments against market value accounting are that market values are sometimes difficult to estimate, particularly for small banks with non-traded assets. In addition, some argue that market value accounting would produce higher volatility in the earnings of banks.

20.  The market value of equity is more relevant than book value because in the event of a bankruptcy, the liquidation (market) values will determine the FI's ability to pay the various claimants.


Problems:

1. a.  Repricing gap = RSA ‑ RSL = $100 ‑ $50 million = +$50 million. 
Δ NII = ($50 million)(0.01) = +$.5 million, or $500,000.

b.  Repricing gap = RSA ‑ RSL = $50 ‑ $150 million = ‑ $100 million. 
Δ NII = (‑$100 million)(0.01) = ‑$1 million, or -$1,000,000.

c.  Repricing gap = RSA ‑ RSL = $75 ‑ $70 million = +$5 million. 
$Δ NII = ($5 million)(0.01) = $.05 million, or $50,000.

d.  The FIs in parts (a) and (c) are exposed to interest rate declines (positive repricing gap), while the FI in part (b) is exposed to interest rate increases. The FI in part (c) has the least amount of interest rate risk exposure since the absolute value of the repricing gap is the lowest, while the opposite is true for part (b).

2.  a. 	Rate-sensitive assets = $200 million.  Rate-sensitive liabilities = $100 million.

			Repricing gap = RSA ‑ RSL = $200 ‑ $100 million = +$100 million. 
		NII = ($100 million)(0.01) = +$1.0 million, or $1,000,000.

Rate-sensitive assets = $100 million.  Rate-sensitive liabilities = $150 million.

			Repricing gap = RSA ‑ RSL = $100 ‑ $150 million = -$50 million. 
		NII = (-$50 million)(0.01) = -$0.5 million, or -$500,000.

Rate-sensitive assets = $150 million.  Rate-sensitive liabilities = $140 million.

Repricing gap = RSA ‑ RSL = $150 ‑ $140 million = +$10 million. 
	NII = ($10 million)(0.01) = +$0.1 million, or $100,000.
b.  NII = ($100 million)(-0.01) = -$1.0 million, or -$1,000,000.
     NII = (-$50 million)(-0.01) = +$0.5 million, or $500,000.

     NII = ($10 million)(-0.01) = -$0.1 million, or -$100,000.

c.  The FIs in parts (1) and (3) are exposed to interest rate declines (positive repricing gap), while the FI in part (2) is exposed to interest rate increases. The FI in part (3) has the lowest interest rate risk exposure since the absolute value of the repricing gap is the lowest, while the opposite is true for the FI in part (1). 

3. a.    Expected interest income:   		($60m x 0.1) + ($90m x 0.07) = $12.3m
           Expected interest expense:    	($105m x 0.06) + ($25m x 0.06) = $7.8m
           Expected net interest income:        	$12.3m ‑ $7.8m = $4.5m
  
b.  After the 200 basis point interest rate increase, net interest income declines to 
60m(0.12) + 90m(0.07) ‑ (105m(0.08) + 25m(0.06)) = $13.5m ‑ $9.9m = $3.6m, a decline of $0.9 m.

c.  Watchover Saving’s repricing, or funding, gap is $60m ‑ $105m = ‑$45m. The change in net interest income is (‑$45m)(0.02) = ‑$0.9m.

4.  a.	Current expected interest income:  $50m(0.10) + $50m(0.07) = $8.5m.  
	Expected interest expense:	         $70m(0.06) + $20m(0.07)  = $5.6m.  
	Expected net interest income:	              $8.5m ‑ $5.6m = $2.9m.

b.  After the 200 basis point interest rate increase, net interest income declines to: 
     50(0.12) + 50(0.07) ‑ 70(0.08) ‑ 20(.07) = $9.5m ‑ $7.0m = $2.5m, a decline of $0.4m.

c.  Watchovia’s repricing, or funding, gap is $50m ‑ $70m = ‑$20m. The change in net interest income using the funding gap model is (‑$20m)(0.02) = ‑$.4m.
d.  After the unequal rate increases, net interest income will be 50(0.12) + 50(0.07) ‑ 70(0.07) ‑ 20(0.07) = $9.5m ‑ $6.3m = $3.2m, an increase of $0.3m. It is not uncommon for interest rates to adjust in an unequal manner on RSAs versus RSLs. Interest rates often do not adjust solely because of market pressures. In many cases the changes are affected by decisions of management. Thus, you can see the difference between this answer and the answer for part a.

5. a. 	Repricing GAP = $550,000 - $375,000 = $175,000
	Percentage Gap = $175,000/$1,570,000 = 11.15%

b. 	II = $550,000(0.0045) = $2,475
IE = $375,000(0.0035) = $1,312.50
NII = $2,475 - $1,312.50 = $1,162.50

c.  The CGAP affect worked to increase net interest income. That is, the CGAP was positive while interest rates increased. Thus, interest income increased by more than interest expense. The result is an increase in NII. The spread effect also worked to increase net interest income. The spread increased by 10 basis points. According to the spread affect, as spread increases, so does net interest income.

6. a. Funding or repricing gap using a 30-day planning period = $75m ‑ $170m = ‑$95 million.
Funding gap using a  91-day planning period = ($75m + $75m) ‑ $170m = $20 million.
Funding gap using a two-year planning period = ($75m + $75m + $50m + $25m) ‑ $170m = +$55 million.

b.  Net interest income will decline by $475,000. That is, Δ NII = GAP(Δ R) = ‑95m(0.005) = $475,000

c.  Funding or repricing gap over the 1-year planning period = ($75m + $75m + $10m + $20m + $25m) ‑$170m = +$35 million.

d.  Net interest income will increase by $275,000. That is, ΔNII = GAP(Δ R) = 35m(0.005) = $175,000.

7.  a. 	Time	cash flows                  PVCF       PVCF x t   
    		    1	     100	                     87.72            87.72
    2	  1,100	           	     846.41       1,692.82
			     934.13       1,780.54      
Duration = 1,780.54/934.13 = 1.906 years

b.  ΔP/P = -D(ΔR/(1 + R)) or  ΔP = P x (-D)(ΔR/(1 + R))
= $934.13 x (-1.906) x (-0.0050)/(1 + 0.14) = $7.81 increase in the price of the bond.

8.  a. Duration of the two-year liability = 1.897 years.

Time	cash flow		 PVCF 	             PVCF x t   
 0.5	         32,625			 31,484	              15,742
 1.0	         32,625			 30,382	              30,382
 1.5	         32,625			 29,320	              43,979
 2.0	       932,625		              808,814	         1,617,629
				              900,000           1,707,732
Duration=1,707,732/900,000 = 1.8975
Leveraged adjusted duration gap = [9.94 - (900,000/1,000,000)(1.8975)] = 8.23 years

b.  Change in net worth using leveraged adjusted duration gap is given by:

= -[9.94 - (0.9m/1m)(1.8975)](1m)(-0.002) = $16,464.54

9.  a.  Duration of GBI’s fixed-rate loan portfolio:

Time	cash flow		   PVCF	     PVCF x t
   1	       65 x 0.12		  6.9646          6.96
   2	       65 x 0.12		  6.2181        12.44
   3	       65 x 0.12		  5.5519        16.66
   4	       65 x 0.12		  4.9570        19.83
   5	      (65 x 0.12) + 65		41.3087      206.54
					65.0000	     262.43
Duration = 262.43/65 = 4.037 years.

b.  DA = 30/220 (0) + (20 + 105)/220 (0.36) + 65/220 (4.037) = 1.397 years

c.  Duration of GBI's core deposits:

Time	   cash flow		  PVCF 	     PVCF x t
   1	            20 x 0.08	 	  1.4815          1.48
   2	      (20 x 0.08) + 20		18.5185        37.04
					20.0000        38.52
Duration = 38.52/20 = 1.926 years.

d.  DL = 20/200 x (1.926) + (50 + 130)/200 x (0.401) = .5535 years

e.  GBIs leveraged adjusted duration gap is:
1.397 - 200/220 x (0.5535) = .8942 years

Since GBI's duration gap is positive, an increase in interest rates will lead to a decline in net worth. For a 1% increase, the change in net worth is:

ΔE = -0.8942 x $220m x (0.01) = -$1,967,292 (new net worth will be $18,032,708).

10.  a.  The market value of the loan declines by $2.55 million, to $97.45 million.
MVA = $10m/(1 + 0.115)1 + $110m/(1 + 0.115)2
         = (10m x 0.8969) + (110m x 0.8044) = $97.45 million.  

 b.	The duration of the loan is 1.909 years.

Time	cash flow 		     PVCF  	 PVCF x t
1	             10			    9.0909	      9.09
2	           110			  90.9091	  181.82
      	100.0000	  190.91
D = 190.91/100 = 1.909 years.

c.  The approximate change in the market value of the loan for a 150 basis points change is:

MVA = -1.909 x $100m x (0.015/1.1) = -2.60 million
The expected market value of the loan using the above formula is $97.40 million.

d.  The market value of the liability declines  $1.233 million, to $88.767 million.

MVL = ($90m + $7.2m) (1+.095)1
        = $97.2m x .9132 = $88.767 million

e.  The duration is one year because it is a pure discount (zero-coupon) instrument.

11. a.  The weighted average duration of the assets is:
(0.5)(90/3,045) + (0.9)(55/3,045) + (4.393)(176/3,045) + (7)(2,724/3,045) = 6.55 years

b.  The weighted average duration of the FI's liabilities is:
(1)(2,092/2,330) + (0.01)(238/2,330) = 0.90 years

c.  The FI's leveraged adjusted duration gap is:
DGAP = DA - kDL = 6.55 - (2,330/3,045)(0.90) = 5.86 years
The duration gap is positive, indicating that an increase in interest rates will lead to a decline in net worth.

d.  The market value of the equity will change by the following for an approximate 50 basis point change in interest rates (i.e. ΔR/(1 + R) = 0.0050) for both assets and liabilities:
ΔMVE =  -DGAP x (A) x ΔR/(1 + R) = -5.86(3,045)(0.0050) = -$89,206.44.  
The loss in equity of $89,206.44 will reduce the equity (net worth) to $625,793.56.

e.  If instead, ΔR/(1 + R) is -0.0025, the change in the value of equity is:
ΔMVE = -5.86(3,045)(-0.0025) = $44,603.22
The market value of equity (net worth) will increase by $44,603.22, to $759,603.22.

12.  a.  For Bank A, an increase of 100 basis points in interest rate will cause the market values of assets and liabilities to decrease as follows:
	Loan:	$120,000 x PVAn=10,i=13% + $1,000,000 x PVn=10,i=13% = $945,737.57
	CD:	$100,000 x PVAn=10,i=11% + $1,000,000 x PVn=10,i=11% = $941,107.68
The loan value decreases $54,262.43 and the CD value falls $58,892.32. Therefore, the decrease in value of the asset is $4,629.89 less than the liability, which is, in turn, the increase in the market value of equity for Bank A.
For Bank B:
	Bond:	$1,976,362.88 x PVn=7,i=13% = $840,074.08
	CD:	$82,750 x PVAn=10,i=11% + $1,000,000 x PVn=10,i=11% = $839,518.43
The bond value decreases $53,932.12 and the CD value falls $54,487.79. Therefore, the decrease in value of the asset is $555.67 less than the liability, which is, in turn, the increase in the market value of equity for Bank B.
b.  The assets and liabilities of Bank A change in value by different amounts because the durations of the assets and liabilities are not the same, even though the face values and maturities are the same. For Bank B, the maturities of the assets and liabilities are different, but the current market values and durations are the same. Thus, the change in interest rates causes a smaller change in value for both liabilities and assets.
c.  Ten-year CD Bank B	(values in thousands of $s)

	Par value = $1,000		Coupon rate = 8.275%	Annual payments
	R = 10%				Maturity = 10 years
	   t   	 CFt	       DFt             CFt x DFt       CFt x DFt x t
	   1         82.75          0.9091             75.23   	         75.23
	   2         82.75          0.8264	68.39	       136.78
	   3         82.75          0.7513 	62.17	       186.51
	   4         82.75          0.6830 	56.52            226.08
	   5         82.75          0.6209	51.38   	       256.91
	   6         82.75          0.5645	46.71	       280.26
	   7         82.75          0.5132 	42.46	       297.25
	   8         82.75          0.4665	38.60            308.83
	   9         82.75          0.4241	35.09            315.85
	  10   1,082.75 	    0.3855            417.45	    4,174.47
				             894.01	    6,258.15    
Duration = $6,258.15/894.01 = 7.00

The duration on the CD of Bank B is calculated above to be 7.00 years. Since the bond is a zero-coupon, the duration is equal to the maturity of 7 years.  
Using the duration formula to estimate the change in value:

	Bond: 	Value = 

	CD: 	Value = 
The difference in the change in value of the assets and liabilities for Bank B is $1,015.91 using the duration estimation model. The difference in this estimate and the estimate found in part (a) above is due to the convexity of the two financial assets.
The duration estimates for the loan and CD for Bank A are presented below:

Ten-year Loan Bank A	(values in thousands of $s)
	Par value = $1,000		Coupon rate = 12%		Annual payments
	R = 12%				Maturity = 10 years

	   t   	 CFt	    DFt             CFt x DFt       CFt x DFt x t
	   1          120         0.8929	         107.14   	      107.14
	   2          120         0.7972	           95.66 	      191.33
	   3          120         0.7118	           85.41	      256.24
	   4          120         0.6355	           76.26               305.05
	   5          120         0.5674	           68.09   	      340.46
	   6          120         0.5066 	           60.80	      364.77
	   7          120         0.4523	           54.28	      379.97
	   8          120         0.4039	           48.47               387.73
	   9          120         0.3606	           43.27               389.46
	  10       1,120 	 0.3220	         360.61	   3,606.10
			 	      1,000.00	   6,328.25    
Duration = $6,328.25/$1,000 = 6.3282
Ten-year CD Bank A	(values in thousands of $s)
	Par value = $1,000		Coupon rate = 10%		Annual payments
	R = 10%				Maturity = 10 years

	   t   	 CFt	    DFt             CFt x DFt       CFt x DFt x t
	   1          100         0.9091	            90.91   	        90.91
	   2          100         0.8264	            82.64	      165.29
	   3          100         0.7513	            75.13	      225.39
	   4          100         0.6830	            68.30              273.21	
	   5          100         0.6209	            62.09   	      310.46
	   6          100         0.5645	            56.45	      338.68
	   7          100         0.5132	            51.32	      359.21
	   8          100         0.4665	            46.65              373.21
	   9          100         0.4241	            42.41              381.69
	  10       1,100        03855	          424.10	   4,240.98
			   	       1,000.00	   6,759.02    
Duration = $6,759.02/$1,000 = 6.7590
Using the duration formula to estimate the change in value:

	Loan: 	Value = 

	CD: 	Value = 
The difference in the change in value of the assets and liabilities for Bank A is $4,943.66 using the duration estimation model. The difference in this estimate and the estimate found in part (a) above is due to the convexity of the two financial assets. The reason the change in asset values for Bank A is considerably larger than for Bank B is because of the difference in the durations of the loan and CD for Bank A.
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