Introduction to Interest Rate Risk

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

I. 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

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.

To do: Read the example on the use of dollar gaps found on page 141+ of the text. We will go over this in class.

Managing Interest Rate risk using Dollar Gaps:

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 ultimately be used to determine the approximate percentage change or dollar change in market value of a fixed cash flow instrument 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?  
WHY? 

Query: For a given maturity, does a discount, par or premium bond experience more price variability as interest rates change? 
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 ^


∆P = -D x [∆i/(1+i)] x Pold
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?

Next: USING THE DGAP to estimate changes in the MV of bank equity for a give rate change.


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

Formula: Duration Gap =  DGAP   = 
Dassets – {[$liab/$assets] x Dliabilities}
II. Example of a Macro Hedge:

 A Numerical Example
          


    Eight Halfs Bank

	ASSETS                    $ amt    rate       D
	LIAB AND EQUITY      $ amt    rate       D

	  Commer loan
	30
	9%
	10
	NOW Accts
	10
	5%
	0.25

	  Auto loans
	10
	7.5%
	1
	CDs
	20
	6%
	2.00

	  Cash Advances
	10
	18%
	1.5
	Long-term Debt
	25
	9%
	8.00

	  Fixed rate mortg
	10
	8.8%
	20
	 TOTAL Debt
	55
	
	

	 TOTAL
	60
	
	
	Equity
	 5
	-
	-

	
	
	
	
	TOTAL Debt + eq
	60
	
	

	
	
	
	
	
	
	
	


Example: Weighted average calculations (using table, prev page)
Assets:

i-rate calculation (weighted average: we will need this in a later formula]:

  Duration calculation:

Liabilities:

   i-rate calculation (see above):

   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 $assets

           (1 + i(assets))
    Change in the market value of the liabilities:

          change in i-rate

        ----------------------  x -D(liab) x $liab

              ( 1 + i(liab))
Using the example given on the previous page, calculate:


a. The change in the MV of liabilities if interest rates increase by 100 basis points.


b. The change in the MV of assets if interest rates increase 100 basis points.

c. Change in the MV of equity if interest rates increase by 100 basis points.

d. Redo a-c for an interest rate decline of 200 basis points.

On your own: Another example


   Change in interest rates: 200 basis point decline.


            Asset duration = 3 years.

            Liabilities' duration= 1.5 years.

Market values:

      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     [(i]

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

                                            (1 + i(assets))
where "i" is the weighted average 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. Also, the overall bank size must remain constant.
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 public ally traded, it can somewhat easily 
be determined. If the asset is NOT publicly 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


in using duration to calculate changes in market value.

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


re-discount the future cash flows by the new market interest rate


to determine the new market value.

Financial futures as a "hedge" against interest rate risk.

Financial Futures Contract Characteristics (A review for some):

1) Organized exchanges 

2) Very few traders take delivery (less than 1%) 

   ie: Purchase a t-bill contract with 30 days to delivery

   one week later:

       Sell a t-bill contract with 23 days until delivery

3) Requires a "maintenance margin" and "initial margin" (relatively small)    daily gains/losses credited or deducted from margin account. If the margin falls below the required maintenance margin, the position is automatically closed out.

4) Very few "long" futures participants actually take delivery. An offsetting position is taken immediately prior to expiration.

Topic I:  Futures Terminology:


long futures: buy a futures contract. The purchaser takes delivery if an offsetting transaction is not made prior to delivery.

   
short futures: Sell a futures contract. Must make delivery if an offsetting "buy" transaction is not made prior to delivery.

QUERY: Are futures contract spot prices always equal to the expected cash (market) price at the time of the contract's expiration, or are the futures prices set by the laws of "supply and demand" for the contracts since fewer than 2% of the contracts actually have delivery of the commodity? 

Consider the following possibility relating to a contract of 100 live hogs:

Assume that shortly before a contract's expiration on July 1st, you find that the futures contract to buy or sell 100 live hogs specifies a price of $4000 for the  purchase (delivery) of 100 live hogs.  However, you know that the going market price is $5000 for 100 live hogs. 

Could you make arbitrage profits from this scenario? 

What commodities trade on the futures markets?
   a) Grains and fruits (wheat, corn, oranges)

   b) Livestock (live cattle, hogs)

   c) Metals

   d) Securities


i) Eurodollar

        
ii) T-bills

        
iii) Stock market indices

Who transacts on the futures markets?

   - 
Hedgers and Speculators: Hedgers reduce a risk by taking a position in the futures markets to offset that risk. (Return on the futures markets are negatively correlated with the returns of the item you wish to hedge). Speculators earn returns by "speculating" on mispricings.

Topic II:  Profit/Loss diagrams for futures:

Profit 








               price  



     




 

Profit








Price


- Micro vs. Macro Hedging in Banking: A Micro hedge is a hedge of a particular asset or liability. A Macro hedge is a hedge of the entire Balance Sheet's exposure to risk.

Let's examine which side of an interest-rate futures contract a bank might take to hedge the following risks:

Topic III: Micro Hedges using the Futures Markets 
Scenario I: The bank has assets maturing in 3 months. The bank wishes to lock in current interest rates for fear interest rate will fall in the future. Potential Strategy:

Scenario II: The bank wishes to hedge against the risk that mortgagees will refinance their mortgage. Potential Strategy:

Scenario III: Bank wishes to hedge against the risk that borrowers will act on their pre-negotiated line of credit. Potential strategy:

Micro hedges vs. Macro hedges

Recall that a micro hedge hedges a particular asset or transaction. So far, we have examined only MICRO hedges. A macro hedge hedges the entire balance sheet

Example of a LONG hedge: hedge to lock in the yield on an anticipated cash INFLOW.

  examples of micro-hedgeable transactions:


- deposit inflows (anticipated)

        (bank is hurt if i-rates increase so ___________ futures)

       - balloon loan repayments (large inflows)

        (bank is harmed if i-rates fall so _____________ futures)

       - maturing securities held

        (bank is harmed if i-rates fall so ___________futures)

    Two choices of management: To hedge or not to hedge.

       For anticipated cash inflows, management may either wait for the inflow to occur, and accept the risk that rates may decline by then, or GO LONG in the interest-rate futures market.

Topic IV:  Macro hedge: hedging the entire balance sheet

The risks in futures market trading:

1) Correlation risk: If the hedged item and the futures contract are not highly correlated (correlation coefficient is not +1 or -1), then there is "basis risk".  Risk that price decreases in the hedged item will not be perfectly offset by the futures contract's profits. (Ie. using T-Bond futures to off-set the interest rate risk to mortgages)

2) Credit Risk: Risk that the opposite party in the contract will default. (More probable in forward contracts, since there's no organized exchange to back the contract). Marking to market and clearing organizations help guarantee the integrity of the parties. However the contract may be closed-out early if the opposite party defaults. 

3) Marking to market risk: Risk that you may be unable to cover a "margin call".

4) Managerial risk: Risk that management may not understand the futures contract, or may use the futures contract to speculate (double up) risks. Also, risk that the manager might "overhedge" or "underhedge". 

Quick Quiz:

If the bank has a POSITIVE DURATION GAP, then the bank hedges its balance sheet by going ___________________ in the interest-rate futures market.

If the bank has a NEGATIVE DURATION GAP, then the bank hedges its balance sheet by going _____________________ in the interest rate futures market.

If the bank has a POSITIVE Dollar GAP, then the bank hedges its balance sheet by going ___________________ in the interest-rate futures market.

If the bank has a NEGATIVE Dollar GAP, then the bank hedges its balance sheet by going _____________________ in the interest rate futures market.

Derivatives as hedging instruments
for GAPS & DGAPS
COLOR-CODED SOLUTIONS
 

By law, banks are restricted to hedging only.  BHCs can take a market position in derivatives, whereas banks can not. It is also possible that banks can take a market position unintentionally by "over-hedging"  It is often difficult to observe whether banks are hedging or speculating from a regulatory perspective.

(I) Hedging using the $GAP Position:
Number of contracts=  [(V x Mc)/(F x Mf)] b

V= value of cash flow to be hedged ($ GAP POSITION)
Mc = maturity of the cash asset (Period of $ GAP)

Mf = maturity of the futures contract

F = face value of the futures contract (at maturity of T-bill)

b = ratio of variability of the cash market to variability of the futures market

EXAMPLE:

A bank wishes to use 3-mo T-bill futures (Assume FV = 1 mil) to hedge a $48 million positive $GAP over the next 6 months. The number of future contracts to be purchased (assuming a correlation coefficient (b) of 1) is:

[(48 x 6) / (1x3) ] (1) = 96 contracts

(II) Hedging using the DURATION GAP

Dp = Drsa + Df [NfFP/Vrsa]

Dp is the duration of the entire portfolio of assets. You’re trying to achieve this!

Drsa = duration of the rate sensitive assets. Rate sensitive here means that these are the assets that you’re targeting. (They may be all bank assets except for cash and PPE). 

Df is the duration of the deliverable securities for the future contract

Nf is the number of future contracts. You’re typically trying to solve for this!

Vrsa is the market value of the rate sensitive assets

FP is the price of the future contract

Let's assume that the goal is to reduce the bank's Dassets to 0.25

Data:

	Days
	Assets ($)

@ 12%
	Liabilities ($)

@ 10%

	90
	500
	3299

	180
	600
	

	270
	1000
	

	360
	1400
	


Assume all of the above require only one payment, at maturity (ie: They're 0-coupon instruments).
D(assets) = 

Duration of assets calculation:

	year
	cash flow
	PV CF
	weight
	w x t

	0.25
	500
	486
	0.15
	0.04

	0.5
	600
	567
	0.18
	0.09

	0.75
	1000
	919
	0.29
	0.21

	1
	1400
	1250
	0.39
	0.39

	
	
	3221
	1
	0.73


Assume that the assets are funded using 90 day CDs requiring 1 payment at maturity. The CDs are rolled over every quarter. D(liabilities) = .25 years. (HOW DO WE KNOW THIS?)
Assume that the bank wishes to obtain an immunized position.  What does this mean?  Dp = .25
How many 90 day t-bill futures should they buy or sell, if T-bills are expected to yield 12%?

Price of T-bill = 100/(1.12)1/4  = $97.21
.25 = .73 + .25 Nf (97.21)/(3221.50)

Nf =  -63.63 so short approx 64 contracts
III. Other Hedging Instruments

Interest rate options: Call Option to buy or sell a financial contract like t-bills futures, Stock market index futures (etc)

Payoffs:

Buy a call

Sell a call

Buy a put

Sell a put

Compare to payoffs for future contracts: Note lack of symmetry of call and put payoffs vs. symmetry of futures payoffs.

Which is more like "insurance" policies against risk?

· Not covered (floors and ceilings)

More instruments to hedge interest rate risk


Swap Finance, What they are & why they exist:

   Q: What is a swap?

   A: "You make my interest payments, i'll make yours"

    According to Beckstrom [1986], the first interest rate swap  in the US was completed by the Sallie Mae assoc in 1982. They were a fixed vs. floating rate swap.

    - most transactions are handled through investment banks in NYC.  (There is a primary and a secondary market for i-rate swaps)

· investment and commercial banks deal largely in short-term swaps (3-years or less), and smaller retail-oriented banks deal in long-term swaps.

·   QUERY: Why?

A)  Why do swaps exist:

    - as a hedging tool to offset volatile interest rates

  - exploit arbitrage conditions in worldwide market for interest rates

    - circumvention of regulatory restraints in the US and abroad.

B) Swap example:  (note: LIBOR= London InterBank Offer Rate …an index rate, similar to the Prime rate.)

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

                      BBB Corp      AAA Bank          advantage

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

Funding objective     fixed-rate    float-rate
fixed rate               14%         11.625%            2.375%

float rate            LIBOR+ .5%    LIBOR + .25%         .250%

-----------------------------------------------------------------------arbitrage benefit                                       2.125%

-----------------------------------------------------------
BBB Corp prefers a fixed rate, but has a relative advantage to issue floating rate debt. (In other words, even though the cost to BBB Corp is greater for both the floating rate and fixed rate debt, the floating rate debt is less expensive relative to the bank than is the fixed rate debt).  

AAA prefers floating rate debt. AAA Bank's cost for both the floating and fixed rate debt is less (on an absolute basis). However, the fixed rate debt of AAA is relatively cheaper when compared to BBB Corporation.

                        Example of (potentially) divided Profits:

AAA Bank issues fixed rate debt (even though they prefer floating rate debt). BBB Corporation issues floating rate debt, although BBB Corp desires fixed rate debt. In other words, both parties issue the type of debt that is relatively best for them, even though the type of debt issues is not necessarily the type of debt that they desire.  

BBB Corp and AAA Bank swap payments. However, the swap is not an "even-up" one-for-one swap. If it were so, AAA Bank would not be pleased with the arrangement, since they could have obtained floating rate debt cheaper than BBB Corporation if they issued it themselves.

Putting some specifics into our example:

BBB Corporation pays AAA Bank's fixed rate of 11.625%  plus a 1.5% premium on their fixed rate interest, for a total payment corresponding to 13.125% fixed rate interest.

AAA Bank agrees to pay BBB Corporation Libor + .5% for the floating rate debt.

Let's examine whether AAA Bank and BBB Corp would agree to this arrangement:

BBB Corporation's net benefits:


Net advantage for floating rate swap = 0%. (Ie. BBB Corporation borrows at Libor + .5%. AAA Bank makes their payments on the debt.)

Net advantage for the fixed rate swap = 14% - 13.125 = 0.875%. In other words, BBB Corporation is better off by 0.875% (in total) than if they had borrowed fixed rate themselves! Total advantage to BBB Corporation = 0% + 0.875% = 0.875%
AAA Bank's net benefits:

Net advantage(loss) on floating rate swap = LIBOR + .25% - [LIBOR + .5%] = -.25%. In other words, AAA bank is .25% worse off on the even-up floating rate swap than if they had borrowed floating-rate themselves!

Net advantage on the fixed rate swap = 13.125 - 11.625 = 1.5%. In other words, AAA bank is charging BBB corporation 13.125% for a loan that is costing them 11.625%. (AAA Bank "pockets the difference" in the payments.) 

Total advantage to AAA Bank = -.25% + 1.5% = 1.25%

So AAA Bank is willing to "lose" .25% on the floating rate swap, if they gain 1.5% on the fixed rate swap!

Total "arbitrage" benefits for both parties = .875% + 1.25% = 2.125%

NOTES:

 IO/PO Mortgage Splits
 Interest-only / principal only mortgage splits:

   Case I

          Example: 100,000, 15-year mortgage, @12%

          monthly payment: 1,188.28

 First payment's interest = 1,000

 First payment's principal =  188.28 (new balance = 99,812)

          Second payment's interest = 998.12

          Second payment's principal = 190.16

         

if interest rates increased, would borrowers choose to mke extra payments toward principal? (Prepay?)


   
if interest rates decline, would borrowers choose to ake extra payments toward principal? (Prepay?)

         

Suppose interest rates decline, and  borrowers choose to pay an extra $300 per month (ie. pay 1488.28 per month).

   Case II



First payment's interest: 1,000

First payment's principal: 488.28 (new balance =99,511.72) 

            Second month's interest = 995.12

            Second month's principal = 493.16

            Third month's interest = ___________

            Third month's principal = __________

   If we (for this time only) ignore time value of money and sum the  total amount paid toward principal over time, what will our figure be?________________ Does this figure differ depending on whether we prepay or not?

   In which case will we receive the money sooner? 

   If we compare the interest payments for each month in cases I and II,
in which case will the interest figures be higher?  Will this ALWAYS be true over time?   Will the sum (ignoring TVM) of the interest payments differ over time for Case I vs. Case II? 
 

The punchline: Which instrument, an I/O or a P/O will increase in value as interest rates decline?  Which will decline in value when interest rates decline?
**** end of lecture on interest rates & interest rate risk ****
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