USE OF DERIVATIVES IN ASSET-LIABILITY MANAGEMENT WITH SPECIAL REFERENCE TO INTEREST RATE SWAPS

Bank participation in derivative markets has risen sharply in recent years the world over but in India, they are still in a nascent stage.  One of the major concerns facing policymakers and bank regulators today the world over is the possibility that the rising use of derivatives has increased the riskiness of individual banks and of the banking system as a whole.

The development of newer instruments, such as swaps, caps, collars, and floors, has greatly expanded the menu of financial technologies available to banks for asset-liability management. In particular, interest rate swaps have become the preferred tool. According to a market survey of derivative users, 92 percent of responding financial institutions report using interest rate swaps to manage the interest rate risk of their lending portfolios globally (Group of Thirty 1993, pp. 40-41).

More recently, studies have focused on the determinants of the broader derivative activities of banks.  Brewer, Minton and Moser (1994) focused on the relationship between derivative use and bank lending, concluding that the growth of business lending is positively related to the presence of swaps on the bank's books in US Based Banks.

I. Interest Rate Risk and Gap Analysis

Banks use derivative products mainly to manage interest rate risk. The last 5 years have seen an increased volatility of interest rates compared to the earlier period , making the need for accurate measurement and control of interest rate risk particularly acute. At the same time, financial innovations in the field of interest rate derivatives have given banks new and effective instruments for managing that risk.

Interest rate risk arises in bank operations because banks' assets and liabilities generally have their interest rates reset at different times. This leaves net interest income (interest earned on assets less interest paid on liabilities) vulnerable to changes in market interest rates. The magnitude of interest rate risk depends on the degree of mismatch between the times when asset and liability interest rates are reset.

One way to measure the direction and extent of the asset-liability mismatch is through gap analysis, which derives its name from the  gap that is the difference between the  amounts of rate-sensitive assets and rate-sensitive liabilities. A maturity gap is calculated for a given time period and includes all fixed-rate assets and liabilities that mature in that period and all floating-rate assets and liabilities that have interest rate reset dates in that period.

A bank that has a positive gap will see its interest income rise if market interest rates rise, since more assets than liabilities will exhibit an increase in the interest rate. Similarly, a bank with a negative gap will be hurt by rising rates but will benefit from falling rates.

For example, a bank that accepts a  1 year fixed   deposit, and uses the funds to grant a 5 year  loan , will see its net interest income eroded if interest rates rise after the first year because it will have to roll over the FDs at a higher rate, while the rate on the loan  will remain the same. In general,

[Delta]NII = (A - L) x [Delta]r, (1)

where NII is net interest income, A is rate-sensitive assets, L is rate-sensitive liabilities and r is the market interest rate. The problem with this simple gap measure is that unless the time interval chosen is very small, assets and liabilities will have their rates reset at different times within that interval. In an extreme case, if the chosen interval is three months, a bank that issues 3-month CDs and funds them by borrowing federal funds overnight will show a three-month gap of zero, even though that bank is exposed to a substantial interest rate risk.

The interest rate gaps may be identified in the following time buckets: 

i. 1 day to 30/31 days (one month) 

ii. Over one month to 2 months 

iii. Over 2 months to 3 months 

iv. Over 3 months to 6 months 

v. over 6 months to 1 year 

vi. Over 1 year to 3 years 

vii. Over 3 years to 5 years 

viii. Over 5 years to 7 years 

ix. Over 7 years to 10 years 

x. Over 10 years 

xi. Non-sensitive 

One refinement of a simple maturity gap measure calculates a sequence of periodic maturity gaps, such as a series of three-month gaps for five years. This method has the advantage of more precision, although periodic gaps may be difficult to interpret, especially if they result in a long sequence of alternating negative and positive gaps. 

The Gap is the difference between Rate Sensitive Assets (RSA) and Rate Sensitive Liabilities (RSL) for each time bucket. The positive Gap indicates that it has more RSAs than RSLs whereas the negative Gap indicates that it has more RSLs.  The Gap can, therefore, be used as a measure of interest rate sensitivity. 

Ideally, one would want to reduce the measure of interest rate exposure to one number, showing how net interest income would react to a given change in the market interest rate. To provide such an estimate, the concept of "duration" was developed (Macaulay 1938). Duration represents an account's weighted average time to repricing, where the weights are discounted cash flows. The duration gap is the difference between the duration of assets, weighted by rupees of assets, and the duration of liabilities, weighted by rupees  of liabilities. The larger the duration gap, the more sensitive the bank is to the changes in the market interest rate. .

However, duration gap is an accurate measure of the interest risk only if the term structure of interest rates shifts in parallel, or if any departures from parallel shifts are known in advance. To the extent these conditions are violated, as they often are, interest rate risk cannot be summed up simply in one number.

Illustration: Duration of a 5-year bond carrying a coupon of 9% if the present interest rate is 10% 

PRIVATE
Y 

Discount 
factor 
Discounted 
value 
Weight 
given
Weighted 
present 
value

1 
9 
0.909 
8.181 
1 
8.181

2 
9 
0.826 
7.434 
2 
14.868

3 
9 
0.751 
6.759 
3 
20.277

4 
9 
0.683 
6.147 
4 
24.588

5 
109 
0.621 
67.689 
5 
338.445




96.210 

406.359


      Duration = 406.359/96.210 = 4.22 years 


Mathematically,
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Where P  = Price,   
r = interest rate
  (= Change     and    D = Duration   

The negative sign occurs as bond prices and interest rate are inversely related. Duration and price volatility are directly related i.e. greater the duration, greater is the volatility.
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The above equation shows that for every % change in interest rate, the market value of an asset or liability will change by a % equal to modified duration (D  / 1 +r). 

The duration gap is the composite duration of liabilities and the multiple of the difference between composite duration of the assets and the composite duration of the liabilities and the asset-surplus ratio. Symbolically,Duration Gap (DGAP)  =  DA – kDL

Where DA is the sum of each assets’ duration weighted by its share in total asset and DL is a similar measure for liabilities 




Liabilities - Equity



and   k  =                                       



   
    Total Assets

If DA > kDL, the market value of Bond increases if interest rates rise. Similarly, if             DA < kDL, Bank’s market value increases only if interest rates fall.  When the weighted assets and liabilities duration are matched, general interest rate movement should roughly have the same effect on the values of Bank’s assets and liabilities thereby protecting the Bank’s portfolio net worth. Bank’s market value is immunised if DGAP is zero. However, this model is very complex.

Duration of fixed rate assets and liabilities can be calculated with ease.   Floating rate assets and liabilities can be treated as Zero coupon instruments maturing at the time of next repricing and their duration would be equal to the length of time until next repricing.  In addition to this, a Bank requires current market yields / costs for different categories of assets and liabilities for using duration technique.  The modified duration of equity (MDE) can be calculated as follows:

MDE     =   - Duration of Equity
                 1  +  YTM

It shows that for every percentage change in interest rate, Bank’s equity value will change by the percentage equal to MDE.

Since, duration measure is additive, a bank can calculate the duration of assets and liabilities portfolios.

Limitations of Duration: 

i)  Accurate forecast of future cash flows, especially in case of loans, is difficult due to default and prepayment risks.  This makes duration computation inaccurate to that extent.

ii) It is necessary to identify different discount rates for different cash flows since the impact of rate fluctuations will be varying depending on the nature of assets.

iii)  Duration of a portfolio will not change in  direct  response to the passage of time.  In other words, passage of one year in time will not result in a decline of duration of a portfolio by one year.  To stabilise such duration wandering, the portfolio manager has to continuously rebalance.  But once rebalancing is done in an increased scale, transaction costs increase.

iv)  Duration method assumes that the yield curve is flat or horizontal.  Any shifts in yield curve will be parallel and will occur before any payments are received from a Bond.  In other words the intermediate cash flows are reinvested at a new rates.  These are too unrealistic assumptions.  In fact, the yields of short term securities witness wide fluctuations.  This calls for another strategy of immunization called `Cash matching’ on the part of fund managers to tackle frequent non-parallel shifts in yield curve.  Cash matching involves having assets whose cash inflow matches the requirements of cash outflows.  Thus there is no reinvestment risk.

v)  Duration is a good tool to minimise the impact of interest rate change on the equity of a bank, however it cannot tackle the impact of interest rate change on the NII of the Bank in the short run.  

Interest Rate Swaps 

It is an exchange of fixed rate interest payment for floating rate interest payments or vice versa over agreed period of time without the exchange of relative principal, repayment obligations etc. The floating rate is linked to a bench mark rate like Mumbai Inter Bank Offered Rate (MIBOR), London Inter Bank Offered Rate (LIBOR) ,  etc. In Indian markets, the possible floating rate bench marks are NSE / Reuters MIBOR (for overnight rates) or NSE Term Rates, T-Bill yield, Bank Rate, Bank Deposit / Lending Rate (for term rates).  The basic structure of an interest rate swap consists of the exchange between two counter parties of fixed rate interest for floating rate interest in the same currency. For example, a party X agrees to pay fixed rate interest  to  party Y and receives a floating rate interest from Y. Both the interest rate payments are calculated on a notional principal amount. Even though the principal amount is mentioned in the documents, there is no exchange of principal. Only streams of interest are exchanged. 

Most commonly, a swap is arranged to reap the benefits arising from the discrepancies in the markets.  For instance, interest rates differ across markets.  Even within a single market, different borrowers face different interest rates.  This interest rate differential is determined mainly by the relative credit-worthiness of the borrowers.  In such situations, a swap is arranged to lower the cost of borrowing.  One-borrower exchanges the advantage enjoyed by him with the advantage enjoyed by the other borrower. The principle on which swap works is the famous Ricardian Theory of comparative advantage.  

Parties enjoying comparative advantage in floating interest rate debts will exchange or swap floating rate interest with the parties enjoying advantage in fixed interest rate debts (bonds).  In bond market, investors are mostly concerned with the credit worthiness of borrowers because lending is done at fixed rate for long duration and lenders do not have the opportunity to adjust the interest rate according to the situation.  Therefore lenders expect a premium for the risk involved.  This premium is disproportionately high in case of less creditworthy borrowers.  On the other hand, in the short term floating interest rate market, lenders have the flexibility to adjust the interest rate according to the market and the current financial position of the borrower.  Therefore, borrowers with low credit rating will find the short term floating interest rate debts cheaper than fixed interest rate debts.  Borrowers with a high credit rating usually enjoy a lower cost in both these categories, but their advantage is higher in case of fixed rate bonds.  In such situation, a borrower with higher credit rating will borrow fixed rate funds, while the borrower with lower credit rating will opt for floating rate funds.  If the latter borrower (with lower credit rating) wants fixed interest liability, he will swap the floating rate interest with fixed rate interest.  One important point is worth repeating  i.e. two borrowers must have opposite and matching needs.  

II. Managing Interest Rate Risk with Derivative Contracts

To explain the construction and functioning of swaps, let us take simple swaps.  As obvious from the above, floating interest rate is a crucial part of the swap.  

Let us assume that X and Y are two banks.  X has a higher credit rating (say AAA) and Y has a lower credit rating (say A).  Interest rate for these two borrowers are assumed as under:
Firm
Credit Rating
Fixed Interest rate
Floating Interest rate

X
AAA
10%
Libor

Y
A
14%
Libor + 1.5%

It is clear from the above table that X enjoys comparative advantage in fixed rate debts, while Y enjoys it in floating rate debts.  For fixed rate bonds Y has to pay 4% more than X (14%  - 10%) while in case of floating rate debt, this difference is 1.5% only.  Counterparty X and Y enter into a swap agreement in which  y  promises to pay fixed rate  of  interest  for  one  year  in exchange of receipt   of  floating rate interest, say `3 months libor’ for one year, from counterparty X.  This means that spot libor at the beginning of the contract will be treated as a fixed rate for 3 months.  Spot libor prevalent at the expiry of these 3 months will be taken as fixed for next 3 months and so on.

                                            Fixed interest rate (11%)

                Bank




  
                                       X      

 
   
      Y          Bank

            Fixed                                      Floating                                Floating           

           interest (10%)                         interest (Libor)        interest (Libor + 1.5%)
In this swap, Y is paying libor + 1.5% to the Bank and receiving libor from X.  Thus there is a loss of 1.5%.  On the other hand, Y is paying a fixed rate interest to X.  Y has an access to the capital market for fixed interest liability, the maximum total interest cost, which Y will be willing to pay is 14%. i.e.
Fixed interest paid to X + 1.5% (loss incurred in receipt & payment of floating rate interest)  is less than   14%  or  Fixed interest paid to X < 12.5% (14% - 1.5%). 

Thus 12.5% is the maximum rate of interest, which Y is willing to pay to X in the swap.
Similarly, the swap will be advantageous for X only if this net payment to Y is less than libor (the rate available to X in the capital market).  On the other hand, X will not be willing to accept a fixed rate of interest less than 10% because it is at this rate of interest he borrowed in capital market.  Therefore, the fixed rate of interest in the swap will be between 10% and 12.5%.  The actual rate will depend on the negotiation between the two parties.  Let us assume that both the parties agree for interest @ 11% p.a.  The payoff table for both the parties is constructed below:
Net Pay off for X

Receipts (i)  Fixed interest from Y
=
11%
Payment (i) Fixed interest to lenders
=
10%
               (ii) Floating rate interest to Y=
Libor
Net payments
=
Libor - 1% 


Net Pay off for Y

Receipts   (i)  Floating rate interest from X=
Libor
Payments (i)  Fixed rate interest to X
       =
11%
                (ii)  Floating rate interest to         =  Libor + 1.5%
                       lenders


Net payments
        = 11% + 1.5% = 12.5%

In such agreement, X will pay interest after expiry of  one year while Y will have to make payments after every three months.  This will expose Y to a greater imbalance, the payment schedule and interest rate is structured in such a way that one lump sum payment by X is broken in four instalments (i.e. after every three months) and the actual interest paid by X works out to be equal to the desired rate in the swap.  In fact in such matching streams of interest only net payment is made. e.g. as X is paying libor and Y is paying 11%, an amount Libor - 11%  will be paid to Y.  Swap as explained in this figure is known as ‘Coupon Swap’.   
Basis Swap  A swap in which a stream of floating interest rate is exchanged for another stream of floating interest rate is called Basis Swap.  Such type of swap is possible when 

(i) Both the floating interest rate streams have different index i.e. the bench mark for X’s payment is say Bank Rate whereas the bench mark for Y’s payment is say NSE Term Rate.

(ii) The two interest rate streams are calculated using some index but with different tenor i.e. X pays say NSE Overnight Rate and Y pays say NSE Term Rate
(iii) Both the interest rate streams are calculated using same index and same tenor but one of the rate carries a margin i.e. X pays say 3 months Libor while Y pays say 3 months Libor + 15 basis point. 
Traditionally, banks controlled interest rate risk by adjusting the maturity or repricing schedules of their assets and liabilities. For example, a bank wishing to lengthen the duration of its assets can add long-term government bonds to its securities portfolio.

More recently, however, many banks have realized that they could accomplish the same goal more cheaply and efficiently by entering into plain-vanilla swaps, where they pay a floating rate, , and receive a fixed rate,. A liability-sensitive bank, on the other hand, can enter into a swap where it pays a fixed rate and receives a floating rate. The bank can also use a "basis" swap, where both sides pay floating rates but the index rates are tied to the bank's cost of funds and lending rate. 

Derivatives can also be used to create synthetic loan and deposit products. For example, a bank can transform a floating-rate loan into a fixed-rate loan by coupling new floating-rate financing with a plain-vanilla swap where the bank pays a floating rate in return for receiving a fixed rate.

The advantage of derivatives over more traditional methods of asset-liability management, such as adjusting one's securities portfolio, is that derivatives can transform the duration of the balance sheet while neither increasing it nor incurring significant additional capital requirement.

As a result of these advantages, the use of interest rate derivatives by banks is likely to explode in the years to come. 

The presence of the equity-to-asset ratio and the standard measures of asset quality such as the ratios of nonperforming assets to assets, loan-loss reserves to nonperforming loans, and loan-loss reserves to total loans and leases, are meant to capture the regulatory environment. An important reason why managing interest rate risk through derivatives may be preferable to on-balance-sheet management is that off-balance-sheet contracts entail lower capital requirements. Thus, banks with lower capital ratios may be expected to be bigger users of derivatives, other things being equal. Similarly, banks with relatively poor asset quality (as measured by high levels of nonperforming assets relative to total assets or low levels of loan loss reserves relative to nonperforming loans) will need to conserve capital and might find derivatives to be a more desirable, capital-efficient way to manage the balance sheet. On the other hand, the use of derivatives may be perceived by regulators as risky, and poorly capitalized banks and banks with weak asset quality or low loan-loss reserves would be subject to more scrutiny or restrictions by regulators when they attempt to use derivatives, thus discouraging the use of derivatives by such banks.

The  "gap" measures are meant to represent a crude measure of the interest rate risk assumed by the bank before its derivative position is taken into account. Larger absolute values of the gap measures indicate a greater sensitivity to interest rate changes on the part of the bank. A bank can reduce its interest rate exposure by hedging with derivative positions.

How the banks are going to respond, only time will tell.

***************
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