Hedging Dollar Duration

Imagine a firm with $100M in assets with a  duration of 7 and liabilities of $100M with a duration of 1.

Assets
100M

Liabilities
100M

Dollar Duration of assets:  100 times 7

Dollar Duration of liabilities:  100 times 1

Dollar Duration Mismatch:  $600M which is 700 less 100 

or  100 / 100 of 7 

less 100 / 100 of 1 equals 6  
(if L = 80M then 80/100)

 Dollar Duration equals net duration of 6 times 100 in asset value

We need to hedge $600M of dollar duration exposure.

Operational Responses

    We could take out $600M in long duration liabilities to offset the assets (not always desirable.)


    We could collect early and pay late to make the income statement risks lower (and duration)


    We could sell off most of the assets to remove the risk entirely (not always possible).


    We could securitize assets ( pool and then sell stakes in pool for cash )


Financial Responses


  We could use:



Futures  -- small cash outlay (margin)



Swaps  --  no outlay ( transparency of market not as great )



Options  --  greater cash outlay to hedge risk but an asymmetric contract (desirable)



Forwards  --  small cash outlay ( but greater counterparty risk )








and, finally we can pray when all else fails!

Futures Hedges for Dollar Duration Risk

Natural hedgers for duration risk:  

Banks, Investment Banks, Mortgage Brokers, Insurers, and Pension Funds

Mismatch of asset vs. liability durations


Formula:



Futures Duration hedge ratio  = DB / DF * MVB / MVF
The number of futures contracts to use in a hedge (alpha) is found by dividing the Dollar Duration of the asset by the Dollar Duration of the futures contract (assumes correlation perfect) and uses market values (where possible).


Examples:  Bank Asset Liability Mismatch and Insurance Company Hedge

Characteristics of the Tbond futures contract


Face Value:
$100,000


Coupon yield:
8%


YTM:

Priced by market (around 6% 7/99)


Maturity:
CTD USGovt Tbond noncallable for 15 yrs


Settlement:
4 times a year, 3rd Friday of the settlement month ( M, J, S, D )


Market Value:
quote times face value  ie 110 * 100k = $110,000

Characteristics of the TBill futures contract


Face Value:
$1,000,000


Coupon yield:
0% it is a discount security


YTM:

Priced by market (around 4.8% 7/99)


Maturity:
USGovt Tbill issued w/in +or- 1 day of expiration


Settlement:
4 times a year:  TH, F, & M after 3rd M of the settlement month ( M, J, S, D )


Market Value:
100 - .25( 100 – quote) times face value: 100 - .25 (100 – 92) * $1M = $980,000

Example

Number of Tbond contracts to use to hedge against an increase in rates:

Asset to be hedged  --  MV = $120M and duration equal 9

Tbond Future  
--  quoted at 108 and a duration of 10; therefore, MV = 108% of $100,000 face or $108K



Futures Duration hedge ratio  = DB / DF * MVB / MVF






or $Duration Asset / $Duration Future

Dollar Duration of Asset = 9 * $120M or $1.08B



Dollar Duration of Future
= 10 * $108K or $1.08M



Thus, 1000 contracts are needed to hedge and this is a short hedge.  Why?

Short vs. Long Hedges


Short – future profits when the value of the underlying asset falls



Sell the future when you set up the hedge


Long – future profits when the value of the underlying asset rises



Buy the future when you set up the hedge

Fatal Assumptions of Duration Hedges:


Correlation perfect between futures and asset to be hedged  (basis risk)


Rates increase the same amount across all maturities (parallel shift)


Rate changes are small

Corporate Insurance Fund

Firm insuring health care claims for the next 5 years uses a RRR of 7%.

Expects the following annual pay-outs:

Year 1
$1M

Year 2
$3M

Year 3
$2M

Year 4
$3M

Year 5  $5M

Has the following investments:

5 year bond with a $5M face value and 10% coupon that pays annually.

4 year bond with a $3M face value and no coupon.

1 year Tbill with a $1M face value

Find their liability exposure in terms of an average duration.

What is the net exposure in dollars in each year? 

in dollar duration for each of the 5 years? 

a total dollar duration?

What can be done about Years 2 and 3?

Hedging a bond issue

The CFO of Exxon decides to consider issuing $1B of 10 year debt at 8%, priced at par.  He can do this himself in a shelf offering or use Lehman Brothers to underwrite the offering.  Lehman has agreed to a 1% commission and in an underwritten offer also guarantees the offering price.  If rates were to move up .5% in the 30 days between setting the coupon and selling the debt issue, what loss is possible for Lehman?

Lehman Bond U/W











Exxon
$1B
10 year
8% coupon


Lehman
1% fees
$10 
million









Value of security if rates not changed


$1,000,000,000 


Value if YTM increases .5%


$966,764,085 





$33,235,915 








Duration
6.23















If Exxon managed its shelf offering, would the rate increase matter?

Does Exxon care if Lehman manages and rates increase after the pricing?

If Lehman had to underwrite this issue, what can Lehman do about this risk?

Duration Problems (Outside Class)

1.  Create an excel spreadsheet to find the modified duration of a twenty year home mortgage at 7% for a loan amount of $200,000  (hint:  monthly payments).  

2.  Find the duration of a bank with the following market values and  characteristics:

Short term investments

$1M  D= 0.5 years
Demand Deposits
$8M
D= 0

Auto loans


$3M  D= 3.0 years
Long term debt
$1M
D=10

Home loans


$5M  D= 10 years
Equity

$1M


PPE



$1M



a.  What is the dollar duration?

b.  If rates increase 2%, what dollar change in the bank’s market value will occur?

c.  What is the percentage change in value occurs if rates increase 2%?

d.  If the rates on the car and home loans are fixed, what kind of payments should the bank make in an interest rate swap to reduce duration off-balance sheet?  Answer with words not numbers.

Forward Rate Agreements:  FRAs

This is the simplest form of short term interest rate management.

Insurance firms and banks are natural users.

To use one must calculate forward rates from the LIBOR yield curve…

Forward rate is the rate used between two future periods; such as, the 6 X 12 forward rate exists between month 6 and month 12 (obviously it is a 6 month rate).

To calculate

Assume the LIBOR curve looks like this  (taken from Illus. 5-4 p. 86 Smithson)

Maturity

YTM

Forward next 6 months
YTM Forward

6mo

3.60%

6 X 12


4.40%

12mo

4.00

12 X 18


5.20

18mo

4.40

18 X 24


5.61

24mo

4.70

24 X 30


6.21

30mo

5.00

30 X 36


6.51

36mo

5.25

36 X 42


7.01

42mo

5.50

42 X 48


NA

The 24 X 30 rate of 6.21% is the 6 month rate between months 24 and 30.

Forward Rate = [Future Value of longer maturity / Future Value shorter maturity] raised to 2nd – 1

Forward Rate = ( 1.0500 )2.5 / ( 1.0470)2.0 ]2 – 1 
= [ 1.1297 / 1.096209 ]2 – 1 

=  1.030572 – 1 = 6.2086% 

or 6.21%

Consider an insurance company balance sheet –

Its liabilities are the future claims it will have to pay out.

Its assets are relatively short term liquid debt securities.  A natural duration mismatch.

To gain some income (yield) the insurance firm would like to invest in longer maturity securities.

The firm could actually sell the short term investments and invest long or …..


it could create synthetic long term securities off balance sheet using FRAs !!


Banks also go off balance sheet due to approx. 7% Tier 1 capital requirements.

Insurance firm RECEIVES short interest payments now and agrees (A!) to EXCHANGE for a fixed rate at each forward date (FR!).  So it now owes a “fixed” to its insured parties and receives a fixed rate by using a FRA.  Note:   buying fixed paying floating increases duration.  Here the firm may agree to pay LIBOR and receive the 6.51% fixed (ignoring bid ask spreads).

The cash flows from the assets varies with short term rates while the “guaranteed” benefits are less flexible and in fact resemble a fixed rate security.  To remove the risk of an interest rate differential, floating and fixed rate cash flows are exchanged, so now Assets and Liabilities are better matched and they will have similar cash flows.  

This is Cash Flow matching.  There is also simple Duration matching.

Futures:  Dollar Duration
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