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1. The swap curve
1.1 Estimating the swap curve
	ZERO RATES
	
	
	
	

	
	
	
	Forward
	Discounting

	21-Apr-14
	2B
	1Y
	0.3798%
	0.1567%

	20-Apr-15
	2B
	2Y
	0.4076%
	0.1521%

	19-Apr-16
	2B
	3Y
	0.4970%
	0.2269%

	19-Apr-17
	2B
	4Y
	0.6321%
	0.3733%

	19-Apr-18
	2B
	5Y
	0.7935%
	0.5457%

	20-Apr-20
	2B
	7Y
	1.1290%
	0.8957%

	19-Apr-23
	2B
	10Y
	1.5691%
	1.3656%

	19-Apr-28
	2B
	15Y
	2.0545%
	1.8664%

	19-Apr-33
	2B
	20Y
	2.2297%
	2.0501%

	19-Apr-38
	2B
	25Y
	2.2870%
	2.1109%

	20-Apr-43
	2B
	30Y
	2.2903%
	2.1154%
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1.2 Evaluating and hedging a swap portfolio
Total value of portfolio: 41,221,797

Explanation for difference in value:
Since Libor is the rate at which banks can borrow unsecured in the interbank market, the zero coupon forward curve calculated based on swaps vs 6M Libor reflects the credit risk of unsecured 6M loans to banks. However, swaps generally do not carry the same credit risk: they are typically struck at zero NPV, meaning that no cash – at least directly – is lost if the counterparty defaults. In addition, swap contracts often include margin payments, meaning that if the position gets a significant value, the counterparty will post margin to minimize the credit exposure.

Because of this, discounting cash flows for swap valuation using the zero coupon rates from the forward curve is not appropriate, as these cash flows are not associated with the same credit risk as is in the forward curve.

It is therefore more appropriate to discount the cash flows for the swap using a risk free zero coupon curve. As zero rates on the discount curve are lower than the corresponding zero rates on the forward curve, identical cash flows will have a PV closer to 0 when discounting using the forward curve compared to when using dual curves. This means that a swap with positive PV will have a lower value, and one with negative PV will have a higher value. For this particular portfolio, using only the forward curve gives a higher (positive) PV compared to when using the dual curve setup.


Model rates delta vector of swap portfolio:
	Maturity
	Fwd
	Disc
	TOTAL

	1Y
	2,533
	-459
	2,074

	2Y
	73,014
	-871
	72,143

	3Y
	113,538
	-4,359
	109,178

	4Y
	-16,720
	-8,347
	-25,067

	5Y
	37,485
	-15,205
	22,280

	7Y
	-301,068
	-23,506
	-324,574

	10Y
	-734,737
	-10,759
	-745,496

	15Y
	-271,338
	42,475
	-228,863

	20Y
	359,047
	68,592
	427,639

	25Y
	726,169
	47,350
	773,519

	30Y
	-208,486
	-11,866
	-220,352

	TOTAL
	-220,564
	83,045
	-137,519



 
The portfolio has negative DV01, meaning that a parallel move up in all rates (forward and discounting) would lower the value of the portfolio.

More specifically, it has negative sensitivity towards forward rates and positive sensitivity towards discounting rates.. This means that if the spread between forward rates and discount rates increases, the portfolio decreases in value.

The maturities on the curve that the portfolio has the highest sensitivity towards are: 
· Negative sensitivity towards 7Y-15Y rates
· Positive sensitivity towards 20Y-25Y rates


Market rates delta vector of swap portfolio:
	TYPE
	MATURITY
	SWAP PF

	IRS rates
	1Y
	2,533

	
	2Y
	72,937

	
	3Y
	110,908

	
	4Y
	-22,858

	
	5Y
	28,900

	
	7Y
	-321,655

	
	10Y
	-824,706

	
	15Y
	-345,740

	
	20Y
	448,574

	
	25Y
	1,024,653

	 
	30Y
	-297,609

	CCS spreads
	1Y
	91

	
	2Y
	94

	
	3Y
	-3,657

	
	4Y
	-8,000

	
	5Y
	-20,462

	
	7Y
	-44,246

	
	10Y
	-28,854

	
	15Y
	59,444

	
	20Y
	98,246

	
	25Y
	62,376

	 
	30Y
	-15,522


 

I would hedge the portfolio using the following trades:

1. A 10Y payer swap (which gains in value as 10Y swap rates go up) for the negative sensitivity towards 7Y-15Y rates and a 25Y receiver swap (which gains in value when 25Y swap rates go down) for the positive sensitivity towards 20Y-25Y rates. I would choose the 25Y notional so that it cancels out all exposure towards 25Y swap rate changes (notional: 509.4m). When that is done, I would calculate the 10Y notional so that it cancels out  the remaining net DV01 of the portfolio (notional: 1,205.2m). This way, you end up with negative exposure towards 7Y rates, positive exposure towards 10Y rates, negative exposure towards 15Y rates, positive towards 20Y rates and negative towards 30Y rates. This is of course not ideal, but as one would expect swap rates at maturities next to each other to be more closely correlated than those for maturities further away from each other, these sensitivities will likely provide some form of hedge against each other.

2.  A CCS for the sensitivity towards a higher spread between forward rates and discounting rates. I would trade the 20Y, as this is where the most risk is placed. We need a receiver CCS as this has the opposite sensitivity of our portfolio: it gains in value as the spread increases. I would choose a notional so the CCS nets out the exposure towards a parallel shift in the spread (notional: 58.2m).

Naturally this is not the only acceptable hedging strategy, and many others exist that are just as good as or better than this one. The main idea of the question is for the student to demonstrate understanding of the hedging concepts (eg making a portfolio DV01 neutral - not that this is the only sensible approach), ability to calculate the correct notionals required, and sensibility in terms of which exposures to hedge.


Model rates delta vector of swap portfolio + hedges:
	Maturity
	Fwd
	Disc
	TOTAL

	1Y
	2,197
	61
	2,258

	2Y
	73,304
	-150
	73,153

	3Y
	114,734
	-3,839
	110,895

	4Y
	-15,089
	-8,150
	-23,238

	5Y
	44,965
	-18,276
	26,689

	7Y
	-264,109
	-44,078
	-308,187

	10Y
	314,650
	-18,968
	295,682

	15Y
	-345,753
	55,915
	-289,838

	20Y
	353,417
	1,256
	354,673

	25Y
	-73,321
	48,629
	-24,692

	30Y
	-204,996
	-12,393
	-217,389

	TOTAL
	0
	8
	7


 


















Market rates delta vector of swap portfolio + hedges:
	TYPE
	MATURITY
	PF + HEDGES

	IRS rates
	1Y
	2,534

	
	2Y
	72,938

	
	3Y
	110,910

	
	4Y
	-22,855

	
	5Y
	28,906

	
	7Y
	-321,636

	
	10Y
	323,898

	
	15Y
	-345,724

	
	20Y
	448,617

	
	25Y
	0

	 
	30Y
	-297,611

	CCS spreads
	1Y
	92

	
	2Y
	96

	
	3Y
	-3,655

	
	4Y
	-7,997

	
	5Y
	-20,456

	
	7Y
	-44,227

	
	10Y
	-28,831

	
	15Y
	59,460

	
	20Y
	-3,046

	
	25Y
	62,397

	 
	30Y
	-15,523


 

1.3 Pricing a non-standard swap
Par spread of swap: 3.1846%


2. Caps, floors and swaptions
2.1 Building a VBA function
There is more than one way to code the VBA function.

One approach is included in the Excel addin fidAnalyticsexamsolution.xlam

It is also available here:

Function fidCapFloorValue(AnchorDate As Date, Start As Variant, Maturity As Variant, _
                            Tenor As String, DayCountBasis As String, _
                            DayRule As String, TypeFlag As String, K As Double, ImpVol As Double, _
                            FwdCurveMat As Variant, FwdCurveRates As Variant, Method As String, _
                            DiscCurveMat As Variant, DiscCurveRates As Variant) As Double
     
Dim MaturityDate As Date, temp As Variant, i As Integer, n As Integer, SwaptionType As String

If LCase(TypeFlag) = "cap" Then
    SwaptionType = "payer"
ElseIf LCase(TypeFlag) = "floor" Then
    SwaptionType = "receiver"
Else
    fidCapFloorValue = "Error: unknown instrument type"
    GoTo EndFunctionRun
End If

If IsDate(Maturity) Then
    MaturityDate = Maturity
Else
    MaturityDate = fidAddTenor(AnchorDate, Maturity, DayRule)
End If

temp = fidGenerateSchedule(AnchorDate, Start, MaturityDate, Tenor, DayCountBasis, DayRule)

n = UBound(temp)
For i = 1 To n
    fidCapFloorValue = fidCapFloorValue + fidSwaptionPv(AnchorDate, temp(i, 3), temp(i, 4), _
        Tenor, DayCountBasis, Tenor, DayCountBasis, DayRule, SwaptionType, K, "physical", _
        ImpVol, FwdCurveMat, FwdCurveRates, Method, DiscCurveMat, DiscCurveRates)
Next i

EndFunctionRun:

End Function

2.2 Risk measures for a cap
Cap PV: 1,857,180


Model rates delta vector for the cap:
	Maturity
	Fwd
	Disc
	TOTAL

	19-Apr-14
	1,069
	2
	1,071

	19-Apr-15
	-2,277
	87
	-2,190

	19-Apr-18
	-12,810
	-547
	-13,357

	19-Apr-23
	30,481
	-1,132
	29,349

	19-Apr-28
	266
	67
	333

	19-Apr-33
	0
	0
	0

	19-Apr-38
	0
	0
	0

	19-Apr-43
	0
	0
	0

	NET
	16,729
	-1,523
	15,205


 

Market rates delta vector for the cap:
	Instrument
	Maturity
	Delta

	IRS
	19-Apr-14
	1,085

	
	19-Apr-15
	-2,254

	
	19-Apr-18
	-14,436

	
	19-Apr-23
	30,716

	
	19-Apr-28
	446

	
	19-Apr-33
	1

	
	19-Apr-38
	0

	 
	19-Apr-43
	0

	CCS
	19-Apr-14
	13

	
	19-Apr-15
	-154

	
	19-Apr-18
	-344

	
	19-Apr-23
	-448

	
	19-Apr-28
	29

	
	19-Apr-33
	-1

	
	19-Apr-38
	0

	 
	19-Apr-43
	0


 

The cap has positive sensitivity towards higher rates, which makes a lot of sense since this will make all the caplets more in the money. Most surprising is the fact that it has negative sensitivity towards 5Y rates. The reason for this is that the moneyness of each swaplet is determined by the forward rate. If 5Y rates go up and nothing else happens, forward rates from now to 5Y will go up, and forward rates from 5Y to 10Y will go down. As the curve is upward sloping, the long dated caplets in the cap are more in the money than the short dated caps. They therefore have higher delta towards change in each of their forward rates. Therefore, the 5Y to 10Y effect dominates the 0Y to 5Y effect, which gives the negative sensitivity.

We also see that it has limited negative sensitivity towards higher discount rates. The only way these affect the PV is that the future expected payments are discounted with a higher rate.

The same is seen in the market rate delta vectors: negative sensitivity towards the 5Y swap rate and positive sensitivity towards the 10Y swap rate.


2.3 The SABR model for caplets
SABR parameters:

	alpha
	52.00%

	sigma 0
	5.47%

	epsilon
	21.83%

	rho
	-72.06%







PV of 5Y cap using SABR: 1,352,448

Flat vol giving same PV: 55.1%

This vol is the weighted average of the spot vols. Since forward rates are higher closer towards cap expiry, those caplets are more in the money and therefore have higher value. Because of this, they have higher weight in determining the total PV of the cap, and so their implied vol have higher weight in determining the flat vol of the cap.


2.4 Delta hedging based on SABR vs Black
Model rates delta vectors:
	BLACK
	
	
	

	Maturity
	Fwd
	Disc
	TOTAL

	19-Apr-14
	-447
	58
	-389

	19-Apr-15
	-12,894
	-196
	-13,090

	19-Apr-18
	38,648
	-427
	38,221

	19-Apr-23
	162
	10
	172

	19-Apr-28
	0
	0
	0

	19-Apr-33
	0
	0
	0

	19-Apr-38
	0
	0
	0

	19-Apr-43
	0
	0
	0

	NET
	25,469
	-556
	24,914


 
	SABR
	
	
	

	Maturity
	Fwd
	Disc
	TOTAL

	19-Apr-14
	-52
	58
	6

	19-Apr-15
	-13,198
	-196
	-13,394

	19-Apr-18
	37,413
	-427
	36,986

	19-Apr-23
	176
	10
	186

	19-Apr-28
	0
	0
	0

	19-Apr-33
	0
	0
	0

	19-Apr-38
	0
	0
	0

	19-Apr-43
	0
	0
	0

	NET
	24,339
	-556
	23,783




Market rate delta vectors:
	
	
	DELTA
	

	Instrument
	Maturity
	black
	SABR

	IRS
	19-Apr-14
	-381
	13

	
	19-Apr-15
	-13,258
	-13,555

	
	19-Apr-18
	38,317
	37,078

	
	19-Apr-23
	187
	201

	
	19-Apr-28
	0
	0

	
	19-Apr-33
	0
	0

	
	19-Apr-38
	0
	0

	 
	19-Apr-43
	0
	0

	CCS
	19-Apr-14
	7
	8

	
	19-Apr-15
	-169
	-170

	
	19-Apr-18
	-269
	-274

	
	19-Apr-23
	9
	9

	
	19-Apr-28
	0
	0

	
	19-Apr-33
	0
	0

	
	19-Apr-38
	0
	0

	 
	19-Apr-43
	0
	0



The delta vectors using the SABR model are different from the ones using the Black model because the Black model assumes that implied volatility doesn’t change as rates are moved around, whereas according to the SABR model (which seems to perform considerably better empirically than the Black model) implied volatility for options with set strikes tend to move as the relevant forward rate moves around.

There are two effects:
· The backbone effect: volatility across strikes tends to move down as the forward rate moves up.
· The moneyness effect: as the forward rate moves, the option becomes more or less in the money. As options far from the money have different vol (often higher) than at the money higher, this gives rise to different implied vol for the option.

In this case the vol skew is downward sloping. If the full curve is shifted up, the implied vol of all caplets is shifted down, which mitigates some of the delta effect of higher rates, and so the total DV01 based on the SABR model is lower than based on the Black model.


3. Credit default swaps
3.1 Estimating default intensities
Default intensities:
	date
	40% recovery
	20% recovery

	17-Oct-13
	0.9580%
	0.7187%

	17-Apr-14
	3.0980%
	2.3234%

	17-Apr-15
	6.7618%
	5.0586%

	18-Apr-16
	12.1833%
	9.0414%

	17-Apr-17
	14.8796%
	10.9366%

	17-Apr-18
	18.6703%
	13.5053%

	17-Apr-20
	15.2114%
	11.0354%

	17-Apr-23
	9.1050%
	7.0481%



The default intensities are lower when recovery is lower since the CDS spreads observed in the market is a measure of the expected loss (under the equivalent martingale measure) due to default on Nokia. With a lower recovery rate, the loss given default is higher, meaning that a lower probability of default is required in order to give the same expected loss due to default and so the same CDS spreads.




3.2 CDS pricing
Par spread assuming 40% recovery: 634.6 bps
Par spread assuming 20% recovery: 634.4 bps

The two spreads are very close to each other for the same reason why default intensities are lower for the lower recovery: as both default intensity-recovery rate combinations are estimated based on the same CDS spreads, the lower default probability compensates for the lower recovery rate. This is logical since the spread on all the existing credit default swaps by construction are the same under both recovery assumptions.

Upfront payment assuming 40% recovery: 631,420
Upfront payment assuming 20% recovery: 669,896

The difference in the upfront fee is significant due to the difference in default intensities. Higher default intensities under the 40% recovery rate assumption give a lower risky annuity value – a bp a year given that Nokia hasn’t defaulted yet is worth less if the probability of Nokia defaulting is higher. The upfront fee is equal to the difference between the fair spread of the CDS and the 500bp fixed coupon, multiplied by the risky annuity. As the fair spread is the same but the annuity is worth less, the upfront fee is lower under the 40% recovery rate assumption than under the 20% recovery rate assumption.


3.3 Forward starting CDS
Par CDS spread: 904.1bps

Upfront payment: 2,568,615

Model rates delta vector:
	maturity
	intensity

	17-Oct-13
	-129

	17-Apr-14
	-128

	17-Apr-15
	-257

	18-Apr-16
	809

	17-Apr-17
	715

	17-Apr-18
	640

	17-Apr-20
	1,091

	17-Apr-23
	0



Market rates delta vector:
	maturity
	spread

	6M
	-31

	1Y
	-83

	2Y
	-4,113

	3Y
	-46

	4Y
	-133

	5Y
	-259

	7Y
	9,997

	10Y
	-39




Intuition:
Most of risk is in the 2Y and 7Y bucket. This is not surprising as the forward starting CDS can easily be replicated by buying the 7Y and selling the 2Y CDS, same notional. The small sensitivity to the other CDS spreads comes from the fact that once the upfront fee is paid, the CDS has positive value (since the 500bps per year is lower than fair value). A higher 5Y spread with unchanged 2Y and 7Y spreads imply that the probability of Nokia defaulting during the life of the swap is unchanged, but that the probability of it happening before the 5Y point increases. This gives a lower risky annuity value, which reduces the value of the CDS.
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