1. The swap curve
1.1 Estimating the swap curve
	
	
	EUR
	
	GBP
	

	Maturity
	Date
	Forward curve
	Disc curve
	Forward curve
	Disc curve

	1Y
	24-Apr-15
	0.4141%
	0.4349%
	0.7177%
	0.4596%

	2Y
	25-Apr-16
	0.4722%
	0.4899%
	1.0817%
	0.7893%

	3Y
	24-Apr-17
	0.5882%
	0.6059%
	1.4674%
	1.1601%

	4Y
	24-Apr-18
	0.7639%
	0.7842%
	1.7838%
	1.5052%

	5Y
	24-Apr-19
	0.9589%
	0.9688%
	2.0275%
	1.7821%

	7Y
	26-Apr-21
	1.3235%
	1.3414%
	2.4114%
	2.1801%

	10Y
	24-Apr-24
	1.7948%
	1.8180%
	2.7824%
	2.5714%

	15Y
	24-Apr-29
	2.2844%
	2.3073%
	3.1765%
	2.9741%

	20Y
	24-Apr-34
	2.4620%
	2.4848%
	3.3279%
	3.1420%

	25Y
	25-Apr-39
	2.5092%
	2.5082%
	3.3651%
	3.1822%

	30Y
	25-Apr-44
	2.5059%
	2.5178%
	3.3330%
	3.1652%
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1.2 Evaluating and hedging a cross currency swap
Par spread: -20.13 bps











	
	Model rates delta vector
	 
	 
	 
	 

	
	EUR
	
	 
	GBP
	
	 
	TOTAL

	 
	FWD
	DISC
	NET
	FWD
	DISC
	NET
	NET

	1Y
	0
	0
	0
	0
	0
	0
	0

	2Y
	0
	0
	0
	0
	0
	0
	0

	3Y
	0
	0
	0
	0
	0
	0
	0

	4Y
	-15
	15
	0
	14
	-14
	0
	0

	5Y
	4,047
	-4,015
	33
	-4,329
	4,292
	-37
	-4

	7Y
	369,771
	-369,903
	-132
	-345,788
	345,759
	-29
	-162

	10Y
	-24,614
	23,925
	-689
	34,501
	-33,913
	588
	-101

	15Y
	-564,044
	563,013
	-1,031
	519,299
	-517,906
	1,393
	362

	20Y
	-290,666
	290,498
	-168
	260,968
	-260,623
	345
	177

	25Y
	33,253
	-33,248
	6
	-29,912
	29,887
	-26
	-20

	30Y
	0
	0
	0
	0
	0
	0
	0

	Total
	-472,267
	470,286
	-1,981
	434,753
	-432,519
	2,234
	253



The CCS has very limited net exposure to interest rates in both currencies. The reason is that the CCS spread depends on the difference between forward and discount rates, not on the absolute level of them. This is because CCS spreads reflect the difference between forward LIBOR rates, which reflect the credit risk in unsecured loans to banks, and the credit risk free discount rates.

In EUR, the CCS will pay the notional in 7Y, so it has negative sensitivity to 7Y discount rates, and the notional will be paid back in 17Y, so it has positive sensitivity to 17Y discount rates (which, through interpolation, is reflected in positive sensitivity to 15Y and 20Y discount rates). Additionally, it will have negative cash flows of the floating LIBOR payments from 7Y to 17Y, which means that higher forward rates in that period lower the PV of the swap. The vast majority of the sensitivity for this floating leg is to the 7Y forward curve zero rate, which, all else equal, will lower forward rates after 7Y if increased (so the CCS has positive sensitivity to 7Y forward rates) and the 17Y forward curve zero rate, which will raise forward rates for the life of the CCS (and so it has negative sensitivity to 17Y – and thereby 15Y and 20Y through interpolation – forward rates).

In GBP, the cash flows are in the opposite direction, and so the sensitivities are opposite as well.















	
	Market rates delta vector
	 

	
	EUR
	 
	GBP
	 

	 
	IRS
	CCS
	IRS
	CCS

	1Y
	-1
	-2
	17
	18

	2Y
	-2
	1
	37
	33

	3Y
	-3
	6
	51
	34

	4Y
	-3
	26
	53
	17

	5Y
	12
	-1,327
	163
	1,459

	7Y
	-60
	-409,964
	106
	399,816

	10Y
	-555
	-62,682
	5
	58,742

	15Y
	-909
	610,934
	403
	-576,658

	20Y
	95
	380,256
	-437
	-361,423

	25Y
	70
	-43,422
	87
	41,706

	30Y
	-11
	-239
	0
	289



1.3 Building a VBA function
It can be solved in many different ways. As long as it works full points are awarded. One approach is this:

Public Function fidTwoCcyCcsSpread(AnchorDate As Date, Start As Variant, Maturity As Variant, Tenor As String, _
                            DayCountBasis As String, DayRule As String, SpreadFwdCurveMat As Variant, _
                            SpreadFwdCurveRates As Variant, SpreadDiscCurveMat As Variant, _
                            SpreadDiscCurveRates As Variant, NonSpreadFwdCurveMat As Variant, _
                            NonSpreadFwdCurveRates As Variant, NonSpreadDiscCurveMat As Variant, _
                            NonSpreadDiscCurveRates As Variant, Method As String) As Double

Dim NonSpreadFloatPV As Double, NonSpreadNotExchg As Double, _
    SpreadFloatPV As Double, SpreadNotExchg As Double, PvBp As Double
Dim StartDate As Date, MaturityDate As Date
' We need another Date variable in case the Start or Maturity is specified as a tenor.

If IsDate(Start) And IsDate(Maturity) Then
    StartDate = Start
    MaturityDate = Maturity
ElseIf IsDate(Start) Then
    StartDate = Start
    MaturityDate = fidAddTenor(StartDate, Maturity, DayRule)
ElseIf IsDate(Maturity) Then
    StartDate = fidAddTenor(AnchorDate, Start, DayRule)
    MaturityDate = Maturity
Else
    StartDate = fidAddTenor(AnchorDate, Start, DayRule)
    MaturityDate = fidAddTenor(StartDate, Maturity, DayRule)
End If

NonSpreadFloatPV = fidFloatingPv(AnchorDate, StartDate, MaturityDate, Tenor, _
                        DayCountBasis, DayRule, NonSpreadFwdCurveMat, NonSpreadFwdCurveRates, Method, _
                        NonSpreadDiscCurveMat, NonSpreadDiscCurveRates)

NonSpreadNotExchg = (fidDiscFactor(AnchorDate, StartDate, NonSpreadDiscCurveMat, NonSpreadDiscCurveRates, Method) _
            - fidDiscFactor(AnchorDate, MaturityDate, NonSpreadDiscCurveMat, NonSpreadDiscCurveRates, Method))

SpreadFloatPV = fidFloatingPv(AnchorDate, StartDate, MaturityDate, Tenor, _
                        DayCountBasis, DayRule, SpreadFwdCurveMat, SpreadFwdCurveRates, Method, _
                        SpreadDiscCurveMat, SpreadDiscCurveRates)

SpreadNotExchg = fidDiscFactor(AnchorDate, StartDate, SpreadDiscCurveMat, SpreadDiscCurveRates, Method) _
            - fidDiscFactor(AnchorDate, MaturityDate, SpreadDiscCurveMat, SpreadDiscCurveRates, Method)

PvBp = fidAnnuityPv(AnchorDate, Start, Maturity, Tenor, DayCountBasis, DayRule, SpreadDiscCurveMat, _
                    SpreadDiscCurveRates, Method)

fidTwoCcyCcsSpread = -(NonSpreadNotExchg - NonSpreadFloatPV - SpreadNotExchg + SpreadFloatPV) / PvBp

[bookmark: _GoBack]End Function

1.4 Pricing and risk managing an amortizing swap
Par swap rate for amortizing swap: 1.9003%

	Model rates delta vector
	
	

	 
	FWD
	DISC
	NET

	1Y
	-2,091
	-683
	-2,774

	2Y
	-5,382
	-1,107
	-6,489

	3Y
	-7,640
	-1,196
	-8,836

	4Y
	-7,978
	-843
	-8,822

	5Y
	-21,183
	-264
	-21,447

	7Y
	-44,069
	2,373
	-41,696

	10Y
	-108,184
	9,600
	-98,584

	15Y
	-148,655
	7,895
	-140,760

	20Y
	-77,043
	371
	-76,672

	25Y
	5,783
	-100
	5,683

	30Y
	0
	0
	0

	Total
	-416,441
	16,045
	-400,396




	Market rates delta vector
	

	 
	IRS
	CCS

	1Y
	-2,283
	-145

	2Y
	-5,057
	-224

	3Y
	-6,784
	-236

	4Y
	-6,891
	-206

	5Y
	-16,938
	-179

	7Y
	-33,823
	-19

	10Y
	-90,083
	2,061

	15Y
	-154,131
	2,591

	20Y
	-97,399
	165

	25Y
	7,161
	-7

	30Y
	32
	-5



Model rates delta vector intuition:
Limited sensitivity to discount curve as it has zero PV like a regular at market IRS.

Sensitivity to forward curve is different than for a normal receiver swap. For a normal 20Y receiver swap the sensitivity to zero rates on the forward curve would be concentrated in the 20Y knot point, as this would be the only knot point where a higher forward rate had only negative impact on the future cash flows of the swap (a higher zero rate for a given knot point gives higher forward rates before the knot point and lower forward rates after the knot point). For the amortizing swap, the sensitivity is more spread out, as the notional gradually decreases, which means that the positive impact on cash flows by raising eg the 10Y zero rate is lower, since the cash flows on which forward rates after the 10Y point impacts the PV are calculated on a lower notional. Therefore this amortizing receiver swap has sizeable negative sensitivity to forward rates before maturity as well as at maturity.

Market rates delta vector intuition:
Limited sensitivity to CCS spreads, as they primarily depend on the spread between discount and forward rates, whereas IRS rates depend on forward rates themselves, and so given IRS rates, changing CCS spreads will not impact forward rates. Like a regular at market IRS.

Negative sensitivity to IRS rates for the life of the swap. This is because of the amortizing notional: IRS rates are weighted arithmetic averages of forward rates, and zero coupon rates are geometric averages of forward rates. Therefore, as the amortizing swap has sizeable negative sensitivity to forward curve zero rates up until the expiry date of the option, it also has sizeable negative sensitivity to IRS rates up until the expiry date of the option.






2. Swaptions
2.1 Calibrating a SABR model
	Strike relative to ATM
	implied vol

	-100
	30.01%

	-50
	27.70%

	-25
	26.86%

	0
	26.20%

	25
	25.57%

	50
	25.08%

	100
	24.38%



SABR parameters:
	sigma_0
	5.26%

	alpha
	52.00%

	epsylon
	36.93%

	rho
	-20.87%
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2.2 Pricing a swaption portfolio
Why using the same SABR model for all swaptions is not fully accurate:
The SABR model is designed to work for a single option expiry date into a single swap maturity date (eg a 5Y swaption into a 10Y swap). It provides us with a model for the dynamics of that specific forward swap rate that explains the existence of volatility skews and smiles, and the negative relationship there tends to be between the ATM vol and the forward swap rate. There is no specific reason to believe that the SABR parameters that work for the specific expiry/maturity combination works for other combinations, as the volatility smile may be different for those.

As the SABR model gives us the implied volatility for an option with a given strike, an incorrectly calibrated SABR model can give the wrong option prices. Additionally, since the SABR model governs the relationship between the implied vol and the forward swap rate, and thereby impacts the delta and gamma for an option, an incorrectly calibrated SABR model can result in poor hedges.

PV of portfolio: -1,126,156

2.3 Delta hedging based on SABR vs Black
	Black model rates delta vector
	

	 
	FWD
	DISC
	NET

	1Y
	786
	127
	913

	2Y
	5,230
	990
	6,220

	3Y
	3,860
	-2,270
	1,590

	5Y
	-36,300
	-890
	-37,189

	10Y
	138,116
	7,038
	145,154

	15Y
	112,212
	540
	112,752

	20Y
	53,565
	983
	54,548

	30Y
	-1,507
	-29
	-1,536

	Total
	275,963
	6,488
	282,452



	SABR model rates delta vector
	
	

	 
	FWD
	DISC
	NET

	1Y
	802
	126
	928

	2Y
	5,490
	989
	6,478

	3Y
	-1,438
	-2,306
	-3,743

	5Y
	-18,485
	-742
	-19,228

	10Y
	140,270
	7,135
	147,405

	15Y
	81,287
	205
	81,493

	20Y
	47,199
	883
	48,082

	30Y
	-1,318
	-26
	-1,344

	Total
	253,807
	6,264
	260,071



	Black market rates delta vector

	 
	IRS
	CCS

	1Y
	309
	-237

	2Y
	5,222
	638

	3Y
	2,134
	-4,020

	5Y
	-57,662
	32

	10Y
	135,980
	12,871

	15Y
	125,186
	2,184

	20Y
	71,564
	515

	30Y
	-2,099
	-30










	SABR market rates delta vector

	 
	IRS
	CCS

	1Y
	347
	-218

	2Y
	5,533
	644

	3Y
	-3,601
	-3,831

	5Y
	-37,618
	248

	10Y
	143,092
	12,247

	15Y
	89,325
	1,433

	20Y
	62,955
	502

	30Y
	-1,835
	-27



The two approaches give different delta vectors since according to the SABR model (which overall performs better empirically) the implied vol of an option changes when the forward swap rate (the underlying) changes. Specifically, there are two effects:

· The backbone effect, which gives a lower ATM vol as the swap rate moves up
· The moneyness effect, which is that since the strike for a given option is fixed, as the swap rate moves up, the option will move further in or out of the money, and because of the volatility skew or smile generated by the SABR model, this changes the implied vol of the option.
As the implied vol moves as the swap rate increases, the change in option value will be different (it can be higher or lower) and therefore the delta is different than in the Black model.

2.4 Hedging gamma and vega with ATM straddles
Gamma: 7,604
Vega: 206,846

Hedges:
The portfolio has positive gamma and vega, so we should be net selling ATM straddles (which also have positive gamma and vega) to offset the risk.

Here is an example of a hedge that gives fully hedges gamma and vega:
Sell 251,281,262 notional 1M ATM straddle
Sell 11,607,945 notional 5Y ATM straddle

Hedging logic:
The aim is to hedge the gamma and vega. All the straddles have exposure to both, so by calculating the gamma and vega for each maturity straddle and solving the 2x2 system of linear equations we can get the correct notional that will perfectly hedge the gamma and vega using any two expiries.

I have chosen the 1M straddle since most of the gamma exposure in the portfolio comes from the 450m 3.10% payer that expires 15-May-14, i.e. in less than one month. Hedging that with the closest possible expiry straddle thereby gives some extent of expiry matching.

The 4 swaptions in the portfolio with longest time to expiry expire on 21-Jan-20 (5.8Y), 30-Nov-17 (3.6Y), 7-Aug-17 (3.3Y) and 8-Dec-22 (8.6Y). It therefore seemed most sensible to hedge the remaining vega using the 5Y straddle.

Note that as long as vega and gamma is hedged correctly and some thought is put into the expiry dates, full points will be awarded for this question.

3. Constant Maturity Swaps
3.1 Pricing a Constant Maturity Swap
Par spread: 117.71 bp.

The spread is positive as the curve is upwards sloping, i.e. 20Y rates are higher than 3M rates. To compensate for this mismatch, a positive spread is paid on the 3M leg to give a total PV of 0.

3.2 The intuition behind CMS pricing
The tricky part in pricing a CMS is pricing the CMS swaplet: the payment of a specific swap tenor rate, fixed at a future point in time, and paid shortly after (in this case the 20Y swap rate set in e.g. 1Y and paid in 15M). The intuitive way to replicate this payment would be through forward starting swaps (in the case above, a 1Y forward starting 20Y swap). However, since there is a cash flow mismatch between a 20Y swap that starts in 1Y and the CMS swaplet above, the swap is not a perfect hedge. Specifically, there is a need to make a convexity correction between the forward starting swap (which has negative convexity due to cash flows being paid over a 20Y period) and the CMS swaplet (which has very limited negative convexity since it is paid only 3M after being fixed).

The convexity correction can be hedged by applying the Carr formula. The Carr formula gives us a PV for any European payoff (i.e. a payoff that only depends on the value of the underlying asset at one point in time), as long as we have a specified payoff function, as well as the prices for European call and put options for all strikes.

Because of this, having a model to price European payer and receiver swaptions is required to price the CMS swaplet. The convexity correction is highest far from ATM, and therefore swaptions with strikes far from the money are required to price the CMS swaplet. Because of this, the shape of the volatility smile is important, as it governs the implied vol, and thereby the price, for swaptions far from ATM. As the SABR model parameters govern the shape of the volatility smile, they are needed for pricing the CMS swaplet.

3.3 The delta vector of a Constant Maturity Swap
Model rates delta vector:
	 
	FWD
	DISC

	22-Apr-15
	-587
	-160

	22-Apr-16
	-1,106
	-235

	24-Apr-17
	-828
	-286

	22-Apr-19
	-24,308
	1,586

	22-Apr-24
	-88,543
	621

	24-Apr-34
	83,265
	587

	22-Apr-44
	38,230
	465


 
The CMS is positioned for a steeper forward curve, i.e. higher long rates relative to short rates.

Specifically, it has negative sensitivity to rates out to 10Y (the life of the swap). For this period, a higher zero rate will have two effects:
· The CMS payment will be higher through higher 20Y swap rates, but only marginally so, as the 20Y swap rate depends much more on the 20Y zero rate than on zero rates before 20y
· The LIBOR payment will be higher as forward rates are higher
The second effect dominates for the life of the swap.

After 10Y (the life of the swap), the CMS has positive sensitivity to zero rates. This is because the second effect above no longer applies, as no LIBOR payments are made then. The first effect still applies, however, as the CMS payments depend on swap rates out to 30Y (10y+20Y).

The CMS has very little sensitivity to discount rates as it has a PV of 0. Additionally, there will be less difference in the net payment for each individual period compared to a regular payer IRS, where an upward sloping curve will mean negative cash flows in the beginning and positive cash flows in the end. The reason is that the forward LIBOR curve + the spread to some extent follow the forward swap curve.
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