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Excel settings
Please make sure to download and activate the latest fidAnalytics library from Absalon. It is the one with no number attached to it: fidAnalytics.xla.
To ensure that we get the same results on numerical optimization problems, please set your Excel Solver for the following settings:
· Constraint precision: 0.000001
· Automatic scaling: Yes
· Integer optimality: 5%
· Max time: 300
· Iterations: 300
· Convergence: 0.000001

1. Intuition
Before turning to calculations, let us have a look at some intuition. You should motivate your answers to all of the below questions. Some answers are simple while others require elaboration.
1.1 Interest Rate Swaps
Consider a setup where we do NOT have dual curves. That is, we use the same curve for calculating forward LIBOR and discounting rates.
1.1.1 If the yield curve is upward sloping, will the 2Y par swap rate be above or below the 10Y par swap rate?
1.1.2 The par swap rate is calculated such that the present value of the corresponding interest rate swap is zero. Why?
Look at the risk output in sheet ‘1.1’ of the exam data.
1.1.3 What interest rate swap could give rise to such a risk picture?
1.1.4 Are you positioned for rates to move up or down? For a steepening or flattening of the yield curve?
1.1.5 If you were to hedge this position/trade what interest rate risk would you be most concerned about? Think in terms of outright rate risk compared to steepening/flattening rate risk.
Let us say you had to hedge this swap with just a single trade.
1.1.6 Which trade would you do? What notional would you apply? Use an intuitive argument, don’t use your spreadsheets to calculate the notional.
1.1.7 What if you were forced to hedge using using only spot-starting swaps? Which trades would you do, and what notionals would you apply?
Let us revisit the risk output in sheet ‘1.1’ of the exam data.
1.1.8 If the yield curve shifts upwards in a parallel move, will you make a profit or a loss? How will your total risk be affected if the move is large (such that your profit or loss is big)?
1.2 Foreign Exchange
Assume that the EUR/USD spot exchange rate is 1.1500.
1.2.1 You are told by your currency trader that the EUR/USD 3M forward is trading at +33 pips.
What does this mean? What is the EUR/USD 3M forward exchange rate? Why do currency traders communicate using pips instead of exchange rate levels?
1.2.2 You ask your trader for a two-way price to a client (where the client can buy from her, respectively sell to her). She reports back that the client can sell her EUR at +33 pips, and buy EUR from her at +31 pips.
Did she make a mistake?
1.2.3 Is it possible to replicate the payoff of a EUR/USD 3M forward contract using fixed income instruments? If so, how would you do it?
1.2.4 If the EUR/USD 3M forward exchange rate is above the EUR/USD spot rate, have we introduced an arbitrage to the market?
1.3 Constant Maturity Swaps
In the below we consider a 10Y constant maturity swap, where you receive 3M LIBOR (plus a spread) against paying 5Y swap rates.
1.3.1 Will you benefit from parallel shifts in the yield curve? How about a steepening/flattening?
1.3.2 Describe why a convexity gap occurs if we try to hedge a constant maturity swap using interest rate swaps.
1.3.3 Why does our SABR model calibration all of a sudden become important when pricing this seemingly linear constant maturity swap?


2 Calibration and risk
In the following use the IRS and CCS market rates in sheet ‘2.1’.
2.1.1 Estimate the forward/Libor and discount zero coupon curves for both the EUR and SEK markets using hermite interpolation. Use knot points matching the maturity dates of the input trades.
2.1.2 Report the forward/Libor and discount zero coupon rates in percent with three decimals (e.g. 1.234%).
2.1.3 Calculate the 6M forward rates in 6M spacings out to 10Y for both markets and plot them in one chart. You should calculate the 6M forward rates for both the forward/Libor and discounting curves.
2.1.4 Calculate the 6M EUR/SEK FX Forward rate.
2.1.5 Calculate the “mid-market” present value (in EUR) of the legacy FX forward in sheet ‘2.2’.
Note: This is an old trade that you have on the books, and hence it does not have zero present value, or an even tenor to maturity. A negative notional implies that you a paying it.
2.1.6 Considering your input market rates in your curve calibration, how much information do you have about the shape of the very short end of the curve? Are you basing your pricing on interpolation/extrapolation?
Add the Fixings and CCS market rates in sheet ‘2.3’ to your calibration.
2.1.7 [bookmark: _GoBack]Redo Question 2.1.1 to 2.1.5. That is, recalibrate your curves, report the zero coupon rates, calculate the 6M forward rates, calculate the 6M EUR/SEK FX Forward rate, and calculate the PV of your legacy trade. How do your curves change in the short end? What happens to the 6M EUR/SEK FX Forward and your legacy trade PV?
2.1.8 Calculate the model rate delta vector (both forward and discount) for the FX Forward. Briefly explain the overall risk characteristics of the trade: is it positioned for higher or lower rates, for a steepening or flattening of the curve, increased or decreased curvature, bigger or smaller rate spreads, or nothing of the sort?
2.1.9 Use the Jacobian trick to calculate the market rates delta vector of the FX Forward. Explain why your risk looks like it does.
2.1.10 Assume that you only had IRS and CCS instruments available for hedging a FX Forward trade. Furthermore, assume that the trade is of the same direction as that in sheet ‘2.2’ but with a 5Y maturity. Which instruments would you trade, and which direction? 
Note: There is no need for calculations here, use your intuition.
3 Shifted Black model
[bookmark: _Ref418675433]For this exercise, use the yield curve in sheet ‘3’ in the exam data workbook. The rates are continuously compounded zero coupon rates and we use the same curve for projection of forward Libor rates and discounting.
Suppose you are a junior trader on the rate options desk. A customer calls you up and asks for a price on a zero-strike 5y3m USD floorlet.
3.1 What is the underlying in a 5y3m USD floorlet?
Your broker tells you that zero-strike 5y3m USD floorlets currently trades at 5c (i.e. “5 cents” meaning $5 per $10,000 of notional).
3.2 Are you able to compute implied Black vol for the zero-strike 5y3m USD floorlet? Interpret.

3.3 Why do you think people are willing to pay a positive premium for this option?
Option traders sometimes use the so-called “shifted Black model” to price low-strike puts. The shifted Black model assumes the following dynamics for the forward rate  under the martingale measure:

where  is a constant. Effectively,  shifts the lower limit in the distribution of the underlying from zero in the standard Black model to  in the shifted Black model. By substitution of variables , it is easy to show that the price of a call struck at  in the shifted Black model is given by:

where  is the standard Black-Scholes call price formula. Similarly, the price of a put struck at  in the shifted Black model is given by:

where  is the standard Black-Scholes put price formula.
In the following, use a shift of .
3.4 Compute the implied shifted Black vol of the the zero-strike 5y3m USD floorlet that trades at 5c. Report the answer with 2 decimals (e.g. 12.34%). 
Hint: Use fidImpSwaptionVol with appropriately modified inputs. If you keep getting a #VALUE! error, try changing the initial guess on the implied vol in the VBA code for fidImpSwaptionVol. The initial guess is set to 10% by default – try changing that to e.g. 20% instead.
Suppose you have sold USD 1000mio notional of the zero-strike 5y3m floorlet.
3.5 Construct a delta hedge in the shifted Black model using the linear 5y3m FRA as your hedge instrument. Your answer should include both direction (pay/receive) and size (notional). Report the size (notional) in $ mio (e.g. $100mio).
Hint: Start by computing the delta of the floorlet in the shifted Black model by bumping the underlying yield curve by 1 bp while keeping shifted Black vol fixed. You may compute the delta of the 5y3m FRA (per unit notional) as 1 bp times coverage times the 5y discount factor.
4 SABR delta
Look at the market data in sheet ‘4.1’ in the exam data workbook. The rates are continuously compounded zero coupon rates.
4.1 Calibrate a SABR model to the listed 5y10y Black vols. Use alpha equal to 60.00%. Report the calibrated parameters with 2 decimals.
Until now, we have specified SABR  (“alpha”) exogenously, i.e. outside the calibration.  is typically chosen by the option desk to match their target ATM delta. The target delta could, for example, come from a statistical regression.
In class, we have seen that the delta of an option depends on how implied vol of the option changes when the underlying forward rate moves. Figure 1 shows graphically how the change in implied vol can be decomposed into “skew” and “backbone” effects.
The skew effect comes from the fact that the moneyness of the option changes as we bump the underlying forward rate, e.g. an option that is ATM when the forward rate is 1.00% is no longer ATM when the forward rate is 1.01% and is therefore subject to the skew. The skew effect is determined by the current shape of the skew and is thus the same for any model that fits the market-observed skew.
The backbone effect describes how ATM vol changes when the underlying forward rate changes and is determined by the dynamics of the model. In the SABR model, the slope of the backbone, and therefore the ATM delta for a given skew, is controlled by . Thus, we want to calibrate  to ensure that our SABR model fits the slope of the backbone that we see in the market.
[image: ]
[bookmark: _Ref452449218]Figure 1. Change in implied vol of ATM option decomposed into “skew” and “backbone” effects. As underlying forward rate changes from ATM0 to ATM1, the skew moves from ‘A’ to ‘B’ assuming ATM vol is unchanged, giving rise to the skew effect. In reality, implied vol is not unchanged and the skew moves to ‘B’ instead of ‘C’, giving rise to the backbone effect. The net effect is that the skew moves from ‘A’ to ‘C’.
In sheet ‘4.2’ in the exam data workbook, you are given time series of 5y10y forwards rates and 5y10y ATM Black vols.
4.2 Estimate the slope of the backbone from the two time series. Report the answer with 4 decimals (e.g. 5.4321). Does the slope have the expected sign? 
Hint: Regress ATM vols on forward swap rates. You can for example use the built-in COVAR and VAR functions in Excel.
The next step is to recalibrate the SABR model in 4.1 to also match the empirically estimated slope of the backbone. By differentiating the SABR formula for ATM vol, it is easy to show that the slope of the backbone in the SABR model is:

Thus, in addition to minimizing the distance between model and market vols, we also need the calibration to minimize the distance between empirical and model backbone.
4.3 Recalibrate your SABR model from 4.1 to simultaneously best fit the skew and the empirical backbone. 
Hint: Using the SABR parameters from 4.1 as your initial guess, compute the squared difference between the empirical backbone estimated in 4.2 and the model backbone from the formula above. Then minimize  over the SABR parameters (including alpha!), where  is the sum of squared differences between model and market vols (the usual calibration condition) and  is the squared difference between empirical and model backbone.  is a scaling factor to help convergence (e.g. ).
5 A Structured Credit Note
For this exercise, use sheet ‘5’ in the exam data workbook. 
On 9th April 2014, Nordea issued a structured note called “Kredit Alternativ 2019”.[footnoteRef:1] The note is a zero-coupon note whose final payoff is tied to the performance of iTraxx Crossover Series 21. The iTraxx Crossover is a CDS index referencing 60 European high yield names. Series 21 was issued on 20th March 2014 and expires on 20th June 2019. The index characteristics and conventions are summarized in Table 1. [1:  Additional material (if you’re interested) can be found on Nordea’s web site via the link below. The material is mostly in Danish and is not required for this exercise. See http://goo.gl/YTBg2B.] 

	Index name
	iTraxx Crossover Series 21

	Number of constituents
	60

	Currency
	EUR

	Start date
	20.03.2014

	Maturity date
	20.06.2019

	Fixed coupon
	500 bps

	Coupon frequency[footnoteRef:2] [2:  Remember this is called ‘tenor’ in the FID CDS functions.] 

	3m

	Day count basis
	Act/360

	Day rule
	Modified Following

	Assumed recovery
	40%


[bookmark: _Ref451971875]Table 1. iTraxx Crossover Series 21.
The basic idea of the note is that the investor sells protection on the index and use the CDS premium that she receives to increase the yield on the note. However, the final payoff will be reduced by a factor of  for every default that occurs in the index between issuance and maturity. Hence, the investor is betting on the pick-up from the CDS premium to outweigh the loss from defaults in the index.
The term sheet of the note is summarized in Table 2 below. For example, if there are two defaults in the index between the issue date and maturity, then the payoff at maturity is .
	ISIN
	DK0030337241

	Issuer
	Nordea Bank Finland Plc

	Currency
	EUR

	Underlying index
	iTraxx Crossover Series 21

	Issue price
	100.00

	Issue date
	09.04.2014

	Maturity date
	19.07.2019

	Minimum payoff at maturity
	0.00

	Maximum payoff at maturity
	132.36


[bookmark: _Ref451972074]Table 2. Term sheet of “Kredit Alternativ 2019”.
Note one important difference between the CDS exposure you get in the note versus what you get in the underlying index: the note pays zero recovery, i.e. the payoff is written down by , not , for every default in the index.
The structure of the note means that there is no capital guarantee, i.e. the investor may lose some or all of her invested capital if there is a large number of defaults in the index.
5.1 What is the maximum number of defaults that can occur in the index without the investor losing any of her invested capital, i.e. if an investor buys a note for €100, how many defaults can at most occur in order for her to get at least €100 back at maturity?
On 9th April 2014, iTraxx Crossover Series 21 was quoted at -10.20%+500 bps (i.e. protection seller pays 10.20% of notional upfront and receives 500 bps running). No defaults had occurred in the index at that time.
5.2 Without doing any calculations, can you say whether the corresponding par CDS spread is above or below 500 bps? Explain.
In order to compute the par CDS spread we need the risky annuity for the index: the value of one additional basis point on the fee leg of the index. In principle, the index risky annuity depends on the risky annuities of all 60 index members. To simplify, we will just assume a flat CDS spread of 300 bps for the purpose of calculating the index risky annuity.
5.3 Compute the index risky annuity assuming a flat CDS spread of 300 bps. Report the result with 4 decimals (e.g. 4.3210). 
Hint: Calibrate a default intensity curve in the same way as you did in Assignment 10, but to a CDS curve that is flat at 300 bps, and then use fidRiskyAnnuityPV.

5.4 Compute the corresponding par CDS spread. Report the result in bps with 3 decimals (e.g. 234.567 bps).
As mentioned above, the note assumes zero recovery upon default of an index member. This simplifies the description of the payoff – the target audience is mainly retail investors – but more importantly it also provides additional leverage.
Assume that the recovery of a standard CDS contract is 40%.
5.5 Explain, intuitively or by reference to formulas, why the value of the protection leg in a zero-recovery CDS contract is increased by a factor of   (“the leverage factor”) compared to the protection leg in a standard CDS.
Now suppose that you are an investor looking to buy €10mio worth of the structured note “Kredit Alternativ 2019” on 9th April 2014 when iTraxx Crossover Series 21 was quoted at -10.20%+500 bps. Before buying the note, you would like to estimate the “fair value” of the note taking into account 1) the index protection that you are selling, and 2) the funding that you are providing to Nordea.
First step is to compute the value of the protection you are selling in the note.
5.6 What is the PV of the index protection that you are selling in the note?
Hint: The PV of the underlying index protection equals the upfront plus the PV of the fixed coupons. Remember that you are selling zero recovery protection on a notional of €13.236mio.
Next step is to estimate the value of the funding that you are providing to Nordea. 
For this, you need to know Nordea’s funding curve: the discount curve that Nordea uses to discount future senior unsecured[footnoteRef:3] cashflows. You cannot observe the funding curve directly in the market, but you can observe Nordea’s 5y par CDS spread which is quoted at 50 bps on 9th April 2016. As a reasonable approximation, you assume that Nordea’s funding curve is the (risk-free) discount curve in sheet ‘5’ plus 50 bps flat. [3:  As a structured notes investor, you are a senior unsecured creditor. Hence, if Nordea defaults before maturity of the note, you (along with the other senior unsecured creditors) get back whatever is left after the senior secured creditors have been paid off.] 

5.7 How much should Nordea be willing to pay you at maturity for the funding that you provide in the note?
Hint: Nordea should be willing to pay you  at maturity, where  is the discount factor to maturity of the noted computed on Nordea’s funding curve.
Now we can evaluate the total value proposition of the note.
5.8 Estimate how much you ought to get back at maturity as compensation for sold protection and funding given that you invest €10mio today.

5.9 Estimate Nordea’s profit in present value terms from selling you €10mio worth of the note today. Report the answer both as a € amount and in % of the invested capital.
Hint: Compute the difference between the fair value at maturity from the previous question and the actual payoff from the note and discount back to the present on Nordea’s funding curve.
Finally, put yourself in the shoes of the market maker at Nordea who is selling the notes. Immediately after selling a note, she is short risk in iTraxx Crossover and needs to hedge her risk by selling protection. She can do this by turning around and selling the exact same exposure to another dealer, but – to minimize hedge costs – she might hedge by trading the standard contract with 40% assumed recovery instead of the zero recovery version.
5.10 How much notional in the standard iTraxx Crossover contract would she need to sell in order to hedge €10mio of sold notes?
Assume that the market maker carries out the hedge in the standard iTraxx Crossover contract.
5.11 What residual risk(s) to the market maker do you see?
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