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Editorial
Dear Reader, TopQuants will assume theConstant Maturity Swaps

status of a formal associatiofCMS) and CMS Spread De
The TopQuants team presentin 2015 and has also underrivatives. The second runner
the first issue of our 201fgone a major rebranding ofup in the competition was Lin
newsletter series. We con its webpage A short update Zhao who is currently pursu-
tinue to hear positive opinion:on the new status ofing her PhD in the University
from the Quant community on TopQuants is included in theof Amsterdam. Her thesis
the newsletter articles and als newsletter. focussed on Real Options
see the increased readersh perspective on valuing Gas
which is quite encouraging. W This issue includes the exfjelds.
cordially invite you all to con tended summaries by several
tact us with your ideas aniof the speakers in the autumnrhe upcoming TopQuants
submissions which can inclucevent. They are in the follow-spring workshop will be held
technical articles, blogs, suing order: Philippos Papadom May 2015 and is hosted by
veys, book/article reviews poulos (founder of Opengmst & Young. The main
opinions (e.g. on newly proRisk), Robert van Gulick (riskspeakers would be Svetland
posed regulations), covera¢manager at Optiver), PimBorokova (Associate Profes-
of interesting events, researc Stohr (Zanders),Giampietro sor at Vrije Universiteit, Am-
results from Masters/PhL Carpentieri (Cardano), sterdam), Philip Whitehurst
work, job internships etc. The Baauke Maarse (Senior Cong CH Clearnet) and Raoul
newsletter will continue to sultant, Deloitte) and Jokpijetersz (Head of Quantitative
cover all the regularTang (Senior Mathematicahnalysis, ABN AMRO).
TopQuants events (autumr Consultant, VORtech). Kindly refer to the
spring workshops) and the ne TopQuants webpage for all
initiatives  taken. Particularl The next three articles pre-fyrther information on the
worth highlighting are twcsent the case studies of th
events that were supported b final three contestants in the
TopQuants: Best Quant Fi-"Best Quant Finance Thesi
nance Thesis Awaldcompeti- Award" competition held in ing this newsletter and we
tion for masters students ir2014. The winner of the o\ toniand to seeing you at
The Netherlands that was cor competition was Rob Spern he upcoming TopQuants
cluded in October 14, 201<Weiland, a graduate from theevent(s).
and the Math Olympiad for University of Amsterdam and

Corporates' that was con- who is currently pursuing hisAneesh Venkatraman
ducted on January 2, 2015.  PhD in the same University.

His thesis had focused on th
This issue starts with a covel Liquiduty Risk in the Sover‘-%on behalf of TopQuants)
age of the TopQuants autum eign Credit Default Swap
event conducted in Novembe Market and was highly
2014 and hosted by KPM@t praised by the jury for its
their global headquarters irelevance and potential im-
Amstelveen. Therevas a warm pact on the Quantitative Fi-
welcome speech by Jan Hornance industry. Sebastiaan
men, the CEO of KPMG, wh(Borst was the first runner up
expressed his happiness to siin the competition and he
such a large Quant audienc currently works for the pric-
He indicated the potential op ing model validation team of
portunities that KPMG offers Rabobank. His thesis was in
for quants. the area ofEfficient Pricing of

vent.

e hope you will enjoy read-



http://www.topquants.nl/best-quant-finance-thesis-award/
http://www.topquants.nl/best-quant-finance-thesis-award/
http://www.topquants.nl/math-olympiad-for-corporates-2015/
http://www.topquants.nl/math-olympiad-for-corporates-2015/
http://www.topquants.nl/
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TopQuants Autumn Eventin 2014

The 2014 TopQuants Autumn EvenfAQR stress test compared to other El framework within his firm and em-
was hosted by KPMG at their globddanks. The challenger model is t phasized that Automated Trading
headquarters in Amstelveen. For theame for all banks, although the mocRisk (ATR) will be an important
first time since 2011, we witnessed will be parameterized based on o source of risk for trading activities
complete ticket sellout within 24served data. The presentation was iin the future. He cited many histori-
hours following the event announceteresting and was followed by seveical examples of trading losses that
ment which marks another succesguestions from the audience. could be attributed to ATR inci-
story for us!! dents and also discussed some in-

Among the talks on risk modeling, pa teresting ATR scenarios.
The format was similar to previousicularly interesting was the present.
TopQuants Autumn events: twoton by Philippos Papadopoult There were two presentations from
rounds with five parallel sessions eagpenRisk) who emphasized the ne KPMG, both of very different fla-
and a sitting capacity of approx 30 pé6r open source risk modeling withi vors. Jan Amoraal addressed a rela-
session. The presentations covereghe financial community and discuss tively offbeat topic, tracking cus-
many topics: risk modeling and implehe implementation challenge tomer behavior based on Wi
mentation, big data analysis, valuatigitensing of open source softwar signals. He presented highlights of
of complex financial products an@rotection of client data etc) assocthe inhouse WiFi tracker em-
execution of the banking supervisorgted with it. He highlighted the impor ployed in KPMG and also explained
mechanism in The Netherlands. Thegnce of peer review and collaborati\ the theoretical underpinnings be-
speakers were from banks, audit, iwork when it comes to Risk Managihind the software modeling/
surance and proprietary trading firmsment and cited several illustrative e construction. As expected, the talk

amples of open source software fcwas followed by a round of inter-
An introductory speech was given b¥nance. esting questions from the audience
TopQuants committee  member, related to technical complications,
Caroline Tan, in which she brieflyhe presentation from Deloitte bylegal issues, privacy of customers
outlined the history of the organizagelco Rietsema, Maurits Malkus, Baietc. The talk by Paul Wessels and
tion from 2011 until now. She menyjaarse onBehavioral Liquidity Risk N Erik Rood focused on the factual
tioned that as always, TopQuants @Iing mainly focused on the need ar details of the European Banking
keen meet quants who want to bezpproach to develop behavioral mode Authority (EBA) stress test con-
come active within the organizationgor |iquidity risk and the challenge ducted in 2014. The speakers made
This was followed by a warm welinyolved in liquidity stress testing (e.interesting remarks on the effec-
come speech by Jan Hommen, thgcount for interactions between ba tiveness of the stress test and chal-
CEO of KPMG, who expressed hignce sheet items). As an illustrati lenged some of the key assumptions
happiness to see such a large Quagise study, the speakers discussec of AQR (Asset Quality Review) like
audience and he later on indicategetajl the liquidity risk involved i maintaining the stability of bank's
the potential opportunities for quantsmortgage loans and touched upon t/balance sheets, keeping the same
in KPMG. well known Northern Rock bank rur business mix etc.

example. The talk by Erik Vijlbrief ar

Pim Stohr from Zanders, compare There were two talks on the valua-
The presentation from DNB by Frantwo approaches for correlating thition aspects of complex financial
cesca Armandillo and Martijn Schreredit risk and interest rate risk in the products. Jok Tang (VORtech) and
jvers titled Single Supervisory Mechanking book i.e. integrated vs. agg Denys Semagin (NN Re) spoke on
nism Asset Quality Review (AQR) gated, with end use being mainly fthe modeling and computational
tained highlights of the executiomegulatory capital calculation purpose challenges involved in pricing of
phase of the AQR and particularlyhe speakers favored the integrat¢ variable annuities and highlighted
focused on the Collective Provisiompproach but indicated that the metl the potential use of High Perform-
Analysis Challenger model that wasdology is vulnerable to the parametiance Computing (HPC) in tackling
developed by the ECB to validate thggjipration accuracy. them. Dirk Scevenels (ING) high-
banks' internal credit models used for lighted the CRD IV requirement of
loan loss provisioning. The Dutch Ropert van Gulik (Optiver), providecapplying Prudent Valuation stan-
banks performed relatively well in th%ghlights on the risk manageme dards to all positions measured at
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Fair Value and the absence of welte not entirely coherent or rather His conclusion was that, compared
defined technical standards from EB®ometimes contradictory on the way to other hedging assumptions, the
for implementation of the same. Conto handle liability discounting whic basis risk due to OKEIBOR spread
tinuing further, he explained in detaithereby makes it an open subject. H js relatively small.

the concept of 'Additional Value Adialk detailed on how liability discount

justment’ which essentially accounisg should be done and the ASse The lively event was concluded by
for the difference between Prudenklz\j\/ki)tlIrlltyS hii?SQS$eg;éh3;;?cslggs(;rs‘ drinks and snacks sponsored by the
and fair valuations. consider?ad 2 a ca?se study. Giampie €Vt host. TopQuants are thankful
The talks by Jan Rosenzweig (FinC&grpentieri focused his talk on the FO KPMG for sponsoring .and host-
and Giampietro Carpentieri (Cardanofiedging framework used for Libaing the event. We appreciate all the
focused on the discounting of liabilPeénchmarked liabilities in the p@IS efforts by the speakers and the
ties. Jan Rosenzweig, by the way ofiines and the changes required in tt quant audience for making this an-
first overseas speaker, opinioned théfamework to account for the basit gher successful TopQuants event.
the regulations (IFRS B, Solvency figk introduced due to OIS discounting

TopQuants - Formal Association in 2015 and Rebranding

Formal Association:  TopQuants (topquants.nl) and our Twitter page

has registered itself as a formal as: 1. The 2014 TopQuants autumn worl (@topquants). The new logo has

ciation in 2015. The main motivatic shop tickets were sold out completel also made it to this newsletter issue

behind the update of its status is diwithin the course of one day, whicand we hope to complete the re-

to the large growing interest ircaused lot of people to miss out on th branding of the newsletter before

TopQuants among the Quantitativevent. Further, we had noticed th:the end of this year.

community since its initiation in 201 many people had cancelled their tick

thereby encouraging us to improvon the day of the event and some pe VI/Company is known for many

ourselves and serve Quants in a bett ple did not turn up after having regi: other prominent works: ING web-

way. tered. Imposing a ticket charge w platform, CARDANO PensionSim,
hopefully ensure that the threshold t online educational platform for in-

In view of the financial costs that a register will be slightly higher than bivestors- RTL Z Beursspel, websites

attached to the association formatic fore. 2. Collected fees will be use of BX Swiss and Think ETF's.

and its continued maintenance, it towards arranging international spea

possible that TopQuants will charge ers in the future. 3. The costs attache TopQuants is very pleased with the

membership fee in the future. Mor to the association formation can part new webpage, which looks at its

details of the membership will folloy be recovered from these events. best in the most modern browsers
in due course on our webpage ar and is also fully responsive. Hence,
our mailings. Rebranding: The Dutch company VI do surely try to access the webpage

Company, that creates online applicon your tablet or mobile devices.
The TopQuants serm@nnual work- tions for financial markets, has beiWe wholeheartedly thank Olaf Mul-
shops will have an entry fee from no very kind to rebrand "TopQuants” aler, Sven Sigmond and the rest of
onwards due to a couple of reasons: can be seen on our websitthe VI/Company team!

Disclaimer

Any articles contained in this newsletter express the views and opinions of their authors as indicated, andjnot
necessarily that of TopQuants. Likewise, in the summary of talks presented at TopQuants workshop, we strivg to
provide a faithful reflection of the speaker's opinion, but again the views expressed are those of the author ofjthe
particular article but not necessarily that of TopQuants. While every effort has been made to ensure correctnesg of
the information provided within the newsletter, errors may occur in which case, it is purely unintentional and e

apologize in advance. The newsletter is solely intended towards sharing of knowledge with the quantitgtive
community in the Netherlands and TopQuants excludes all liability which relates to direct or indirect usage of fhe
contents in this newsletter.
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Open Source Risk Modeling
fi by Philippos Papadopoulos (Open Risk)

The dismal state of quantitative risk modeling will serve the industryand will also be recognized by othgr
stakeholderd\las, this is not an easy task. Very deservedly
The current framework of internal risk modeling at 1there is little outside appetite for one more round of self
nancial institutions has had a fatal triple stroke. Wesdecl| ared oO0excell enced.
in quick sequence, market, operational, and credit |
measurement failures. This left the science and ar What the success of open source teaches us
quantitative risk modeling reeling under the crush
weight of empirical evidence. The aspect of failure The current setup around risk models has failed. Our view
are interested here is thdechnical failurehat is, the is that a viable future can instead adapt and emulate th
engineering side, thus distinct from thisk managemetr behaviors, organizational patterns and toolkits of technica
failure @fter all, good risk managers can use even pri areas that haveucceededither thanfailedin tasks of simi-
tive or poor risk models to good effect and poor ris lar complexity. While inspiration can be drawn from many
managers will ignore or subvert the outcomes of e\ other areas of human endeavor (most areas of engineer
perfect risk models)which is more of a business seing actually qualif$ what is the last time your car ex-
destruction phenomenon. It would take volumes ploded on an uphill?), our focus here is on a paradigm w¢
document all the specific weaknesses and faults of denote as Open Source Risk Modeling. Risk models arg
modeling revealed by the successive crises since zessentially just software, and developing risk modeling so¢
For our purposes some cursory glances will suffice to lutions has many affinities with developing open sourcq
the tone. I n the mar ket softwareWe believe reengineering some key parts of thie |0 ¢ r e
risk is just another f or riskmodelingworkflow along the lines followed by opeda e n
astrously wrong. This exposed deep methodological ¢ source communities offers a viable technical "change pro
culties await the market risk treatment of illiquid trade gram" that can reestablish in due course confidence in the
products. In operational risk, epoch defining fines risk quantification tools developed by the financial industry
veal ed that the best p r «(Of course in areas where increased and broad based tonga p -
proaches are essentially blind to both the buildup of fidence is not relevant one can continue with present or-
ternal risk factorsand unable to offer a reasonable u|ganizational models and paradigms)
date of viewsafterthe event realization. Finally, and mc
unfortunately, the- vital for the real economy credit Open Source has ushered new working paradigms that ar¢
risk models managed to get wroreyery momertdf the extremely effective at solving tough problerigikipedia |,
distribution: First order (PD / expected loss) aspe(acommunity drivemcyclopedia is the"6top website glob-
have proven unable to capture deterioration of unde¢ally and has eclipsed any other effort to compile genera
writing standards (essentially because key product / purpose encyclopediad.inux, the stable and high per-
ent risk factors were ignored), second ord¢formanceopen sourceperating system is dominating both
(correlation) aspects have not captured dependency internet servers and mobildMlySQL , anopen sourcpro-
tween markets because of obsolete approaches to € duction ready database is the second most important data
mating sector correlations and the tail side of the mod base technology worldwideStackoverflow , a website
has not included rare but disastrous events such as : supportingcollaborative programmiegeives 4M hits per
ereign default because contagion modeling was still i day. The software world was indeed changed by oper
infancy. source!

14

The problem with risk models is already reflecting The above examples (just a small sample of a vast arid
various new regulatory policies since the crisis (non 1 growing universe!) utilize to varying degrees the following
based metrics, standardization etc.) that reverse tecl three key concepts: IDpen source licensing that al-

cal achievements spanning decades of effort. But whlows accessibility to and propagation of intellectual prop-
there to be done? The risk modeling community is ¢ erty ii) Promotion of standards that enables interop-
tainly not missing intellectual firepower. It can revisit  erability and quality control and iiollaborative work

fix what is fixable and jettison what was unworkable. 1that pools efforts of independent agents.

real challenge is to constructively channel this firepo\

towards a more robust and professional landscape 1 The concept of open source licensing is fundamental fo
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the current boom in software. Under the open sourc Source community focusing on this area. The architecturs
paradigm, while developers retain copyrights to th Of this open source risk modeling framework would con-
creation, the software (or other IP) is released under Sist of an broad contribution community, comprising of
license that permits (for example) inspection of tlindividuals in academia, financial firms and/or regulatofy
source code and - depending on the type of license bodies. Anybody from within (or without) the community
modification of the code and even further packaging can checlout comment, test, validate, opine the risk li-
the code into new products, possibly even commerc brary. Checkininis subject to open standards that are en-

resale. This setup acts multiplicatively, enabling the biforced by peer review within the community. Users can
ing of complex software frameworks with multiple col €ither use standardized versions (use verbatim the code

tributors. or use customized versions (fork the code).

While the licensing and contributor agreements take c: OPenRisk is currently envisaging the development an open
of the legalframework for collaboration, it is theollabo- sourcerisk libraryWhile in principle contributions are wel-
rative tools and standattat make open source commt COmMe in any language / platform, there are benefits of StafL
nities true productivity beehives. There is by now a hu dardizing around a few key promising technologies. For thi
range of tools, online websites, techniques and tols. reason wesuggesPython, R and C++. While the work
Just a sample: developer education tools (stackoverfl Program is huge, we are aiming first for a prafprinciple
public wiki's), collaboration tools (github), project ma around credit portfolio management (OpenCPM). The fol-
agement styles (agile and scrum), documentation tc lowing organizational tools are already available for any
(new markup schemes), package management tools, (interested developer:

standards (W3C) and application programming interfa . . _
(API's). Risk Forum : An online bulletin board to capture discus-

sions and support the coordination of model development.

Besides the legal framework and the enabling techr TO use, simply follow the link and open an account
toolkit, there are a number obehaviorthat are prevalent

in open source and which are very conducive to prodl Github : Public repository storing the Iibrary. To use, cre-
tive and high quality developmentAttributionbecomes ate a github account, si.gn the collaborator agreement anjl
the means to build reputatiorpeer revievis used in ac- your are ready to commit code!

cepting contributions of codeselection of ideds per-

formed in online forums discussing project directiot Risk Manual: Public wiki holding the documentation of
Some of these behaviors are actually reminiscing of . the principles and methodologies behind the risk library
demic environments but are generally occurring ratt

naturally and without much formal governance. Questions & Answers

Open Source Financial Risk Modeling A question that arises most frequently from finance indi
viduals that have not been involved in open source is thj

In-house use of open source software to support vario €conomic perspective. Details aside, it suffices to say thgt
operations (e_g_, linux servers) is by now a rea”ty in ithere are multiple channels that can support the differen
financial sector. But in what concerns the broadisk modalities of an open community: from corporate spon-
analysis staclopen source is only marginally present . Sorships, to crowefunding, to aebiriven business models,
though not completely new: There are certain microt 0 added services (such as§g
nance initiatives that developed field oriented fronte versions of software that offer additional / full functionality.
systems MIFOS, Cyclos), there are trading oriented

pricing and risk librariegjpiantlib, opengamma ), there Another frequent question from finance professionals are
are insurance (actuariaD risk mode|pi|Karone, ope- the issues around data privacy. The answer is S|mply thatja

nunderwiter ) and finally numerous contributions t good majority of risk model development does not require
open source systems such BsandPython . sensitive client data, surely not before the final stageg.

Open source risk modeling will need to adapt to some of
Conspicuously missing from the above list is a brc the significant constraints of this particular industry.
based effort targeting t| 0
operations, including standard credit, operational ¢ D0 you have suggestions/ideas/observations around opgn
business risk analysis. This is whépenRisk hopes to source in general or OpenRisk in particular? Come join thg
make a difference by supporting the formation of an of forums or contact us atnfo@openrisk.eu

trai

banki


http://www.openrisk.eu/openrisk/
https://www.openrisk.eu/commons/forum/
https://github.com/open-risk
https://www.openrisk.eu/commons/risk_manual/index.php/Main_Page
mailto:info@openrisk.eu
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Risk Management at Optiver 1 A
A by Robert van Gulik (Group Risk Hea@ptiver) DDtlver

Introduction ber of protection mechanisms are in place: frade limits

at the periphery (order/quote volume & value limits, out-
Optiver is an electronic trading firm that improves tt standing volume limits, frequency limits), instrument defin|
markets by providing liquidity to the financial markets us tion checks with external parties, intraday position recon
low-latency techniques. The group has around 800 emg ciliation with external parties and mechanisms to trigge
ees working in the three principal offices (Amsterde tradingsystem shut downs (kill switch/panic button). In
Chicago and Sydney). The group is active on all maddition, there are monitoring processes in place that a
global exchanges and covers all major asset clecore services are in operation. A schematic overview 0
(Equities, Volatility Indices, Fixed Income, Currencies, order/quote and trade flows and the protection mecha-
Commodities). The vast majority of the trades is in e nisms is given in Figure 1.

change listed instruments (stocks, futures, plain vanilla

tions, warrants, ée) . |:Trading :‘mfmnk Paion
Application - Management

Risk Management 3 5 Order/auote

I | 1! e ]
By continuously providing liquidity Optiver executes ht | |einor, ‘—{m"a"“e —'{'ﬁﬁfﬂrﬂ —» Postions |
dreds of thousands of trades on a daily basis. The nun i
of quote updates and orders are a multiple of this amot ‘ e
Consequently, positions and risk exposures can che | \aas [Cearing |,

rapidly. Optiver has introduced a portfolio managem:e
system that can on a retime basis keep track on all pos
tions in the trading books. In addition, it provides rtiahe Figure 1; Schematic overview of the order and trade flowg
updates of the trading results and all the markisk expo- and all ATR protection mechanisms. The cheetahs indicage
sures. This allows for near redine monitoring of all the the components where lowWatency protections are in
market risk exposures. The market risk limit framework place.

based on scenario exposures (full revaluation) and adju

ATM Greeks (see footnote 1). Credit Risk is a more sta ATR Scenarios

residual risk and is monitored at a lower frequency. C

tiver also runs operational risk. One of the most importa The efficiency of the prérade limits is measured by the

operational risks is Automated Trading Risk. loss exposures in a number of scenarios. Optiver considefs
among others the instantaneous scenario (loss on th
Automated Trading Risk (ATR) maximum position that can be accumulated on an instantg-

neous basis by execution of all outstanding orders) and t
The vast majority of the orders and quotes are genera looping scenario (loss on the maximum position that ca
automatically by trading algorithms which are controlled be accumulated by continuously trading for as#@ond
traders. This automated trading sap allows Optiver to period). The risk exposures are converted into monetary
quickly update the prices. It also introduces operatio losses by multiplying by a-salled loss conversion factor
risks. Due to human errors, programming bugs, incorr (LCF). This LCF contains among others an adverse rigk
input information, incorrect instrument definitions (strik parameter move which is dependent on the asset clasg.
maturity, multiplier, underlying), handare/software mis- The ATR scenario exposures will be part of the economiq
configurations, the automated trading systems can gene capital calculations. There will be continuous efforts tg
in a very short period a large amount of incorrect tradi lower these future EC charges: lower likelihood (improving
instructions, resulting in large risk exposures and, pot systems and control processes), lower exposures (lowey
tially, large financial losses. The USD 460Min loss of Ki limit settings, smarter limit functionality) and lower LCH
Capital in a 45min time window illustrates that this is r (smarter limit functionality, better protection rules at the
just a theoretical risk. Footnote 2 illustrates how a min exchange side)
programming issue can result in large risk exposures
order to protect Optiver against these large losses, a nt
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Footnote 1: but two of those time ticks later. The below table and
figure illustrate that this algorithm will oscillate into lar-

Optiver uses adjusted Greeks in the reporting of risk e ger and larger delta positions (exponential growth as-

posures. An illustration of an adjusted Greek is tlsuming unlimited liquidity).

Weighted Vega. For an equity option with a maturity of

days from now and a Vega exposure of V, the Weigh
Vega W is defined by E.?—m_m

1 -1
| ; IE. - a : /.1 :
W=min| 3, T HV = 2 s :

L

This weight factor puts more emphasis on the Vega ex -
sures driven by position close to expiry. This is in line w 10
the general observation that points on the volatility ter
structure close to expiry tend to change more from day 1
day than points on the back end of the volatility ter
structure. Regular baetesting analysis shows that this
an effective scaling factor. For other asset classes sir Pre-Hedge Delta over Time (60 Sec)
adjustments are in use. 4000

1
.}
a
]
o

(-

S w kW e
LN S

T=i2

Footnote 2:

As an illustration that relatively benign issues can resul 000 P8 8 121518 21
potentially large exposures, consider the following exa 2000

ple. Assume an algorithm trading one single future that 000

each evaluation moment attempts to send hedge instr
tions that would result in a delta neutral position. Assur
that due to a configuration error the confirmation of thi
hedge transaction and the update of the delta position d
not reach the algorithm on the next evaluation momel

Integration of Credit and Interest Rate Risk in the Banking Book Z ZAN DERS

1l by Pim Stohr (ZanderS) Treasury and Finance Solutions

With the establishment of Task Force on Interest Re In order to measure the conjoint impact of credit and
Risk (TFIR) at the end of 2013, the Basel committee interest rate risk, two approaches have been studied and
reopened the discussion on Interest Rate Risk in the Be compared. The first is an aggregated model which com
ing Book (IRRBB). The Task Force aims to elaborate putes the credit and interest rate risk of a banking book
the appropriate positioning of IRRBB in the Basel accorc portfolio separately. This is the standard method em-
the current framework, IRRBB is addressed under Pille ployed by many banks and results in relatively uncorre-
and the capital held for IRRBB is part of the Econollated risk factors (i.e. large diversification). The second
Capital. This capital calculation is usually performed wii model adopts an integrated approach and was presented
diversification factor between credit and interest rate ri: by the speakers. Here, the credibility of counterparties is
that is based on expert judgments, but lacks a robust € calibrated on the interest rate curve by using a Cellin
mation technique. Moreover, the resulting capital has bl Dufresne Goldstein representation. This method enables
observed to be quite sensitive to errors in this diversific the modeling of default probabilities under any interest
tion factor. Zanders has recently developed an approact rate scenario. Using the integrated model, the correla-
achieve more insight in the correlation between credit a tion between credit and interest rate risk can be esti-
interest rate risk. The speakers, Erik Vijlbrief and Pim St mated.

presented the results of their study in this talk.
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The integrated model was evaluated on a range of ban claimed to be better in an absolute sense. An integratefd
book portfolios and it was observed that the model tent o 46| can be used for robustly estimating a correlatiof

_to result in _h|gh_er risk figures. A Iarge c_ontnbutlon to .th factor and answering complex management questions, Hut
increased risk is caused by the migration of assets in .

portfolio, which is not included in the aggregated c1s also dependent on the calibration procedure or the avai
proach. On the contrary, the interaction between cred ability of good quality data. The aggregated model, on tije
and interest rate risk decreases the overall risk estin other hand, is very limited in modeling the (joint) contribu-
tion, by incorporating a hedging behavior between ttion of the two risk factors. This becomes apparent wher
two risk types. An important observation in this analysis considering the fact that the correlation factor varies ove
the variability of the correlation parameter that depent portfolios. However, the aggregated model approach, du

on the portfolio composition. Among other factors, it i to its relatively simplistic approach, does allow for bette
dependent on the risk profile, product composition ar y P PP ’

management strategy of the portfolio. In a typical ec control and understanding of the individual risk factors.

nomic capital implementation based on an aggreg: . )

model, a constant correlation between the two risk type The relatively complex integrated model can thereforg

is assumed which is not dependent on these risk factor. best be used in addition to an aggregated approach, jn
order to study adjustments of credit spreads, determine &

The talk was concluded by presenting recommendatic correlation factor or to challenge expert judgment.

on integrated modeling to the audience. The speak

mentioned that neither of the two approaches can |

D

The impact of OIS discounting on Libor -benchmarked liabilities A rd ano
i - Giampietro Carpentieri (Quantitative Analytics, Cardano)

Introduction: Hedging liabilities that are benchmark: grows according to the rate of return implied from the
to the Libor curve, using Libediscounted Libor swaps benchmark curve. With the latter statement in mind, a
used to be straightforward and well understood. In tl ratio can be conveniently formed such that it is 1 for liabili
simplest case of fixed liability cash flows, a replica ties that are hedged exactly (when the hedging portfolio i
portfolio of swaps could be set up at inception and | the replicating portfolio) and deviates from one in any
unaltered. This changed with OIS discounting, which ¢ other case. The deviation is a measure of the hedging e}
denly introduced a new challenge: hedging the same lii ror.
ties required dealing with the LibeDIS basis exposure
either actively or passively. Possible sudden increase Hedging after OIS discounting. The fact that the cash
the Libor-OIS basis during periods of market stress & flows of a Libor swap are discounted by the OIS curve ha
the lack of a very liquid OIS market became cause of ¢ important implications for sizing the hedges, mainly bg
cerns for LDI managers. Not to mention all the difficulti cause the benchmark curve used for discounting liabilitig
associated with updating systems and operational pitends to remain the preDIS Libor curve, that is the curve
esses. bootstrapped in the old way. Of course local regulationd
largely determined what constitutes a valid discount curvq,
Numerical data. The results of the analysis have be but certainly in the Netherlands this is the case. In thd
produced using two ongear long scenarios (250 bus United Kingdom there is no prescribed discount curve, bu
ness days). The first one sees rates falling as much a:to our extent a lot of defined benefit funds have stuck toj
basis points (at the 30 year point), and the basis widel using the preQOIS curve. The sensitivity of the swap to the
up to 9.3 basis points. Rates in the second scenario o par rate is the PVO1 (i.e., the present value of a 1 bas|s
late around their initial level, and the basis widens apf point parallel move of the curve), which is now an OIf

o7

G

ciably, up to 16.5 basis points. annuity, rather than a Libor annuity as before. Ignoring thik
and sizing the hedges using the old method produces ef-
Hedging framework prior to OIS discounting. Li- rors. A possible method of sizing the hedges is to firs

abilities are hedged exactly when the present value compute the notionals using the old method, and then td
their cash flows, plus the value of the hedging portfo scale them by the ratio of the Libor and OIS annuities
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Figure 1a and b show the hedging error for the two sc Swap moneyness as a driver of the hedging error.
narios with and without notional scaling. Especially in < The present value of the swap can be conveniently writte

maximum error reduced from 1.34% to 0.44%. Pletity). This way of writing the present value emphasises ho
note that this is an intuitive approximation, which is e the moneyness drives the OIS exposure. Obviously th
tremely simple to implement. Exact sizing would invo more a swap portfolio is far from the money, the more it

nario 1, the scaling seems to be very effective, with as the product of its moneyness and the PV01 (OIS annE—

=

the computation of the exact sensitivities, which due is affected by the basis. Results have been produced for

the Libor-Ois cross dependency is definitely more cor ITM and OTM portfolios, with as much as 25% of the tot

plex than performing the scaling. exposure being OIS. The impact was more evident, but stjl

comparable to the athe-money case in terms of magni-
Effectiveness of scaling the notionals. The effective- tude. Moreover, the results show clearly that the impact o
ness of the scaling is due to the fact that an OIS the moneyness on the error is far more important than

counted Libor swap can be written as an equivalent (the impact of the basis itself.

swap when the spread/basis between the two curves Managing the basis via recouponing. The rate of a
mains constant. As long as the basis does not change, running swap can be reset to par, and its notional altere

swap can be used to hedge the liabilities exactly. Wisuch that the PVO1 of the modified swap matches that q

the basis changes, then an error will appear. The error ' the original swap. This is in essence recouponing. Since
disappear if the basis vanishes, or will be lasting otherv OIS exposure is driven by the moneyness of the swal
In the latter case, the magnitude of the error depends
the amount of OIS exposure.
to monetise swap positions.
HE ratio - scenario 1
Hedging assumptions: bucketing. There are a number

) .1 ' .m-"*“ﬁ‘-x-& of other hedging assumptions that are routinely used Wh”rr
o \. hedging liabilities. Bucketing is one of them. It can be dofje
o W\ A uniformly, using instruments with maturities uniformly dis

= Libar sizing - Err 1.34%

Y mqq R tributed over the term structure, or in a nowniform way.
21 W
Y

= ibor-0is sizing - Err 0.44%

W ‘*.ﬁk;" ing portfolio must be as close as possible to it. Non

=0 | curve views. For instance, while fully hedging for parall

shifts of the curve, the managers might try to gain expg

1004 - - sure to slope movements.
HE ratio - scenario 2

- -
o ™\ pryy P R

Impact of the basis vs different bucketing configura-

W " . : .
! WY tions. Four types of bucketing have been analysed, WT
...... . hedging instruments located: uniformly; in the middle pa
0992 of the term structure; at the short end; and at the long

—— Libor sizing - Err 0.42%

end. The liabilities, which are nominal or indexed, hav

— Lior-0is sizing - Err 0,16%

0ses been tested on the two scenarios mentioned in the nu

-~ | merical data section. As shown by the results in Table },

the error introduced by Ol&discounting is relatively small
in comparison to the error introduced by the bucketing.

Figure 18 Hedging error of Libotbenchmarked liabilities Thjs is especially true when the bucketing is not uniform.
using OIS discounted Libor swaps, with notional scaling

(Libor-OIS sizing) and without (Libor sizing).

=
)

recouponing is an effective tool for limiting the influence o
the basis. Moreover, it is already available in the toolbox (
every LDI manager. Recouponing was and is routinely uspd

_ ;Mx Uniform bucketing is performed when buying the wholg
] " | replicating portfolio might be impractical, though the hedg}

uniform bucketing is usually performed in order to expresy

—h

—h

1%

D
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Bucketing U M R L

Libor (0] ) Diff Libor (0] ) Diff Libor (0] Diff Libor (0] Diff
Scenario 1 N 026% | 036% | 0.1% 133% | 1.63% 0.3% 1.48% | 1.38% | 0.1% 4% 426% | 0.26 %
Scenario 11 0.33% 0.46 % 0.13 % 3.67 % 3.82% 0.15% 1.66 % 1.78 % 0.12 % 8.01% 8.24 % 0.23 %
Scenario 2 N 017% | 024% | 0.07% | 0.79% | 0.79% 0% 1.6 % 169% | 0.09% | 416% | 417% | 0.01%
Scenario 2 | 0.28 % 0.34 % 0.06 % 3.29% 33% 0.01 % 0.95 % 0.92 % 0.03 % 7.45% 7.43 % 0.02 %

configurations: hedging instruments uniformly distributed (U), around the middle of the term structure (M, maturfties
between the 10 and 30 year points), at the sherid (L, maturities shorter than 20 year) and at the long end (R, mp-
turity longer than 30 years). The error is computed for Libor and OIS discounting of the hedging swaps.

Table 28 Hedging error of nominal (N) and inflation linked (1) liabilities for two rates scenarios and for four buckekng

Summary. The outcome of the analysis can be sumn protect the portfolio and for this end tools such as
rised in three main points: recouponing are readily available;

1. Properly sizing the swap notionals to reflect OIS ¢3.  With properly sized hedging portfolios that are not

counting is very effective at neutralising/reducing too far from the money, the error generated by the

impact of the basis. Such impact becomes mini basis can become relatively small when compared Jo

(only volatility) if the basis vanishes after widening; other common hedging assumptions such as buckdqt-
ing.

2. The moneyness of the swaps is the driving/amplif
factor for the hedging error caused by the basis. |
setting the portfolio is in this sense the best way

Modelling behavioural liquidity risk D I 'tt
i - Bauke Maarse (Deloitte) e OI e

In recent years liquidity risk has become more importe pects are taken into account. For liabilities the main ris
as regulatory requirements relating to liquidity risk hais early withdrawal, for assets it is either an extension
become more stringent. In addition, banks are forced after the maturity or a repayment before maturity.
rising funding costs to reassess their transfer pricing p
cies and to focus on the allocation of funding costs to i The output of a behavioural liquidity risk model is a be
prove profitability. These trends increased the importan havioural cash flow calendar. The behavioural cash flgqw
of liquidity risk. calendar specifies for each balance sheet item the ek-
pected cash inor outflows over a specific period of time
Liquidity risk can be defined as the risk that an organiza based on the contractual cash flows adjusted for behay-
is not able to meet its cumulative net cash outflow overioural risks. The behavioural cash flow calendar can e
specific period of time. To quantify liquidity risk the e applied for different purposes: (i) input for funding plan
pected cash outflows can be modelled by a behavio (ii) liquidity stress testing and (iii) pricing of direct and/oq
liquidity risk model. Until recently the focus within liquidi indirect liquidity costs.
modelling was mainly on contractual cash flows. Due
more stringent regulation and increased funding costs To illustrate behavioural modelling a case study for res
ent behaviour becomes more and more important. To ta dential mortgages was presented. In this case study tije
client behaviour into account, the contractual cash flol i qui dity ri sk for mortggges
have to be adjusted for behavioural aspects. Forexarc ash f |l ows deviate from clontr
expected cash inflows are adjusted for prepayments mate the behavioural cash flows, three events leading fo
and cash outflows are adjusted for early withdrawal ri deviations in contractual cash flow are modelled: (i) pal
For each balance sheet item one or more behavioural tial prepayment, (ii) full prepayment and (iii) conversio:[
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of the mortgage type (for example, from a bullet type to . derive the behavioural cash flow calendar. Since thrde
amortizing mortgage). Each of these events can ocdifferent events are modelled a multinomial logit model i
every month for each mortgage contract. When tFused to estimate for each future month the probability
monthly probabilities on each event have been estima on the occurrence of one of the three events
one can perform a cash flow projection using a Sin
Monthly Mortality rate or a Monte Carlo simulation an

™

P

High -performance computing for valuation of (\-/ NN

complex insurance guarantees

- Jok Tang (VORtech), Denys Semagin (NN Group, NN Re)
VORTECH

Abstract: We consider the higkperformance computing Insurer invests the assets on behalf of the customer: pr
(HPC) aspects of a typical Mor@arlo (MC) simulation mium a funds a account value (AV). Insurer offers deagh
for the valuation of undinked insurance gufarantees suibenefit (at any point) and survival benefit (at the end},

117
]

as variable annuities (VA). Different solutions are discus and other benefits (riders), composition of which define
to reduce the computational time for the valuation of thl nsur er 6s risks (a portf ¢l
embedded options and their sensitivities to market ri:tomer bears running cost/fees, and can lapse the contrgct
factors. We compare Windows HPC Server and GPUs at any time and withdraw the available account valje
more detail and provide suggestions for further improv (American option).
ments.

Benefit payout is the AV if it is greater than the guaran-
Introduction:  Managing a portfolio of Ifsurance guar- tee G, or the guaranteed amount if G > AV. The expects
antees with a mixture of market and nanarket risks (e.g., tion of the AV shortfall in the latter case is the measur¢
EQ/IR and longevity/surrender, respectively) represents of Insurer's risk.
challenges coming from volume, sensitivity, and comple
of the products. Each of these criteria often entails a pri Numerical complexity: The common approach to
tical need of higiperformance valuation platform even fc Monte-Carlo (MC) simulations of such exotic products ig
conventional banking and investment products. A book to have a calculation flow that (i) generate of correlater
typical Variable Annuities (VA) would combine all a random numbers, (ii) project economic scenarios fo
hence need an HPC framework very naturally. market risk factors, (iii) convert them into fund projec-

tions, (iv) project contract investment accounts, and ((
NN Re, the NN Group's internal reinsurance and hedgii calculate the cash flows and present value of embedd
company, owns the hedging program for VA books in Ja options.
and Europe.

9%
o

The steps ()v) are sequential, and each of them oper
VA business globally has gone through several develo ates with large arrays of data. The numbers of MC scg-
phases, and various challenging business aspects of pi narios and time steps are consistent for all steps, but f@r
risk management, and general modelling have been each of scenarios and time points we have unequal nu}w-
cussed extensively by industry practitioners and acaden ber of risk factors, funds, accounts and cash flows to prg-
We discuss the major modelling and computational co ject for each policy. VA features are patlependent, and
plexities, and explain the growing practical needs for HP' very entangled within each path. One needs to optimize

the whole projection flow, each step there and datT0
Variable annuities (VA): It is a type of uniinked prod- transfer / reusability / synchronizing among the steps
uct with embedded options (insurance guarantees). C introduce efficient parallelization.
tomer chooses the amount to invest (e.g. buy units of ir
tual funds), type of premium (e.g., single or regular), ¢ Another major challenge is coming from the portfolig
holding period. In the end, customer receives an annt profile: different products have different features (speciffc
based on the variable value of investments. configuration of the objects in the flow), and within each
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product group all policies have different #fmme (number the investment in hardware is low, while a substantial ag
of time steps) and investment profile (number of fu celeration can be achieved due to the many GPU coreg.
projections required to project AV). However, it will require a significant development effort,

since dedicated OpenCL or CUDA code must be written
It is essential to preprocess contract information to opti- that should be carried out on the GPU. The routines can
mize the flow, and also carefully choose mathemaibe put in a DLL, so that in the prototype code function
methods to improve overall convergence based on tl calls can be made to those. In this case, it is obvious thht
diversity and preprocessing. both the flexibility and transparency will suffer.

Practically, it is about identifying the functional blocks The potential of the GPU solution was shown by isolating
derlying specific product features and introduce scale the prototype code of the timeconsuming ash flow loops
parallelization capable to speed up these blocks with t and port this to first C and then OpenCL. The C code is
cal workload for a given portfolio. A model scan was p: performed on an 72640 machine and the OpenCL code
formed to investigate the potential of parallelization c on an AMD Radeon HD 9870M GPU. For a representativg
tions for the whole flow and such functional blocks. problem with 1000 policies and 1000 scenarios, a speed{p
factor range of 30x to 100x is achieved for various produc
Model scan: As an HPC specialist, VORtech was features, by comparing the C and OpenCL code, on top g
volved to carry out the model scan of a production protc a speedup factor range of 30x to 40x by porting the proto-
type code and advise on a suitable parallel design. type to a standard C code. This is an impressive result asja
HPC solution must accelerate the code significantly, w test compared to the performance of the advanced pro-
the flexibility and transparency of the code should duction code per grid core.
maintained as much as possible. In the model scan,
code was examined in more detail and profiling tests w Conclusions and future work: The code for the valua-
done to identify time and resource consuming compo- tion of variable annuities can be accelerated by paralleliz
nents of the prototype code. Based on the model sction. For the specific code that is used by NN Re, the two
findings and recommendations, a more adequate stra best HPC solutions are using Windows HPC Server anﬁ]
can be worked out for the HPC framework. GPU, each having their advantages and drawbacks in terjns
of flexibility, transparency and costs.
The model scan revealed the functional blocks that are
bottlenecks (computing time and complexity). One The proposed variety of the solutions will be considered
them is the castflow computations block (steps (iy) by NN Re. Upon the final decision, more implementatior
above), which consists of the nested loops over contrarand tests can be done to further explore the acceleratior]
scenarios, time steps, and funds, respectively. Paralle potential of the model code for such exotic insurance|
those loops (holistically or per model / function) wou products as variable annuities.
accelerate the overall code substantiall

D
\

HPC solutions: Several HPC solutions could be adopt
that can do the parallelization. For the specific code
application, and based on the specific wishes regar
flexibility and transparency, the two most promising so
tions are the GPU solution and Windows HPC Serv
solution.

On the one hand, Windows HPC Server solution

straightforward in terms of software development. |
adding some calls to HPC macros in the prototype co
Therefore, the flexibility and transparency will be ma
tained easily. It however requires a significant investr
in a cluster and its maintenance, especially when a clt
with many machines is desired. The acceleration of
code depends on e.g. the number of machines of the ¢
ter.

On the other hand, the GPU solution is attractive, sin
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The Efficient Pricing of CMS and CMS Spread Derivatives &

- by Sebastiaan Borst (PMV- Pricing Model Validation, Rabobank) -
Rabobank

Abstract: Two popular products on the interest rate future CMS rates under the forward measure that is asso
market are CMS derivatives and CMS spread derivati ciated with the payment date. However, the natural mar
CMShbased products are widely used by insurance com tingale measure of the CMS rate is the annuity measurg.
nies, pension funds and banks, because these institu A so-called convexity adjustmeatises because the ex-
are very vulnerable to movements in the interest rate pected value of the CMS rate under the forward measurg
Our main focus is on the efficient pricing of CMS optio differs from the expected value of the CMS rate under itd
and CMS spread options. The notional values for thi natural swap measure with annuity as the numéraire.
products are usually quite large, so accurate pricing it
vital importance. It is possible to use sophisticated moc Some of the most common CMS spread derivatives ar
(e.g. Libor Market Model) to price these products acc CMS spread options. A CMS spread option is similar to I
rately, however the downside is that these models he regular cap/floor option. The difference is that whereas ir]
high computational costs. We will propose models tha regular cap/floor the underlying is usually a referenc
can accurately and efficiently price CMS options and Crate, in a CMS spread cap/floor the underlying is th
spread options. spread between two swap rates (CMS rates) of differen1
maturity. The main difficulty in pricing CMS spread derive}
Keywords: CMS option, CMS spread option, TSR mod tives is that the joint distribution function of the two swap
2D SABR model, DD SABR model. rates of different maturity is not known.

1%

Introduction Pricing CMS Options with TSR Models

Constant Maturity Swap (CMS) derivatives and Clye will first focus our attention on the pricing of CMS

spread derivatives are very popular products nowad: gptions. The value of soalled CMSinked cash flow is
because they enable investors to take a view on the l¢ gefined by:

or the change in the level of the yield curve. It is very i
portant that the pricing of both CMS and CMS spre
derivatives is efficient and accurate, since a small pri
error can lead to substantial losses due to the large 1

tional values associated with these kind of products. S¢ \ynere t = 0 denotes the present date,T, denotes the
types of CMS derivatives are CMS swaps, CMS caps start date in the future and, is the payment date in the
CMS floors. The underlying is a swap rate, also callé fyyre. The functiong denotes the payoff of either a
CMS rate, which is a loAgrm interest rate. The defini- gyaplet, caplet or floorlet. Hence, CMS swaps, caps arjd

tion of the swap rate and its associated annuity is given fgors are simply a collection of CMBked cash flows
where g is their respective payoff function. However, the
) A P(t. Ty) — P(t,Tw) probability density function (PDF) in the forward measurs

S(t) = Son(t) = % , is not available, the PDF in the annuity measure on th
A(t) other hand is available. We can obtain the PDF of a CME
N-1 rate in the annuity measure from the market prices of

A(t) £ Agn(D) = Z TPt That). swaptions. So we will change measure and obtain:

Veonis(0) = E‘r."'[;‘,"[s{’f—u] )| Jrn

n=I

. . AO) 4 | P(To.Ty) s
Veens(0) = ‘ - S(1 Fol .
where sonms(0) P, 1)) A(To) g(S(Tn))| Fo

O0<To<Th <...<Tn, Tn=Tat1—Tn, The difficulty in calculating the expectation stems fron

the term P(T, T)/A(T). However, we can approximate this
. o term by making use of @erminal Swap Rate (TSR) modgl
is a tenor structure of dates. For the pricing of CMS d From a terminal swap rate model we obtain a-called
rivatives, it is necessary to compute the expectation of t agnnuity mapping functidihe annuity mapping function is
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the function that maps the termP(T, T,)/A(T) to a func- We obtain the following valuation formula for the
tion of the swap rate, [1, pp. 72627]. The market stan- CMSSO:

dard TSR model is the swagjeld TSR model. We devel-
oped two new TSR models both based on interpolation,
the linear interpolation TSR meaelthe loginear interpola-
tion TSR moddrhe loglinear interpolation TSR model can
be a better way to describe the future yield curve mo-
ment, compared to the swapield TSR model. When it iswe can now define a twalimensional SABR (2D SABR
important to reduce the calculation time the linear intermodel that can be used for the pricing of CMSSOs. TH
polation TSR model is recommended, as it is the modgbchastic dynamics for CM&ljusted forward rate and
with the lowest computational costs. The exact details caigsociated stochastic volatility are given by:

be found in [2, pp. 1-A1].

Veusso(0) = ET» {(5‘1 (To) — Sa(Tp) — h’) ‘fu} ‘

Pricing CMS Spread Options with DD SABR Model dSi(t) = “i[”v“f(”_f_ dW; (1),
déi(t) = vida(t)dZ)" (1),
The undiscounted value of @MS spread option (CMSISO) 3.(0) = &
given by Si(0) = 57,
a;i(0) = f]',-'.
T . A Ty .
Vemisso(0) = E' [(S1(T) = S2(T) = K)*| Fo) - (AW (2), dW; (1)) = pijdt.
(@7 (t).dz]" () = Aijdt.
We saw that for the pricing of a CMS options it is neces- {n’Z,'f""(f)‘ ;fzf'-"{r}} =&dt, i.j=1,2.

sary to compute the expectation of the future CMS rates
under the forward measure that is associated with the

cannot model both of them as driftless processes unden the fact that CMS caplets are simply European call o
the same measure. The market standard approach to ailnhs on CMSadjusted forward rates and the CMS

approach. First the marginal distribution for each swagljusted rate follows SABR dynamics. The @Mpisted
rate is determined under their associated paymémt- forward rates can be calculated by making use of a T
ward measure (making use of a TSR model), the joint disadel. Note that unlike in the copula approach now the
tribution can then be obtained by linking the marginal dfgl correlation structure is taken into account. However,

is to obtain a model, which can be used to calculat
We will follow an approach thatan be seen as a combiCMSSOs efficiently. With the Markovian projectior]
nation of the approaches described in [3, pp. 459] and method we can project the 2D SABR model onto a-so
[1, pp. 804805] to obtain astochastic volatility motfeit called displaced diffusion SABR model. The spread |
can efficiently and accurately price CMS spread optiotygeen the CMSadjusted rates is defined by:
the displaced diffusion SABR model. With this model the
prices can in fact be calculated analytically. In order to
avoid dealing with drift terms we will defireMSadjusted
forward ratesnstead of the actual CMS rates. The CMS

S(t) = Sy(t) — Saft).

the following set of SDEs:
S;(t) £ B[ S;(To)| Fil.
[SicTo)l 7] dS(t) = u(t)F(S(t))dW (t),
du(t) = nu(t)dZ(t),

It follows that at expiryT, we have: (dW (1), dZ(1)) = ~dt,

) N with F(S(f)) =p+q(S(t) — S(0)),
Si(To) = EX[Si(To)| Fr) = S:(Tv). p = F(S(0),
q = F'(5(0)),

culate CMS spread options is to make use of the copuldjusted forward rates are defined such that each €EM$

tributions with acopula function still a Monte Carlo simulation has to be applied. Our aing

1%

D

payment date. However, the natural martingale measud@e of the main advantages of this model is that it can le
of the CMS rate is the annuity measure. Therefore, weasi | y cal i brated using Ha

e_

forward rate is formally defined as follows: A displaced diffusion SABR (DD SABR) model is given py

gan
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where 9 denotes the correlation between the forwardSo in this example the DD SABR model outperforms the
price and the volatility process. Note that we now canopula approach.

calculate the CMSSO prices analytically using Hagahos

mula. The main difficulty when applying Markovian projd@ better evaluate the performance of the DD SABR
tion is calculating conditional expectations. Generaliyodel we will look at market pricespr the year 2013 we
Gaussian approximation is used to obtain these conbiave market prices available for a 1Y CMSSO with
tional expected values . The details regarding both the 2fart 5 years from today.In the second numerical experi-

and DD SABR model can be found in [2, pp-%4. ment we will compare CMSSO prices calculated with both
the DD SABR model and the copula approach to marketj
Numerical Experiments prices.The CMSSO prices, market prices apidce differ-

ences are given by Table 1. In order to compare the re-
In the first numerical experiment we considerGMSSO sults of the DD SABR model with the copula approach the
on a 10¥2Y spread with 12M frequency, with a start dateum of squared errors (SSE) is computed for the pricq
5 years from today. We calculated the CMSSO prices witlifferences obtained with both the DD SABR model and]
both the DD SABR model and the copula approach ftine copula approach.
the years 2007 and 2013. The 2D SABR model is chosen

as the reference model. To calculate the CMSSO prices _strike [%] | DD SABR | Copula | Market | DD SABR diff | Copula Diff
the 2D and DD SABR model we need to make use ‘“(-‘I-’*" 131}'-’- 1;53 l}lf-')l;" "l" 387 :::f} ::”m
. . . 92 81 02,82 0 c & X
CMS adjustedorward rates and the associated adjuste —5; 75108 | Tigsr | 7 23d KL 0956
SABR parametersilhe computed CMSSO prices in bas 0.5 50496 | 50.041 | 59.598 -0.101 0.556
H H H H 0.75 16.360 15.528 16.335 0.025 -0.807
points (bps) for 2007 and 2013 are given in Figure 1. . e T T o

[ SsE 0.0421 2.703

Figure 1 shows that the prices calculated with both tt
DD SABR model and the copula approach only differ

slightly compared to the prices calculated with the refefable 1: CMSSO prices DD SABR model and copula
ence model. Although it is clear that the prices calculategiproach vs market for start date 5 years from today for
with the DD SABR model are closest to the prices calc013.

lated with the reference model. It is also noticeable that

the price differences postrisis (2013) are larger than preFrom Table 1 we see that CMSSO prices calculated with
-crisis (2007), we attribute this to the fact that the DD SABR model are closer to the market prices, than
the implied volatilities for the year 2013 are more exthe CMSSO prices calculated with the copula approach.
treme. This is arindication that accurate pricing of CM®nce again the DD SABR model outperforms the copula
spread options is of even greater importance nowadayggproach.

CMSSO price - DD SABR vs copula app - TD=5 - 2007 CMSSQ price - DD SABR vs copula app - T0:5 -2013
250 : 300 . : :
\ - -=-DD SABR N - -=-DD SABR
N e copula app X e copula app
200t N e ref - 2501 \\_ v ref |
\ S
QA N\ 7 200 N
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Figure 1: CMSSO prices DD SABR model vs copula approach 2007 and 2013. The start date is 5 years from today.

The swapyield TSR model was used in the copula approach. The reference model is the 2D SABR model, number
MC paths is 100000.

of
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Conclusions
Finally, we would like to mention that the multi
CMSbased products are widely used by insurance complimensional SABR model and the DD SABR
nies, pension funds and banks, because these institutimnslel are not only useful for the pricing of CMS spreadl
are very vulnerable to movements in the interest ratesptions. Further research could be done
The notional values for these products are usually quite order to apply these models to the pricing of e.g. F>
large, so accurate pricing is of vital importance. CMS dsian options or equity basket options.
rivatives can be priced accurately and efficiently with TSR
models. Two new TSR models were developed bofReferences
based on interpolation, the linear interpolation TSR model
and the loglinear interpolation TSR model. 1. V. Piterbarg and B. Anderson, Interest Rate Modellirlg
Volume HII, Atlantic Financial Press, 2010.
For the efficient pricing of CMS spread derivatives the
market standard approach is to use the copula approaghs . L. C. Borst, 0The ef fli
We presented a stochastic volatility model, 2D SABRpr ead deri vatives, 6 TU D
model, which can be used for the pricing of CMS spread [
derivatives. However, the prices can only be calculat8dP. Hagan, D. Kumar, A. Lesniewski and D. Woodwar
using a MC simulation. Using the Markovian projectionMa na gi n g \Wilmiott MagaRneel k3, @p. 84
method the DD SABR model was derived from the 2008, 2002.
SABR model, which can price CMS spread derivatives ana-
lytically. The main advantage of the DD SABR model comd. Kienitz and D. Wetterau, Financial Modelling Theor
pared to the copula approach is that, unlike in the copulaplementation and Practice with MATLAB Source, Jofn
approach, now the full correlation structure is incorpowiley & Sons Ltd, 2012
rated into the pricing. From the numerical experiments
we have seen that the DD SABR model outperforms the
copula approach..

Liquidity Risk in the Sovereign Credit Default Swap Market - UNIVERSITY OF AMSTERDAM
N Rob Sperna Weiland (University of Amsterdam)

Introduction The Liquidity -Credit Model

In this report, which is an adaptation of a study conduct We will use an intensitpased model, since in this class ol
at Rabobank, we investigate the use of sovereign cr models we can construct pricing formulas incorporating
default swap (CDS) premia in order to estimate sovere default risk by means of a smalled default intensity proc-
default probabilities. We conjecture that liquidity risk ess. In intensitpased models, a default event is modelled
highly priced into these premia and that we therefo as the first jump of a jump process which has a jump (dr
need to quantify, and account for, this distorting effect default) intensity ) that drives the probability of jump-
order to get uncontaminated estimates of the defaing. The proces$ ) is a stochastic process and higher
probabilities. We introduce an intensityased model thatl default intensities imply higher underlying default probt
allows for a countryspecific analysis and induces a natt abilities. The rislneutral survival probability until time
decomposition of the CDS premia into a credit part anc Y , conditional on the information available at timeis
liquidity part. We test our model on Brazilian and Turkis given by

CDS data and we show that liquidity risk is indeed hig

priced into the credit default swap premia. Our defal L atee

probability estimates are close to Rabobank's internal € EQ[P(t,T)|F.] = E? [E‘ T s 5'|:"'q'r]

mates, which boosts the confidence we have in our p - .

posed methodology. o ) .
In our pricing model, we will encounter three different

discount factors:
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T they are quoted in basis points) denoted as:
IEG m'&: T}lFr] = IEG [E‘_arr ?"'J}dsl}-r]

—ask,/bi Sbid.-"ﬁsk

d _ L ask/Bidy
EO[L™ (5 TIF,| = EQ ek v 7 ]
The maturity of the contract denoted as
Here ) is the riskfree interest rate andhe (stochastic)
bid/ask liquidity intensitiele: Ta

pask/bid(g) and the year fraction between times denoted as:

A higher bid/ask implies more illiquidity in the buy/sédle 8; =T, —Ti—1
of the market, respectively.We will refer the bid and ask

liquidity discount factors respectively as: We will assume a fixed recovery of par ratéin case of
default, which is the industryide standard (Markit, 2009).
_hid Erzsk
Since the CDS premium is agreed upon by both the pro-
tection buyer and seller, we will assume that all liquidity
and they can be interpreted as the fractional carryiri§fects can be incorporated into the fixed leg and, there-

costs of holding the illiquid CDS (Duffie & Singletofpre. we will model the fixed leg of the CDS separately
1999). for the bid and the ask side of the market. We get the

following pricing formulas for the bid and ask premia:
We denote the set of times
=R F-3,E0(Re T) - P ) D5 TR
SES = a3
ToTonTy F- 32,82 [D TP TIL (6|7

as the dates on which the protection buyer pays the CDS (1 —R).F. %™, E® [(T:-(g, Ti_y) —I_J(t,ﬂ)) 5(t,5"e}|3“:}
premium to the protection seller. We will make a simplis?¥ =

— — —bid
fying assumption that if a default occurs on a -on F-Xi,6EC [D(r, TP(t, T)L (t,T)IfFr]
reference date, the protection payment is paid at the first
time

We note that the bid and ask premia only differ by thein
T respective liquidity discount factors in the denominator ang
! that in a perfectly liquid market, i.e.
following the default (In practice, the default payment is —ask/bid
also not made immediately after the default event, since L (tT) =1

the level of the default payment has to be specified by

legal procedures.)lhis assumption allows us to ignore ] ) ) )

accrual interest payments of the protection buyer to théhe formulas are identical and there is no aisk spread.
protection seller and, furthermore, it allows us to focugqr_a more detailed construction _of_ the derivation of the
only on the reference dates, which makes the calibrati®ficing formulas, we refer to the original report.

of the pricing formulas computationally less expengine
a continuoustime framework, one has to integrate over

all possible default times and, in general, this integral . . ) . .
has to be solved numerically. In a discretime frame- The pricing formulas still contain expressions with ex

work, however, we can just sum over the reference dateBeCted values and therefore we still need to specify th
(Duffie, 1998)). stochastic components of our model in order to obtain

closedform pricing formulas. A first assumption that we

Let "Odenote the notional value of the CDS contract. Th8ake, is that the risffree interest rate is independent of

annualized bid and ask premia in percentages (normH]fy default and liquidity intensities and that we can com
pute the riskfree discount factors from discount curves

Set-up of the Stochastic Components

D




Page 18 TopQuants Newsletter

that are constructed by bootstrapping USD swap re We get foran h 1}
curves. This allows us to consider the interest rate part . .
the model separately from the credit and liquidity pa ay!(t) = cr‘dl-tﬂﬁ(t}
and this eases the calibration enormously. Furthermc
this assumption is standard in both academic literat Lastly, all the processes described above fall into the clagss
and practice. of affine processes. In combination with the above defingd
dependence structure, this allows us to derive completel
Our model does, however, take into account a deper analytical expressions for our pricing formulas. The ex
ence structure between the default and liquidity inten plicit computations can be found in the original report.
ties. We suggest to model this as follows:
Data and Calibration

dﬂ,(t) 1 Opia Gask dx{t}
dy?e(t) | =\ fria 1 Wyigask || dy®9(t) | An attractive feature of our model is that it allows for a
dy e (t) Jask  Waskpid 1 dyask(¢)/ country-specific analysis and has no complicated data rg-

guirements. Apart from the USD swap rate curves, which

we need to construct the risree interest rate discount
The factors x(£), 2% (£) ¥ (t) curves, we only use the bid and ask premia of the 2, 3,
and 10 year CDSs of the country we want to investigate
h We can use CDSs of different maturities, since in the soy
ereign CDS market a relatively wide range of maturities ils
5

are assumed to be independent and we can think of t

factor§_as thepure default anq liquidity intensities. Th actively traded (Pan & Singleton, 2008). We will test ou
intensities on the left hand side of the above equat yoqe| on Brazilian and Turkish CDSs and we obtain CD
then represent the (full) correlated intensities. We W pid/ask premia of all the maturities mentioned above fo
denote the components of the factor matrix as the corriboth countries on a daily basis in the period-06-2009
lation factormatrix since they induce a correlation strucuntil 2802-2014.

ture in the model. . .
In order to calibrate all the parameters and the daily val}

ues of the intensities, we propose a grid search procet
dure. In each grid point, we will fix the values of the proc
ess parameters:

ask

Instead of modellindj]’bid and¥ " we will model the

pure intensities®: ybid and ¥%=* We will assume that the
@, Eh o, GhidJ GE.SI.{.
pure default intensityo follows a CIR process undeb‘ﬁ.
Together with the anticipated low values of
and, given these values, we will find the correlation fag-

tors and the daily values of the pure intensities by leadt

Gvia Gask squares methods such that the modeiplied bid/ask pre-
mia fit the observed bid/ask premia best. We will take thd
this is enough to guarantee that ,Twhich is a re- grid point with the best model fit and create a finer grid
quirement for intensitybased models to work well. We around this point and repeat the whole procedure. Our
thus have calibration performs well and we obtain an average relg

tive pricing error of around 2.2% for both Turkey and
dx(t) = (a — Bx(£))dt + o/x(£)dW 2 (t) Brazil.

Results
We will model the pure liquidity intensities:

Our model allows for a natural decomposition of the CDS
bid .. ask premium into a credit part and a liquidity part. The credit
¥ 4 part of the CDS premium will be given by considering 4
perfectly liqguid market. In a perfectly liquid CDS market
as Arithmetic Brownian motion without drifts, whiclwe do not need liquidity discount factors and, therefore
is in line with Longstaff, Mithal and Neis (2005) ¢ the CDS premium is given by taking the calibrated defad
Badaoui, Cathcart and-Bahel (2013). intensity parameters and default intensity values and Ry
setting the liquidity intensities to zero in our pricing for-

—
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mulas. Setting the liquidity intensities to zero implies thatain these estimates, however, we have to deal with issugs
related to the change of probability measure. Until now
—_ask _bid we described our model completely in terms of the risk
L = neutral measure,|'f, but for risk management purposes,
however, we want to estimate the reatorld default prob-

and that the correlation factors in our pricing formulas ar@Pilities and therefore we need the values of the moddl
irrelevant. In this case, we thus have no-hitk spread and Parameters under the reatorld probability measure, .

we will refer to this premium as theure credit risk pre- . ) _
mium.. In the original report, we extensively describe, both from g

mathematical and an economic perspective, how to 3.1-
gered dress this topic. Furthermore, we explain how we can us
maximum likelihood estimation in order to obtain esti-

If we now also use the calibrated liquidity parameters aftptes for the model parameters under the remorld
intensities in the pricing formulas, we have a natural meB&ebability measure and how we can use them to cong

ure of the liquidity premium, which is given by subtractiﬁ%um country-specific estimates of the default probabili

the pure CDS creditpremium from the full mid premium. 1es.
We thus get

We find (sample) average oiyear default probabilities of

gligd — gmid _ cored 0.28% for Brazil and of 0.57% for Turkey. Unfortunately,
due to their confidential nature, we cannot state Rabo

) i bank's internal estimates, but we can, however, state tht
s™id = (gask 4 sbid) /) these results are very close to Rabobank's internal model,

Note that by decomposing the mid premium, we implicitlyummary and Conclusion

assume that the actual agreed upon CDS premium is the _ _ .
mid premium. This assumption is standard in the acadeffidnis study, we investigated the use of sovereign creg

—

literature. default swap data in order to extract markanplied sov-
ereign default probabilities. By introducing an intensity
Extracting the Default Probabilities based model, we were able to derive closiedm pricing

We can also use our model to extract the markiznplied "9 these formulas to observed bid and ask premia,

default probabilities from the CDS premia. By using otf€'€ able to decompose the CDS premia into liquidity an
model for this purpose, we immediately account for thg"edit risk related parts. Our decomposition confirms our
price-distorting liquidity components and obtain uncorONi€cture that liquidity risk is heavily priced into sovery
taminated estimates for the default probabilities. To of!9n €DS premia and, therefore, this distorting componer

formulas for bid and ask prices separately, and by calib\r/}i-

Lan

Decomposition 2 Year CDS Mid Premium

Brazil Turkey
Mean 0.6175 Mean 0.5783
Std. Dev. 0.0249 Std. Dev. 0.0277
Credit Part Vax 06677 Credit Part Max 06398
Min 0.5494 Min 0.5181
Mean 0.3825 Mean 0.4217
Std. Dev. 0.0227 Std. Dev. 0.0272
Liquidity Part Vax 02417 Liquidity Part Viax 02802
Min 0.3379 Min 0.3602

Table 1: Decomposition of 2 year CDS premia. Entries are denoted as a fraction of the mid premium.
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should be accounted for if one wants to use CDS prer with fractional recovery of patwWorking paper.

to extract default probabilities from. Although not full

described in this article, our model can be used to e:4. Duffie, D., Singleton, K.J. (1999). Modeling term
mate the realworld implied default probabilities. Ou structures of defaultable bond&®eview of Financial Studig
estimates are in line with Rabobank's internal estima 12, 6870 720.
which boosts the confidence we have in our methodolo

)

5. Longstaff, F.A., Mithal, S., Neis, E. (2005). Corpord
References yield spreads: Default risk or liquidity? New evidencd
from the credit default swap marketlournal of Finance
1. Badaoui, S., Cathcart, L.;HElhel, L. (2013). Do 60,22130 2253.
sovereign credit default swaps represent a clean mea:
of sovereign default risk? A factor model approatburnal 6. Markit (2009). Forthcomming CDS convention change
of Banking and Finance, 339262407. for Japan and Asia.

risk in bond and CDS marketd)Norking paper. plicit in the term structure of sovereign CDS spreads
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3. Duffie, D. (1998). Defaultable term structure model

A Real Option Perspective on Valuing Gas Fields

i Lin Zhao, Sweder van Wijnbergen (University of Amsterd UNIVERSITY OF AMSTERDAM

1. Introduction historical gas spot prices. Thus a GARCH model is en]

ployed and riskneutral pricing is approximately obtained
Investment decisions in the energy industry are often as in Duan[1995] to deal with the additional risk source
dertaken sequentially and are sensitive to market inforr brought by stochastic volatility. Note that Bla8choles
tion and geographic conditions. The widely used Nfformula cannot be applied because it requires the strony

vestment projects because they ignore the pa brings in idiosyncratic risks which cannot be hedged b

dependency embedded in projects and fail to incorpor appropriately structured replicating portfolios for lack of

the value of managerial flexibility to change or to revise correlated traded instruments. We demonstrate two al-

new information becomes available. Real option ana ternative approaches to solving contingent claim probt

(ROA) is a more appropriate approach in the capital bu lems, namely costf-capital method and integrated valua-|

eting process under such circumstances because o tion method.

ability to incorporate managerial flexibility and future

formation as it becomes available. Moreover the complicated structure of the reéfe prob-
lem results in a notfieuropean option setting for which no

considered too difficult to solve using ROA. As a result Programming techniques, using the Least Square Mo
has remained something of a niche product, nice in the Carlo method (Longstaff and Schwartz [2001]) to reduc
but not useful for real world problems. In this article, wthe curse of dimensionality problem to manageable prd
show that such a view is mistaken: we provide a comf portions and improve computational efficiency. This
but manageable solution to strategic investment proble method is able to value various styles of options including
in the form of complex option styles, with unhedgeal American options or other exotic options and to manage|
risk, time varying volatilities and endogenous exercmultiple uncertainties described by complex stochastif
dates (noREuropean options). processes without sacrificing option pricing tractability. |
In the case of gas fields, there are two sources of risk approximates conditional continuation values with lineaf
sociated with the value of underlying assets, market regression results derived from backward simulation re
prices and reservoir volume. First, gas contracts . sults. The backward simulations form the basis of the rdg
traded publicly, and we observe clustering volatility in - gressions linking continuation values to state variable

)

based frameworks are unsuitable for evaluating suct assumption of constant variance. Second, reservoir sie

Y

However, even moderately complex problems are wid closed form solutions exist. We use Stochastic Dynama:
te

e

[2)

2. Buhler, W.H.C., Trapp, M. (2008Lredit and liquidity 7. Pan, J., Singleton, K.J. (2008). Default and recovery Jm-
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although the backward simulations cannot be used in the
valuation exercise, the regression functions can be used in
a subsequent forward simulation study to approximate g,
continuation values. The methodology solves the dimen-
sionality problem, complexity now increases linearly in Succes

. f . . . POS P
dimension size instead of exponentially. R where R~ Distribution(P10, PO, P30),

R = reservoir size

Failure
1-PO 0

Figure2 Distribution of Reservoir Size

Furthermore we find that correctly modeling the struc-

ture of volatility is crucial: failure to capture the stochasti.2 Reservoir Distribution In conformity with industrial
nature of of volatility leads to severely biased results. Véeandard terminologies, the reservoir distribution of a gag
also show that a high correlation between reservoir sizéield is decomposed into probability of success (POS) ar|d
at different locations creates extra option values. Optiamservoir size R. As is shown in Figure 2, reservoir amourjt
values are shown to decrease with casftcapital rates R>0 is found with a probability equal to POS; so the prob
while they increase with the investor's risk tolerance. Ttahility of zero recoverable amount isPOS. Subsequently,
non-standard features of our approaches combined agenditional on a positive finding, the reservoir size R is
shown to have a significant impact on project decisionsndom variable with a truncated lognormal distribution (atr
options augmented valuations substantially exceed co$8%) as illustrated in Figure 3.
sponding NPV calculations ignoring option values.

In practical project evaluation processes, companies ty(
2. Methodology cally use three representative cases, often labeled case PJO,
P50, and P90. Here P90 stands for the most pessimis§c
2.1 Problem Description We consider an investmentreservoir estimate. We incorporate this practice by scaling
problem concerning two prospective gas fields Prospecthfe truncated lognormal such that the probability that re-
and Prospect B, which share similar geographic and gamrerable reserves exceed the P90 case is 90%. Anajo-
logic properties. The decision tree of this investment gously, the P10 case is the most optimistic reservoir estf
displayed in Figure 1. The reservoir uncertainty of Prasate that is likely to be met or exceeded with a probability,
pect B can be resolved after ofyear production, which, of only 10%. We estimate the parameters of the truncated
due to similar geological structure, will provide informdegnormal by loglikelihood maximization. Particularly, eac
tion on the reservoir distribution of Prospect A. Based oreservoir size corresponds to its production profiles, in-
new information, the firm continues to decide whethecluding output levels and production lifetime.
and when to explore Prospect A. Moreover, higher gas
prices also make new investment projects more attractive. PDF
p(R}

=

Cash flows from A

Cash flows from B— ... —

1-POSa

-Drilling cost Vs truncation
s
1-POSe H i T
-Drilling cost; no further plan on A fu] Pa0n P50 p1ol R
Figure 3 Truncated Lognormal Distribution for Reservoir Size in Case of
Figure 1: Decision Tree Success

2.3 Timeline of Options Figure 4 shows the timeline of
The investor's problem can be written as a combination @fe investment problem. T is the minimum license duratior

_two opyions: the first one is whether _to exe_rcise the waityy Prospect A, B, and their faciliti€Ea, Ts are production
ing option on B and the second one is subject to the eXel- . ds of Prospect A and B respectivelya andts are
cise of the first one that the firm then holds the right t

decide whether and when to exercise the option to un-he progluctlon st_artlng.dates ofA_and B Interval | contain
all possible starting points of Project B; and Interval Il corf

der_take project A. Our aim s to eva_luate Prospect B k%X\ins all possible starting points of Project A, whose lowe
taking both fixed cash flows and flexible future opportuni-

ties into consideration. boundary is subject to the starting date of project B, i.
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For instance, larger fluctuations during the periods 2004
2006 and 20022010 are followed by less volatile periods.
[ The data clearly argue against a constant volatility assunjp-

5 . . tion, so we use a GARCH frameworks are considered.
0 te te+l T-L-max(TaTe) ta te+Te  T-Ta  tatTa T

Suppose under probability measure P, its qegiod rate
of return has a conditional lognormal distribution. Follow
ing Duan [1995], we have

Start B Start A

Figure 4. Timeline of Investment

We construct two sequential Bermuestyle options, P — 1 N
which can be exercised at a set of predetermined da In P_, HtAfh 2 he + &
before maturity. The first option is a waiting option c
Prospect B starting from time 0 with a maturity df-1-
maX{TA,Ts}. Investor has the option to wait until the E¢|Fe_1~N(0,h;)

market gas price increases so that higher profits are r

ized. Once the waiting option is exercised at tirte and

further mformatlon_on POS_ (or R, or both) of Ais gaine oy, js constant ongeriod riskfree rate of return and
at timete+1, the firm decides whether and when t0 €: |3mpda is the constant unit risk premiufi:1 is the infor-
plore Prospect A by taking both reservoir size and futt \ation set up to and including timett

gas prices into consideration. The project A option aris '

after oneyear production of B (i.e. te+1), when the 2.5. GARCH Option Pricing Model  Duan [1995]
reservoir quantity of B is revealed. It has a maturityl@ shows that under ristneutral pricing measure Q, the log
1 with the assumption that the second option disappe. "€tUrn of prices follows a normal distribution conditional

once the development of Prospect B is finished, helrce on Fel under certain assumptions and that
is located in Interval 1l. Since B unlocks option A, the p VarP (lni 3'}_1)

ject value of B should include the value of managerial f
bility embedded in project A.

. . . “Hence under the riskheutral measure Q, the logarithm
2.4 Gas Prices Title Transfer Facility (TTF) weekly da return follows a stochastic process as

for Dutch gas market are obtained through Datastrea
covering the period of Mar 7, 2005 through May 18, 20:

hy = ay+ a; €21 + ayh;_4

Py
Foy )=V 02(1—
tl) ar nP

t-1

t-1

P 1
Let Pt be the spot gas price at time t. The logarithm pri In _Pr—l =p-= Ehr +&
returns are stationary according to both Philipgrron
unit root test and Dickeyruller unit root test, which im- h = 2
\ . o e . =ay+ a,|&_1— AJh ayh,_
plies that only stochastic trend exists in the time seri R RACT ) +azhis
Moreover, volatility clustering can be observed from F & |Fe—1~N(0, ;)
ure 5.
An MA(2)GARCH(1,1) model, which yields the highest
o \ loglikelihood, is eventually selected for predicting return
F‘ ’J\ and volatilities of future gas prices with standard errors irg
£o1 V}W ! 'M\ ‘V“WM the parenthesis.
£ P, 1
In P = 0.00058 — =, + & + 0.114z,_; = 0.178¢,
iy (=0.095) (—0.072)
= h, = 0.002 + 0.735(g,_, — 0.0001y/h;)" + 0.232h,_,
2005w1 20068w1 2007w1 ZOUSW‘IWEZEEUQW1 2010w1 2011wl 2012w1 (_0.001) (_0.301) (_0.001) (_0.152)

Figure 5 TTF Weekly Logarithm Returns
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2.6 Integrated Valuation Method Given a complete ditional on the outcome of period's market uncertainties
market, we value a claim OP by replicating it with a unig(gas market):

seltfinancing portfolio, which yields a prieér at the final

date T. ThereforeXo gives the price of OP at time O.
However, a claim in an incomplete market cannot be

perfectly replicated and we run into a problem of finding

: ; . ; e ; e vt denotes the project value at time t and gammat i
unique price for this claim. More specifically, selling suc | ) .
claim entails exposing oneself to an idiosyncratic/ dAe .NPV of the futur.e period risk toIerances.lTherefor'e
. , op the integrated valuation approach uses effective certainfy
hedgeable risk, which can be representedXay (or equivalent values instead of NPV as a proxy of projedt
ORXT) at time T. This difference can be solved by speealue. Note that as gamma approaches positive infinity, tHis
fying the investor's preference towards the risk. Therefoféecision maker becomes risk neutral and the option pricing
the price of the claim should be problem becomes identical to a complete market risk neu
tral pricing solution.

3. Results

. 0 .
which results in the failure of preference free pricing. Thllg this case study, POS of B equals 80%, while ProspecfA

leads to the necessity t @ pgRychspalerPOSOE30%. he investorlds

erence. 3.1 Cost-of-Capital Method We choose a reasonable

i " range for cost of capital that reveals the underlying risk of f
We assume the investor's preferences exhibit constant .

absolute risk aversion (CARA): project.

Results without reservoir_information update: The
dotted line in Figure 6 exhibits the simulated NPVs of Prog
pect B with respect to a range of cost of capital (from 39
where rho represents the decision maker's peribdisk to 15% ), where the red horizontal line separates projects
tolerance. Under certain assumptions, the certaintyith positive and negative NPVs. It is clear that due to it
equivalence can be expressed as low NPV, Prospect B is not economically attractive enoug
to be developed in itself: Prospect B is still rejected if th
cost of capital is higher than 9%. Figure 6 shows that t
integrated value of Prospect B is greatly increased wh
option values are considered. For instance, with a cost
with xt as an uncertain cash flow at period capital equal to the risk free rate 15%, the negative NPV (
Prospect B {1.82mIn) would lead to rejection of this pro-
Now switch to our specific problem. Suppose a projegect using traditional selection criteria. But using real opf

has a series of future cash flo§€Fo, CRh 8 h}, tiop @alysis gives us a positive integrated project value pf

— ; . . B (10.36mln), implying its commercial profitability; as
where CR=Pt*G:-G, with gas price Pt, production Gt, ) ; ! .
and cost Ct at time t. More generally, we have result using ROA leads to very different investment demr

sions than the decisions one would make based on trad
tional NPV criteria.

=

where Rt is the realized reservoir volume; and ut is a
dummy variable, representing the strategy, i.e. decisions to
exercise.

Effective certainty equivalent is defined by taking expecta-

tions over periodt's private uncertainties (reservoir) con-
Figure 6 Option Values vs NPV













