
that, "taking risk is rewarded" 

and highlights the misconcep-

tions associated with that 

statement.   

 
The final article presents the 

case study of the winning 

team from the fifteenth edi-

tion of the Econometrics 

Game Event that is organized 

annually by the study associa-

tion for Actuarial Science, 

Econometrics & Operational 

Research (VSAE) at the Uni-

versity of Amsterdam. The 

case study of the winning 

team from the previous  

Econometrics Game Event 

(held in 2013) was included in 

the September 2013 edition 

of the TopQuants newsletter 

and has been well appreciated 

by the VSAE organization. The 

2014 case study objective was 

to predict poverty statistics in 

an efficient manner by using 

variables that are relatively 

easier and less expensive to 

collect. The final winners are 

from the University of Co-

penhagen and they include 

Valeria Zhavoronkina, Anders 

Munk-Nielsen, Daniel Safai 

and Alessandro Marti-

nello. Their article focuses on 

predicting poverty using in-

complete data by adopting a 

pseudo-copula based ap-

proach.   

 
We hope you will enjoy read-

ing this newsletter and we 

look forward to seeing you at 

the upcoming TopQuants 

event(s). 

  
Aneesh Venkatraman and  

 Gilles Verbockhaven  
 

Dear Reader, 

 

The TopQuants team presents 

the second issue of our 2014 

newsletter series.  We con-

tinue to hear positive opinions 

from the Quant community on 

the newsletter articles and also 

see the increased readership 

which is quite encouraging. We 

cordially invite you all to con-

tact us with your ideas and 

submissions which can include 

technical articles, blogs, sur-

veys, book/article reviews, 

opinions (e.g. on newly pro-

posed regulations),  coverage 

of interesting events, research 

results from Masters/PhD 

work, job internships etc. The 

newsletter will continue to 

cover all the regular 

TopQuants events (autumn/

spring workshops) and the new 

initiatives taken. Particularly 

worth highlighting at this point 

is the "Best Quant Finance 

Thesis Award" competition for 

masters students in The Neth-

erlands, which is jointly con-

ducted by Ernst & Young and 

Vrije Universiteit Amsterdam, 

Quantitative Finance group, 

Quants@VU in co-operation 
with the TopQuants associa-

tion. Keep a lookout on the 

TopQuants webpage for the 

latest updates. 

  

This issue starts with a cover-

age of the TopQuants spring 

event conducted in May 2014 

and hosted by De Nederland-

sche Bank (DNB). It contains a 

brief summary of the talks by 

the key note speakers, Patty 

Duijm (Economist, Financial 

Stability Division, DNB), Marije 

Elkenbracht-Huizing (Head of 

Market Risk, ABN AMRO), 

and Cars Hommes 

(Professor, Economic Dy-

namics, University of Amster-

dam).  It also includes the 

lively panel discussion that 

was conducted by 

TopQuants members, 

Marieke van der Klip, Martin 

van Buren, and Diederik Fok-

kema as discussion facilitator.   

 
This issue also features four 

articles contributed by peo-

ple from academia and indus-

try.  The first article is by 

Steffen Pang who is a Finan-

cial Risk Management Con-

sultant at the firm Zanders. It 

talks about the well known 

longevity risk that impacts 

the life insurance companies 

and the employment of lon-

gevity swaps as an effective 

hedging instrument and for 

value creation in these com-

panies.  The second article is 

by Tim Neijs who is an Asso-

ciate Consultant at Zanders. 

It describes the concept of 

"Funds Transfer Pricing" and 

provides some interesting 

insights about how FTP sys-

tem design choices affect the 

risk transfer between bank 

departments and ex-post 

profit allocations.  

 
The next article is a short 

paper contributed by Rogier 

Swierstra who currently 

works as an Economic Capi-

tal Modeler at the Royal Bank 

of Scotland in Amsterdam. 

The article delves into the 

concepts of Investment the-

ory and provides an interest-

ing perspective on one of the 

commonly accepted norms 
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etc.) that are functional within DNB 

and highlighted the increasing number 

of quants in the bank. She also men-

tioned about the preparatory work 

carried out by DNB for the European 

Single Supervisory Mechanism, due to 

take full effect from November 2014 

onwards and in particular, she referred 

to its coverage in the March 2014 

TopQuants Newsletter. 

Patty Duijm as the first speaker gave a 

nice introduction to the topic interest 

rate risk from the point of view of the 

regulator (Patty Duijm – Interest rate 

risk in the banking book – A financial 

stability perspective). She explained 

why the DNB considers the resilience 

with respect to, possibly large, interest 

rate moves as an important aspect of 

the overall stability of the financial sec-

tor.  She briefly discussed the impact of 

interest rate changes on banks, pension 

funds, insurers and said that banks get 

affected mainly through their interest 

rate margin and the interaction with 

credit risk while insurance companies 

face the interest rate risk through the 

different kind of interest rate guarantee 

schemes they offer.  Illustrative exam-

ples of  a 250 basis point parallel shift 

in interest rates and Japan shock were 

considered to explain that the resultant 

effects are opposite in case of pension 

funds and insurers when compared to 

banks. This is mainly due to the differ-

ence in composition of their balance 

sheets.  Her concluding remarks were 

that the most risky scenario for banks 

is when increased interest rates occur 

in a low economic growth environ-

ment. Rough calculations by DNB had 

The 2014 TopQuants Spring Event 

conducted at the headquarters of the 

Dutch Central Bank (De Nederland-

sche Bank, DNB) in Amsterdam, had 

attracted over 170 attendees inter-

ested in the field of quantitative fi-

nance. “The right topic, at the right time, 

in the right place”,  one participant 

commented!! Indeed, the timing could 

not have been better – 28 May 2014, 

only days before the announcement of 

the European Central Bank to intro-

duce negative interest rates aimed at 

stimulating the eurozone economy - 

happening for the first time in the 

history of the common European cur-

rency. 

Unlike previous TopQuants Spring 

Events which featured one key note 

speaker, the current event had an 

interesting mix of two speakers from 

the banking industry and a third 

speaker from academia. Patty Duijm 

works as an Economist in the Finan-

cial Stability Division at DNB, Marije 

Elkenbracht-Huizing is the head of 

Market Risk at ABN AMRO and Cars 

Hommes is a professor in Economic 

Dynamics from the University of Am-

sterdam.  There was a short opening 

note by TopQuants committee mem-

ber Marieke van der Klip in which she 

mentioned the various TopQuants 

activities and how far the organisation 

has grown starting from its inception 

in 2011.  This was followed by an in-

troductory speech by Marlou Banning 

(Divisional Director, Finance and ICT, 

DNB) in which she stated the various 

quantitative divisions (research and 

economics, statistics, financial markets 

predicted a loss of around 8 billion 

euros in 2 years for a 250 basis 

point shock.  To combat this, banks 

should set aside provisions in a 

timelier manner to maintain market 

confidence.  For insurance compa-

nies, it helps to lower their interest 

rate guarantees in order to become 

less vulnerable to interest rate risk. 

Finally, being aware that her presen-

tation focused mostly on conceptual 

and qualitative aspects of the topic, 

Patty modestly admitted “I have not 

quantified anything”.  

 

The next presentation, by Marije 

Elkenbracht-Huizing approached the 

topic more from a model perspec-

tive, and from the point of view of a 

commercial bank (Marije Elken-

bracht – Interest Rate Risk in the 

Banking Book – Challenging Times).  

Marije summarised the broad agree-

ment of most professionals in the 

field that “Rates will eventually go 

up – but when?”, and contrasted 

this with the lack of consensus on 

how banks should steer the interest 

rate exposures most effectively.  

She touched upon the ever intrigu-

ing topic of housing market and 

explained the different possible 

mortgage pre-payment models.  She 

considered the market for mort-

gages before and after the 2008 

credit crisis as an example, and 

posed the question whether one 

should base related models on his-

tory, expectation, or both and also 

whether the model should poten-

tially generate different results in 

the short and long term.  Her talk 
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Interest Rate Risk in the Banking Book  

- Presentations by Patty Duijm, Marije Elkenbracht – Huizing, and Cars 

Homme; lively panel discussion involving the audience at DNB headquarters in 

Amsterdam. 
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well, judging from the many questions 

from the audience. 

 

The presentations were followed by a 

panel discussion with active involve-

ment of the audience. All three speak-

ers as panel members were asked to 

comment on one or more of the par-

ticipant questions which had been col-

lected earlier by TopQuants members, 

Marieke van der Klip, Martin van Bu-

ren, and Diederik Fokkema as discus-

sion facilitator.  Some of the topics that 

were debated on included whether 

interest rate risk in the banking book 

should be included in Pillar I for regula-

tory  purposes, whether the nature of 

products offered by banks to its con-

sumer base will change in the next dec-

ade or remain the same as today, pos-

sible explanations for excess price 

volatility in positive feedback markets, 

and the extent to which hedge funds 

can take advantage of asymmetric mar-

ket information.  

 

The discussion was followed by a net-

working game introduced by Hildegard 

Montsma (Risk Manager at Autoriteit 

Financiële Markten) with complimen-

tary drinks and snacks sponsored by 

the event host. TopQuants are grateful 

to DNB for sponsoring and hosting the 

event. Special thanks go to all three 

speakers as well as to the quant audi-

ence for making this another successful 

TopQuants event. More information 

on this and future events will be 

published in the next TopQuants 

newsletter. 

- Tim Mexner and                 

Aneesh Venkatraman 

 

also included discussions on the most 

appropriate metric to use for measur-

ing interest rate risk and her preferred 

metrics seems to be on Net-Interest-

Income at Risk and Duration meas-

ures.  In summary, the talk was very 

lively and a lot of challenging questions 

related to interest rate risk were 

posed by the speaker, many of which 

did not have a clear cut answer.   

 

The third speaker, Cars Hommes, 

provided a very different perspective 

by viewing financial markets and econ-

omy as a complex evolving system of 

interacting agents and their behav-

iours. He talked about simulations of 

market behavior in laboratory experi-

ments (Cars Hommes – Experiments 

and models of non-rational behaviour) 

and provided many illustrative exam-

ples of his experimental settings.  He 

combined an introduction to this topic 

with interesting recent findings of his 

own research, in particular on stability 

and volatility of prices as observed in 

such experiments. His experimental 

study also focused on the validation of 

rational agent behaviour at the micro 

and macro levels. His findings revealed 

rational agent behaviour at an individ-

ual level, but due to positive feedback 

effects, financial markets are suppos-

edly irrational and highly volatile. De-

spite not being directly linked to the 

topic of interest rate risk in the bank-

ing book, Cars’ talk resounded very 
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Longevity Swaps and Value Creation  
 —  by  Steffen Pang (Financial Risk Management Consultant, Zanders) 

Introduction 

 
Due to better healthcare and a safer living environment, 

the average life expectancy has been increasing. The un-

certainty this creates, the 'longevity risk', is one of the 

major risks for life insurance companies. They can use 

longevity swaps to hedge the possibility of people living 

longer. But can longevity swaps create value too? 

 

Under Solvency II, all risks that cannot be hedged away 

against zero or low costs are classified as non-hedgeable. 

Longevity risk is one of them, because a deep, liquid mar-

ket with instruments to hedge longevity risk doesn't ex-

ist. Independent of the Solvency II classification, life insur-

ers can still use longevity swaps to hedge their longevity 

risk. This leads to the following questions: how does a 

longevity swap impact the balance sheet and capital re-

quirements? Can value be created with the use of lon-

gevity swaps? And is the market value margin impacted 

by the longevity swap? 

 

Capital Requirements and Balance Sheet 

 

Regulators require that life insurers hold capital. The 

minimum required amount of capital is called the Sol-

vency Capital Requirement (SCR) and is based on indi-

vidual SCRs for each risk, e.g. market risk, credit risk, 

longevity risk, etc. The total SCR is not equal to the sum 

of the SCRs because of diversification effects. Equation 

(1) gives the basic SCR formula  

 

 

 

             (1) 

 

 

Besides holding a minimum amount of capital, Solvency II 

also requires that insurers must present their balance 

sheet at market value. As most of the assets on the bal-

ance sheet of insurers are marketable securities, this is 

straightforward, but for the liabilities this is more diffi-

cult. One of the fundamental principles of market consis-

tent valuation is to value the insurance liabilities at ‘fair 

value’, i.e. the amount for which a liability is settled, be-

tween knowledgeable, willing parties in an arm's length 

transaction. In order to get a market consistent value of 

the liabilities the expected (best estimate) liability cash 

flows are discounted at the risk free rate.  

 

This approach misses a key risk for the hypothetical buyer: 

the uncertainty of the insurance liabilities. Therefore next 

to holding assets to meet the liabilities, the buyer needs to 

raise and hold capital. The compensation for raising and 

holding capital for the liabilities is called the market value 

margin (MVM), or risk margin, and applies only to non-

hedgeable risks: if a buyer can transfer a risk associated 

with the liabilities into the market, he would not have to 

hold capital to support it. Another non-hedgeable risk is 

operational risk. 

 

Under the Solvency II framework, the MVM is calculated 

as the discounted value of the costs of the future SCRs, 

see  Equation (2). 

 

 

         (2) 

 

 

Currently the cost of capital (CoC) under Solvency II is set 

at 6%. Visually the balance sheet including the MVM and 

the SCR is presented in Figure 1. Note that the SCR does 

not impact the balance sheet, but is measured against the 

amount of available capital. In other words, the amount of 

equity must be higher that the SCR. 

 

 

     Figure 1: Balance Sheet 

 

 

Assets

(100.00)

Liabilities

(73.95)

Equity
(26.05) SCR (14.58)

Free Equity (11.47)

MVM (3.95)

Best Estimate (70.00)
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The example is based on an insurance company with 100 

assets and a best estimate of the liabilities of 70. It is as-

sumed that the risk profile of the insurance company con-

sists only of market risk, longevity risk and other non-

hedgeable risks. For those the SCR is given as 10, 5 and 5 

respectively. With correlations prescribed by Solvency II, 

this adds up to a total SCR of 14.58. Under the assump-

tion that the SCRs in the future are always proportional 

to the best estimate, the MVM equals 3.95. 

 

Longevity Swap 

 

The structure of a longevity swap is in essence similar to 

an interest rate swap, consisting of a floating leg and a 

fixed leg. The fixed leg contains payments based on the 

agreed survival rate (agreed at the swap initiation) and the 

floating leg contains payments based on the actual survival 

rate. The survival rate is the percentage of the population 

that has not died after a certain period. 

 

As the longevity swap market is an undeveloped market, 

the swaps have a very illiquid nature. Together with the 

imbalance between the buyers and the sellers of these 

swaps, this means that the buyers of longevity swaps have 

to pay a premium. The market value of a longevity swap is 

equal to the premium and in this example it is assumed to 

be equal to the MVM solely based on longevity risk. For 

the insurer, this results in an arbitrage-free, consistent 

pricing method. 

 

Entering a longevity swap decreases (or removes, in the 

case of a perfect hedge) longevity risk and therefore de-

creases the longevity SCR. This reduces the overall SCR 

and increases the free equity. This SCR reduction is for 

the lifetime of the longevity swap. 
 

The question that remains: is the MVM also affected, due 

to the SCR reduction of longevity risk ? The definition of 

the MVM provides the answer to this question. In principle, 

you cannot assume that the MVM is affected by a longevity 

swap because you cannot assume that the reference entity 

takes over the longevity swap in an arm’s length transac-

tion. The hedge is not low or zero-cost because there is 

still a premium to be paid.  
 

Value Creation 

 

Because the MVM is not affected, value creation by a lon-

gevity swap can only come from capital relief over the life-

time of the swap. Value creation is defined as the differ-

ence between the value of the created free equity and the 

costs of entering the longevity swap. Using Equation (2), 

the arbitrage-free price of the swap is derived as the total 

discounted future cost of capital for the longevity risk SCR, 

based on a typical payout pattern. This is graphically illus-

trated in Figure 2. In our example the price of the swap is 

2.50, and the total SCR decreases to 12.25. Note that the 

SCR decreases by less than 5 as a result of the diversifica-

tion effect in the square root formula.  

 

The capital relief is based on the current and future de-

creases of the SCR and the cost of capital. It is calculated 

using the formula in Equation (3) in which  

 

 and   

 

represent the Solvency Capital Requirement (SCR) without 

and with the longevity swap respectively.                                                     

 

 

Figure 2: Payout pattern and cost of capital over time for the longevity risk SCR 
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 (3) 

 

The table below shows the balance sheet after the pur-

chase of the longevity swap: 

The value destruction in the example is equal to -1.45 

(2.50 - 1.05). Note that the amount of value creation/

destruction depends heavily on the underlying assump-

tions such as the underlying SCR correlations, the SCR 

proportions between the different risk types and the 

value of the longevity swap. 

Conclusion  

Since the MVM is not affected, value creation is only possi-

ble if the capital relief is greater than the cost of the lon-

gevity swap. Due to the illiquid nature of longevity swaps, 

they require large premiums. In addition the diversification 

effects, the correlations between SCRs in Solvency II, en-

sure that the reduction in total SCR is less than the hedged 

longevity SCR.  Although there can be other, valid reasons 

to use longevity swaps, they do not create value for life 

insurance companies in the Solvency II world of today. 

 

Contact Information  

 

For more information on longevity risk, please contact 

Steffen Pang on s.pang@zanders.eu 

 

FTP: Effective Management Towards Clarity   
 —  by Tim Neijs  (Associate Consultant, Zanders) 

Balance   

Assets 100,00 Equity 24,60 

Longevity 
Swap 

(2,50) Best Estimate 70,00 

Capital relief 1,05 MVM 3,95 

        

Total 98,55 Total 98,55 

Achieving a positive interest margin is one of the pillars of a 

bank’s business model. The total interest result is easy to 

measure, but to what extent do the individual departments 

that raise money and provide financing contribute to the over-

all profitability of the bank? A funds transfer pricing (FTP) 

framework can help provide insight into that, but it  also in-

volves a number of challenges.  

 

Introduction 

 

The various commercial departments in a bank 

(mortgages, savings, etc.) are able to influence their own 

result via the pricing and terms & conditions of the prod-

ucts they offer. However, the interest rate and liquidity 

risk that arises from these products is often managed by a 

central treasury. The total profit depends on the collec-

tive performance of all the departments. Insight into the 

economic value creation and risk contribution per depart-

ment or product is crucial in order to effectively manage a 

bank. This can ultimately be used to improve the balance 

sheet, so the bank’s capital can be put to optimal use. 

Furthermore, the DNB also requires this insight as part of 

the ILAAP guidelines.   

 

Figure 1: product result composition 

 
 

Margin 

 

An FTP framework contributes to this insight by setting a 

transfer price for the funds that commercial bank depart-

ments raise and lend. This price consists of interest costs 

and liquidity costs. The treasury charges this predeter-

mined fixed price to the departments, after which the im-

pact of changing market conditions is entirely at the treas-

ury’s expense. This enables direct insight into the product 

margin. 

 

 

mailto:s.pang@zanders.eu


Page 7 Volume 2, Issue 2 

Figure 2: result allocation example 

 

 

Advantages 

 

FTP provides direct insight into the profitability of prod-

ucts, both for management and departments. Since a price 

is agreed on in advance, the department result is not ob-

scured by changes in the financing costs. The framework 

furthermore creates a clear benchmark: the product is 

expected to make a loss if the customer interest rate when 

purchasing a new product does not exceed the sum of the 

FTP rate and the other expected costs. In addition it pro-

vides insight ex-post in the profit realized by comparing the 

result to the FTP rate. The framework also makes it possi-

ble to manage the bank balance sheet by adjusting the FTP 

price. 

 

By adjusting the FTP price for certain product types and 

terms with a markup or discount, it is possible to price 

certain products more attractively and as such to manage 

the balance sheet composition. FTP can therefore simulta-

neously serve as a management and monitoring tool. 

 

Challenges 

 

Several aspects must be taken into account in order to 

effectively implement FTP. For instance, the FTP rate is 

often derived from the rate at which the bank can raise 

new debt financing via the financial markets. However, 

these  costs cannot always be easily determined for all de-

sired terms,  in particular for companies without publicly 

traded debt instruments. 

 

Since the determination of the cost price in an FTP frame-

work has a major and direct impact on the results, all de-

partments have an incentive to influence the FTP price. 

That is why it is important to draw up a clear policy on 

how the FTP curve and incentivizing markups and dis-

counts are set. Both the treasury and the management 

board must be involved in this. 

 

The management must also be aware of implicit incen-

tives created by the FTP. Even with an FTP curve without 

markups, there is an inadvertent control effect: as long as 

a product is profitable, departments have the incentive to 

sell as much as possible. Sometimes this is not consistent 

with the policy objectives. Efficient management there-

fore requires that an FTP framework be combined with 

balance sheet limits. 

 

Finally, the technical implementation entails significant 

costs. These costs depend largely on the FTP method 

selected. The advantages and disadvantages of the possi-

ble methods are worked out in detail in the next section. 

 

Allocating impact of prepayments 

 

Prepayments are a significant risk factor for banks, for 

instance, in relation to mortgages. Because this risk is not 

by definition the treasury’s responsibility, it may be desir-

able to pass on the impact of unexpected prepayments to 

the commercial departments. The chosen set-off method 

then determines to what extent this is possible. 

 

With the relatively simple product-FTP, an FTP rate is de-

termined once per product, on the basis of the expected 

cash flows. With the advanced internal contracts-FTP, the 

bank departments enter into internal financing contracts 

with the central treasury at prices set in advance. The 

example in the box below illustrates how both methods 

work and how they differ in the allocation of the impact 

of prepayments. 

 

Numerical Example 

 

A bank issues a two-year linear mortgage of €100,000 

with annual interest payment of 4%, whereby the cus-

tomer is expected to pay back  half of the principal each 

year. There are no prepayment penalties. Based on the 

prices at which the bank can raise funds and the ex-

pected repayment behavior of the customer, the FTP 

rates for one and two-year financing are set at 2% and 

3%, respectively. The other costs for the department 

equal 1% of the outstanding principal. For this mortgage, 

according to the matched funding principle, half of the 

amount is financed on a two- year basis and the remain-

ing half on a one-year basis. At a bank with an FTP frame-

work without internal contracts, the FTP rate is set on 

product level. This price is calculated as the IRR of the 

expected cash flows, where the coupons are calculated 

on the basis of the FTP rates. In this example it is 2.7%.  

 

At a bank with internal contracts-FTP, the department 

concludes a one-year and a two-year contract with the 

central treasury at the prices mentioned in Figure 3. 
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Although the value of the mortgage is identical under both 

methods, the allocation of the result over time is differ-

ent. With a normal interest rate curve, as in this example, 

the interest income (in %) remains the same, while the 

financing costs (in %) increase as time goes on. FTP with 

internal contracts is able to include this effect in the re-

sults. 

 

Now imagine that the interest rates on the market de-

crease. The one-year financing rate is now 1%. Because of 

the lower interest rate environment the customer repays 

80% of the principal after one year, rather than the ex-

pected 50%. Because of the extra early repayment the 

treasury must put €30,000 back on the market for one 

year. The return is now only just 1%, and the bank has a 

loss margin of 1% on that amount. Who will cover this 

loss? 

 

The FTP system with internal contracts has an explicit 

solution for this problem: a counter-contract with a value 

of -€30,000 is concluded between the mortgage depart-

ment and the treasury. The simpler FTP system does not 

have a direct way of dealing with prepayments. Table 2 

shows how these prepayments are processed in both im-

plementations. 

 

It can be seen that, FTP with internal contracts is able to 

explicitly and effectively cope with the impact of prepay-

ments. Without these contracts, only the loss in interest 

income will be included in the department results. There is 

no direct solution for the loss margin mentioned earlier. 

This remains with the treasury, if there is no ad hoc pen-

alty. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                            Figure 3: Product-FTP vs Internal contracts-FTP 

 

                    € 50,000 * 3% + € 50,000 * 2% = 2,500 ( = 2.5% of € 100,000) 

 

Table 1: Expected results 
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Conclusion 

 

An FTP framework can provide clear insight into the re-

sults of bank departments. When introducing this frame-

work, however, the complexity of the implementation and 

the incentives entailed by the system must all be taken 

into account. A transfer pricing method with internal con-

tracts provides for the best in- sights ex-ante and optimal 

profit attribution ex-post. This enables effective monitor-

ing of which products and departments are expected to be 

profitable and which indeed prove to be profitable. FTP 

significantly increases the transparency of how results are 

achieved and is therefore a valuable instrument for control 

and monitoring.  

 

Contact Information 

 

For more information, please contact Tim Neijs on 

t.neijs@zanders.eu  

 

€ 50,000 * 3% - € 30,000 * 1% = 1,200 ( = 6% of € 20.000) 

 

Table 2: Realised results 

Risk allocation and the low-beta anomaly 

 —  by Rogier Swierstra  (Economic Capital Modeler, RBS) 

A truism of investment theory is that "taking risk is re-

warded". This vague statement is easy to misunderstand: 

while it is true that the risk-free portfolio gathers no more 

than the risk-free rate of return, it is not true that Russian 

roulette players or bomb disposal squads earn the highest 

wages. What is compensated is the risk that one is willing 

to assume from someone else. Portfolio effects imply that 

the stand-alone risk of a position differs from the marginal 

risk to either buying or selling party. 

 

Consider also the difference between an insurance con-

tract and a lottery ticket. They have similar pay-off struc-

tures, involving a small up-front payment for a chance of a 

large payout. The difference is precisely the portfolio ef-

fect: the insurance contract transfers an existing risk to an 

insurer, the lottery ticket generates risk and has less social 

value.  

 

We apply the same reasoning to the expected return of a 

market security. According to the Capital Asset Pricing 

Model, it's expected return should be given by 

 

 

 

 

where      denotes the market return,   denotes the        

 

security return,   is the risk-free rate and   is a measure 

of the security’s systematic risk respectively. The system-

atic risk is usually expressed as: 

 

                     

 

 

 

mailto:t.neijs@zanders.eu
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By expressing  

 

                                          (1a)         

 

 

for the market price of risk, we can express a security's 
excess return as 

 

                   (1b) 

 

 

where   is the stand-alone risk of the security and    is 
the correlation with the market. We will refine this, and 

show that the risk transferred by the market to the inves-

tors is only equal to   ·    in the first order approxima-

tion. We argue that this explains the observation that low-

beta stocks have historically outperformed high-beta stocks 

when corrected for their CAPM expected return. 

 

Allocation 

 

Assume that the units of risk   scale with volatility, the 

square root of the variance of the returns of the positions. 

We recall the rule 

 

Unless   = 1, risk is reduced by diversification.  

 

A common way to allocate risk across the positions is the 

Euler Allocation Principle that is based on the following 

principle. For functions of the type:  

 

 

 

of    variables that are homogeneous of order  , we have  

 

 

 

 

 

Since, risk   is homogeneous of order 1 in its compo-

nents, it implies that  

 

                     ,  

 
The partial derivatives - the marginal risk added to the 

portfolio - become the weights for determining the risk 
contributions to the portfolio.  

        

Consider the simple case where we add a single risk   to 

an original portfolio of risk   =  ₀.  The resultant risk 

becomes  

 

                                          (2)                    

     

 

We then calculate the contribution of the added compo-

nent as, 

 

                                        (3) 

 

 
Explaining the low-beta anomaly 

 

We introduce 

 

                             

 

 

where ∆ denotes the allocation fraction and ζ denotes the 

ratio of the new added  risk to the old risk.  Then we have 

by using equation (2) and (3), 

 

   

                                

 

 
Next consider a large market where each marginal risk 

position is small relative to the whole. In this case we ap-

proximate around ζ = 0 and derive the Taylor series ex-

pansion as  

 

  
 

Take a transaction from the perspective of the market, 

which `owns' all investable securities. The market compen-

sates λ per unit of transferred risk as above (refer to equa-

tion 1a), and we know the allocation fraction from the 

view of the market to be (neglecting quadratic terms):  

 
                                                                              

 

Therefore the expected excess return on the security is 

which further simplifies to  
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We see that the first term in the above expansion is  

 

                                  
 

which is as would be expected from the Capital Asset Pric-

ing Model (CAPM) analysis. The second term in the expan-

sion is a correction for risk concentrations. It may explain 

why some low-beta stocks have higher historical returns 

than explained by their systematic risk alone. In particular, 

stocks that contribute a large fraction of the risk to a mar-

ket (large ζ) and do not have perfect correlation with it are 

expected to have a higher return. For example, a correla-

tion of   = 80%  leads to: 

 

                                                                              

 

 

 
This is typical of so-called `quality' stocks, that historically 

have had returns not explained by    alone. 

 

As a corollary, if an investor represents a large part of a 

market for a particular security, his advantage decreases as 

ζ  decreases. The security presents less of a concentration 

in the remaining market portfolio and the market will be 

less willing to part with it. This raises the selling price of 

the security, and reduces the expected return of the pur-

chaser.  
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Predicting poverty with incomplete date: tackling measurement 

error with a pseudo copula approach   

 

 —  by Daniel Safai, Anders Munk-Nielsen, Alessandro Martinello,       

Valeria Zhavoronkina 

(University of Copenhagen) 

    

Abstract: The top priority of the United Nations Millen-

nium Development Goals is to eradicate extreme poverty. 

A fundamental problem in measuring poverty is that, sur-

vey statistics are expensive and hard to obtain. Pradhan 

(2001) presents a wealth proxy from aggregated expendi-

ture data that underscores the trade-off between more 

detailed (referred to as the module dataset) and less ex-

pensive questionnaires at a higher level of aggregation 

(referred to as the core dataset), as well as the impact of 

measurement error on estimation results. Building on this 

study, we aim to estimate the average per capita expendi-

ture, the poverty headcount ratio, and the poverty gap 

ratio for Indonesia in 2002 based on household character-

istics and expenditure data in 1996 and 1999. Our main 

contributions are the correction of the distributional prop-

erties of expenditure predictions through a copula ap-

proach and the detection and estimation of non-classical 

measurement error through a semi-parametric general 

method of moments (GMM) approach. 

 

Introduction: When the expenditure distribution is un-

known, a standard approach to compute poverty measures 

is to predict individual expenditure values and use them to 

compute poverty ratios by assuming  they were observed 

data. While this approach is simple and intuitive, the pre-

dictive power of the model can be low, particularly in the 

tails of the distribution and in the neighbourhood of the 

poverty line cut-off. The main concerns regarding loss in 

predictability are non-linearity across the expenditure dis-

tribution, relatively large variance in the independent por-

tion of the error term, and measurement error in the ex-

planatory variables.  

 

While we can account for  the first two issues by target-

ing the estimation on relevant subsamples,  the absence 

of validation or panel data will cause our estimation re-

sults to suffer from measurement error bias. This bias 

not only attenuates the predictive  power of our explana-

tory variables and shrinks the distribution of the pre-

dicted expenditure around its mean, but also complicates 

how to improve individual estimates of consumption us-

ing the disaggregated core dataset. This complication is 

especially an issue if measurement error in that dataset is 

non-classical, i.e. correlated with the unobserved true 

value of consumption. By exploiting the fact that the 

module sample was randomly assigned to respondents, 

we can test whether the measurement error process 

differs across the two samples.  

 

As the sampling for the module questionnaire was ran-

dom, the relationship between any explanatory variable 

and expenditure should be identical across any sample in 

the absence of measurement error. Any difference in the 

relationship between expenditure and any given variable 

in the data set must then necessarily stem from different 
degrees of non-classical measurement error in the two 

samples.  

 

Figure 1 shows that, despite the randomness of the sam-

ple, the relationships between the two consumption meas-

ures and different variables in our dataset, controlled for 

year-by-urban area fixed effects and population-weighted, 

Econometric Game 2014: In 1999, the Econometric Game started as a one-day national competition between VU 

University of Amsterdam and University of Amsterdam. Over the last couple of years, it has evolved into an interna-

tional three-day event which has participants of econometrics background from 30 well known universities all around 

the globe. This event is highly recommended by distinguished professors who regard it as an ideal event to show that 

econometrics reaches beyond economics and finance with regard to its applicability to solve a variety of problems that 

affect the global economy. The September 2013 issue of the TopQuants newsletter had included the case study done 

by the winning team in the fourteenth Econometric Game event held in 2013. This year marked the Fifteenth Econo-

metric Game event which focused on the topic, "Poverty analysis in a developing country by using incomplete con-

sumption data".  This article presents the case study of the winning team from the University of Copenhagen.   

http://www.topquants.nl/wordpress/wp-content/uploads/2013/10/TopQuants-Newsletter-Vol-1-Issue-2.pdf
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differ sharply. We exploit the difference to estimate the 

relative non-classicality of measurement error in the core 

sample with respect to the module sample using GMM.  

 

Analysis and Results: Formally, the covariance of our 

expenditure measure denoted by the variable  

 

                                              

 

with another variable   can be written as an affine function 

in   as  

 
               

where   indicates the core sample, and  

 
  

 

 
are the mean-reverting, non-classical measurement error 

components in the module and core sample, respectively.  

Intuitively, this model regresses the sample covariance 

between  * and   on the sample selection indicator  . 

We do not assume the module data is exactly measured. 

However, as the full, general model is not identified solely 

by the comparison in covariances between the samples, 

we normalize the model by estimating the quantity  

 

 

 
 

that identifies the relative non-classicality of measurement 

error in the core sample. We then need to identify only 

two parameters,    ( *,  )  and   *.  Because we observe 

the random variable  , the covariance between  * and   

provides two moments for identification, and the model is 

exactly identified. 

 

Our results, shown in Table 1, suggest that the core sam-

ple data cannot significantly improve our individual predic-

tions because of non-classical measurement error and in 

general large noise in the measurement error process 

(Note: Non-classical measurement error decreases the 

variance of the measure with respect to the true variable. 

As in our data the empirical variances of the core and 

module sample are similar, the core sample must neces-

sarily be contaminated by a noise process with a large vari-

ance). They further demonstrate that the ordinal succes-

sion of observations in the core sample, from the poorest 

to the richest, can be misleading. With non-classical meas-

urement error, a very poor person will tend to give a re-

sponse biased towards the mean. Then, because the over-

all noise-to-signal ratio is large, we might observe this very 

poor person above the poverty line in the core sample. 
 

Because the goal of the study is to estimate aggregate pov-

erty measures, we shift our focus from predicting individ-

ual expenditures to predicting their distribution rather 

than using individual expenditure information from the 

core sample to improve our individual predictions. We do 

this by combining information from the distribution of the 

2002 core expenditure data with that of predicted expen-



Page 14 TopQuants Newsletter 

diture values from our baseline OLS estimates. We use 

these distributions in 1996 and 1999 to compute the para-

metric combination of the two distributions that best 

matches the expenditure as observed in the module sam-

ple. Intuitively, our prediction of the distribution of con-

sumption is a linear combination of the distribution of the 

noisy consumption measure and the distribution of the 

OLS predictions.  

 

Assuming normality of per capita household expenditure, 

we calculate the mean and variance of the true distribution 

as a linear combination of the mean and variance from the 

predicted and core expenditure distributions. The intuition 

behind this approach is that under the assumption of nor-

mality, all distributions are completely characterized by the 

first and second moments. Formally, we assume that we 

can compute the parametric prediction on the full sample,  

  

 

 

where 

 

                                         

 

 

Next, we assume that these distributions are normal, pa-

rameterize them as  

 

 

 

                 
 

 

 

and assume the three distributions are related such that 

 

                         

 

 

 

 

Next, we use the fact that in 1996 and 1999, we observe 

all three distributions and choose parameters,  

                                    ,  
such that this correspondence holds. Our final predicted 

variable follows the distribution  

 

 

 

We choose our prediction to be the specific linear combi-

nation of prediction and noisy consumption measures that, 

for 1996 and 1999, gives the best fit of the true consump-

tion distribution in these years, given the sample means 

and standard distributions we compute in each of the 

three distributions. By solving the systems 

 

 

 

 

 

and 

 

                                          

 

 

 

we are able to map observations in these years on 2002 

data. The underlying assumption behind our approach is 

thus that the relationship between these three distribu-

tions is constant across years. While this cannot be tested, 

the density estimates shown in Figure 2 suggest that the 

relationship between these three distributions does not 

change considerably between 1996 and 1999. 

 

Focusing on adjusting the distributional properties of our 

predictions rather than improving individual predictions—

thereby overcoming individual prediction inconsistencies 

from the different measurement error structures of the 

core/module datasets—we can use information from a 

cheaper, noisier consumption measure to improve our 

poverty predictions, which strongly depend on the left tail 

of the distribution. Our out-of-sample prediction for 2002 

using information from both the observed, but noisy, con-

sumption measure and the OLS prediction, estimated on 

the historical data where the true consumption measure 
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was available is shown in Figure 3. The variance of our 

adjusted estimates is considerably larger than that of the 

baseline OLS prediction, but smaller than that of the noisy 

consumption measure.  

Conclusions: This study shows how we can improve 

poverty estimates obtained by a standard OLS model of 

expenditure on wealth proxies by incorporating out-of-

sample information on aggregated consumption measures. 

Our analysis acknowledges that our data is likely contami-
nated with measurement error. In particular, we show 

through a semi-parametric GMM-estimation that aggre-

gated expenditure measures are contaminated with non-

classical measurement error, which would undermine at-

tempts to use core sample data to improve our individual 

estimates of consumption for the module sample.  

 

Therefore, we develop a method that focuses on using 

information from aggregated expenditure measures to 

adjust the distribution of our expenditure predictions, 

rather than individual estimates. We find that by exploiting 

the consistent relationships between consumption from 

the module, the core sample and our predictions, we 

greatly improve standard OLS predictions for the years 

1996 and 1999. We then apply our model to 2002 data 

and predict poverty measures in Indonesia as a whole and 

by province. 

 

Our analysis stresses the need for further econometric 

research on effective poverty estimation using different 

levels of survey aggregation and taking into account the 

impact of both classical and non-classical measurement 

error on the estimation of consumption mean and tails. 
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Upcoming TopQuants Events 

1. The next event is the 2014 TopQuants Autumn workshop on November 12th. The event will be hosted by KPMG at 

their global headquarters in Amstelveen. All further details of the event will be posted in due course on the TopQuants 

homepage.  

  

  

2. The next issue of the TopQuants newsletter will follow in March 2015. Contributions for it are already welcome.  

Kindly contact Aneesh Venkatraman and Gilles Verbockhaven (newsletter@topquants.nl).  

 

Quants@VU and Ernst & Young, in co-operation with TopQuants, have announced the prize for the best MSc thesis in 

all areas of quantitative finance: derivatives, risk management, market modeling, high frequency and algorithmic trading 

and others. The deadline for theses submission for this E&Y Quant Finance Thesis Award was October 1st. Here is a 

quick update of the status so  far.  

 

We are very excited to announce that the competition has generated a lot of interest among master students, leading 

to a large number of submissions!! A total of 31 excellent thesis submissions have been accepted by October 1st dead-

line by Dr. Svetlana Borovkova (Associate Professor, Vrije Universiteit Amsterdam).  

 

The submissions have arrived from many Dutch universities: Vrije Universiteit Amsterdam (11), Erasmus University 

Rotterdam (8), UvA (3), TUDelft (3), Duisenberg School of Finance (2), University of Groningen (1), University of 

Twente  (1), University of Tilburg (1) and Utrecht University (1). Six submissions are by female graduates. Nine theses 

have been written during internships in companies such as ING, Towers Watson, ABN AMRO, Rabobank, KAS Bank, 

PJK International and others. The range of topics of the submitted works is very wide, ranging from exotic derivatives 

pricing, CVA calculations, interest rate and commodity derivatives to algorithmic trading, credit risk, real options, finan-

cial stability and banking topics.   

 

From these submissions, the jury panel will pick the best three submissions. The three runner ups will then pitch their 

theses at the "Quant Careers EY" mini symposium, which will be held at the Ernst & Young Amsterdam office on Octo-

ber 24, and the final winner will be chosen on this event.  

 

You are invited to attend this interesting event. Apart from the thesis award, it will  feature exciting speakers (Jerry de 

Leeuw (j.deleeuw@entrima.org), CEO of ENTRIMA, founder of Mercurious, who is a former option trader and an au-

thor of several popular books, and Lisa Lipkin (lisa.lipkin@storystrategies.net), the founder of Story Strategies), drinks 

at the reception and plenty of networking opportunities. 

 

The March 2015 TopQuants newsletter will contain the summary of the winning thesis. Until then, please attend the 

QuantCarreers event on October 24, 2014, and kindly keep a watch on http://www.topquants.nl for the latest updates.  

 

Best Quant Finance Thesis Award Competition 
(Organized jointly by  Quants@VU  and Ernst & Young in co-operation 

with TopQuants association) 
 

http://www.topquants.nl/2014/08/best-quant-finance-thesis-award/
mailto:j.deleeuw@entrima.org
mailto:lisa.lipkin@storystrategies.net
http://www.topquants.nl

