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Moderator Jean-Yves Rioux:Good afternoon everyone.Welcome to this session on the Economic Capital Models.
My name is Jean-Yves Rioux fromDeloitte andTouche. I’m a member of the CIA committee on ERMApplications
and I’m a Fellow and a CRA as well. I’m pretty proud today to be participating in a session about Economic Capital
because you’ve heard the term for many years already, but I think we’re going to hear a lot more about it in the next
few years and there’s tremendous opportunity for both actuaries and risk practitioners in this field.

Economic Capital attempts to answer a fundamental question: what is the risk the company is exposed to?
And risk exists on both sides of the balance sheet, not just on the liability side. We are used to models at the of-
fice level, and that’s what we are talking about here. The risk measures are often allocated to lines of business in
order that the returns demanded for allocating capital is commensurate with the risk undertaken by the divisions.
Therefore performance evaluation and strategic decisions can be made accurately and properly.

Today, I will not be talking much; you should be grateful for that. There’s going to be two speakers very ex-
perienced in Economic Capital modeling and the first one will be Hubert Mueller who is a principal at Towers
Perrin. He’s been involved in working on Economic Capital, economic value appraisals and appraisals evaluations,
acceptable team management, developing strategies, to name only a few. He’s a Fellow of the Society of Actuaries.
He’s also a CRA. He’s a member of the American Academy of Actuaries, on the committee on Life Capital
Adequacy and the Annuity Capital working group. He’s also a qualified German actuary. He has co-authored sev-
eral articles as well on insurance topics. I invite you, I’m sure you will find the subject very interesting, to look up
the material that he has produced in the past.

The second speaker will be Diane Reynolds from Algorithmics. She’s a Senior Director over there. She’s been
working in various areas including Product Management, Market Risk, Credit and Opportunity Risk work; she
has authored various papers as well, including Economic Capital, Risk Integration, Stochastic Modeling. I’m par-
ticularly personally interested in hearing from her about the copula methods to combine the risks. She has a
Masters in Math, Statistics and Finance and holds a Bachelors degree in Math, Computer and Actuarial Science.
But she’s been working for more than 10 years in Risk Management in the banking industry.

So without waiting more, I invite Hubert to give his presentation. Thank you.

Speaker Hubert Mueller:Thank you Jean-Yves. Good afternoon everyone. I’m pleased to be here, and thank you
for inviting me.

As Jean-Yves said, I am based in North America, I’m based in the US. I have not done too much work on
Economic Capital in Canada but maybe things are changing. Certainly a lot of the companies we work with are
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multinationals and some of them have Canadian operations. We certainly see the topic of Economic Capital
spreading quite rapidly in North America. Not just the subsidiaries of multinationals but also a lot of the domes-
tic companies both Life and P&C have picked it up and we would expect that trend to continue.

So we have a bit of a sequence to what we are covering today. I will start off by giving you background on what
we have seen in terms of market trends on Economic Capital: how companies are calculating it; and what are
some of the latest trends, some of the questions that are being asked in that context?

And then since this session really is intended to be much more in depth than say the ERM session that you
heard this morning or those of you who were here yesterday for the CRO round table, where all three panellists
also talked about Economic Capital. -tThey were, I would say, at one or two levels higher than what we will be
talking about. We’re going to start at that level but then we will again dig into how do you actually do it, and what
are some of the questions and decisions that you have to make in the process?

And then last but not least, I also want to spend a few minutes on talking about how can you use it? Once
you’ve done all the dirty work, and you spend all the blood, sweat and tears on your machines and the work and
the calculations, how can you best use it from a company perspective? And maybe that’s also one of the ways to
think about: What do I get out of it if I do all the work?

So let’s just start off with a little bit of market research.
This is based on a survey that we do about every two years and the one this year is just about to be issued. We

ask companies around the world every two years a number of questions around ERM and one of them is: What
do you do in Economic Capital? So number one, on the left hand side of the chart, we are now seeing—this was
something over 200 companies worldwide that participated last time—65% were calculating Economic Capital,
although we were not rigorous in the definition of how they would do it. There were certainly some companies
in there who were counting their risk-based capital work and some derivatives of that towards Economic Capital.
Others were doing more full fledged Economic Capital. But the proportion is going up every time we ask this. 19%
said that they are currently in the process of considering it and they would implement it in the next year or two
and only about one in six companies had no plans to calculate Economic Capital.

If you look on the right side, what you see is interesting. I’m assuming most of you attendees work in the Life
and Pension fields here. What you do see is that the proportion of companies calculating Economic Capital is ac-
tually larger among the reinsurers, among the multiline companies and even among the P&C companies. Some
of that is historically driven. P&C companies have always done lots of scenarios, scenario analyses, to get at their
exposure to catastrophes. They generally have an easier time doing that than we do on the life side because they
don’t have the dependencies between the assets and liabilities. They can pretty much do them independently: look
at the catastrophic scenarios and then put the pieces together to see how much capital do I need to withstand
some of the adverse circumstances. So the life proportion is lower right now but companies are catching up and
that proportion I would expect to go up as well on this year’s survey.

Now when we talk about calculating Economic Capital, there are really two approaches but I’m going to
mainly focus on one because it’s not really supposed to be a teaching seminar; we’re really focusing on the high-
lights. So what we have seen as the more prevalent approach among the Life companies is to start with develop-
ing a market-consistent balance sheet that you are then stressing for various risks. So first, you have to convert your
balance sheet to a market value basis, which gives you a net surplus, the difference between the two—hopefully
positive, not negative—and then secondly you stress that balance sheet for various risks.

So, you know there might be a number of risks that you are looking at. Typically, you use a one year obser-
vation period, so a risk for example in interest rates could be: OK, what is the 99.5 percentile of interest rates
movement over a one year period? Don’t forget that it does not have to be calendar years. It can be successive days;
it can be successive weeks; it can be successive months. So, really out of one or two years, you can get 12 or how-
ever many monthly offset observation periods. OK? So even if you only go back to the early 80’s which is what
we do in the US because we think that with the takeover of the Fed by Paul Volcker in the early 80’s, it’s a com-
pletely different monetary regime than what you had in 1912 or in 1890. So it’s really less relevant to look at what
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was 100 years ago to how has monetary policy changed over the last 30 years? You might only have 30 years but
even there you have 360 12 month periods. So that’s how you have to look at the data. It’s consecutive 1 year ob-
servation periods. That’s the typical basis.

And what you do is for each of those stresses is you look at: What happens if I stress my balance sheet? What
happens to my surplus? And the difference in the market value of your surplus between your normal conditions
and your stressed conditions becomes your required Economic Capital for each of those risks.

Then of course you’re not done yet because you’ve got all these different pieces, right? By the way this is all
market-consistent, so you don’t use real world. You use risk-free rates; everything runs risk free and you discount
at risk-free rates. Risk-free rates typically are approximated by using a swap rate rather than a treasury rate. And
then you have to aggregate the results using a correlation matrix.

This is where it gets interesting. And this is where some of the theory goes into: How do you do the work?
Clearly when you look at correlations for example between interest rates and equities, you can’t just look at the
whole distribution overall, the entire possible scenarios of those multivariate variables. What you really want to look
at is: What’s the correlation in the tail? And the correlation in the tail tends to be higher than the correlation over
the entire distribution. So you can use certain things like copulas that will help you get at the correlation between
those multivariate distributions in the tail, besides of course sampling historical data.

Once you have done that and I’m going to get into that in a little more detail, you are essentially getting
Economic Capital requirements across all risks in a correlated fashion.

Now why is this relevant now? Why are we seeing more of that than say, five or ten years ago? Well there are
a number of reasons and I have just tried to list a few of them, and I’m not going to read all of them because you
all have a hard copy (this was posted you know, whenever the deadline was) so I’m just going to pick out some of
the highlights.

Clearly Solvency II in Europe has had a major impact on not only the calculation of Economic Capital, but
also the mode of calculation. It has an impact on calculation because, starting with the European companies and
their subsidiaries in North America, a lot of companies have looked at the approaches that are used in Europe on
how to calculate risk based capital using market-consistent approaches. And the approach that is being favoured
and is being promulgated by the regulators is to use market-consistent methodology and to use a one year obser-
vation period and to define your minimum regulatory level of capital as a 99.5th percentile stress. So it’s basically
saying one in 200 year type scenario or 1 in 200 case scenario. That has been picked up a lot over here too by com-
panies, not just subsidiaries of multinationals, but also a lot of the domestic companies.

Of course and this came out in yesterday’s discussion for those of you who were here, 99.5th percentile is more
or less the minimum regulatory level if you have a BBB rating. If you go up from a BBB, which fortunately most
of you are in that position, if you go to A, AA, AAA, the better your financial strength rating, the further out in
the tail you have to go, just like if you were evaluating the investment quality of industrial bonds or corporate
bonds. Same principle.

The further out you go on the rating, the further out you’ve got to go on the tail. So 99.5 really becomes 99.95
or something close to that for AA rated company or even 99.99 for a AAA rated company. OK? Did you get that
principle? If you don’t understand anything else, this is one of the key things that I wanted you to come away with.
It’s not just one number. It depends on where you are on the spectrum and some of that was being discussed yes-
terday.

Also, companies have picked it up because it’s helpful in a number of aspects, particularly as part of your im-
plementation of ERM. If you look at an ERM framework, Economic Capital really becomes the metric for assessing
and quantifying risks. That’s in part why the rating agencies want to see it when they evaluate your Economic
Capital, your ERM framework and your Economic Capital models. They like to see you have that in place because
they’re basically stating it and I would confirm that if you don’t do an Economic Capital calculation or before you
do that, you really don’t know what’s driving your risk profile, you really don’t know howmuch diversification there
is. You really don’t know what your most adverse risks are from a company perspective. In fact, I would say you
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might be missing opportunities because you don’t know some of the cross effects between, say, life and annuity busi-
ness, or between life insurance business in general and P&C business on the other side. There are definitely some
diversification effects.

So the rating agencies have picked this up and of course if the larger companies are doing it, and some com-
panies aren’t doing it, there’s always peer pressure too. Because, you know, if some companies do it and talk about
it publicly, like in yesterday’s forum or other possibilities, and the rating agencies make some noise about it, the
large companies that don’t have it want to have it as well. Right? And of course you don’t want to say in your
meeting with the rating agencies, we’re doing it because we think you’ll like it. That’s not a good answer, you want
to say we do it because we think it’s the right thing to do and here is how we’re using it. OK?

I’m just going to talk a little bit about how does Economic Capital fit into an ERM framework.? Let’s just vi-
sualizes this a little bit more. We always think of ERM as sort of a four-step process. Number one: identify your
risks, and this is very simple. Number two: quantify the risks. Third: solve. Once you’ve established what they are,
what can you do about them? And then fourth, and last but not least: execute on your risk management.

And really where Economic Capital fits in here is the second step, which is the quantification and the assess-
ment of risks. In other words, how much should those risks weigh? If you have a billion of capital, what’s driving
that billion capital requirement? Is it interest rate risk? Is it credit? Is it insurance? Is it operational? It’s a combi-
nation, but the question is, how much is each of them driving your requirements? So really Economic Capital be-
comes the metric for quantifying risk.

I’ll talk a little bit about confidence levels. Again typically the 1-year confidence level tends to be between 98.95
and 99.99 %. It’s also one of the biggest challenges. And again, this is between a BBB and AAA rating. This is one
of the biggest challenges that we are still working on: extracting data from the more central parts of the distribu-
tion to the more extreme parts of the tail so, should you really confidently say: We’re holding capital to the 99.95
percentile.

And that’s really where the financial engineering comes in. There’s a lot you can do when you know what the
capital requirement is at the mean or is it at a more advanced percentile of CTE levels because you can fit distri-
butions through those critical points to get to your capital requirements in the tail. So in other words, we have
maybe 2,000 years of data for a few items. Mortality is one of them. In fact we have quite good data on mortal-
ity for the past 2,000 years. But we don’t have 2,000 years of periods of interest rate data. We don’t have 2, 000
observation points for credit risks and others. So, in some cases you have to make assumptions about what’s the
distribution going to be in the tail when you only have points much closer to the mean or to lower percentiles.

So again the confidence levels are typically linked to a target risk appetite and financial strength rating and
the rating agencies are looking at this just like they were evaluating corporate bonds. So if you’re a AA, they’re going
to say: OK, what’s the one year default for AA? It’s maybe between four and six basis points and they get you to
that 100 minus four to six basis points being 99.93 or 99.95 percent. It’s pretty simple math actually, you don’t
have to be a rocket scientist for that. The complexity comes in in developing appropriate stresses for that level.

Now in terms of the risks you want to look at, you want to cover all significant risks, anything that you con-
sider significant for the company. So, that should certainly include all the market risks depending on what prod-
ucts you sell. Clearly, if you have segregated fund products, then you should have equity on that list. If all you are
selling is funeral insurance, then you probably don’t have to worry about equity market risk.

Similarly, with credit, if you have a corporate bond portfolio, typically you want to worry about default risk;
you want to worry about spread, widening and tightening; and you want to worry about counter party risk be-
cause you typically have insurance for recoverables. And some of those stresses are going to be stochastic and some
of them you can do deterministic—depends on the type of risk; depends on the variability.

Liquidity risk—asset liability management is clearly a liquidity risk or in hedging programs. Do you have liq-
uidity? Sometimes, you might want to do a trade if you have a hedging program but there’s no counter party be-
cause the markets are not trading that day or you don’t have the counter party because of the extreme market
movements.
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Similarly, on the insurance side, typically, you look at mortality, lapses, morbidity, maybe a reserve variabil-
ity. If you are a stock company you have to worry about reserve variability too.

And of course, last but not least, operational risks. Those of you who have banks and a family of companies

will probably know Basel II. Basel II says that operational risks should be a certain proportion of the total. Fairly
simplistic. That’s usually the first step on the insurance side, too—gross up your capital requirements. Once you
have developed the capital for the financial risks, gross it up so that operational risk is a certain proportion, but
that’s only step one. Step two would then be to say: OK, let’s do a bottom up analysis of our operational risks to
see how close those bottom up requirements would fit with what we’re currently holding at a top down level.

There are a number of key decisions you have to think about when you set up an Economic Capital model.
And now we’re getting more to the modeling aspect. What’s the period for assessment? I mentioned there are two
methods, and I have neglected to talk really about the second one, but I will mention it briefly. A lot of the P&C
companies use what is called a full liability runoff, so they go all the way out to the end of the distribution to fig-
ure out what’s the capital requirement. What I’ve been talking about mainly has been the market-consistent
method, where we use the one year observation period which is used by most life companies and some P&C com-
panies. Most of the life companies, in fact, pretty much all the multinationals we know and a growing number of
North American companies are using the market-consistent approach. There are still a lot of P&C companies that
do use the real world runoff, as well as a few life companies.

Other things you want to look at:How do you define capital? Is it statutory? Is it Canadian GAAP? Is it eco-
nomic? What is your risk of ruin approach? You know, is it VaR, tailVaR or CTE or some other measure? What
risks do you use stress testing or do you use full stochastic models? Our regulatory world tends to be factor based.
At least in the US it still is largely, although the principles based approach is moving it towards a stochastic model
as well.

And then you also have: OK, how do you get aggregation and correlation between your risks? Hopefully, it’s
not additive; it’s very conservative. But you have some kind of a way to either aggregate the distributions or at least
use a correlation matrix.

The one authority in this area, and I’m just going to pull these up—I don’t know why I have these anima-
tions in there, that was not intended—the one authority on this topic is the CRO Forum. The CRO Forum is a
group of about 15 major European-based multinationals plus AIG who has been allowed to join and that’s only
because the deputy CRO was the CRO at Munich Re before. I think he sort of got grandfathered in. They have
made some pretty significant announcements about Economic Capital including what they think is appropriate
time horizon. You see a lot of the language here so I’m not going to read it all, but they tend to focus on a mar-
ket-consistent approach. In fact, recently the CFO Forum which is the sister organization to the CRO Forum—
namely all the CFO’s from the same companies—basically said: If you do embedded value, you should be doing
it on a market-consistent basis and if you do a market-consistent embedded value, then the only thing that goes
with that for a capital requirement is Economic Capital, not some multiple of MCCSR or some other formula.
So really the two are connected quite tightly.

Now I just have a few slides on stress testing and I’ll make this pretty quick. Essentially when you develop Economic
Capital using stress tests, using the one year observation period that I talk about, typically there are five steps.

Number one, and I mentioned this already, you develop an initial economic balance sheet: market value of
assets, market value of liabilities, which gives you market value surplus.

Number two, you identify your key risks and develop stresses for those and that in itself is quite an exercise,
not something you can do in an afternoon over a cup of tea.

Number three, you develop the Economic Capital requirement for each risk by stressing your balance sheet
and looking at the difference in your surplus after and before the stress. That becomes your required Economic
Capital for each stress.

Number four, you aggregate it, generally by using a correlation matrix or by aggregating distributions using
full stochastic models.
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And number five, and that’s really sort of, almost phase two, is once you’ve done this once, you want to pro-
ductionize it such that you can do it on a quarterly basis or at least more often than annually and not just once a
year. And that’s what the company wants you to do and it’s also what the rating agencies want to see; they want

to see you use it.
So just to visualize these five steps a little bit more.
Step one: developing an economic balance sheet or economic view of the business is converting whatever bal-

ance sheet you have to a market value basis. Now sometimes on the assets side, we’re already holding them at mar-
ket. Certainly on the liabilities, other than the UK, I’m not aware of any accounting regime that would expect you
to hold liabilities at market. So, typically you have to do a calculation to get it to market value of liabilities.

What is interesting is if you compare the market value of liabilities with your previous statutory balance sheet,
you’re going to see some differences. Hopefully they’re small and hopefully you’ll have some offsetting effects. If
you find that the market value of liabilities is significantly higher than the book value liabilities because you’ve done
a projection of what you think is the best estimate of cash flows; you projected at risk-neutral rates; you discounted
at risk-neutral rates. If that number is significantly higher than what your stat balance sheet currently looks like,
you have a problem. That means somewhere you’re under reserved and you have to figure out where. That’s a
completely separate topic besides Economic Capital. Hopefully the two are pretty close.

Once you’ve done that, you have your surplus which is a combination of the Economic Capital plus surplus
assets. You don’t know how much of it is Economic Capital yet, you just know the sum of the two. So you don’t
know what the answer is; you don’t have the answer yet.

Step two is you’re testing for a variety of risks. So the risks you are looking at are: insurance risk, interest rates,
equities, credit, operational, maybe others like business risks, expense risks, new business risks.

A couple of examples. Interest rate risk. Typically what you’re looking at is up and down shifts of the yield
curve. Right? Again using that one-year observation period. Twists and tilts, different shapes of the yield curve, or
combinations thereof.

Now of course you are going to get a lot of answers within the interest rate risk, so you have to find a way to
get your interest rate Economic Capital requirement by combining theses various stresses into items which are mu-
tually exclusive or others you might use the square root formula to correlate them, so that you only have one in-
terest rate risk number. Right?

Same thing with credit. You are looking at typically tightening, widening of credit spreads, default risk and
counterparty risk. Some of that could be done stochastic; some of them you could probably do the deterministic,
like counter party risk. You can probably do deterministic using Moody or S&P credit factors. In operational,
typically a percentage of the total but often then the next step is do a bottom up analysis to see how close you would
get or at least to justify what you are doing.

You then do the stresses. This is the same picture we had, so I can skip through that and then the next step is
correlation and this is relevant. I’m just going to pull it all up again. So what you do is: you’re building up a ma-
trix of correlation factors either by major risk category or even within those risks you are going to have correla-
tions. So you have correlation between say, default and credit spreads and other factors, to try to build up an
aggregate requirement which takes the correlations into account.

Those of you who are interested in more research on this, copulas are becoming quite common like I said ear-
lier. For example the Gumbel copula is quite commonly used to look at correlations in the tail between major eco-
nomic variables.

Second source is the CRO Forum. There’s a very good paper out on diversification that was published three
years ago, in June of 2005. If you go to the CRO Forum website -it’s actually www.CROforum.nl for Netherlands
because that’s the base for the CRO Forum—you can get some of those papers downloaded. They are publicly avail-
able. And if you can’t find it, send me an email and I’ll send it to you, although your system might reject it be-
cause it’s a 3 Mb file, I think, so not every company accepts that size of file.
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And then the step five is: review and establish next steps, which is then to look at: OK, what have you got as
results? What are you doing with that? and in particular maybe through smart modeling techniques or other meth-
ods, replicating portfolios, representative scenarios, find ways to productionize your Economic Capital calculation.

Because the first time you are doing it, it might have taken you a lot of time and effort to get there; a lot of blood,
sweat and tears, like we say in the US. Hopefully you can find ways to productionize the process, so you don’t have
to do that whole huge exercise every time. But you won’t really know what to do until you’ve gone through it
once, and you see all the different hurdles that you face. You figure out: OK, how many servers or blades do I need
to run it and how can I simplify the process? And I think Diane has got some of that on her slides too.

OK, what can I do to cut down my scenarios? And one of the more recent methods is building replicating
portfolios—very interesting science. Again that’s where the financial engineers are teaming up with the actuaries.
What you’re really doing is rather than running your thousands and thousands and thousands of liability model
points and complex interactions, you’re building a simple replicating portfolio of assets that replicates the behav-
iour of the liabilities both now and in the future. And you can do that generally with a portfolio of just treasuries
and options.

It takes some time to get there, but once you’ve done it, it’s an incredible boost to runtime. Instead of run-
ning 30,000 cells, you’re running 50 assets; it’s a huge difference. In one case we did this with a UK company.When
they first calculated it they were trying to do monthly financial reporting and they had to calculate future capital
and reserves at future year-ends using stochastic on stochastic methodologies. They said we have 500 servers, no
problem right? Problem. 500 servers would have taken them 38 years to calculate if they did it as they had intended.
We built replicating portfolios,; we’ve got it down to four hours. Now they are doing monthly reporting with a
one day time lag. But that was a huge project that was like a six month project, until they got there. So this is not
something again you can just do over lunch. It’s a major effort, but you can get there.

And there’s a lot of other things. I find you have to go through all the pain once and you have to see every-
thing you’re doing and then you can worry about: OK, now how we can make it simpler going forward?

There’s also a lot of learning you get out of this, and this is what I got to earlier. Senior management might
say: OK, well what do we get out of it besides pleasing the rating agencies? Well, there are a lot of good things you
get out of it too. One of the key benefits that I’ve seen emerge is looking at diversification both within the seg-
ment and also across the segments. And you can use this very strategically and this is one of the things the rating
agencies like to hear (hint, hint). They love to hear when you talk about exploring opportunities. When you say:
OK, once we’ve done the analysis, we realize maybe we’re light on mortality risk. Buying a block of business in the
market that you’re pricing on a stand alone capital requirement could provide synergies if you bring it in to your
business because there’s a lot of diversification to what you have.

So it’s almost like expense synergies; it’s a different way. It’s capital synergy is essentially what you are talking
about.While you are pricing it in the market on the stand alone capital basis; once you bring it in-house, you might
only need half of that capital because you have huge diversification going on in your organization. And those
kinds of things are what the rating agencies really like to hear: how you’re using Economic Capital. So we’ve seen
lots of examples of how companies have used it. Again, you have to go through the work once to be able to get to
those results.

Interesting too, is when you look at some of the sample results and these are from actual client work that we’ve
done, slightly modified I would say. On the left you see an example of what I would call a very concentrated risk
company, where market risk plus credit together was like 78 or 80% of their total capital requirement; it’s a very
heavy exposure to market and credit. On the right side you see something where market and credit was just a lit-
tle over half, and that’s more of a balance where insurance is significant yet some operational risk too but market
and risk is only slightly over half. You are going to have a hard time getting it to be less than half with the typical
products we’re selling; you’re either selling a lot of segregated fund business or a lot of fixed interest type guaran-
tee business or both, unless you’re like a group insurance writer which seems to be a dying breed these days.
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So you either have exposure on one or the other; it’s hard to get away without exposure on at least one of them.
But if you have too much, like on the left here, then you really are much more at the mercy of the capital markets
and you need sophisticated hedging programs and other risk management techniques. Otherwise you’re just going

to be like a little flag in the wind that flops whichever way the markets are going to flop.
Just to finish off the last section, a little bit more on how you use these things. One of the questions we ask

in the survey was for those companies that had done Economic Capital, what are some of the improvements that
you are planning on making with what you already have? And number one, it was interesting, almost 90%, it was
89% total that said there was a lot more work that we want to do. In fact, if you look at the little blurb on the top,
in Canada it was 100% of the companies that said that they had more work to do. I just picked that up last night
when I read through.

A big one was improving aggregation, looking at what diversification you get between large segments or across
segments. Another one is improving how you’re using it, what you do with it. But here are some examples, and
I’m really just going to list them.

It’s often used for performance measurement. So for example, if you do embedded value like some of the
Canadian companies do, then Economic Capital automatically becomes your required capital. You don’t have to
think about what multiple of RBC are we using, because you’ve got an Economic Capital requirement which is
much better and related to your business rather than some arbitrary multiple.

Or in business planning, you can use it to develop your capital requirements, looking at your current busi-
ness plus your planned future new business.

Or in pricing, you know, clearly the principles-based work that we are doing in the US requires the projec-
tion of capital at future intervals; you can do some approximations. Maybe you only want to calculate it at issue,
and maybe every fifth year thereafter and you interpolate in between for pricing purposes.

But certainly, if you are developing new products with significant secondary guarantee features, and those fea-
tures are causing Economic Capital requirements, you should price those products on a stand alone basis. You can’t
make the assumption that the existing business is going to mitigate the capital requirements from that new busi-
ness forever. Our philosophy is, my philosophy personally is: new business should stand on its own. So if new busi-
ness causes capital requirements, you should price it as if it were a stand alone new business.

Often, as I said earlier, Economic Capital is seen as one of the core components of the ERM framework used
to quantify the risk.

And last but not least, there’s a lot of attention in the industry on this. For example, we’ve just finished a
study for the SOA, and the SOA wants to use the results of that. This has been published on the SOA website; if
you want to look it up, just type in Economic Capital and you’ll find it if you go to the SOA website. This is
going to be used for discussions with regulators and with rating agencies and other third parties.

So I think the other couple slides I’m probably going to skip, except I’ll say one thing about rating agencies.
The rating agencies really have honed in on this; they see Economic Capital as a core component of the strategic
ERM frameworks of companies. They are coming at it slightly different but they’re also merging their views in that
they are expecting companies to demonstrate a balance between the qualitative and the quantitative aspects of
ERM and they are linking those capital adequacy requirements directly to the ratings.

S&P, for example, said if you’ve got a strong or excellent ERM rating—and Simon Curtis mentioned this yes-
terday from Manulife—they want to look under the hood. They want to see what you’ve got on ERM and they
do want to see what you’ve got on Economic Capital. I’ve heard from somebody from a rating agency in a meet-
ing with a company a couple of weeks ago—it’s very interesting—he said: what was considered strong ERM last
year will barely be adequate this year if you haven’t done anything since. So just let that one melt on your tongue.
He’s basically saying you can’t stop and rest on your laurels, and say: OK, we did this last year now we’re done for
the next five years. It’s an ever evolving discipline and you have to continue to improve what you’re doing to main-
tain it if you have very good ratings. And that’s why they’re looking under the hood to see what does the company
really have when you talk about Economic Capital.
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And in fact, an interesting one too was A.M. Best in the recent disclosure said, if you can demonstrate strong
ERM capabilities that they would require less capital for the same rating. Again, you do get some benefit from that,
so if you can show a strong ERM framework which does include Economic Capital, you might be required to hold

less capital than if you don’t have it. And that makes perfect sense because what they are saying is if you have a strong
ERM framework, you will detect some of the adverse events that you would normally hold capital for. OK?

Those are my comments. Thank you. So I’ll turn it over to Diane. (Applause)

Speaker Diane Reynolds: So I think I have the advantage of having been here for about 1 day and _ and heard all
the framework discussions that are going on about ERM, and where it fits and all the great policy initiatives involved
in collecting data, getting reports going, all of the communication benefits and all of that is really important.

Having a number to rely on though is an immediate consequence of having put ERM onto the radar screens
of so many people. There’s going to be business leaders who are used to having a cost and a profit margin and a
revenue, and they’re going to find that risk also needs a number.

Economic Capital is a great way to do that but you do need to be little bit careful because Economic Capital
seems to be about capital. It’s there in the name; it’s something that, if you’re looking at a rating agency approach,
you can take your rating, look up the probability of default on a year-year time horizon and say yes, that’s the point
in the tail that I need to measure at. But does that align with the risk appetite of the Board? Maybe, maybe not.

So maybe in your pricing you actually want a more conservative risk number. I know that in a lot of banks,
the CRO will walk in and say: so how long do you all plan to sit on this board of directors? Ten years? Twenty years?
Excellent. So now, let’s talk about events that are going to get you excused from the Board. And that’s where their
risk appetite evolves from a practical day to day management, more so than looking at capital considerations. If
you’re going to do something like that, you need to also get down to the nitty-gritty.

So my focus today is actually stochastic modeling. How do you look at having not necessarily just one quan-
tile from the distribution to look at capital? How do you look at building up a capital number that everyone can
believe in? Because now it’s a tool of communication. It’s something that people are going to argue over. Because
guess what? The more capital that you’re allocated, the more business you can do as long as your risks are at within
that level. So because Economic Capital is a measure of risk, they are going to argue that it should be lower. When
you bring in copulas, fancy math to add up all the risks at the end, how do you know for sure that the correlation
between two risks is 25% or 30%? No one will care until it affects their business and then the arguments will start.

If you look at stochastic modeling, if you do it from a bottom up approach, as long as you are careful, you
can bring together different aspects of your portfolio and try to get around some of that last minute gluing
things together.

Of course, when I say the words “stochastic modeling”, a couple of things come immediately to mind. This
is going to be hard. You’re going to need a lot of scenarios to cover distributions especially if you‘re going out to
99.95% and everything is going to take time. 500 servers and 38 years, wasn’t it? I’m hopeful that we can do
Economic Capital a little bit more efficiently than that.

It can also be a little bit of an issue to calibrate some of these models. Do you have 2,000 years of data on in-
terest rates? No, of course not. But if we can overcome some of those issues, there’s a lot of benefits to be had: more
realism, perhaps from fewer assumptions or fewer restrictions. Getting to that ultimate distribution from which
you’re going to make your measure, how you get there matters. How many estimates do you have to put in and
how do you solidify and justify those discussions? I can tell you that from a rating agency perspective, they’ll want
to know how you chose 25% versus 30% versus 50%, not just across risks but also across lines of business.

If you have something coherent to analyze you can go backwards. So getting an Economic Capital number
is seldom the ultimate objective. You want to be able to allocate not just the risks but also the diversification ben-
efits back to each business on a fair and equitable basis. If you can do that, there’s going to be a lot less arguing at
every level and there’s going to be a lot more buy-in to the results.
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So basically my theme comes down to this statement, which I thought I’d write in really big letters. Stochastic
modeling can be done in a smarter way and by looking at innovating and not seeing it just as a brute force method
of approaching problems, it becomes a much more feasible technique for measuring Economic Capital, whether

that’s in banking, or insurance or another industry.
So what I’ve done is actually chosen two very specific examples to illustrate how stochastic modeling can be

done maybe in a little bit smarter fashion to get a much more practical, implementable, reproducible result, in a
reasonable amount of time.

The first one I’m going to look at is how do you bring assets and liabilities together in a stochastic model to
look at market risks? And then, going beyond market risk, how do you integrate two different risks? And in this
case, I’ve looked at market and credit risks, because as Hubert has illustrated they’re very seldom less than half of
your risk profile.

In terms of joining together assets and liabilities, there are a few things to consider. For a lot of products, the
same risk factors affect both the assets and liabilities, not necessarily in the same way and not necessarily at the same
inflection point. Generally most companies are set up so that the assets and liabilities are not just valued separately
but they’re managed separately and at some point there’s a fixed benchmark that is the communication point be-
tween the two.

So let me illustrate this. If you have a life insurance product, you might set a target rate of return of let’s say,
1% over the real rate and you need to then manage the asset portfolio to deliver on that target, and that target is
used in the liability valuation. The question is: Does the same environment lead to problems on both the asset side
and the liability side, if you see a variation against the target?

So if you could do everything you wanted to do, in an ideal world, you would bring together the assets and
liabilities in a stochastic model to measure your market risks, then interest rate risks, probably spreads would be
included here, exchange rates, equities. You’d pick all of the market risk factors that are out there exogenous to the
firm and do some kind of stochastic simulation of their potential values one year in the future, five years in the
future, or both, and then look at each scenario one by one, figure out where your assets are at, where your liabil-
ities are at, make a distribution from all the different observations and measure your market risk.

Now, if you’re going to do this, you might need, say, 10,000 scenarios to really construct the distribution.
Sounds like a lot, doesn’t it?With 10,000 scenarios, if you’re measuring at 99.97%, you have three scenarios in your
tail. So maybe we’ll try 50,000, then at least we’ll have 15. So now how can we imagine revaluing the liabilities
across the board, because this is enterprise wide, 50,000 times? I’m beginning to think 38 years looks like a short
time estimate for that. So for those of you more, let’s say, picture friendly than bullet point friendly, this is what
we’d like to do: start at the bottom with scenarios, value the assets, do your asset analytics, take the same scenar-
ios, value the liabilities, and do liability analytics, and at some point bring them together and do Economic Capital
and ALM.

And as Hubert mentioned, one way to do this more practically that’s almost as good as the ideal, is choosing
a replicating portfolio. Now choosing a replicating portfolio is something that has been around as an idea for quite
some time. You’ll find it on a number of exams, specifically the ERM exam. It’s already there. It’s a technique that
has been proposed and used quite extensively.

One of the issues with it, though, is that usually replication is done using some risk-based technique, so for
example duration matching. You would choose assets so that they emulate the duration and other key sensitivities
of the liability portfolio, and that would let you compare it to the asset portfolio more easily. The problem with
replication in the past has been that, by choosing the measures that you’re replicating as being sensitivities whether
those are durations or otherwise, you’re actually biasing the results towards the mean. You’re getting a really good
replication at the center of the distribution, you’re reproducing the first moments, but you’re not necessarily going
to see the same kind of tail behaviour that you would in the actual liability portfolio.

So to overcome that kind of issue, instead of replicating on the basis of a risk measure you might try repli-
cating based on scenario analysis. So let’s not choose to, for example, match durations; let’s pick 500 scenarios, 500
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economic scenarios, some of them risk-neutral, some of them catastrophe scenarios, some of them stress events.
Let’s give them all a weight, not necessarily an equal weight and send them to each liability system. Now 500 is a
nice round number; you might find that’s enough. In fact it’s almost always enough. You might find that your sys-

tems really can’t do 500 and 300 is a more reasonable number. That just means you have to be a little bit smarter
about how you choose them.

Because those replicating scenarios—and keep in mind it’s a very heterogeneous set of scenarios; they’re not com-
ing out of a single model—we’re also going to value a universe of replicating assets under each of those, say, 500 sce-
narios and then we’re going to use optimization. Let’s pick a measure, maybe the absolute difference in return, or
the difference in squared value, or maybe two measures, and do a linear optimization. Look at what is the best com-
bination of replicating instruments that can reproduce the liabilities across all of those heterogeneous scenarios.

Now, there’s a couple of things to keep in mind when you’re doing optimization. One is that if you don’t con-
strain the optimization, it’s going to run forever and it’s going to choose very large investments in perhaps not the
most intuitive instruments. So, usually you want to constrain your optimization with some kind of trading rules,
or some kind of limit on how much can be invested in each instrument and what I would add about our universe
of replicating instruments here is that they don’t need to be real things. They’re not bonds and equities and swaps
that you can go out in the market and do. They can be entirely theoretical instruments because we’re not actually
going to use this replicated portfolio to make investments., It’s simply there to model the risk profile with the li-
abilities as intricately and as specifically as possible.

So, typically choosing the right universe is a very important step to getting some kind of reasonable replica-
tion and what I’ve seen is that most people will go through this process four or five times and each time you add
to your universe of replicating instruments to the point where everyone starts with fixed-rate bonds, floating rate
bonds, some swaps, some options and eventually in the end you’re kind of choosing things like digital caps and
floors. The reason for that is those digital caps and floors tend to emulate things like riders and guarantees. They’re
common in insurance products and those are things that you really only see when you do a scenario based opti-
mization and replication. For the less graphically inclined and for notes, I actually wrote out the same six steps from
the diagram.

The whole goal of this in the end is to make sure that you have a set of weights for those replicating instru-
ments that really does justice to the intricacies of the liability distribution, especially in the tails.

So, what are the benefits of this technique? You can actually re-use all of your existing systems and most in-
surance companies I’ve worked with actually do exactly that. They create the scenarios at the group level and they
farm them out to everyone with the servers they’ve already got to sort out what the results are.

You do need to focus on three key elements of this process. I talked a little bit about choosing the universe of
replicating instruments, choosing the replicating scenarios; that was the very first point and I’ll come back to it
now, just to emphasize. They don’t have to come from a model. You want a heterogeneous group that’s going to
capture different elements of the risks in the liabilities, and then make sure that you choose constraints that are
appropriate and you probably want to start with enough constraints. It’s easier to relax them and get a better fit
than it is to try adding them later because when you try to add them later you tend to do less intuitive things than
when you start with a list of all the constraints you’d like to have.

So, practically speaking, our picture looks a little bit more like this. In the ideal situation, you’ll remember
this green box was actual liability valuations. More practically, we’ve gone on to evaluating only the replicating in-
struments and to using the weights that we calculated to produce analysis on the liabilities and joint asset liabil-
ity analysis. If you tie this all together, you get a picture with lots and lots of boxes.

But keep in mind that what’s in the white box and what’s in the green box up here, you don’t have to do with
the same frequency. You don’t have to recalculate everything on the liability side and get new replicating weights
every time you see a market move because this full scenario set might be 50,000 or 100,000 scenarios. You can redo
it any time you choose, revaluate your replicating instruments and keep the liabilities as you saw them against
your replicating scenarios.
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So this means that you can revalue your market risks holistically for Economic Capital purposes once a week
or once a month, if you’re ambitious and you have a few servers, or maybe every night, without necessarily updating
the liabilities more than every quarter. This also lets you do perhaps more accurate hedging or change your in-

vestment strategy because these asset analytics are no longer orphaned on their own in the asset department. You
can actually use your liabilities as a benchmark and that really gets in to, let’s say, more asset management concepts
where a lot of mutual funds will actually try to emulate an index or they’ll set a target of an index value plus a cer-
tain percentage. Now your liabilities can be that index and you can look at a relative return against them.

So that was one example of tying things together, whether they’re assets and liabilities to measure a single
type of risk, not necessarily collecting all the data and doing the valuations at once. Instead, leave that distributed,
keep its individual owners from an organizational standpoint but tie it together more from an aggregate perspec-
tive, the top level management.

Looking at market risk, one of the other challenges—and this was certainly highlighted this morning—is
bringing together different types of risks. I have to say a lot of companies still add them up, so if you’re in that boat
you’re not alone and it’s not necessarily a bad thing to do. It’s just a little bit conservative. If you square them and
add them up, or similarly somehow don’t account for any diversification benefits, you don’t account for any cor-
relations, then you’re underestimating, and I think that was certainly one of the things you saw this morning where
you can be out up or down 40% depending on exactly how you aggregate your risks, maybe more. In fact I’ve seen
a lot more than 40% differences.

So integrating, not just perhaps within a risk type across all the businesses, but also across risk types is some-
thing that sounds a little bit intimidating when you’re talking about stochastic modeling because now you don’t
just have 1,000 market risk factors; you’ve got 1,000 market risk factors and maybe all of your counterparty credit
risks. So, bringing those two things together at the top of the house leads to that allocation of diversification. You
either don’t account for diversification or you have to somehow give it back to people; otherwise the sum of cap-
ital from the business units is greater than the whole. By doing it bottom up, that allocation happens more natu-
rally; it’s easier for people to grasp where it’s coming from, and it’s also a lot easier to act on it.

So, I did say I’d use an example and I’ve chosen market credit risks. Let’s for the moment look at losses in the
asset portfolio. A loss in an asset comes partly from an exposure change and partly from a change in credit wor-
thiness. Exposure is a function of market factors so if you look at derivatives, the value of the derivative depends
on the value of different factors in the market place, whereas credit worthiness may depend on the overall place
you are in the credit cycle—I would say generally we’re in a riskier environment than we were, say, two years ago—
but also on specific factors of each company. So, we see that some firms, like let’s say for example UBS and Bear
Sterns, had a few more issues than Bank of America, for example. So, it’s not just about the credit climate and it’s
not to say that the Bank of America had no issues.

If we look then at what can change the value of the assets, it falls into one of three categories: market fac-
tors, systemic credit and specific credit factors. Now, if those were all equally important to our ultimate loss dis-
tribution, then you could imagine a picture like this, where you can see that we might simulate market factors
and you can think of these as being three standard deviation moves. We might then take this as a starting point
and simulate systemic credit factors. So, given the market environment you’re in, what’s your systemic credit
risk like? Specific credit risks then might be a function of where you’re at in the credit cycle. If everything was
created equally and they were all equally important to the tail risks in the assets, then you could just pick these
red dots, fairly evenly spaced, and not worry too much about having done everything together, right? You could
just put all the factors in, do some simulation and hope for the best. That’s more or less how stochastic model-
ing works.

But there are a few issues with that because, when I look at this list, it’s generally much more expensive to cal-
culate exposure than it is to calculate one company’s specific risk. Exposure you might have to go through and value
25 swaps and 117 options and who knows what else. Whereas, the specific factor is usually some nice little nor-
mal independent factor that looks at all the things that you don’t know about that company after its credit rating.
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And unfortunately for almost—well, I was going to say for almost every asset portfolio, but I can tell you
for any real asset portfolio; so you can construct one where this isn’t true, but you have to really work at it—
the picture is not one of nice evenness. In almost every case, as I said, in every real case, the thing that matters

most to a joint distribution of market and credit risks—it’s actually where you’re at in the credit cycle and where
you might be at one year from now—are those systemic factors. Those systemic factors keep in mind are actu-
ally the correlation between defaults; that’s what they’re driving and that’s why they matter so much. Because,
you know what? Unless you’ve really under-managed the company, no one counter party going bankrupt is
going to sink your entire firm. No one entity is going to necessarily drag you with them. It’s when you get three
or four really key trading partners defaulting at the same time or when you see hundreds and thousands and
tens of thousands of little losses that all add up, say for example, in a lot of the sub-prime mortgages. It’s a good
example of mass defaults creating a knock-on effect. So, capturing that correlation is generally what happens
here with systemic credit risk; that’s where you’re capturing correlation and that’s why it’s one of the big driv-
ers of the tails.

Now, specific credit risk is a contributor to capital. So are market factors. You can’t ignore them, and you do
want to pick up the diversification benefits as well as the correlations between the three types of factors. So, in-
stead of just putting all the factors into a group and simulating them all together, we can be a little bit smarter about
it. Specific credit risk by its nature is generally independent of everything else. There’s always some chance that a
company is going to have a really big issue, no matter how good times are out there. No matter what the market
is doing, their CFO could elope to Brazil and take a few hundred million dollars with him as his retirement pack-
age. It could be a major IT failure that takes them offline for such a period of time that they never really recover
in the business and they’re bought out by someone else. Although specific risks generally are independent, so let’s
not worry too much about them because independent things in stochastic models aren’t a big deal.

Where you do see a lot of correlations between market and credit risks, interest rates go up, equities go down,
sometimes, more often than not. So that kind of correlation is something we need to capture and we can think
therefore of simulation in three steps, instead of all at once. What we’d like to do is simulate the market factors
first. And even though I was talking about 10,000, 50,000, 100,000 scenarios to capture market risk earlier, when
you’re looking primarily at an asset portfolio, and you’re looking to integrate market and credit risks, generally some-
where in the realm of 5,000 market-risk scenarios is enough. And that’s because your credit risk is bigger, the losses
from someone defaulting are bigger than the losses from even big market moves.

So, let’s suppose we do 5,000 market-risk scenarios. We re-evaluate everything on that basis and then for each
of those we’re going to do a number of credit scenarios, maybe five or ten or 150. And then, once we’re there, we
can do any number of specific credit scenarios, because keep in mind they’re independent.

So, how can you do that? There is a technique that we use a lot called conditioning and conditional expecta-
tion is something that I probably studied for about six months but actually using it in this context means that you
can do less market factor scenarios, which are relatively expensive and more systemic credit scenarios which are rel-
atively cheap. They’re relatively cheap but they’re also relatively important, especially in the tail, so that’s a nice com-
bination to have. In the bigger picture, you can think about it a little bit like this for the market factors become
the exposures. You use them to look at systemic risks and then idiosyncratic risks and finally you get an ultimate
distribution after three tiers of stochasticity.

Now, in fact, and we’ve done a lot of studies on this, you can speed up calculations on the order of thousands
of times simply by dividing your stochastic model into three pieces, instead of doing it all at once, and that’s with-
out changing the overall stability and accuracy of your tail measures in the end.

So, I hope I’ve convinced you that there are some smarter things you can do with stochastic models, whether
that’s through replicating portfolios, tying together assets and liabilities, even scenario based replication, or whether
that’s by just dividing things up using conditionalization to speed things up without sacrificing a lot on the accu-
racy. And that’s where stochastic modeling really becomes a feasible technique for measuring Economic Capital in
insurance companies. And I think I’ll leave you with that thought. (Applause)
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Moderator Rioux: At this time I would like to invite people to ask questions or comment. I’m going to ask the
people to go to the microphone to do so, please.

Mike Lombardi: I guess the question is for Hubert. First of all, I’d like to thank both panellists for the presenta-
tions; I think we’ve learned a lot here.

Hubert, when you were talking about the approach where you take the 99.95 percentile, one-year event hori-
zon etc…, it wasn’t clear to me, maybe you can explain a little more. You do all these scenarios; you look one year
out and it’s pretty clear if you’re doing an equity scenario, you know, the value at the end of one year is the value
of those stocks. It’s a little less clear when you’re looking at liabilities.

Like if you say to yourself:, mortality is no longer going to mimic the best estimate table I have; it’s going to
be whatever it is, 10% worse. And then when you get out to the one year, you still have, you know, long policies
that haven’t matured yet, so you need a bit of a residual value of some of kind.

So I’m trying to distinguish between the time horizon which is one year and the effect horizon. How long does
this effect last? Do you assume you have extra claims for one year and then you’re back to normal? or do you fol-
low the ripple effect through as the policies expire all the way through? And this would apply to lapses or anything
else. So, maybe you can talk a little bit about the difference between the time horizon and the effect horizon, so
it’s a bit clearer what residual value you have after one year.

Speaker Mueller: Sure and in fact that’s a very good question and I’m glad you asked it because it clearly shows
that I haven’t explained well enough. Maybe we didn’t have enough time either.

Essentially what happens is you use the one-year observation period to define your stress. So that defines your
stress whether it’s interest, mortality, lapses, equity. The way you mechanically go about it, you can do it two ways.
One is, like you said, you have the stress emerge over a year and then you basically revalue your liabilities at the
end of the first year and the question becomes: OK, does the stress condition persist throughout? And you make
that the new condition. Or is it only in that one year? And you re-evaluate completely risk-neutral. I think it de-
pends a little bit on the type of risk you’re looking at.

For a lot of the actuarial risks, our position has been if you evaluate over one year the stresses and say you find
that, because of catastrophe, parameter trend or volatility risks, you’d have to change your mortality or lapse as-
sumption, then most likely that assumption should persist at least for the next few years, if not for the remainder
of the duration. Because what would happen if you think about an efficient market is, the reinsurers—just like what
happened in 2001 and some of the other Florida hurricane years—the parties that are holding the bag for paying
a lot of the claims will change their going-in assumptions, based on those claims happening. So they’re not just
going to go back and say: Ah, that was just a one in 1,000 year event. We won’t charge you for it. We’ve already
paid for it, but we’re not going to raise our premium. Of course they’re going to raise the premium because now
that’s fresh in their mind and it’s changed the paradigm for how they going to price. So whether that’s lapse or mor-
tality, that would indicate that that pattern from the one year should be expected to persist at least for a few years,
if not for the further future.

In practice, what you really typically do is you don’t even go out to the one year as an approximative technique.
What you can do is you change your initial conditions for the stress. The stress replicates what happened over the
one year, but what you’re really doing is you’re changing your initial condition and you’re re-generating a set of risk-
neutral scenarios with those revised initial conditions and then you’re re-projecting your assets and liabilities and
you look at the difference and you look at, as I said earlier, the difference in your resulting surplus. So really you
are generally assuming that those conditions persist by stressing the initial condition so you’ve basically changed
the market instantaneously.

So if it’s an equity shock, if your equity shock comes out to be the 99.5 percentile that the Toronto Stock
Exchange goes down by 50%, that’s a shock that you’re putting in at that time zero and now you’re re-generating
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your scenarios to be risk-neutral under those revised conditions and you’re re-projecting your assets and you’re re-
projecting your liabilities.

Interesting point here is management action. Where can you reflect management action? Of course you

should reflect management actions; otherwise you know, it makes no sense. So, if you have a hedging program
in place it probably makes more sense to have the stress emerge more partially during the year at multiple cir-
cumstances using actual market data rather than have it be instantaneous because if it were instantaneous maybe
your hedging program would collapse. Because if it were a 50% stress in one day, you probably couldn’t react
the way you would expect to react because you wouldn’t have counter parties to trade in that day; everything
would be halted.

So you kind of have to think: OK, what’s the data observation period? How would a 50% stress pan out? It’s
not going to all happen in one day. Maybe you do a stochastic distribution of that 50% stress using various paths
but at the end, you’re going to get to the same point at the end of the year and in each of those paths you could
reflect what you would do in your hedging program.

So it’s really a little bit more than just doing a simple one-time analysis. You’d want to think about how it pans
out. In the case of the equity stress, it really only would be in that one year. Right? But in the case of say, a de-
mographic stress, mortality or lapses, there probably would be some knock-on effect because essentially the mar-
ket conditions have changed because of the stress. So it’s really something you have to consider risk by risk. OK?

Speaker Reynolds: I might just add to that as well that when you’re doing this and certainly in the context of stress
testing, something that we’ve seen a lot of bank reviewers ask is: If you’re assuming that that’s your management
action under the stress scenario, please show me the policy and the procedure for enacting that action.

So, don’t think that it’s all an intellectual exercise to put management actions into your stress scenarios. If you’re
going to look at a 50% decline over a year and you assume that’s maybe equally over a few months and you’re going
to assume that there’s management intervention, you need to have the policies and the actual people that you can
say are going to be responsible for it to come back with, because they’re likely to ask.

Mike Lombardi: That’s very similar to what’s called the UseTest under Solvency II and not just that you have back-
room people that can do calculations, but show me that you manage your business this way.

Just reminded me of a second question I had and either one of you can answer this. This has to do with
correlations.

It’s very clear that adding up the components of the Economic Capital is the wrong way to do it. You have to
look at how they interact with each other and how they correlate and—Hubert made the point earlier on that—
be careful with correlations because when you calculate correlations, you know, sometimes it’s easy to calculate
them, but what you’re getting is the correlation of normal conditions, at the mean. The correlations in the tail are
different and I kept thinking about the number 99.5% or 99.95%.

You know, you only have like, one in 1,000 or one in a 5,000 examples of tails, so from a practical perspec-
tive, real world, where does one go to look up these correlations? Maybe Hubert you can talk about your practice
or Diane yours, about how you go about actually getting these tail correlations, rather than in the mean. I think
I’ve explained myself.

Speaker Mueller:We’ll make it brief because we have one more question and we want to make sure we don’t go
over time here. I would say the one thing which I mentioned at the beginning of my presentation, you don’t nec-
essarily have to have the actual occurrence or as many scenarios, if you have certain points on your distribution,
you can make assumptions about extrapolating that to the tail so that gets you to the tail. The correlation in the
tail is something that there’s quite a bit research that has been done with some of the copulas being out. In fact in
the US also, there’s quite a bit of research going on among both academics as well as practitioners about the use
of copulas to get at that correlation. So you can actually do that and you can correlate multivariate distributions
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quite reasonably to get at those correlations in the extreme tail. But one of the points was, you don’t necessarily
need to do 10,000 scenarios to actually get the tail.

Speaker Reynolds:Maybe if I can address that because I actually entirely disagree with you.

(Laughter)

Speaker Mueller: That’s good.

Speaker Reynolds: I found that looking at copulas, looking at trying to correlate distributions that are highly com-
pany-specific as any risk distribution will be for Economic Capital purposes, is something where you can borrow
techniques. You can borrow standards. But those correlation numbers are still going to be subject to discussion and
you do run the risk of the perception that games have been played with those correlation numbers.

By looking at some more bottom-up approaches, yes there are maybe more scenarios to run. There’s cer-
tainly efficient ways to do that so that they’re not a brute force kind of scenario that you might associate with sto-
chastic modeling, but the correlations in that case are much more exogenous so you can look at the correlations
between equity markets and interest rates, externally to the firm. So, even though there’s perhaps not a lot of ex-
treme data, it’s seen as much more objective rather than subjective correlation modeling and there’s a lot of research
in that area as well.

U-M: This is related to replicating portfolios and it arises from a discussion I’ve recently had with a colleague; we
work together on stochastic modeling of Economic Capital.

The question is several of us on the solvency framework are struggling with the approach taken in Solvency II
which assumes that liability profiles can be valid using a replicating portfolio of assets. Well it may seem a workable
approach for liabilities like fixed payout annuities and term deposits and seg fund guarantees. We’re not convinced
that insurance liabilities that are subject to lapse, mortality, morbidity assumptions and therefore are variable from
period to period can be hedged. How can one justify the valuation of liabilities using a replicating portfolio when
this portfolio is in fact not a perfect hedge for the liabilities? And the follow up to that is, assuming that it can be
hedged using a replicating portfolio, if you’re not hedging this, is it still an appropriate valuation methodology?

Speaker Mueller: Very good question, and we’ll see if we disagree on this one too.
I would say it’s a two part answer. Number one, your statement makes the implicit assumption that if you use

a replicating portfolio technique that you automatically assume the liabilities are completely hedgeable; that is not
true. You don’t have to make that assumption. In fact, if you look at some of the disclosure from the CFO Forum
on that, you would find that there’s a separate capital allowance for non-hedgeable risks, so really what you need
to get at is: How much of the risk is hedgeable for which you can build the replicating portfolio? and what pro-
portion of your risk is non-hedgeable for which you typically make an allowance of additional capital, once you’ve
calculated the capital for the hedgeable portfolio?

In some academic research it’s also referred to as the market value margin and again there’s quite good research
out there particularly from the CRO Forum on this topic; you know, they’ve done some pretty extensive research
on this. So the short answer is you build in an additional allowance generally by increasing your capital. Some com-
panies have increased the risk-free rate for a margin, but that becomes more arbitrary. I like the capital approach
much better. Diane?

Speaker Reynolds: I agree with all of that, I think. I know, shocking! But I also think that there’s no reason in
the context of Economic Capital to think that they have to be real instruments. They’re not necessarily something
that you can go out in the market and buy or trade or design. So, that gives you a lot more room to look at what
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kind of let’s say, asset-type cash flows might be a more realistic representation of those liabilities. So, it isn’t neces-
sarily the case that everything has to exist in that universe of replicating instruments.

Moderator Rioux: I would like you to join me in welcoming and thanking Hubert and Diane for their presen-
tations. Thank you very much.

(Applause)

Actually I remember reading a paper a few years ago about preferred value of liabilities and replicating port-
folios and that was from a paper produced by someone that worked at Transamerica a few years ago so if someone
is interested, they were talking in detail about our methods to do that.
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