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Moderator Joseph Gabriel: I'd like to thank everybody that is joining today's session. My name 
is Joe Gabriel. I'm the staff actuary, education, with the CIA. So, welcome to Session 42: The 
Basis Risk Effect on Segregated Funds Hedging. Hedging risk associated with segregated funds 
guarantees is a difficult problem. It involves diverse risks, such as equity, interest rate, mortality 
basis, and withdrawal. The basis risk effect driven by the imperfect correlation between the 
underlying and the hedging assets was one of the main causes of losses for insurance during the 
financial crisis of 2008. Today's speakers will present an approach to optimize hedging 
strategies with basis risk in mind and to quantify its effect. The speakers today are Mr. Frédéric 
Godin, who is a professor of mathematics and statistics at Concordia University. We also have 
Mr. Emmanuel Hamel, who is an actuarial analyst with the Autorité des marches financiers 
(AMF). Last but not least, Mr. Denis-Alexandre Trottier, who is a graduate student researcher at 
the Université Laval. So, gentlemen, the floor is yours. 

Speaker Emmanuel Hamel: Hi everyone. My presentation will be in two parts. First, I will 
present some recent regulatory development that has been done at the AMF. In the second 
part, I will present some research projects that are being done at the AMF regarding segregated 
funds.  

Before I proceed, I would just like to mention that the views expressed in this presentation are 
those of the author, and no responsibility for them should be attributed to the AMF. As a quick 
reminder, what is the AMF? Well, it's the body mandated by the Government of Quebec to 
regulate Quebec's financial market. It [was] created in 2004, and distinguishes itself by virtue of 
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its integrated regulation regarding the areas of insurance, securities, derivatives, and deposit 
institutions. In sum, the AMF is Quebec's financial regulator.  

Segregated funds are basically mutual funds with some built-in financial guarantees. They bear 
many similarities [to] the options on the derivative markets. They are very popular guarantees 
that are bought by the consumer because these are accumulation products, which pay the 
maximum between the guaranteed value and the account value. The main guarantees that are 
sold in the market are the ones written on the slides: a guaranteed minimum death benefit 
(GMDB), a guaranteed minimum maturity benefit (GMMB), and a guaranteed minimum 
withdrawal benefit (GMWB). 

The guaranteed minimum death benefit will pay the policyholder the maximum between the 
guaranteed value, which can take the form of a minimum guaranteed return, and the account 
value. In the case where the policyholder dies, the guaranteed minimum maturity benefit will 
pay the maximum between the guaranteed value and the account value. In the case where the 
policyholder survives a pre-determined amount of time, the guaranteed minimum withdrawal 
benefit will pay the policyholder, at retirement, an annuity that is a function of the account 
value at the age of, for example, 65. So, these products introduce a lot of risks for the insurers 
because it's as if the insurers are selling options on derivative markets to the policyholders. So, 
the AMF has to make sure that the management of regulated security funds is appropriate. It 
has to make sure that the capital requirements are appropriate, also. To make sure that the 
management of regulated segregated funds is appropriate, the AMF issues some guidelines as 
an insurance surveillance team. To protect against these losses, the insurers put in place some 
dynamic hedging programs to take an inverse position on the market. The inverse position of 
the market relates to the options that are solved with the segregated funds. For example, if 
they sell a guaranteed minimum maturity benefit (GMMB), it's like put options, so they will take 
a short position on the financial market.  

Model Approval 

Recently, the AMF has developed an option formula that recognizes dynamic hedging in the 
capital calculation. So, in all Canada, segregated fund models can be used to calculate capital 
requirements, but without dynamic hedging. The models with dynamic hedging can only be 
used in Quebec. This new guideline [has been] enforced since January 1, 2017. In this new 
guideline, there are some qualitative requirements—for example, regarding the governance, 
model risk, [and] changes to [the] model. When the insurers make some changes to [the] 
model, they have to inform the AMF, and some quantitative requirements are required 
regarding actuarial assumptions, stress testing, [and] calibration criteria for the models. 

Here is a slide representing the approval process. There is an administrative process, which is in 
four phases. 

In the first phase, the insurer deposits the documents [with] the AMF. These documents 
contain some technical documentation—for example, the mathematical formulas. There are 
also some letters [from] the chief risk officer, [and] the board. The second phase is a continuous 
discussion between the AMF and the insurer. So, if the insurer satisfies in that phase all the 
qualitative and quantitative requirements by the AMF, then the insurer will be able to move to 
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phase three, where it will get the approval to use the dynamic hedging program for capital 
calculations. Phase four is the continuous monitoring phase. So, if there are changes to [the] 
model, then the insurers have to inform the AMF that maybe some changes to the model will 
need a second approval—an extra approval.  

In this new formula, there is a new capital calculation formula, which has six components. I only 
present five on the slide. The extra component is related to operational risk. The first 
component is R1. It is related to the market risk and the basis risk, and there are some 
calibration criteria that are related to the asset models. The component R2 is related to lapse 
rates, when the policyholders can lapse the contracts and get their account value back. This is a 
critical assumption in the evaluation of segregated funds. So, we have a shock of 40 percent on 
the level of the lapse rate. Also, in certain conditions, there [is] no lapse rate—for example, 
when the option is in the money. In the case of a guaranteed minimum withdrawal benefit, we 
don't let the lapse rates be very high. There's an R3 mortality shock of 16 percent in this capital 
formula. Longevity is the R4 component. So, we give a shock of 300 percent of the CIA table. 
Also, there is the R5 component related to expenses. There is a shock of 15 percent on 
administration and 20 percent on transactions.  

Capital Calculation 

This formula is, in some ways, similar to a time step, so there is an explicit diversification 
benefit, which is called "RAM." So, it's kind of a square root formula to calculate the 
diversification benefit. So, it's the sum of some coefficients related to the different components 
of the capital formula. It is under the constraint of 30 percent. Credit cannot be greater than 30 
percent of the sum of the five individual components.  

In the first part of my presentation, I spoke about some recent regulatory development that has 
been done at the AMF. Now, I will speak about some research projects that are being 
performed at the AMF regarding segregated funds. We see on the slide that we have many 
projects. First, we do some projects on asset modeling, interest rate modeling, dependence 
between interest rate and asset modeling. We have developed our own internal model for 
segregated funds—with and without hedging—so we can compare insurers on a level basis. We 
do some research on lapse risk and basis risk and also mortality improvement. For example, we 
calibrate in many models the effect, etc.  

Here, I give some examples of models that we consider: regime-switching lognormal, regime-
switching GARCH, stochastic volatility model. We also consider their multivariate counterpart. 
Regarding interest rate modeling, we consider some models that were proposed by the CIA, 
also some regime-switching models with many factors. For example, regime-switching Nelson-
Siegel. Maybe we introduce some variables like demographic trend, GDP inflation, etc.  

So, here is an example of the use of our models. In the interim, we are in the process of making 
a comparison [among] all the insurers. So, we program all the different lapse hypotheses and 
we use the model to compare them on a level basis. 

Now, one particular project of interest to us is the project related to basis risk. Basis risk is the 
difference between the return of the hedging assets, using a dynamic hedging model, and the 
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return on the mutual fund. For example, if you invest in the TSX 60 and you hedge with the 
futures on a TSX 60, they have a very close return, but they are not 100 percent correlated. This 
creates basis risk. So, there are some methods used in the industry to model the basis risk—for 
example, the one I show on the slide, the fund-mapping method. So, there are RA‘s that are 
returned on the asset, on the segregated fund, which is explained as a linear combination of 
returns of some indices, which are I1, I2, I3; and Beta 1, Beta 2, Beta N are some coefficients. 
There's also an error term, which, in this case, it's a normal error term. So, this research project 
attacks many questions. So, what are the methods to model basis risk, besides the fund 
mapping? Should the error term [be] equal to zero? Because in some education notes by the 
CIA, they say we should consider it to be equal to non-zero, but their insurers are not forced. 
What is the impact of basis risk on the capital? 

There is a research project that is financed by the Fonds d’éducation de la saine gouvernance 
(FESG) at the AMF. This research project is conducted by Frédéric Godin and Denis-Alexandre 
Trottier. The goal of this research project is to quantify the impact of basis risk for segregated 
fund models with the dynamic hedging. I had the opportunity to participate in this project on a 
personal basis. So, now, I will let my colleague talk. 

Speaker Frédéric Godin: Thanks a lot, Emmanuel, for your interesting presentation. Today 
we're going to present a short overview of the research project that was described by 
Emmanuel. We're going to speak about a simple hedging scheme for variable annuities in the 
presence of basis risk. Here, the key [term] is basis risk. This is what we want to study. So, we 
present a simple hedging scheme, and we illustrate it through the use of a GMMB policy. So, 
how do those policies work? Well, you have an individual who invests his or her money into a 
policy account. The policy account is invested in a mutual fund, so [it] earns returns, but then 
two things happen. First, the insurer charges monthly fees to the policy account, but on the 
other side, the insurer guarantees a minimum value of the account at maturity. So, if the value 
of the account falls below the guaranteed amount, the insurer has to pay the difference 
between the guaranteed amount and the policy account. This is like an implicit option to the 
policyholder. So, those are options admitted by insurance companies. Insurance companies 
need to hedge those contracts. So, they perform hedging with liquid futures because the 
underlying asset of the option is mutual-fund shares. However, in practice, it's often not 
feasible or not practical to short shares of the mutual fund. So, instead, insurers use liquid 
indices to take short positions. 

We're going to illustrate that case of a cross-hedge, and this cross-hedge, like Emmanuel said 
earlier, generates basis risk because the liquid index and the mutual fund return are not 
perfectly correlated. This imperfect correlation creates what we call "basis risk." In our project, 
we reach—well, there are other conclusions, but two important conclusions are the following. 
First, we find that basis risk materially reduces the hedging efficiency. It's really detrimental to 
your ability to mitigate risk. Because of that, a possibility to find another way to minimize risk is 
to incorporate an investment component in your hedging portfolio.  

So, first, we're going to describe the asset dynamics in our model that we used. We assume 
that, in our market, two assets are traded. The first traded asset is a mutual fund. We used the 
Great-West data because it's provided publicly – so, as an example – but conclusions would 
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hold, also, for other funds. Then, for the liquid index, we use the TSX 60 Futures, which is the 
Canadian hedging instrument. Here is just a bit of notation: "t" denotes the time in months; "F" 
will be the price process of the mutual fund; and "S" will be the price process of the liquid 
futures. We assume a regime-switching dynamic.  

We have, in our model, a Markov chain “h,” which characterizes the state of the economy. We 
assume two regime Markov chains: one state is bull market; the other one is bear market. So, 
the market alternates between periods of prosperity and turbulence, if we can say so. In this 
model, we have the log returns of both the mutual funds and the liquid future index, their 
mean, which depends on the regime, plus a standard deviation, which also depends on the 
regime, times a noise component. Here, our noise component, "z," is multivariate normal with 
a correlation which also depends on regime. So, in our market, we have time-varying drifts, 
time-varying volatilities, and time-varying correlations.  

Here is just a plot of the time series we use to calibrate our model. We see here that the length 
of the two-time series is different. This is a problem that occurs often in practice because 
there's no guarantee that your data for the mutual fund and for the index covers exactly the 
same period. So, we used an estimation method which takes that consideration into account. 

[reading screen] Maximum Likelihood Estimation 

Here are the parameters that we estimated by using the data we had. We see here that we 
clearly have two definite regimes: one which is a bull market regime and a second one which is 
a bear market regime. Here, "µ1" would be the drift in the first regime. Would it be a bull 
market regime or a bear market regime? Since those are positive, they would be a bull market. 
In the first regime, you have positive drift and low volatility, whereas in the second regime, you 
have negative drift and high volatility. So, we see that we have, clearly, two distinctive regimes 
in our case. We have a correlation between the underlying asset and the futures of roughly 90 
percent in both regimes. So, 90 percent is pretty high, but still, it entails a material basis risk.  

The impact of 90 percent instead of 100 percent is still material; so, we also plotted the most 
likely path of regimes. We see here that our model is able to capture the most known crises 
that have occurred in the past. We have the dot-com bubble, September 2001. We see that 
there's a jump to the second regime, which is the bear market regime. We also have a jump in 
2008 because of the financial crisis. 

[reading screen] Policy Account Dynamics 

We talked about the asset dynamics. Now we're going to speak about the variable annuities 
dynamics—how do they work? Like I said, the individual invests his money into a policy 
account. The policy account value is going to be denoted by "A." So, "A" will be the value 
process of the underlying account. When the individual gets payoff at maturity, if the policy 
account falls below the strike price or the guaranteed value, then the insurer has to pay the 
difference—so, [the insurer] has to pay "K" minus “A” at time “T,” the guaranteed amount 
minus the account value, only if this quantity is positive. So, here, "T" will be the guaranteed 
maturity, "K" will be the guaranteed amount, and "gtot" and "gopt" will be two fee rates. So, 
"gtot" will be the total monthly fee rate charged to the policyholder, and "gopt" will be the 
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hedging fee rate. What's the difference between both rates? Well, only a part of the fees that 
are charged to the policyholder are used for hedging because there's another portion that is 
used for overhead expenses, etc. So, gopt only represents the fraction of fees that are used for 
hedging purposes.  

So, with that, how do we get the dynamics of the underlying policy account? If you want to 
have its value at “t” plus one here, well, you take its value at time “t.” You earn return for one 
month return. You earn the same return as the futures, but then you have to subtract the fees 
that you charge to the policyholders. There's a simple way to relate the dynamics of the policy 
account of the futures.  

[reading screen] Model Assumptions 

In our model, we make multiple simplifying assumptions. Nevertheless, in the upcoming work, 
we will generalize those assumptions. Those can look a bit overly simplistic, but there's a way to 
generalize our method to consider additional complex risk factors. We assume a constant 
monthly risk-free rate “r”, a constant monthly lapse rate “b”, deterministic mortality—which 
incorporates mortality improvement. We don't consider surrender charges. We don't consider 
ratchet and reset features for the guaranteed amount. So, the guaranteed amount is fixed and 
known in advance. All those, like I said, can be generalized without too much effort. The reason 
we made these is we want to put a special focus on basis risk. So, for now, we focus on basis 
risk, and later on, we're going to incorporate more risks. So, a quick description of the cash 
flows faced by the insurer, because the insurer wants to hedge its exposure to risk. In order to 
understand its exposure to risk, we have to understand the cash flow mechanics of the insurer. 

[reading screen] Variable Annuity Guarantee Value 

Here, "Bt" is the value of a bank account which grows deterministically through time at the risk-
free rate. "CFt" is the cash outflow faced by the insurer—so, the value that the insurer, the 
liquidity that the insurer must pay or receive at every time "t," so, every month "t." Cash flows 
have two components. The first part of cash flows are fees charged to the policyholder. Every 
month, the insurer charged those fees. Because CF is a cash outflow, those fees are received, so 
there's a minus sign here. The second component of the cash flow is the maturity benefit. So, 
the insurer receives fees, but it has to pay benefits when you're at maturity. So, when you're at 
maturity, the insurer must pay the difference between the guaranteed amount and the account 
value, if this difference is positive, times "lT" here. "L" denotes the proportion of policyholders 
who are still active at maturity time T. So, we do not consider people who lapse in their policy 
or people who died and are not entailed to the maturity benefits. Here, once we have the cash 
flow, this allows us to price the value of the guarantee.  

[reading screen] Risk-Neutral Measure 

In order to get the value of the guarantee, which is kind of the option value, we use a risk-
neutral expectation of cash flows. So, we discount all cash flows at the risk-free rate and take 
the expected value of the present value of all those cash flows. How do we choose this risk-
neutral measure? Well, we use the usual technique in the literature, which is we shift the drifts 
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towards the risk-free rate, minus the convexity correction. So, we don't use a very complicated 
method to go to the risk-neutral work.  

Now, for mortality and lapses, as I discussed previously, the assumptions we use are simple, but 
they're very convenient to do what we do and focus on basis risk. So, we assumed deterministic 
mortality and lapse rates. This is equivalent to assuming that the insurer can fully diversify 
those risks by insuring a very large number of policyholders. Here, "b" will be the monthly lapse 
rate or the monthly surrender rate of policies. "tpx" will be the probability that a policyholder 
age "x" at times zero survives "t" years. The proportion of policyholders who are active by time 
"t" is simply the proportion of people who did not surrender their policy, times the proportion 
of people who did not die. So, we have a simple model for decrements here. 

Here we have a quick illustration of the mortality function. We have the CIA mortality table 
with their suggested methodology for mortality improvement. We see that here we have an 
individual aged 55 years old at times zero. Then, 120 months later, which is ten years later, 
there's roughly 94 percent of the individuals that would have survived. So, now, we're going to 
talk about hedging, and I'm going to let Denis-Alexandre explain this. 

Speaker Denis-Alexandre Trottier: Merci. I'm going to discuss how we performed the hedging 
of variable annuities. The basic idea is very simple. We set up a hedging portfolio, with monthly 
rebalancing, in such a way that it tracks the value of the guarantee. The portfolio consists of 
positions in the risk-free asset and the future positions in equity index, which is here, the TSX 60 
index. It is non-self-financing, as it involves monthly injections or withdrawals of capital that are 
such that it brings the value of the hedging portfolio equal to that of the guarantee. The 
purpose of the hedging strategy is to minimize the risk related to these injections. These are 
given by the formula at the bottom of the slide. The cash injection at time "t" is given by these 
three terms. "CFt" as my colleague explained, is a cash outflow of the insurer at time "t." It 
involves the monthly fees paid by the policyholder and the guaranteed payout paid by the 
insurer at the terminal date. "Vt-" denotes the pre-injection value of the hedging portfolio. "Vt+" 
denotes the post-injection value of the hedging portfolio. The hedging condition is that Vt+ 

equals the value of the guarantee. So, Vt+ = ∏t, which is the value of the guarantees sold by the 
insurer. The cash injection is then the cost of rebalancing. That would be Vt+ - Vt-. So, that's the 
cost of rebalancing the portfolio, to which we add the cash outflow of the insurer.  

We're going to rely on a delta approximation of the injection. 

That's in line with the hedging methods, based on the great approximation. It's going to be very 
convenient because it will help us to speed the numerical simulations. It will even allow us to 
obtain analytical solutions in some instances. So, here, you have the expression for the 
approximation of the injection at time "t" plus one. "θt+1" is the number of outstanding future 
positions between time "t" and time "t+1." So, that's our decision variable. "∆t" is the 
guaranteed delta, and our goal here would be to choose θt+1 in such a way that it minimizes the 
risk of the injection at time "t+1."  

The hedging problem is formulated as follows: at each period "t," the risk related to the next 
injection—so, at time "t+1"—is minimized. That's a local hedging strategy. At each time step, 
we minimize the risk of the next period. Here, the chosen risk measure is denoted by "R"—this 
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stylized "R" here. [indicates] The market information at time "t" is denoted by "Ft." The problem 
we solve is, then, that of minimizing the conditional risk measure of the upcoming injection. 

[reading screen] Mean-Variance 

What is left is to specify this risk measure, and in our working paper, we investigate several 
choices, such as values at risk or conditional values at risk. Here, we're going to focus on the 
mean-variance risk measure. So, this risk measure consists of the variance of the upcoming 
injection, to which we add the expected value of the injection, weighted by some constant 
factor. So, this method involves a trade-off between risk, which is the variance, and the 
expected cost, which is the expected value. So, "λ" is the mean-variance trade-off parameter. 
The special case λ = 0 is called the minimal variance strategy, because when λ = 0 then you can 
see that the risk measure at the top is just equal to the variance. So, it's the special case in 
which we minimize the variance of the upcoming injection. When λ is greater than 0, then it 
means we're trying to minimize the variance, as well as the expected value of the upcoming 
injection. Under the delta approximation—so, under this approximation—it's possible to obtain 
an analytical solution, so that's very convenient for the purpose of speeding up the simulation. 
This solution is given at the bottom of the slide, so it consists of two terms. At the left-hand 
side, you have the number of future positions between time "t" and time "t+1." This number of 
positions is given by the expression on the right-hand side. So, there are two terms. The first 
one, you can see it's related to the delta, so it makes us think about a delta hedging strategy. 
The second term, it starts with lambda, so it's related to the mean component. 

You can see that this solution nests delta hedging as a special case. If λ is equal to 0, then the 
second term vanishes, so we are left with the first one. If, furthermore, there is no basis risk—
i.e. "F" is equal to "S"—then the covariance of "F" and "S" is just a variance of "S." The variance 
of "S" over the variance of "S" is equal to one, so we are just left with the delta. To summarize, 
delta hedging is a special case that is obtained for the minimal variance strategy when there is 
no basis risk. More generally, this approach nests other methods, such as fund mapping. So, we 
can show that.  

[reading screen] Simulation Study Objective 

We're now going to perform a simulation study whose objective is to compare the following 
strategies. First, we're going to perform no hedging at all. Second, we're going to cross-hedge 
using TSX 60 futures, where we have seen that the correlation with the mutual fund is about 90 
percent. Third, we're going to hedge using the shares of the underlying mutual fund. So, the 
third strategy cannot be implemented in practice because it's usually impossible to short-sell 
the mutual fund. Otherwise, we would use it because it will solve the problem of basis risk. 

[reading screen] Capital and Reserves 

We're going to take a look at the discounted sum of injections—so, that would be the sum from 
T = 1 up to the maturity, the sum over each month of the entire life of the hedging strategy. We 
sum all injections, and we discount them back to time zero. So, the conditional value at risk at 
the 95 percent level of that variable is the total gross capital requirement. So, this is the capital 
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that the insurer must own at time zero. So, this is why we're going to be especially interested in 
the CVaR of the discounted sum of injections.  

The simulation parameters are presented here in monthly frequency.  

The maturity will be ten years—120 months. The survival probability will be that of a 
policyholder aged 55 years old at time zero. That's the curve that my colleague presented 
earlier. The lapse rate will be .34 percent. The total fee rate is .29 percent, and the risk-free rate 
is .25 percent. These values are deemed representative of real-life practice. They are in monthly 
frequency. The strike price, the initial value of the "F" and the initial value of "S" are all set to 
100. The guarantee is at the maturity. 

These are the results.  

This table presents some statistics of the discounted sum of injections. These injections are 
those required in order to track the value of the guarantee during the entire life of the hedge. 
We have the mean, the standard deviation, and three different CVaRs. The one we are 
especially interested in is the one in the middle, the CVaR at the 95 percent level. We have 
three panels. The first panel corresponds to no hedging. These are the values that we obtain 
when we do not perform hedging. The second panel corresponds to the case of cross-hedging 
using futures under basis risk. The third panel corresponds to the case of hedging with the 
underlying fund. Of course, as I said, we cannot implement this third strategy, but it's useful to 
do it in simulation in order to help us quantify the impact of basis risk. In the third panel, there 
is no basis risk. In the second one, there is basis risk. So, we can compare this way. 

I'm just going to summarize the results. 

In the absence of hedging, we obtained a CVaR of 23.5. If we hedge using the underlying fund, 
and if we use the delta hedging strategy, then we obtain a CVaR of 3.5. So, the reduction is very 
substantial. However, if we hedge using futures with basis risk, the minimal variance strategy 
gives us a CVaR of 17. So, now we can take a pause and really appreciate one of the 
conclusions, which is that basis risk has a material impact on capital requirements. So, you can 
see that because when there is no basis risk, we can take the CVaR from 23.5 down to 3.5. 
When there is basis risk, we take it from 23.5 to 17. So, you can see that the reduction is far less 
impressive. However, when we increase the parameter λ—that's the mean-variance trade-off 
parameter—as we put more importance on minimizing the expected cost, as well as the 
variance, then we can further decrease the conditional value at risk down to 7.6 when λ is equal 
to 23. So, that's the optimal value of λ with respect to the CVaR at the 95 percent level. So, the 
lesson seems to be that minimizing the conditional variance of injections is not necessarily 
optimal in the presence of basis risk.  

Why is minimal variance suboptimal? 

So, in the absence of basis risk, we see that the delta hedging strategy is performing quite well. 
In the presence of basis risk, the minimal variance strategy is not performing so well. So, 
obviously, the next question is, "Why?" Why is the minimal variance strategy not optimal under 
basis risk? Well, there are two parts to the explanation. The first part is related to the maximum 
amount of risk reduction that we can reach using a minimal variance hedging strategy. If we do 
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the math, we can prove that the standard deviation of the injection with minimal variance over 
the standard deviation of the injection when no hedging is done is equal to the square root of 
one minus the correlation squared. What it means is that for a 90 percent correlation between 
the hedging instrument and the underlying fund—which is about what we have here—then the 
minimal variance injection standard deviation is reduced by only 56 percent with respect to the 
no-hedging case. So, it seems to be a surprising result because one could think that 90 percent 
correlation is pretty high, [and] we could be able to reduce more of the risk. Actually, it turns 
out to be governed by this rule of thumb, which is one minus the correlation squared. 

So, that's the first part of the explanation as to why the minimal variance strategy is not optimal 
under basis risk. Well, it's simply because it's difficult to minimize the variance when there is 
basis risk. The second part of the explanation is related to the time diversification of equity risk. 
So, obviously, if you have a long investment horizon, which is the case here because the 
guarantee has a ten-year horizon, then it will make sense to invest in equity markets, right? 
Obviously, you would not let your money sleep at the risk-free rate for ten years. So, this is 
basically what the slide is saying, in somewhat more mathematical terms. The point is that the 
minimal variance strategy is not using such investment positions. It solely relies on a risk-
minimizing position, whereas the mean-variance strategy entails investment positions. You can 
see that at this slide, so the second term on the bottom equation corresponds to investment 
positions in the equity index, which is the TSX 60 here. So, that's basically what's going on here. 

To summarize, in the presence of basis risk, reducing risk is very difficult. This is one part of the 
explanation. Also, time diversification greatly reduces the downside risk of a mean-variance 
trade-off. So, this explains why the minimal variance strategy is not optimal under basis risk. Of 
course, this applies to other funds, as well. Despite a very high correlation, we can see that 
basis risk can have a significant impact on capital requirements. We have also seen that 
minimizing the conditional variance of injections is not necessarily optimal in the presence of 
basis risk. In fact, a mean-variance trade-off allows reducing capital requirements by more than 
50 percent with respect to a minimal variance strategy. So, that's the big picture here.  

Of course, regarding model extension, then we can “complexify“ the model, adding a stochastic 
risk-free rate, adding dynamic lapses and stochastic mortality, as well as a non-constant 
guaranteed strike price. We could also include additional hedging assets, such as interest rate 
swaps. We could hedge using multiple indices. So, we have analytical results regarding the 
implementation of these extensions. So, that's it. I hope you enjoyed [the presentation]. Thank 
you.  

[Applause] 

Moderator Gabriel: Thank you very much, Denis-Alexandre, Emmanuel, and Frédéric for this 
most interesting and not-very-technical presentation. We have some time right now for some 
questions for our panelists. 

Unknown: Well, thanks for the presentation. I might have two questions. The first one, if I 
understand correctly . . . because of the basis risk, there's really a part of the basis risk that is 
impossible to hedge. Is this proportion dependent on your hedging criteria? I mean, if you 
changed your hedging criteria, would this part become lower, in a way? 
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Speaker Godin: If you change the hedging criteria, this part would only become higher because 
we compare the minimal variance injection to the no-hedging. So, if you use another hedging 
criterion, you'll have a variance which is higher than the minimal hedging variance. So, this 
means that the proportion of variance you cannot hedge through basis risk would only increase 
if you use an alternative approach for hedging. 

Unknown: Again, if I got it correctly, you used the correlation between the assets, but if you try 
to model the structure of the dependence, instead of just using correlation, would you be able 
to change your hedging criteria to focus on the region where the dependency was stronger and 
let go of the part where the dependency is lower so that you improve your hedging this way? 

Speaker Godin: Yes, I think this is a very relevant observation. The model we use is very simple 
because it relies on GARSH copulas and correlations. If we want to increase realism, we might 
consider, for example, copulas or other methods to incorporate a sophisticated dependence. 
Then, in those cases, for sure, because dependence is more complicated, we would have to 
adjust our methods to place more focus on the more risky parts. So, indeed, this would be a 
very interesting extension to the model, where you could try to offset risk—not the variance 
and the correlation, but more, for example, tailored risk measures or analogous quantities. This 
is a very relevant observation. 

Unknown: OK, thanks for the answers. 

Speaker Godin: Thank you. 

Moderator Gabriel: So, I'm guessing there are no more questions? So, I'll thank, again, the 
audience for participating today, and our panelists. Have a great day.  

[Applause] 

[End of recording] 
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