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Objective

The purpose of this project is to assess, for the client, Mr White, two investment guarantee options available to him for a planned $100,000 investment.  The investment will be in a mixed asset fund and Mr White is planning on holding the investment for ten years. 

There are two options for an investment guarantee to help protect his investment but each have costs associated with them.  In order to assess if the guarantees are good value 100 projections of the performance of the fund are done and the impact of each of the guarantees calculated.  

The annual performance of the fund before management charges is assumed to follow a normal distribution with mean 5% p.a. and standard deviation of 15% p.a.  The projections are derived from a table of 1,000 random numbers from a uniform distribution.

Data

The 1,000 random numbers from a standard uniform distribution U(0,1) were obtained from the Statistics and Analysis Department.  The following checks were done to confirm that the data is as expected. 

The mean and the standard deviation of the random numbers were calculated and compared to what would be expected of a standard uniform distribution, namely a mean of 0.5 and a standard deviation of 0.289.  The actual figures were within 1% of the expected results so these checks were ok. 

Also the number of data entries in each band of 0.1 was counted and compared to that expected with a Chi-squared test.  The resultant p-value was 98% which also supports the fact that the data is from a standard uniform distribution.

In addition, Mr White provided details of the guarantee options, including:
· Guarantee structures 
· Annual and one off charges applicable under each option

Assumptions

The following assumptions were made in the model:

· There are no other charges associated with the investment or guarantees.
· The past performance data is suitable for projecting for the next ten years.
· Future investment returns follow a normal distribution.
· All charges are applied annually in arrear, unless stated otherwise.
· The original investment of $100,000 is also within the scope of the annual guarantee, i.e. a fall of more than 20% in year one would trigger the guarantee.
· That 100 scenarios are sufficient to produce statistically reliable results.
· No allowance is made for the counterparty risk with the investment company providing the guarantee. 
· The impact of tax on scenarios with positive results is not included.
· The annual returns are independent of each other over time.

Methodology

No guarantee option

First we calculate the investment returns with no guarantee in place.  This is done using the 100 sets of 10 random numbers.  The annual investment returns are assumed to follow a normal distribution with mean 5% p.a. and standard deviation of 15% p.a.  The inverse normal distribution function is used to convert each random number to an annual return from the assumed distribution. 

The investment fund starts at $100,000 for all 100 scenarios.  Then the annual return calculated above, minus the annual 1% management charge is applied, on a compound basis, to the fund value over the ten years of the projected investment.

Summary statistics are calculated on the final 100 projected values for the investment fund at the end of year 10.  These are the average, minimum, maximum and standard deviation.

Annual guarantee option

Under the annual guarantee option the value of the investment fund will be increased if it falls below 80% of the highest value achieved up to that point.  To calculate this for each year of the projection the maximum is taken of either:

· the value of the fund based on the previous year’s value with the modelled investment return applied minus the 1% management charge minus the 1.5% annual guarantee charge (with the charges being applied on a compound basis)

· or 80% of the maximum of the initial investment or the any year end value of the fund achieved to date.

The same summary statistics, as above, are calculated on the final investment values after 10 years.

Overall guarantee option

Under the overall guarantee option the value of the investment fund will be increased at the end of the 10 year investment period if the value then is less than 100% of the highest value achieved at any of the previous periods.  Under this option the initial investment is reduced by a 15% one off charge, so the fund projection starts with a fund value of $85,000 for all scenarios.  Then the annual return calculated above, on a compound basis, minus the annual 1% management charge is applied to the fund value over the ten years of the projected investment.

For each of the 100 scenarios, at the end of the ten years of the projection the maximum of the value of the projected fund and the fund values either initially or at each previous year end is calculated and this is the final value of the investment fund for that particular scenario. 

The same summary statistics, as above, are calculated on the final investment values after 10 years.

Stress tests

The following stress tests were done on the guarantee options:

For the annual guarantee option the annual cost of the guarantee was varied until the expected average value of the investment fund after 10 years was the same as under the no guarantee option.  This was done using GOAL SEEK. 

For the overall guarantee option the guarantee level was varied until the expected average value of the investment fund after 10 years was the same as under the no guarantee option.  This was also done using GOAL SEEK. 

Results

Original guarantee charges

The summary statistics comparing the three options are set out below, both graphically and as a table:
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	Summary
	No guarantee
	Annual guarantee
	Overall guarantee

	Mean
	 $ 152,240 
	 $ 147,322 
	 $ 148,407 

	Min
	 $   46,559 
	 $   82,315 
	 $   85,000 

	Max
	 $ 379,675 
	 $ 326,418 
	 $ 322,724 

	Standard deviation
	 $   72,107 
	 $   52,229 
	 $   52,733 



The mean results above show that under the no guarantee option the expected average result will be the highest.  This is reasonable because the charges are less under the no guarantee option.

Under the annual guarantee scenario if the guarantee was never hit then the mean fund value after the 10 years would be approximately $152,240  0.98510 = $130,885.  As the mean return is higher than this it indicates the guarantee is hit in some scenarios.  

These results indicate that the charges taken for the guarantees are greater in value than the average benefit expected to be gained by Mr White.  For example, for the annual guarantee option the average charge is worth $152,240 minus $130,885 = $21,355, whereas the benefit is $147,322 minus $130,885 = $16,437.  This is reasonable as the investment company will expect to make a profit on the guarantee they are providing.

Similarly the overall guarantee option has an expected fund value after 10 years of approximately 97% of the value with no guarantee option.  So whilst 15% of the fund is taken as a charge at the start of the investment, the expected result is significantly higher than 85% of the no guarantee option, which shows the value added by the guarantee provided.

The statistics show that the resultant fund that Mr White can expect is more volatile if there is no guarantee option in place.  The minimum outcome is lowest in the no guarantee option, but also the maximum outcome is the highest.  This is consistent with the higher standard deviation of returns seen on the no guarantee option.  The minimum under either guarantee option is also significantly higher so if Mr White is worried about worse-case scenarios the guarantees provide significant protection against poor results.

The minimum value under the overall guarantee option is $85,000 as this is the initial value after the charges, so the minimum fund value will always be at least this amount.

However, the maximum value is lower under the guarantee options, which shows that the price for the lower volatility is to reduce the upside potential if the investment performance is good over the next ten years.

The minimums and maximums are similar under the two guarantee options and that is consistent with the standard deviations, which are also of a similar amount.  This suggests that the two guarantee options provide similar protection but using different structures.  The expected result is marginally higher under the overall guarantee option than under the annual guarantee option and the minimum is higher too.  This suggests that of the two guarantee options this one could be more attractive to Mr White, depending on his risk appetite.  



Stress tests

As shown above the impact of the guarantees is to reduce the expected value of the investment fund over the 10 years projected due to the costs involved.  To help put the additional cost of the annual guarantee option in context a reserve stress test was done to see what charge would give the same expected result as under the no guarantee options.  This will indicate how much of the cost of the annual guarantee is the expected value of the guarantee and how much is the expected profit for the investment company. 

The result is below:
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The results show that an annual cost of the guarantee of 1.09% p.a. gave the same expected average result under the annual guarantee option as the no guarantee option.  This suggests that the pure cost of providing the guarantee is 1.09% p.a. and the expected profit for the investment company is therefore approximately 0.4% p.a.  It is important to note that under this stress test Mr White would still enjoy reduced volatility in his potential outcome. 

For the overall guarantee option a stress test shows that the guarantee level would have to be 103% of the maximum value overall all periods to give the same expected average investment result (see below).  This is consistent with the previous finding that the expected fund value was 3% lower under the overall guarantee scenario as the no guarantee scenario. 
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Conclusions

The expected impact of either guarantee is to reduce the value of the investment fund after 10 years.  But with the guarantees there will be less volatility in the results so Mr White may prefer this.  The overall guarantee option has a higher expected mean than the overall guarantee option and a higher minimum value so would seem the better option. Mr White needs to consider his investment risk appetite before choosing whether to pay for an investment guarantee.

Next steps

· Validate the mean and standard deviations assumptions for the future performance of the investment fund e.g. against another source and confirm that it is up to date.

· Validate whether a normal distribution is appropriate for the annual investment performance.  Historical analysis suggests that a distribution with ‘fatter tails’ may be more appropriate.

· [bookmark: _GoBack]Extend the analysis for other time periods, both shorter than and long than 10 years. 

· Adjust the model to allow for additional investments or withdrawals over time.

· Adjust the model to allow for a more sophisticated model of investment returns, for example with dependencies between annual returns.

· Allow for the funds to be invested in different asset classes

· Enhance the model to test the implications of any changes in the investment strategy.

· Solve for annual guarantee level to give the same expected fund value.

· Solve for the initial overall guarantee charge to give the same expected fund value.

· Sensitivity test the results by using different investment performance parameters.

· Check if other guarantee options are available, for example with other investment companies.

· Check the implications if Mr White needs to withdraw his investment early, in particular under the overall guarantee option if the fund value is currently under the maximum value up to that point.

· Model the market returns stochastically so that a probability distribution of potential results can be produced.

· Test the model against emerging experience going forwards.

· Obtain a peer review of the work done to date.
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