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1. Learning Objectives: 

2. The candidate will understand the concepts of risk modeling and be able to 
evaluate and understand the importance of risk models. 

 
3. The candidate will understand how the risks faced by an entity can be quantified 

and the use of metrics to measure risk. 
 
Learning Outcomes: 
(2a) Demonstrate how each of the financial and non-financial risks faced by an entity 

can be amenable to quantitative analysis including an explanation of the 
advantages and disadvantages of various techniques such as Value at Risk (VaR), 
stochastic analysis, and scenario analysis. 

 
(2e) Evaluate the theory and applications of extreme value theory in the measuring and 

modeling of risk. 
 
(3a) Apply and construct risk metrics to quantify major types of risk exposure such as 

market risk, credit risk, liquidity risk, regulatory risk, etc., and tolerances in the 
context of an integrated risk management process. 

 
(3d) Analyze risks that are not easily quantifiable, such as operational and liquidity 

risks. 
 
Sources: 
ERM-102-12: Value at Risk: Evolution, Deficiencies, and Alternative 
 
Financial Enterprise Risk Management, Sweeting, 2011, Ch. 12  Extreme Value Theory 
 
ERM-105-12: Coherent Measures of Risk - An Exposition for the Lay Actuary -Glenn 
Meyers 
 
Article: Modeling Tail Behaviour with Extreme Value Theory, Risk Management, Sept 
2009 
 
Embedding Cyber Risk in Risk Management: An Insurer’s Perspective By Kailan Shang 
(pp.12 -15 of Cybersecurity: Impact on Insurance Business and Operations)  
 



ERM-INV Spring 2020 Solutions Page 2 
 

1. Continued 
 
Commentary on Question: 
Candidates are tested on their ability to understand the EVT and different risk measures. 
One of the EVT distribution calculations was tested. The question was designed to be 
relatively straightforward with minimal area for subjectivity. It is expected that 
candidates are able to discuss/elaborate different risk measures and EVT. 
 
Solution: 
(a) Your junior analyst, Dan, has identified the following risk metrics: 
 

• VaR 
• Total Exposure 
• Standard Deviation 
• CTE 
• Average 

 
Discuss advantages and disadvantages of using each of these risk metrics. 
 
Commentary on Question: 
Overall, candidates did well on part (a) by describing the advantages and 
disadvantages of different risk measures and showed that they understood the 
concepts well. One advantage and one disadvantage for each risk measures 
would achieve full credit. 
 
Advantages - 
VaR: industry standard, methodology well accepted, based on Normal curve, risk 
control tool, maximum possible loss for a given confidence level.   
  
Total Exposure: simple to calculate, understand, used to control exposure, ex. 
credit risk exposure, maximum possible loss 
Standard Deviation: can be used for capital purpose, moves beyond average, 
expected deviation from average, no assumption of normality required  
   
CTE: considers only extreme losses, pertinent for cyber risk, average value above 
confidence level. 
Average: simple to estimate, use for management purpose, pricing, expected 
value.   
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1. Continued 
 
Disadvantages - 
VaR as the industry standard relies on normal distribution, but in reality many 
risks have heavier tails than a normal distribution. Only information below 
confidence level. Also relies on past data to predict future performance. Risks: not 
occurred in the past will not be captured by a VaR calculation."   
Total Exposure: not a meaningful risk metric, as this is simply an indicator for the 
size/volume of the operations, and does not credit/penalize risk management 
practices, no probability of loss, not show diversification benefit.   
    
Standard Deviation: no tail risk included. No coherent.      
CTE: may be difficult to obtain full distribution and calculate it but coherent risk 
measure, not a standard measure used by industry     
Average: doesn't take into account extreme events, large instances of losses 
around mean may mask losses in the extreme scenarios.   

 
(b) Upon further research, Dan suggests that Extreme Value Theory (EVT) might be 

a more appropriate solution to model cyber risks.  For that proposal, Dan drafts 
the following presentation slide outlining certain EVT aspects for the client. 
 
Extreme Value Theory (EVT): 
 

• EVT is a tool to help measure tail risk better than VaR. 
• VaR assumes normal distribution 
• Specifically, EVT can help quantify both the maximum of your 

experience data, and the frequency of values above the maximum. 
• EVT uses historical data; VaR does not. 
• This type of modeling can respond to fat-tailed distributions better 

than VaR, which is based on a normal distribution, and therefore can 
be a better predictor of extreme values. 

• EVT accentuates agency issues compared to traditional VaR. 
• EVT is a coherent risk measure unlike VaR. 

 
Critique the statements made by Dan. 

 
Commentary on Question: 
Overall the performance on this part was mediocre. To achieve full credit, 
candidates needed to answer in the form of a critique, with strong justification to 
show understanding of the differences between EVT and VaR, instead of simply 
responding “yes” or “no.” 
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1. Continued 
 
• The slide is correct that EVT measures tail risk. VaR as the industry standard 
assumes Normality of risks, less relevant for cyber risk. 
 
• EVT quantifies the distribution from the sample maximum chosen, not the 
maximum of all your experience data. And EVT quantifies the sample maximum 
or the distribution of values above a given threshold. It’s a conditional calculation. 
 
• VaR relies on past data to predict future performance.  As a result, risks that 
have not occurred in the past will not be captured by a VaR calculation.  Your 
client may have experienced unanticipated large losses simply because losses of  
that size were not in their experience data. 
 
• EVT can respond to fat-tailed distributions better than VaR, which is based on a 
normal distribution. VaR relies on a normal distribution, but in reality many risks 
have heavier tails than a normal distribution quantifies.  As a result VaR 
underestimates the probability of an extreme event, possibly including the large 
cyber losses your client has experienced. EVT can more appropriately measure 
tail risk incidences. 
 
• Traditional VaR is exposed to agency issues. Risk managers can manipulate 
VaR by “stuffing risks into tail”.  For example, if a manager is evaluated on 
VaR(90), they can appear to have improved their risk position by taking on risks 
which have a probability of less than 10% without regard to magnitude.  As a 
result, even though the total risk may have increased, VaR(90) shows less risk is 
present.  It is possible those in charge of managing your client’s cyber risk have 
been manipulating the tools used to measure them without truly mitigating the 
risk. Less so for EVT to have such situations. 
 
• VaR is not a coherent risk measures. EVT is more of a conditional distribution.  
  

(c) The CDF of the GPD distribution is G(x) = 1 – (1 – kx/s)1/k. 
 

(i) Identify the GPD threshold percentile you should use for your analysis.  
Explain your choice. 

 
(ii) Calculate the probability of a total loss greater than 700.  Show all work. 
 
(iii) Explain how fuzzy logic might be a suitable alternative method to assess 

cyber risk exposure. 
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1. Continued 
 

Commentary on Question: 
Overall, candidates performed well on subpart c(i), showing their understanding 
of GPD distribution and threshold selection. However, the performance for c(ii) - 
calculating the conditional CDF of the GPD was not as strong. Many candidates 
missed the conditional loss above the threshold part. Most candidates were able 
to explain the fuzzy logic well and linked back to cyber risks. 
 
(i) Use 89th percentile parameter values because s* and k* stabilize at that 

point and after. Want to balance need for stability in estimators with desire 
to include as many data points as possible, so take very first observation 
where estimators stabilize. 
 

(ii) G(x) = 1 – (1 – kx/s)^1/k; Generalized Pareto Distribution 
G(x) = 1 – (1 – (-0.135 * X)/120)^(1/-0.135) = 1- (1+.00112500*X)^-
7.4074 
 
 Want 700 total loss, and threshold is 323, thus CPD is calculated at X => 
700 – 323 = 377 
 
1 – (1 +.00112500 * 377) ^ (-7.4074) = 0.9271 
Conditional probability of less than this is 1-0.9271 = 0.0729 
 
Probability of a total loss greater than 700 is calculated as the 
Unconditional probability is 0.0729 *(1-.89%, the percentile of the 
threshold, that is 0.11) = 0.0080 
 

(iii) Fuzzy logic is a valid approach as it takes into account experience data as 
well as expert judgment. It integrates KRI for many aspects of a company 
that may be vulnerable to a cyber-attack. There is a feedback loop that can 
be used to update the management effort by the organization to face this 
risk. EVT calculation can be part to measure direct impact but less so for 
damage reputation. It complements this other method. 
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2. Learning Objectives: 
2. The candidate will understand the concepts of risk modeling and be able to 

evaluate and understand the importance of risk models. 
 
4. The candidate will understand the approaches for managing risks and how an 

entity makes decisions about appropriate techniques. 
 
Learning Outcomes: 
(2d) Apply and analyze scenario and stress testing in the risk measurement process. 
 
(4a) Demonstrate and analyze applicability of risk optimization techniques and the 

impact of an ERM strategy on an organization’s value. Analyze the risk and 
return trade-offs that result from changes in the organization’s risk profile. 

 
(4b) Demonstrate means for transferring risk to a third party, and estimate the costs 

and benefits of doing so. 
 
(4c) Demonstrate means for reducing risk without transferring it. 
 
Sources: 
ERM-112-12: Revisiting the Role of Insurance Company ALM within a Risk 
Management Framework 
 
ERM-123-14: S&P Enterprise Risk Management Criteria (#1-71, 86-88) 
 
ERM-106-12: Economic Capital-Practical Considerations-Milliman 
 
ERM-120-14: IAA Note on Stress Testing and Scenario Analysis (pp. 1-6 and 14-17) 
 
Financial Enterprise Risk Management, Sweeting, 2011 Ch. 16  Responses to Risk 
 
Commentary on Question: 
The purpose of this question is to test the candidate’s understanding of ALM and Risk 
Management as they relate to an insurance company’s product portfolio. Candidates 
were tested on their knowledge of ERM best practices corresponding to both new product 
launches and asset management. 
 
Solution: 
(a) Evaluate each of KRW’s four current ERM practices given its current product 

portfolio. 
 
Commentary on Question: 
Candidates generally scored well on this part of the question. 
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2. Continued 
 
I – Risk metrics should be reported more frequently (e.g. monthly) to provide 
senior management more opportunities to respond to current and potentially new 
risks. 
 
II – KRW should define their own economic capital framework and risk measures 
and overlay specific regulatory and/or rating agency capital constraints. 
 
III – Cash flow matching may not be an optimal strategy and might generate 
lower returns which will affect the competitiveness of the company’s product(s). 
Also, in some cases cash flow matching may not be possible. 
 
IV – Sensitivities should be reported with the same timing as the risk metrics from 
(I) and should include sensitivities which test policyholder behavior (e.g. 
disintermediation risk for the deferred annuity product). 

 
(b)  

(i) Outline the steps in the process of implementing strategic asset allocation.  
 

(ii) Explain the trade-offs associated with changing the allocation to each of 
the following asset classes: 

 
• Government Bonds 
• Corporate Bonds 
• Equity 
• Real Estate 
 

(iii) Recommend how each component of the current portfolio should change, 
considering the new asset allocation objectives.  Justify your response. 
 

Commentary on Question: 
Candidates did not generally score well on this part of the question. With respect 
to subpart (ii), many candidates did not provide trade-offs for all asset classes or 
they did not include more than one trade-off. With respect to subpart (iii), many 
candidates did not make a recommendation, or the recommendation was 
contradictory to their answer in subpart (ii). 

 
(i) Steps in the process of implementing strategic asset allocation: 

a. Set the investment objective and constraints. 
b. Establish the asset universe and assumptions. 
c. Design a replicating portfolio based on the liability profile. 
d. Establish risk metrics to assess the risk/return trade-off. 
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2. Continued 
 

(ii) Government Bonds – Increasing the allocation will increase the duration 
of the asset portfolio, which will help close the liability duration gap. 
However, these are the highest quality bonds and have the lowest return 
(and risk). 
 
Corporate Bonds – Adding more AAA corporate bonds will increase the 
credit quality of the portfolio but brings with that lower return due to 
lower risk of default relative to BBB corporate bonds. 
 
Equity – Increasing the allocation to equity will increase the portfolio’s 
expected return. However, equity requires more RBC than government or 
corporate bonds to capital would also increase. 
 
Real Estate – Increasing the allocation to real estate will increase the 
portfolio’s expected return. However, Real Estate can be very illiquid. 
 

(iii) Cash – Maintain current level of cash to balance short-term liquidity 
needs. 
 
Government Bonds – Increase allocation to close the liability duration 
gap. 
 
Corporate Bonds – Decrease allocation to BBB corporate bonds to reduce 
duration mismatch and improve credit quality of the portfolio. 
 
Equity – Increase allocation to increase excess yield. 
Real Estate – Limit or avoid. While this increases excess yield, may be too 
illiquid. 

 
(c) The CFO suggests that aggregate capital levels would be determined by summing 

the resultant capital values produced by each shock. 
 
(i) Evaluate the appropriateness of the CFO’s recommendations for the entire 

portfolio of KRW’s existing products. 
 

(ii) Describe key considerations related to the implementation of the following 
alternative modeling methods: 

 
• Stochastic Analysis 
• Sensitivity Analysis 
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2. Continued 
 

(iii) Additionally, KRW is looking into introducing a new traditional life 
product. 
 
Evaluate whether the shocks recommended by the CFO would be 
appropriate for the portfolio after adding the new product line. 
 

Commentary on Question: 
Candidates did not generally score well on this part of the question. Many 
responses did not follow the verb in each stem of the question (e.g. “Evaluate” or 
“Describe”). 
 
(i) The mortality shock is directionally appropriate, but increased longevity is 

unlikely to occur as an instantaneous change. Should look to add mortality 
improvement. 
 
The interest rate shock is too simplistic. Multiple shocks should be run in 
order to capture changes in asset duration and potential policyholder 
behavior. 
 
The lapse rate shock may not serve the intended purpose. Fixed deferred 
annuities may benefit from no lapses and single premium immediate 
annuities do not give the policyholder the option to lapse. 
 
The aggregation method will not capture any diversification between the 
assets and liabilities and will overstate capital at the firm level. 

 
(ii) Stochastic Analysis 

• Determine how to define the yield curve; and 
• Need to incorporate policyholder behavior into the projection 

 
Sensitivity Analysis 

• Need to identify the key assumptions to be included; and 
• Consider potential correlation between risks in the aggregation 

process. 
 

(iii) The mortality shock will not be appropriate as it will have a favorable 
impact to the traditional life product. Need to look at an increase in 
mortality. 
 
The discount rate shock is not appropriate due to its oversimplification. 
However, the same shock can be applied to the traditional life product as 
is applied to the annuity products. 
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2. Continued 
 
In general, the lapse rate shocks between the deferred annuity product and 
the traditional life product should be different, as each product has a 
different lapse risk profile. 

 
(d) Recommend how KRW could mitigate financial risks using product design and 

asset allocation. 
 

Commentary on Question: 
Candidates generally did not score well on this part of the question. No credit 
was awarded for responses that included asset allocation concepts previously 
discussed in part (c). 
 
Product Design 

• Add a surrender charge and/or market value adjustment to the deferred 
annuity. This will effectively modify customer behavior in a manner than 
benefits KRW, or at least will minimize losses in the case of early 
lapsation. 
 

Asset Allocation 
• Enter into a longevity swap for the single premium deferred annuity block. 

This strategy might allow KRW to free up capital and write more annuity 
business and may reduce asset volatility. 
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3. Learning Objectives: 
1. The candidate will understand the types of risks faced by an entity and be able to 

identify and analyze these risks. 
 
3. The candidate will understand how the risks faced by an entity can be quantified 

and the use of metrics to measure risk. 
 
4. The candidate will understand the approaches for managing risks and how an 

entity makes decisions about appropriate techniques. 
 
Learning Outcomes: 
(1c) Identify and assess the potential impact of risks faced by an entity, including but 

not limited to market risk, currency risk, credit risk, counterparty risk, spread risk, 
liquidity risk, interest rate risk, equity risk, hazard/insurance risk, inflationary 
risk, environmental risk, pricing risk, product risk, operational risk, project risk 
and strategic risk. 

 
(3a) Apply and construct risk metrics to quantify major types of risk exposure such as 

market risk, credit risk, liquidity risk, regulatory risk, etc., and tolerances in the 
context of an integrated risk management process. 

 
(4a) Demonstrate and analyze applicability of risk optimization techniques and the 

impact of an ERM strategy on an organization’s value. Analyze the risk and 
return trade-offs that result from changes in the organization’s risk profile. 

 
Sources: 
Value-at- Risk, Third Edition, The New Benchmark for Managing Financial Risk,  Jorion 
Ch. 7  Portfolio Risk: Analytical Methods 
 
Value-at- Risk, Third Edition, The New Benchmark for Managing Financial Risk,  Jorion 
Ch. 13  Liquidity Risk 
 
Commentary on Question: 
This question tests the candidate’s knowledge on the different VaR methods and how they 
are calculated. The question then asks about what to do with the liquidity risk that is not 
included in VaR. Finally, the candidate is asked which investment should be selected 
considering the liabilities that the premiums support. 
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3. Continued 
 
Solution: 
(a) Consider the following VaR determination methods: 

 
• Marginal VaR 
• Incremental VaR 
• Component VaR 

 
(i) Explain conceptually how to calculate the impact that an additional 

investment would have on the portfolio VaR under each method. 
 

(ii) Compare and contrast the use of these methods for XYZ. 
 
Commentary on Question: 
Part (a) was well performed in general. Many candidates were able to obtain 
credit for knowing the concepts for each VaR calculation method. Some 
candidates lost credit for not knowing how to compare and contrast, reversing the 
definitions of incremental and component VaR, or not pointing out that 
Incremental VaR is the most ‘meaningful method’ in the context of XYZ. 
 
Solution: (a)(i) 
Marginal VaR - Calculate the change in VaR for the portfolio resulting from 
taking an additional dollar of exposure to a given asset. It is the partial derivative 
with respect to that asset.  
 
Incremental VaR - Calculate the VaR for the current portfolio, then the VaR after 
adding the new asset. The Incremental VaR is the difference between those two 
calculations.  
 
Component VaR - A partition of the portfolio VaR that indicates how much the 
portfolio VaR would change approximately if the given component were deleted. 
To calculate this, we first need to calculate the VaR of the portfolio with the new 
investment and take the difference between this new value and the portfolio VaR 
before adding the new investment. 
 
Solution: (a)(ii) 
The Marginal VaR is the easiest to calculate but is only valid over small 
incremental changes for a given asset. Marginal VaR is also limiting in that it is 
linear. 
 
Incremental VaR can be calculated based on the specific trade size that XYZ is 
making. Unlike Marginal VaR, the amount added or subtracted can be large. 
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3. Continued 
 
The individual component VaRs add up to the total VaR, which helps to allocate 
several risks already within an organization in a meaningful way. However, this 
situation is involving adding a single risk, therefore the incremental VaR will be 
more meaningful and get you to the total portfolio VaR after adding the security. 

 
(b)  

(i) Calculate the Incremental VaR for each of the two investment options at a 
95% confidence level.  Show all work. 
 

(ii) Explain how the answer from part (i) does not accurately reflect liquidity 
risk and why that should be a consideration for XYZ’s investment 
decision. 

 
(iii) Identify and describe three approaches that a company can use to adjust its 

calculation of VaR to account for liquidity risk. 
 

Commentary on Question: 
Many candidates could calculate the before-trade VaR, but most could not handle 
the complexity of the math for the VaR with the additional investment. There was 
often confusion with what values to use in the trade sizes (W) for each of the 
calculation questions. 
 
Solution (b)(i) 
Before Trade: VaR (prior to trade) = 1.645 * 0.07 * 30 = 3.4545 
 
After Trade: w/ Corporate Bonds VaR (After trade): 1.645 * sqrt[(30^2 *0.07^2) 
+ (10^2 * 0.08^2) + (2 * 0.6 * 0.07 * 0.08 * 30 * 10)] = 4.3727 
 
After Trade: w/ Private Placements VaR (After trade):  1.645 * sqrt[(30^2 * 
.07^2) + (10^2 * .06^2) + (2 *0.4 * 0.07 * 0.06 * 30 * 10)] = 3.9542 
 
Corporate Bond Incremental VaR = 4.3727 – 3.4545 = 0.9182 
Private Placements Incremental VaR = 3.9542 – 3.4545 = 0.4997 
 
Solution (b)(ii) 
Liquidity risk represents the inability to unload an asset at a fair price due to a 
limited market- this is not reflected in VaR. The returns used to measure volatility 
are typically measured on mid-market prices, therefore this VaR calculation will 
not account for bid-ask spread or large volume trades. So, while the VaR is lower 
for the private placements, there is additional liquidity risk that is not included in 
this measurement that is particularly relevant given that the trade volume is 
beyond market depth. 
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3. Continued 
 
Solution (b)(iii) 
• Ensuring the time horizon that it is calculated on is longer than an “orderly” 

liquidation period. 
• Artificially increase the volatility. This is simply a buffer that is applied to 

VaR rather than calculating liquidity directly.  
• Add fixed spread or variable spread to the calculation to account for liquidity 

risk – known as LVaR.    
 
(c)  

(i) Draw a chart to show how the size of a transaction can affect the price at 
which it is executed by identifying: 

 
• Normal market size (depth) 
• Market impact 
• Market value  
• Bid-ask spread.  

 
(ii) Label each item in the chart from (i) with the value that applies to the 

Private Placement Bonds. 
 

(iii) Calculate the liquidity-adjusted VaR (LVaR) for each of the two investment 
options prior to XYZ’s investment in either of them.  Show all work. 

 
Commentary on Question: 
Many candidates did not understand which prices (at quantity of 8 vs. 10) to use 
for the market value and bid-ask spread calculations. Some candidates drew the 
chart correctly but failed to label each item with the correct value. Few 
candidates were able to quantify the Market Impact on the bid and asked prices. 
For subpart (iii), the most common error was in the calculation of the spread. 
Some candidates used only the difference in prices and did not divide by the mid-
market price.  

 

 



ERM-INV Spring 2020 Solutions Page 15 
 

3. Continued 
   
Solutions (c)(i) and (c)(ii) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Solutions (c) (iii) 
 LVAR = VAR + [(Ask-Bid)/Mid]/2 * Investment 
 

Corporate Bond LVAR = 1.645 * 0.08 * 10 + [(96.2 - 95.8) / 96] / 2 * 10  
= 1.3368 
 
Private Placement LVAR = 1.645 * 0.06 * 10 + [(98.0 - 86.0) / 92] / 2 * 10  
= 1.6392 

 
(d)  

(i) Recommend which investment should be made based on the results 
obtained in (b) and (c).  Justify your recommendation. 
 

(ii) Provide additional liquidity considerations that would affect a 
recommendation in the following situations: 
 
I. XYZ is using the assets to back annuities with surrender options 
 
II. XYZ plans to invest only 5 instead of 10 
 
III. XYZ's risk appetite statement includes the following: "…We are 

more concerned with default and credit spread risk than liquidity 
risk as we typically carry enough cash to meet our expected benefit 
payments…" 

Price 

Bid Ask Spread = 8 Market Value= 91 

Quantity Trade 

Market Depth = 8 

Market Impact (Slope) = 
(86-87)/2 = -0.5 

Market Impact (Slope) 
= (98-95)/2 = 1.5 
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3. Continued 
 

Commentary on Question: 
Some candidates could not make a valid recommendation due to incorrect 
calculation results in (b) and (c). Several candidates recommended Corporate 
Bonds but never considered that the liabilities are highly structured and the need 
for asset liquidity is not relevant. Candidates received partial credit if they 
recommended the wrong investment with valid justifications. Another area where 
candidates lost credit was providing too general of considerations in subpart 
(d)(ii) instead of providing considerations specifically related to liquidity. 
 
Solutions (d)(i) 
The private placements generate a higher yield but have lower liquidity and a 
lower Incremental VaR. They also have a higher LVaR because the asset liquidity 
risk is higher due to a wider bid-ask spread. 
 
The Corporate bonds generate a higher incremental VaR but have a lower LVaR 
since they are publicly traded and liquid assets. 

 
In XYZ’s situation, they are using these assets to back highly structured liabilities 
with very predictable cash flows that is unlikely to require them to sell significant 
assets unexpectedly. Since they are better able to manage the higher LVaR, XYZ 
should invest in the private placements.  
 
Solutions (d)(ii) 
I. Given the liabilities would be more liquid, XYZ would have to put more 

weight on the liquidity/LVaR in their decision making as there is higher 
likelihood of the need to liquidate assets at some point 
 

II. XYZ could put less weight on liquidity/LVaR because the trade would be 
within the market depth of the Private Placements 

 
III. This would put less weight on liquidity/LVaR as XYZ would not expect to 

need to liquidate assets unexpectedly.  
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4. Learning Objectives: 
1. The candidate will understand the types of risks faced by an entity and be able to 

identify and analyze these risks. 
 
2. The candidate will understand the concepts of risk modeling and be able to 

evaluate and understand the importance of risk models. 
 
5. The candidate will understand the concept of economic capital, risk measures in 

capital assessment and techniques to allocate the cost of risks within business 
units. 

 
Learning Outcomes: 
(1c) Identify and assess the potential impact of risks faced by an entity, including but 

not limited to market risk, currency risk, credit risk, counterparty risk, spread risk, 
liquidity risk, interest rate risk, equity risk, hazard/insurance risk, inflationary 
risk, environmental risk, pricing risk, product risk, operational risk, project risk 
and strategic risk. 

 
(2c) Analyze and evaluate risk aggregation techniques, including use of correlation, 

integrated risk distributions and copulas. 
 
(2d) Apply and analyze scenario and stress testing in the risk measurement process. 
 
(5e) Demonstrate the ability to develop a capital model for a representative financial 

firm. 
 
Sources: 
Financial Enterprise Risk Management, Sweeting, 2011, Ch. 14  Quantifying Particular 
Risks 
 
Quantitative Enterprise Risk Management, Hardy, Ch. 2 Risk Taxonomy 
 
Risk Appetite: Linkage with Strategic Planning Report   
 
ERM-101-12: Measurement and Modeling of Dependencies in Economic Capital (Ch 3-
5) 
 
ERM-119-14: Aggregation of risks and Allocation of Capital (Sections 4-7 Excluding 6.3  
 
Commentary on Question: 
This question was composed of many open ended and critical thinking subcomponents.  
While knowledge of the subject was required to receive full credit, so was careful 
consideration of what was being asked and what was being given.  Many candidates 
missed points for not clearly answering what was asked and for not properly considering 
items such as years and targets that were provided in the question.   
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4. Continued 
 
Solution: 
(a) Big Ben’s CFO proposes enhancing the model by adding a liquidity risk 

component: 
 
(i) Explain why liquidity risk could be difficult for Big Ben to quantify. 

 
(ii) Design a scenario that Big Ben could use to measure its liquidity 

exposure. 
 
Commentary on Question: 
For subpart (i), most candidates were able to briefly name reasons quantifying 
why liquidity risk is difficult and received partial credit. However, many did not 
explain why it would be difficult, which was required to receive full credit.  For 
subpart (ii), results were similar, with students mentioning things to put in the 
scenario but not providing enough detail or justification of the scenario for full 
credit. 
 
(i) It is difficult to quantify because liquidity risk is often systemic in nature, 

highly correlated to other risks, and occurs uniquely in every organization.  
As such, data on actual liquidity crises is limited, so even if data is 
available, there is a good chance that Big Ben could not actually use it.  
Also, all organizations have some inherent liquidity risk, and its 
significance differs according to the type of organization. 

 
(ii) Big Ben experiences a major security breach that severely impacts the 

reputation of the bank.  This causes a run on the bank where a third of the 
deposit liabilities are claimed by their customers.  This is more than the 
cash they have on hand, thereby requiring them to fund the gap by 
borrowing additional funds or selling assets.  The resulting loss due to the 
stress would be the capital loss on the assets sold, and the investment 
income that is foregone because they don't own the asset anymore. 

 
(b) Big Ben’s CFO states that the company should target an internal capital adequacy 

ratio of 150%. 
 

(i) Describe the process of using copulas to aggregate risk in an EC model. 
 

(ii) Your firm’s analysis suggests that 10% would be a reasonable fixed 
diversification percentage for 2018. 

 
Determine whether 10% would be sufficient to maintain a capital ratio 
above the CFO’s suggested target.  Show all work. 
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4. Continued 
 

(iii) Critique each of the three diversification methods being considered by Big 
Ben.  Provide support using information from the case study.   

 
Commentary on Question: 
For subpart (i) students did well for the first steps, but most left out the need to 
repeat the process across many simulations.  In subpart (ii), even though the year 
to calculate the diversification percentage was clearly given with the last word of 
the sentence as 2018, many students used 2019 data.  Partial credit was still given 
for these answers if they were done correctly using the 2019 numbers, but they 
did not receive full credit.  Students generally did well on subpart (iii). Many 
candidates used a different capital adequacy ratio, the one provided in the Case 
Study.  Full credit was not awarded for using 140% instead of 150%. 

 
(i) To use copulas to aggregate risk in an EC model, first you must create a 

distribution for each component.  Second you simulate a uniform random 
variable from [0,1] that represents the marginal distributions of the copula.  
The cumulative distribution of each risk is then calculated.  Next you take 
the inverse of the marginal distributions and the simulated loss represents 
the sum of the inverses.  Finally you repeat the process across many 
simulations to get a simulated total loss distribution.  

 
(ii) The total required economic capital is: 

 (370+471+277+160)*(1 - .10) = 1,150.2 
TAC ratio = Available EC/Required EC = 1,642 / 1,150.2 = 142.8%.   
This is less than 150% therefore 10% is not sufficient to maintain the 
capital ratio. 

 
(iii) Variance Co-variance Matrix (correlation):  Although the calculation is 

straightforward and easy to explain, Big Ben is concerned with how the 
correlations were obtained therefore the diversification benefit may not be 
appropriate.  Even if they felt good about how they were obtained, the 
correlations can change over time, particularly in stress scenarios, and may 
need adjusted.   

 
Fixed Diversification Percentage: This method is similar to the simple 
summation method, and is straightforward to calculate and explain.  That 
simplicity fails to capture the interaction between risks, which is key for 
aggregating them.  It is also a fixed percentage, which would not capture 
the diversification benefit changing over time.   
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4. Continued 
 
Copula: Copulas do very well at reflecting tail dependency and it is highly 
likely that Big Ben has risks that are tail dependent.   This comes with the 
offset of being difficult to specify the structure of the copula.  Big Ben 
would need to have expertise in house to perform the copula calculations, 
which involve complicated simulations. 

 
(c) Big Ben’s CFO has expressed concern that the EC produced by the current model 

is greater than he would expect. 
 

Evaluate whether each of the following factors that determine Big Ben’s EC level 
support the CFO’s assertion. 
 

I. Regulatory requirements 
 

II. Risk measure components 
 

III. Modeling method 
 

Commentary on Question: 
Many candidates skipped parts or all of part (c).  Some provided adequate 
explanations but left out whether or not their answer would support the CFO’s 
assertion, which is needed to demonstrate their grasp and ability to relate the 
material to a real-world situation.  Most students failed to distinguish that the 
question was asking about the Risk measure components and not Risk 
components, which received no credit.   
 
Regulatory Requirements: The components of the EC model should meet 
regulatory standards if it’s being used for required capital calculations.  A 
confidence level of 99.5% for VaR is consistent with regulatory standards, as well 
as one of the most popular in banking and insurance, so it seems appropriate.  
This does not support the CFO's assertion. 
 
Risk Measure Components - VaR is the risk measure being used in the model.  It 
represents the loss at a given percentile, and doesn't consider any values beyond 
that point.  VaR is appropriate at higher confidence levels and is used in 
regulatory requirements.  If Big Ben were to switch to a TVaR/CTE risk measure 
at the same confidence level, the capital coming out of the model would be 
higher.  This does not support the CRO's assertion. 
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4. Continued 
 
Modeling Method – Big Ben uses various internal models, such as Joint normal 
distribution, Stochastic, scenario analysis, and methods to measure the different 
risk types in its economic capital model. If a different method were chosen for a 
particular risk, a different level of capital will most likely be calculated.  This 
would support the CFO’s assertion if the models were overstating the capital 
amounts, but could also not support the assertion if the opposite were true.  
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5. Learning Objectives: 
2. The candidate will understand the concepts of risk modeling and be able to 

evaluate and understand the importance of risk models. 
 
5. The candidate will understand the concept of economic capital, risk measures in 

capital assessment and techniques to allocate the cost of risks within business 
units. 

 
Learning Outcomes: 
(2g) Analyze and evaluate model and parameter risk. 
 
(2h) Construct approaches to modeling various risks and evaluate how an entity makes 

decisions about techniques to model, measure and aggregate risks including but 
not limited to stochastic processes. 

 
(5b) Define the basic elements and explain the uses of economic capital. Explain the 

challenges and limits of economic capital calculations and explain how economic 
capital may differ from external requirements of rating agencies and regulators. 

 
(5c) Apply risk measures and demonstrate how to use them in capital assessment.  

Contrast regulatory, accounting, statutory and economic capital. 
 
Sources: 
Economic Scenario Generators: A Practical Guide (pp. 7-17) 
 
ERM-101-12: Measurement and Modeling of Dependencies in Economic Capital (Ch 5) 
 
ERM-106-12: Economic Capital-Practical Considerations-Milliman 
 
ERM-102-12: Value-at-Risk:  Evolution, Deficiencies, and Alternatives  
 
Commentary on Question: 
This question crossed multiple learning objectives and asked for a variety of levels of 
analysis in looking at the use and evaluation of economic scenarios and ESGs for 
variable annuities, as well as the effect of risk metric choices, and risk diversification 
between life insurance and annuities.  
 
Most candidates were able to attempt at least parts of this question, and many were able 
to get credit on many of the parts. Some candidates answered questions with recalled 
statements and did not apply it to the specific situation. 
  
A common issue was candidates not using the information in the stem of the question, 
especially once they got to the last part of the question.  
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5. Continued 
 
Solution: 
(a) You have been asked to apply the new standard to the company’s variable annuity 

products. 
 
(i) Explain why stochastic scenarios would be appropriate to value the 

variable annuity liabilities.   
 

(ii) Assess whether risk-neutral scenarios are the appropriate type to use. 
 
Commentary on Question: 
On subpart (i), many candidates were able to answer with the need for stochastic 
simulation to capture the value of embedded options in VAs. Some candidates 
discussed real-world vs. risk-neutral simulation, which is not what was asked for 
in this part of the question. 
 
For subpart (ii), some candidates missed that a new valuation standard was 
requiring market consistent valuation, which is a big part of the reason why risk-
neutral scenarios would be appropriate. 
 
(i) Stochastic simulation overcomes many of the restrictions that are imposed by 
the use of an analytical formula or deterministic set of scenarios. It allows for the 
evaluation of complex dynamic financial systems, including policyholder 
behavior.      
 
The liability cash flow of variable annuity products can be significantly different 
depending of the economic condition which requires the projection of multiple 
economic conditions.      
 
Variable annuity guarantees can show varying degrees of in-the-moneyness 
depending on the economic scenario.  In a typical deterministic scenario, many 
variable annuity guarantees never produce a non-zero value at any time horizon. 
Stochastic scenarios will ensure a range of economic conditions will be seen, 
including those with very low probability. 
 
(ii) Risk-neutral scenarios assume there is no arbitrage, a complete market and are 
calibrated to reproduce current market prices of assets.     
  
Risk-neutral scenarios are therefore better suited for a market consistent 
valuation, which is the new standard mentioned in the problem.   
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5. Continued 
 

(b) Evaluate the calibration and parameterization of the ESG. 
 

Commentary on Question: 
Many candidates were able to see the deficiency in the real-world scenario 
parameterization. Some candidates responded that calibration or 
parameterization was good without providing a reason and did not receive full 
credit. 
 
Risk-neutral scenarios 
Calibration: Given that the scenarios are supposed to be market consistent, it is 
good that the model is calibrated to current market prices. 
Parameterization: The inputted yield curve is consistent with the asset prices 
which is needed to get back to the appropriate market values.     
 
Real-world scenarios 
Calibration: Real-world scenarios should be calibrated to reproduce realistic 
market dynamics, so the first point is good.  
Parameterization: The parameterization is based on current market data, whereas 
real-world scenarios would generally be calibrated to historical data.  
 

(c)  
(i) Outline the steps involved in performing a martingale test. 

 
(ii) Determine which scenario generator is more appropriate to use for the new 

valuation standard based on the martingale test.  Show all work. 
 

Commentary on Question: 
For subpart (i), some candidates supplied the definition of a martingale instead of 
explaining the martingale test.  Because this did not answer the question being 
asked, it did not receive credit. 
 
For subpart (ii), there were many equivalent mathematical approaches, and both 
continuous and effective interest was acceptable for calculation. Some candidates 
did not show all their work, which prevented them from receiving full credit. 
 
(i)  The martingale test is used to confirm a scenario set is risk-neutral. 
 
Risk-neutral prices are generated for assets, and the risk-neutral short rate of 
interest also is generated. A time horizon is selected.     
  
For a non-cash-flow-generating asset, take the average of the present value of the 
ratios of the risk-neutral prices and the values of the asset from the scenarios. If 
this average diverges from the time zero market value, the scenarios being used 
are not risk-neutral.



ERM-INV Spring 2020 Solutions Page 25 
 

5. Continued 
     
(ii) Using continuous interest:  
Generator 1: 
T = 1, X0 = exp(-2%*1)*1.020 = 1.000      
T = 5, X0 = exp(-2%*5)*1.091 = 0.987      
T = 10, X0 = exp(-2%*10)*1.133 = 0.928      
T = 20, X0 = exp(-2%*20)*1.315 = 0.881      
T = 30, X0 = exp(-2%*30)*1.517 = 0.833  
 
Generator 2: 
T = 1, X0 = exp(-2%*1)*1.021 = 1.001      
T = 5, X0 = exp(-2%*5)*1.132 = 1.024 
T = 10, X0 = exp(-2%*10)*1.315 = 1.077      
T = 20, X0 = exp(-2%*20)*1.515 = 1.016      
T = 30, X0 = exp(-2%*30)*1.825= 1.002      
    
While both generators diverge from 1 at various points, overall Generator 2 is 
closer to 1 for the T we’re given. Generator 1 diverges more and more from 1 as T 
increases, which clearly fails the martingale test. Thus, Generator 2 is more 
appropriate to use for market-consistent valuation. 

 
(d) Basic Life's current economic capital (EC) calculation uses deterministic 

scenarios.  The CFO is concerned that the EC does not appropriately quantify the 
impact of a market downturn on guaranteed payouts associated with the variable 
annuity products.  He tells you the company is considering using the new ESG to 
calculate EC to address this concern. 
 
(i) Explain whether the new risk-neutral ESG is appropriate to use for 

calculating EC for variable annuities.  
 
In addition, the CFO proposes that the following risk metrics be considered for 
quantifying the market risk: 
 

• Value at Risk 
• Standard Deviation 
• Tail Value at Risk (CTE) 
• Maximum Loss 

 
(ii) Recommend which of the proposed metrics is the most appropriate to 

quantify EC for market risk.  Justify your choice. 
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5. Continued 
 

Commentary on Question: 
Candidates often indicated that risk-neutral scenarios were not appropriate in 
subpart (i), and that real-world scenarios were better.  In order to receive full 
credit, an explanation as to why this was the case was required. 
 
Candidates, in general, did well on subpart (ii).  Some candidates recommended 
VaR, which was considered an acceptable response if supported by appropriate 
arguments.   
 
(i) To be able to calculate an EC risk measure (such as VaR99.9), the probability 
distribution of risk-neutral scenarios would need to be converted to real-world 
probabilities.  
 
It is not straightforward how one could use the market price of securities to 
construct this probability distribution. Calibrating the probability in this way 
would make results difficult to interpret as well. Therefore, the new risk-neutral 
ESG would not be appropriate to use for economic capital. 
 
(ii) I recommend Tail-VaR 
 
Coherence is a desirable trait for EC risk metrics, and Tail-VaR & maximum loss 
are coherent; Standard deviation and VaR are not coherent. 
 
Maximum loss would probably be too extreme, as market results are fat-tailed and 
the guarantees may have very high value at extremely low probabilities 
 
Standard deviation by itself does not provide information on capital needs; it 
would require knowing the mean. 
 
VaR could be used, but due to not having subadditivity, one could get an 
underestimate of EC when aggregating market risks. 

 
(e) Basic Life is considering launching a single premium immediate annuity (SPIA) 

product.  
 
(i) Describe how launching a SPIA product could result in a diversification 

benefit for Basic Life. 
 

(ii) Compare and contrast the use of a correlation matrix versus a copula to 
reflect this diversification benefit in the EC calculation. 
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5. Continued 
 

Commentary on Question: 
Strong responses to subpart (i) discussed the mortality/longevity offsets of life 
insurance and income annuities.  Some candidates instead discussed the 
diversification benefit between SPIAs and VAs, which is not as clear and only 
received partial credit. 
 
For subpart (ii), many candidates were able to state aspects of copulas and 
correlation matrices, but did not mention how this pertained to capturing the 
specific diversification benefit mentioned in subpart (i). 
 
(i) Launching a payout annuity product could result in a diversification benefit 
because Basic Life sells life insurance products currently and there is a natural 
hedge between life insurance and annuity products in mortality and longevity. 
 
(ii) Modelling: Copulas require marginal distribution functions and sometimes 
stochastic simulation, while a correlation matrix approach only needs the amount 
of economic capital associated with each risk and correlations between risks. 
Mortality/longevity risk isn’t commonly modelled stochastically so the correlation 
matrix may be more appropriate. 
 
Tail dependence: Correlation matrices generally understate tail dependence of 
risks but copulas are able to reflect varying degrees of tail dependence depending 
on the copula. Mortality/longevity risk doesn’t normally have fat tails and hence 
the tail dependence may not be significant to capture. 
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6. Learning Objectives: 
2. The candidate will understand the concepts of risk modeling and be able to 

evaluate and understand the importance of risk models. 
 
Learning Outcomes: 
(2d) Apply and analyze scenario and stress testing in the risk measurement process. 
 
(2g) Analyze and evaluate model and parameter risk. 
 
(2h) Construct approaches to modeling various risks and evaluate how an entity makes 

decisions about techniques to model, measure and aggregate risks including but 
not limited to stochastic processes. 

 
Sources: 
ERM-120-14: IAA Note on Stress Testing and Scenario Analysis 
 
ERM-118-14: Model Validation Principles Applied to Risk and Capital Models in the 
Insurance Industry 
 
ERM-119-14: Aggregation of risks and Allocation of Capital 
 
ERM-101-12: Measurement and Modeling of Dependencies in Economic Capital 
 
Commentary on Question: 
This question focused on qualitative assessment methods for external risk based on the 
Energetix context from the core case study.  The question also covered principles of 
model risk and potential aggregation methods.   
 
Solution: 
(a) ExRM must include the following types of scenarios in the model: 

 
• Global Scenario 
• Multi-Event Scenario 
• Synthetic Scenario 

 
Identify the type of scenario for each of the Scenarios 1, 2 and 3.  Justify your 
response. 
 
Commentary on Question: 
Most candidates did well on this part.  Most candidates assumed they had to 
choose one of the listed types for each scenario.  Partial credit was awarded if the 
question was interpreted this way. 
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6. Continued 
 
Scenario 1 is a Synthetic Scenario.  It describes a hypothetical condition that has 
not been observed. 
 
Scenario 2 is a Single-Event scenario.  It focuses on a single specific event.   
 
Scenario 3 is a Global Scenario.  It will affect all electrical companies on a global 
level; these scenarios affect a whole industry, unfold over time, test 
interdependency, systemic event, etc. 

 
(b) You are asked to evaluate the ExRM using Model Validation Principles Applied 

to Risk and Capital Models as identified by the North American CRO Council. 
 
(i) Identify two Principles that Energetix follows.  Justify your response. 

 
(ii) Identify two Principles that Energetix is clearly not following.  Justify 

your response. 
 
Commentary on Question: 
Candidates appeared to struggle on this part.  Several candidates listed the same 
principle for both (i) and (ii).  In this case points were only awarded for it being 
listed once.   
 
(i) Model design and build need to be consistent with the model’s intended 

purpose.  The model was built specifically for this purpose. 
 
Establish an owner of model validation.  The owner is the group 
responsible for attesting, resolving and reporting on model validation 
aspects.  The owner is established (even though it is the wrong owner, the 
owner is clearly established) 
 

(ii) Ensure the model validation is an independent process.  This isn’t 
occurring as the group that validates is also the group that built it. 
 
Model Documentation is scarce / non-existent 

 
(c) Energetix plans to look at the external risks in aggregate for its three main 

operating businesses.  Energetix instructed its other businesses to begin using the 
same ExRM and to include Scenario 2 and Scenario 3 in each of their models. 
 
Evaluate Scenario 2 and Scenario 3 for use in CR and EUI. 
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6. Continued 
 

Commentary on Question: 
Candidates appeared to struggle on this part, especially for Scenario 2 as it 
directly impacts GUI, but they should be opining on the potential indirect impact 
on EUI and CR.  Partial credit was awarded if the candidate was able to 
demonstrate limited justifications for including / excluding the scenario. 
 
Scenario 2 
 
EUI - Energetix is headquartered in CO, but we don’t specifically know which 7 
states they do business in, and it only operates GUI in 5 of those states.  We don’t 
have enough information to know the impact on EUI 
 
CR – CR is regulated at a federal level and wouldn’t be impacted by this, or 
potentially could be positively impacted.   Not a good scenario for ExRM. 
 
Scenario 3 
 
EUI – This would be a good scenario for EUI to use as natural gas is something 
they rely on. 
 
CR – this would either have no impact or a potential positive impact on CR.  Not 
a good scenario for ExRM. 

 
(d) Energetix’s CRO has proposed that in order to determine the total exposure across 

the three main operating businesses, each business would identify its own top five 
risks, and Energetix would simply sum the resultant exposures.   
 
(i) Evaluate the CRO’s proposed aggregation process. 

 
(ii) Propose an alternative aggregation approach. 

 
Commentary on Question: 
Most candidates did well on this part.  Alternative responses included any 
approach mentioned in the source reading. Minimal points were earned when a 
candidate provided an alternative approach without providing support for their 
choice.   
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6. Continued 
 
(i) 
The CRO's proposal is focused only on summing exposures - that is potential 
severity - not taking into account probability of occurrence of each risk.  This 
would simply overstate overall total exposure for Energetix, would not consider 
potential diversification between the units and would not take into account the 
probability of occurrence. It would be a simple measure to implement but a crude 
one for Energetix.  Business units may have inconsistent methods for defining 
their top 5 risks. 
 
(ii) 
One approach would be to consolidate by risk - frequency and severity - for the 
whole Energetix. A top-down approach. Identify top risks at the enterprise level. 
Correlations between the business units would be indirectly considered by this 
process. Scenarios could be used for this purpose to assess overall impact on 
Energetix. 
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7. Learning Objectives: 
2. The candidate will understand the concepts of risk modeling and be able to 

evaluate and understand the importance of risk models. 
 
3. The candidate will understand how the risks faced by an entity can be quantified 

and the use of metrics to measure risk. 
 
4. The candidate will understand the approaches for managing risks and how an 

entity makes decisions about appropriate techniques. 
 
Learning Outcomes: 
(2c) Analyze and evaluate risk aggregation techniques, including use of correlation, 

integrated risk distributions and copulas. 
 
(2f) Analyze the importance of tails of distributions, tail correlations, and low 

frequency/high severity events. 
 
(3a) Apply and construct risk metrics to quantify major types of risk exposure such as 

market risk, credit risk, liquidity risk, regulatory risk, etc., and tolerances in the 
context of an integrated risk management process. 

 
(3c) Analyze quantitative financial data and insurance data (including asset prices, 

credit spreads and defaults, interest rates, incidence, causes and losses) using 
modern statistical methods.  Construct measures from the data and contrast the 
methods with respect to scope, coverage and application. 

 
(4e) Develop an appropriate choice of a risk mitigation strategy for a given situation 

(e.g., reinsurance, derivatives, financial contracting), which balances benefits with 
inherent costs, including exposure to credit risk, basis risk, moral hazard and other 
risks. 

 
(4h) Analyze funding and portfolio management strategies to control equity and 

interest rate risk, including key rate risks. Contrast the various risk measures and 
be able to apply these risk measures to various entities. Explain the concepts of 
immunization including modern refinements and practical limitations. 
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7. Continued 
 
Sources: 
Value at Risk, Jorion, Chapter 11, VAR Mapping 
       
ERM-619-20: Correlation: Pitfalls and Alternatives      
  
ERM-613-17: Managing Investment Portfolios, Maginn and Tuttle 3rd Edition, Chapter 
6, Sections 4-5 only  
 
Commentary on Question: 
Commentary listed underneath question component. 
 
Solution: 
(a) Calculate the portfolio VaR (in $millions) using each of the following 

approaches: 
 
(i) Principal mapping  
 
(ii) Duration mapping  
 
(iii) Cashflow mapping 
 
Show your work. 
 
Commentary on Question: 
Candidates rarely received full credit as they were not able to distinguish between 
the three approaches. When recognized, the first two calculations were performed 
well but candidates often forgot to either calculate the PVCF or multiply by the 
VAR % before plugging into the matrix multiplication. 
 
(i) Principal mapping considers only the timing of payments. The average 

maturity of the portfolio is (2+4)/2 = 3 years. Thus VAR can be found 
equal to the VAR of a 3-year maturity, which is 1.31%. 
VAR = $200 x 1.31% = $2.62 million 
 

(ii) Duration of the 4-year bond = 3.73 
Duration of the 2-year bond = 1.97 
Duration of the portfolio = (3.73 + 1.97)/2 = 2.85 
Thus, the portfolio can be mapped to a zero-coupon bond with maturity 
2.85. 
Using linear interpolation between the 2-year and 3-year VAR, the 
portfolio VAR = 0.87 + (1.31 – 0.87) x (2.85 – 2) = 1.244% 
VAR = $200 x 1.244% = $2.488 million 
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7. Continued 
 

(iii)  
 

Portfolio VAR = [(CF VAR)’ x R x (CF VAR)] (1/2) = $2.56 million 
 

(b)  
(i) Describe the deficiencies of correlation as a dependency measure.  

 
(ii) Sketch graphs of the following distributions showing clearly the relative 

degree of dependency in the tail:  
 

• Bivariate normal distribution  
• Non-elliptical bivariate distribution 

 
Commentary on Question: 
Candidates were easily available to identify the deficiencies of correlation but 
struggled to graph the distributions. Some candidates only graphed single-variate 
distributions, and other graphs did not show tail dependency. 
 
 
(i) There are several problems of correlation as a dependency measure, which 

is used to calculate VaR 
 
Possible values of correlation depend on the marginal distributions of the 
risks. All values between -1 and 1 are not necessarily attainable. 
 
A correlation of zero does not indicate independence of risks. 
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7. Continued 
 
(ii) 

 
 
(c)  

(i) Explain the advantages of using futures contracts to manage portfolio 
duration.  
 

(ii) Calculate the number of futures contracts needed to be bought or sold.  
Show your work. 

 
Commentary on Question: 
Candidates performed well on this question, correctly applying the futures 
formula and understanding the depth of the futures market. 
 
(i) Because of the depth of the futures market and low transaction costs, 

futures contracts represent a very efficient tool for timely duration 
management. 

 
(ii) We need to increase the portfolio’s dollar duration to match the target 

dollar duration. Thus, we need to buy futures contracts. 
 

Duration of the portfolio = (3.73 + 1.97)/2 = 2.85 
 
Number of Contracts=((D_target-D_initial 
)×MV_portfolio)/(D_futures×P_futures ) * conversion factor 
 
((3.5-2.85)×(200,000,000))/(4×1,000)*1.05=34,125 
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7. Continued 
 
(d) Determine the rebalancing portfolio trade required to achieve a portfolio duration 

of 3.0.  Show your work. 
 

Commentary on Question: 
Candidates sometimes mistook this question as adding more futures to the 
portfolio rather than a rebalancing question as stated. When rebalancing was 
recognized, candidates were usually able to set up the formula correctly. 
 
New Portfolio Market Value= 98 +106= 204 
 
Target Dollar Duration=3.0× 204= 612 

 
 Assuming 4yr bond will have X million in the new portfolio. Solve the equation: 

X*3.6+(204-X)*1.8= 612 
 
X=136 for 4 year bond 
 
2 year bond=204-136=68 
 
Therefore, the portfolio needs to have $136 million 4-year bond and $68 million 
2-year bond. 
 
The trade will be selling 106-68=38 million of 2-year bond and use the proceed to 
purchase 4-year bond 
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8. Learning Objectives: 
1. The candidate will understand the types of risks faced by an entity and be able to 

identify and analyze these risks. 
 
3. The candidate will understand how the risks faced by an entity can be quantified 

and the use of metrics to measure risk. 
 
4. The candidate will understand the approaches for managing risks and how an 

entity makes decisions about appropriate techniques. 
 
5. The candidate will understand the concept of economic capital, risk measures in 

capital assessment and techniques to allocate the cost of risks within business 
units. 

 
Learning Outcomes: 
(1a) Explain risk concepts and be able to apply risk definitions to different entities. 
 
(1c) Identify and assess the potential impact of risks faced by an entity, including but 

not limited to market risk, currency risk, credit risk, counterparty risk, spread risk, 
liquidity risk, interest rate risk, equity risk, hazard/insurance risk, inflationary 
risk, environmental risk, pricing risk, product risk, operational risk, project risk 
and strategic risk. 

 
(3a) Apply and construct risk metrics to quantify major types of risk exposure such as 

market risk, credit risk, liquidity risk, regulatory risk, etc., and tolerances in the 
context of an integrated risk management process. 

 
(3c) Analyze quantitative financial data and insurance data (including asset prices, 

credit spreads and defaults, interest rates, incidence, causes and losses) using 
modern statistical methods.  Construct measures from the data and contrast the 
methods with respect to scope, coverage and application. 

 
(4a) Demonstrate and analyze applicability of risk optimization techniques and the 

impact of an ERM strategy on an organization’s value. Analyze the risk and 
return trade-offs that result from changes in the organization’s risk profile. 

 
(4e) Develop an appropriate choice of a risk mitigation strategy for a given situation 

(e.g., reinsurance, derivatives, financial contracting), which balances benefits with 
inherent costs, including exposure to credit risk, basis risk, moral hazard and other 
risks. 

 
(4h) Analyze funding and portfolio management strategies to control equity and 

interest rate risk, including key rate risks. Contrast the various risk measures and 
be able to apply these risk measures to various entities. Explain the concepts of 
immunization including modern refinements and practical limitations. 
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8. Continued 
 
(4j) Demonstrate risk management strategies for other key risks (for example, 

operational, strategic, legal, and insurance risks). 
 
(5d) Propose techniques for allocating/appropriating the cost of risks/capital/hedge 

strategy to business units in order to gauge performance (risk adjusted 
performance measures). 

 
Sources: 
ERM-613-17: Managing Investment Portfolios, Maginn and Tuttle 3rd Edition, Chapter 
6, Sections 4-5 only (INV) 
 
The Top Ten Operational Risks: A Survival Guide for Investment Management Firms 
and Hedge Funds (INV) 
 
Commentary on Question: 
Commentary listed underneath question component. 
 
Solution: 
(a) Define risk budgeting in an organizational context. 

 
Commentary on Question: 
The question tests candidates’ retrieval of the definition of risk budgeting. The 
correct definition should include both “allocation of risks” and “establishing 
objectives”. Most candidates included “allocation of risks” in their answers, but 
many failed to mention “objectives/returns.” 
 
Risk budgeting is the practice of establishing objectives for individuals, groups, or 
divisions of an organization that take into account the allocation of an acceptable 
level of risk. 

 
(b)  

(i) Recommend which of the trading desks should be closed, if any.  Support 
your decision with quantitative analysis.  
 

(ii) Explain how your recommendation could change if the risks of the two 
trading desks were to have a negative correlation coefficient.  No 
calculations are necessary.  

 
Commentary on Question: 
The question tests the utilization of the knowledge about return of capital, return 
of VaR and aggregate VaR. Candidates in general did poorly on subpart b(i). 
Most candidates recommended closing domestic equities trading desk correctly 
but were not able to provide appropriate quantitate analysis to support the 
recommendation. Overall candidates did better on subpart b(ii).
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8. Continued 
 
(i)  
Scenario 1: keep both trading desks open 
 
Aggregrate 
VaR=√(VaR_Int^2+VaR_Domestic^2+2*Correlation*VaR_Int)*VaR_Domestic* 
)  
Aggregrate VaR=√12^2+12^2+2*0.8*12*12=22.77 
 
Return_on_VaR=(15+18)/22.77=1.45 
 
Return_on_Capital=(15+18)/(100+200)=11.00% 
 
Scenario 2: close the Domestic Equities trading desk, allocate all risk and capital 
to the International Equities trading desk  
 
The International Equity trading desk generates a return on capital of 
15.00%=15/100 
Total profit would therefore be 45=15.00%*(100+200) 
 
And return on VaR is 1.88=45/(2*12) 
 
Scenario 3: close the International Equities trading desk, allocate all risk and 
capital to the Domestic Equities trading desk 
 
The Domestic Equity trading desk generates a return on capital of 9%=18/200 
Total profit would therefore be 27=9%*(100+200) 
 
And return on VaR is 1.13=27/(2*12) 
 
Based on the analysis of the 3 scenarios above, I recommend closing Domestic 
Equities trading desk. Closing Domestic Equities trading desk will maximize both 
return on capital and return on VaR.  
 
(ii) If the risks of the two trading desks were to have negative correlation, it 

may make sense to keep both trading desks open.  
 
This is because the aggregate level of risk would be significantly lower 
than the sum of the individual VaRs due to diversification benefits. This in 
turn could lead to a favorable return on VaR from both trading desks 
combined.   
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8. Continued 
 
(c) Recommend three actions Woods can take to mitigate operational risk in the 

equity trading area, according to The Top Ten Operational Risks:  A Survival 
Guide for Investment Management Firms and Hedge Funds.  Justify your 
recommendation. 

 
Commentary on Question: 
This question tests candidates’ comprehension of different operational risks and 
the corresponding risk management strategies. Most candidates were able to 
identify at least one risk and recommend some risk management strategies.  
 
1. Recommend instead of having a specialized team dedicated to quantitative 

trading strategies, implementing an approach of cross-training employees 
across teams.  

• Having a highly specialized team is not advisable, as the loss of a 
single member could result in a large loss of intellectual capital and 
institutional knowledge 

• A specialized-team approach may also result in an unnecessarily high 
number of workflows, as separate procedures would be required for 
each team rather than having a master set of workflows. 

2. Recommend having a system of proper checks and balances in place for the 
Quantitative Strategies team, regardless of their level of talent. 

• The responsibility of accuracy of work should not fall completely on 
the staff member completing the work, even if staff members are 
highly skilled. 

• Proper checks and balances demonstrate a manager’s commitment to 
risk management on behalf of both clients and staff. 

3. Recommend ensuring that duties are segmented appropriately. 
• Having the performance measurement team report into the Marketing 

area creates a conflict of interest, as Marketing has an inherent 
motivation for performance figures to be favorable. 

• The performance measurement and marketing areas should operate 
independently of one another to avoid any potential conflict of interest. 

 
 
 
 


