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 5.  When you finish, insert all your written-answer 
sheets into the Essay Answer Envelope.  Be sure 
to hand in all your answer sheets because they 
cannot be accepted later.  Seal the envelope and 
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Recognized by the Canadian Institute of Actuaries. 
 

Tournez le cahier d’examen pour la version française. 
 

 
 © 2020 by the Society of Actuaries 
 Printed in the U.S.A. 475 N. Martingale Road 
 Exam ERM-RET Front Cover Schaumburg, IL 60173-2226 





 
 
 
 
 
 
 
 
 
 
 
 
 
 

CASE STUDY INSTRUCTIONS 
 

 
The case study will be used as a basis for some examination questions.  Be sure 
to answer the question asked by referring to the case study.  For example, 
when asked for advantages of a particular plan design to a company 
referenced in the case study, your response should be limited to that company.  
Other advantages should not be listed, as they are extraneous to the question 
and will result in no additional credit.  Further, if they conflict with the 
applicable advantages, no credit will be given. 
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**BEGINNING OF EXAMINATION** 
 
 

1. (7 points)  You are a senior analyst at JMR, an advisory firm specializing in cyber 
security consulting.  You are working on a project for a client who would like to gain a 
better understanding of methods for modeling cyber risks.    
 
 
(a) (2 points)  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. 
 

(b) (2 points)  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. 
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1. Continued 
 

(c) (3 points)  The client has asked you to assess the impact of cybersecurity risk on 
the client’s financial performance.  You propose to apply the Generalized Pareto 
Distribution (GPD), which is one of EVT’s potential distributions, as the 
estimation method.   
 
Based on observed losses due to past cybersecurity events, Dan prepared the table 
below for your analysis. 
 
Selected information about historical observed losses. 
 

Percentile Losses 
Number of losses 

at higher 
percentiles 

GPD Parameter 
Estimates 

s k 
85th 105 75 150 -0.140 
86th 121 70 140 -0.125 
87th 202 65 150 -0.097 
88th 298 60 130 -0.113 
89th 323 55 120 -0.135 
90th 366 50 120 -0.135 
91st 438 45 120 -0.135 
92nd 536 40 120 -0.135 
93rd 598 35 120 -0.135 

 
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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2. (12 points)  KRW is a regional annuity carrier based in the U.S. that specializes in the 
following products: 

 
• Fixed deferred annuities 
• Single premium immediate annuities 

 
You are an actuary reporting to KRW's CRO.  You are provided with the following 
information regarding KRW's ERM practice. 
 

I. Risk management reports risk metrics including economic capital (EC), 
asset liability duration and regulatory risk-based capital ratio every six 
months to senior management 

II. Capital levels are primarily based on regulatory capital requirements and 
are allocated by product line 

III. Current ALM and asset allocation are driven by cash flow matching 
IV. Sensitivities on liability discount rate and mortality are performed 

annually by the valuation department 
 
KRW is interested in improving its overall risk management framework. 
 
 
(a) (2 points)  Evaluate each of KRW’s four current ERM practices given its current 

product portfolio. 
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2. Continued 
 

(b) (4 points)  KRW decides to change its objectives for the asset allocation 
methodology to the following: 
 

• Maximize net excess yield 
• Minimize surplus volatility while constraining asset-liability duration gap 

 
You are given the following selected data: 
 
 Current Portfolio Mix Return Volatility Duration 

Cash 5% 0.5% 0%  

Government Bonds 10% 2.5%  9 

Corporate Bonds – AAA 10% 3.3%  4 

Corporate Bonds – BBB 75% 6.7%  3 

Equity 0% 8.0% 11%  
Real Estate 0% 7.0% 8.5%  
Total Assets    3.5 

Total Liabilities    7.5 
 
(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. 
 
 

 
 

Question 2 continued on the next page 
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2. Continued 
 

(c) (4 points)  KRW's management decides to incorporate EC as a metric for its 
strategic asset allocation process.  Its CFO recommends using the following 
shocks to derive individual EC values: 
 

• Decrease mortality rates by 10% for all ages and durations 
• Lower discount rate to 1% flat for all durations 
• Reduce the lapse rate to 0% for the first 5 durations 

 
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 

 
(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. 
 

(d) (2 points)  Recommend how KRW could mitigate financial risks using product 
design and asset allocation. 
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3. (12 points)  Company XYZ is a life insurance company with a Single Premium 
Immediate Annuity (SPIA) line of business.  Its investment area is considering investing 
a new premium of 10 exclusively in Corporate Bonds or exclusively in Private Placement 
Bonds.  XYZ’s current total asset level supporting the business, before receiving the new 
premium, is 30. 

 
 You are provided the following information: 
  

 

Market 
Yield 

Market 
Depth 

Volatility 
(σ) 

Correlation 
with 

Current 
Portfolio 

Current Price 
within 

Market Depth 
(per 100 Face 

Amount) 
Bid Ask 

Corporate Bonds 4.2% 15 0.08 0.6 95.8 96.2 
Private Placement Bonds 9.9% 8 0.06 0.4 87.0 95.0 
Total Current Portfolio   0.07 1 N/A 

 
 Assume the distributions of market yields for each of the asset classes and the total 

portfolio are normal. 
 
 

(a) (2 points)  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. 
 
(b) (4 points)   

 
(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.
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3. Continued 
 

(c) (3 points) XYZ notices that the 10 it is trying to invest is above the current market 
depth for the Private Placement Bonds.  Below is the information that applies to 
recent Private Placement investments of 10. 
 

 
Yield 

Price 
(per 100 Face Amount) 

Bid Ask 
Private Placement Bonds 8.7% 86.0 98.0 

 
(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. 

 
(d) (3 points) 

 
(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…" 
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Questions 4 and 6 pertain to the Case Study. 
Each question should be answered independently. 

 
4. (10 points)  As a consulting actuary working for Caerus, you have been asked to assist in the 

review of Big Ben’s economic capital (EC) model described in section 0.7 of the Case Study. 
 
 

(a) (2 points)  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. 
 

(b) (5 points)  Big Ben is concerned with the appropriateness of its risk aggregation 
technique.  It currently uses a variance-covariance matrix but is considering 
alternative methods including copula functions or a fixed diversification 
percentage. 
 
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. 
 

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

(c) (3 points)  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 
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5. (11 points)  Basic Life sells life insurance and variable annuity products with guaranteed 
minimum benefits.  A new insurance contract valuation standard, which requires market 
consistent valuation, is being released. 
 
 
(a) (1.5 points)  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. 
 
(b) (1.5 points)  Basic Life is considering purchasing a third-party economic 

scenario generator (ESG) for calculating its insurance contract liability under the 
new standard.  The ESG is fully calibrated and parameterized for both real-world 
and market consistent risk-neutral scenarios.   
 
The following information is provided on the calibration and parameterization. 
 

• Risk-neutral scenarios 
o The model's calibration process is designed to reproduce the 

prices of traded derivatives 
o The underlying yield curve is as of the date of the derivative 

prices used to calibrate the model 
• Real-world scenarios 

o The model is calibrated to incorporate dynamics that are 
representative of the possible future paths of economic 
variables 

o The model is parameterized only using current market inputs 
 
Evaluate the calibration and parameterization of the ESG.  
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5. Continued 
 

(c) (4 points)  Basic Life has decided to use the market consistent risk-neutral 
scenarios from the third-party ESG.  You have been provided with output from 
two calibrations of the ESG.  The table below shows the projected price of a $1 
non-dividend-paying, high-volatility asset at multiple terms based on 500 
simulated scenarios.  The risk-free curve is a flat 2%. 
 

Scenario 
Generator 

Years 
1 5 10 20 30 

1 $1.020 $1.091 $1.133 $1.315 $1.517 
2 $1.021 $1.132 $1.315 $1.515 $1.825 

 
(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. 
 
 
 
 

 
 
 
 
 

Question 5 continued on the next page 
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5. Continued 
 

(d) (2 points)  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. 
 

(e) (2 points)  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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Questions 4 and 6 pertain to the Case Study. 
Each question should be answered independently. 

 
6. (8 points)  Energetix’s GUI companies all use the same model for evaluating external 

risks.  The model was developed by Energetix and is run independently by each GUI in 
its Risk Management Department.  Refer to section 0.11 of the Case Study. 

 
You are provided an overview of the External Risk Model (ExRM): 
 

• The scenarios used in the model are evaluated and updated every two years  
• The model engine is evaluated and updated every four years by the 

department within Energetix that built the model 
• Model inputs (interest rates, market share, commodity prices, etc.) are updated 

quarterly 
• Model output is compared to the prior quarter’s output to ensure reasonableness 
 

The following scenarios are used in the ExRM: 
 

Scenario # Scenario Description 

1 The temperature drops five degrees below the lowest recorded 
temperature for a period of ten days within a given year  

2 State regulatory change in Colorado that increases GUI expenses by 
10% but does not allow for an increase in rates charged 

3 Supply of natural gas drops by 20% for a period of one year 
 
 
(a) (2 points)  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. 
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6. Continued 
 

(b) (2 points)  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. 
 

(c) (2 points)  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. 
 

(d) (2 points)  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. 
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Questions 7 and 8 pertain to the Case Study and/or extension readings. 
Each question should be answered independently. 

 
7. (10 points)  Refer to Section 3.14 for SLIC and Section 4.18 for AHA in the Case Study. 
 

You are an actuarial consultant at Caerus.  Your colleagues at Caerus recently presented 
to both SLIC and AHA about recently developed mortality tables and mortality 
improvement scales.  This has prompted the CEO of SLIC, R. Tomas Lyon, and the CEO 
of AHA, Dr. Jerry Graham, to reach out to you about the impact of longevity risk on their 
respective plans. 
 
 
(a) (1 point)  Mr. Lyon suggests that adding a cost-of-living-adjustment to the SLIC 

pension plan would mitigate longevity risk.   
 

Critique Mr. Lyon’s statement. 
 

(b) (2.5 points)  Compare the longevity risk exposures faced by the SLIC and AHA 
pension plan sponsors with respect to the following: 

 
• Demographic Factors 
• Benefit Structure 

 
(c) (1.5 points)  
 

(i) Identify the factors that would cause longevity risk to be relatively more 
significant than other risk sources for a pension plan. 
 

(ii) Evaluate whether the SLIC or the AHA pension plan is likely to have 
more relative exposure to longevity risk based on each of the factors 
identified in (i). 
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7. Continued 
 
(d) (3.5 points)  Caerus has asked you to present the following risk management 

solutions to SLIC and AHA: 
 

• Annuity Buy-out  
• q-Forward  
• Out-of-the-money longevity swap  

 
(i) Describe each of the risk management solutions with respect to each of the 

following: 
  

• Implementation 
• Risks transferred or hedged 
• End holder of the risks 

 
(ii) Rank the three risk management solutions for the SLIC pension plan based 

on cost and the considerations in (i).  Justify your answer. 
 

(e) (1.5 points)  Dr. Graham likes the concept of a pension buy-in for AHA, but 
wants to consider alternatives to buying annuities from insurance companies. 

 
Describe the process by which AHA could mimic a pension buy-in through the 
capital markets. 
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Questions 7 and 8 pertain to the Case Study and/or extension readings. 
Each question should be answered independently. 

 
8. (10 points)  Castel is a U.S. pharmaceutical company with a traditional cash balance plan.   

The plan was set up 20 years ago and guarantees a minimum interest crediting rate of 2% 
per annum.  The actual interest crediting rate is based on the Bloomberg Barclays Index 
(BBI) of Corporate A bonds.  The minimum interest crediting rate of 2% was set when 
the BBI was yielding above 7%.  The pension actuary, Tim Johnson, stated at the time 
that there was no cost in offering the minimum guaranteed rate. 

 
The plan is composed of 15% actives, 5% terminated vesteds, and 80% retirees.  
Historically, the plan participants have made limited use of the available lump sum 
option.   

 
The company’s CEO, Zack Ronsen, plans to freeze the plan.  
 
 
(a) (1 point)  Tim notices that the BBI yields have been trending lower in the past 

several quarters, approaching the minimum crediting rate, and he has become 
concerned with the plan’s valuation.   

 
The asset investment manager, Eric Morton, suggests to Tim “Let’s value the 
annual guarantee using simulation.  We can use existing stochastic BBI scenarios 
from my team to simulate payoffs.  You can just calculate the average of the 
present values of the simulated payoffs for each path using a risk-free discount 
rate of 3%.” 

 
Critique Eric’s suggestion.  
 

(b) (1 point)  Describe how the following changes would affect the outcome of the 
valuation of the guarantee. 

 
• Increasing the expected return of the BBI  
• Increasing the volatility of the BBI 
• Delaying the assumed benefit commencement date 

 
(c) (4 points) 
 

(i) Eric wants to consider hedging the plan with either static moving notional 
interest rate hedges or dynamic moving notional interest rate hedges.  

 
Explain how to implement each of the two hedges. 
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8. Continued 
 

(ii) Explain why a static hedge will not be a perfect hedge.    
 

(iii) Tim’s and Eric’s teams gathered the following information on the pension 
plan and asset market data:    
 

• The account balance value of the plan for the actives and the 
terminated vesteds is at $600 million as of January 1, 2020 

• Benefit commencement for all non-retired participants is 
assumed to happen at January 1, 2030  

 
Zero Coupon Treasury Rates by Tenor at January 1, 2020 

1 Year 5 Year 10 Year 
1.0% 1.5% 3.0% 

 
Assumed BBI by Projection Year 

Years 1-4 Years 5-9 Years 10+ 
3.0% 1.0% 2.5% 

 
Price of Instruments as of January 1, 2020 (per 1 dollar notional) 

BBI 1-year Call with 
2% Strike 

BBI 1-year Put with 
2% Strike 

10-year Interest Rate Swap 
BBI with 2% fixed 

0.14 0.10 0.60 
 

They want to evaluate the financial impact of implementing a dynamic 
moving notional interest rate hedging strategy to be implemented on 
January 1, 2020. 
 
Calculate the following: 
 

• The cost of the instruments to be purchased on January 1, 2020 
• The estimated payoff of the hedge as of January 1, 2021  

 
Show your work. 
 

(d) (4 points)  Zack is also interested in mitigating the overall risks of the pension 
plan.  He has started discussions with a global insurer, Benson International, 
regarding pension risk transfer.  Benson is rated A- by S&P. 

 
 
 

Question 8 continued on the next page 



Exam ERM-RET:  Spring 2020 - 21 - STOP 
Enterprise Risk Management – Retirement Benefits Extension 

8. Continued 
 
The estimated December 31, 2019 balance sheet for Castel’s pension plan is the 
following:  
 

Assets  ($ in millions)  
Cash   800 
Investment-grade fixed income with 
maturities 1-5 years   800 

Investment-grade fixed income with 
maturities 6+ years  200 

Non-investment-grade fixed income  650  
Liabilities  ($ in millions) 
PBO for actives   350 
PBO for terminated vesteds  75 
PBO for retirees  2,900  

 
(i) Identify the issues with the asset allocation that might cause Benson 

International to reject an in-kind transfer from Castel. 
 

(ii) Castel provided the following information for a group annuity buyout for 
the retirees. 
 

• The economic liability for longevity improvement is estimated 
to be an additional 1% of the total PBO. 

• The NPV of future administrative expenses and investment 
fees is estimated to be 3.5% of the total PBO.  

• The NPV of future PBGC Premiums is estimated to be $0.2 
million. 

• The settlement premium based on deals of similar size is 
estimated to be 1.5bps of the total economic liability.  
 

Estimate the cost of entering into a group annuity buyout deal with Benson 
International as of December 31, 2019.  Show your work. 

 
(iii) Zack has decided against using a dynamic moving notional interest rate 

hedge due to uncertainty of the ultimate cost.  
 
Recommend whether Castel should implement the static moving notional 
interest rate hedge or the group annuity buyout, assuming the costs are 
comparable.  Justify your recommendation. 

 
 

**END OF EXAMINATION**
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