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General Instructions

1. This examination has 8 questions numbered 1

INSTRUCTIONSTO CANDIDATES

Written-Answer |nstructions

1. Each question part or subpart should be answered

through 8 with atotal of 80 points.

The points for each question are indicated at the
beginning of the question. Questions 4, 5, and 6
pertain to the Case Study and questions 7 and 8
pertain to the Case Study and/or extension readings.

. While every attempt is made to avoid defective
questions, sometimes they do occur. If you believea
question is defective, the supervisor or proctor cannot
give you any guidance beyond the instructions
provided in this document.

either in the Word document or the Excd file as
directed. Graders will only look at work in the
indicated file.

a) Inthe Word document, answers should be entered
in the box marked ANSWER. The box will
expand aslinesof text areadded. Thereisno need
to use special characters or subscripts (though
they may be used). For example, B1 can be typed
asbeta 1 (and ~ used to indicate a superscript).

b) In the Excel document formulas should be
entered. Performing calculations on scratch paper
or with a calculator and then entering the answer
in the cell will not earn full credit. Formatting of
cells or rounding is not required for credit.

¢) For each question part requiring an answer in
Excel, (1) clearly identify the inputs to the
calculations, (2) show the necessary interim
calculations, adding rows and / or columns, if
necessary, and (3) enter the final answer in some
or al of the cells highlighted in yelow, as
applicable in each circumstance. These cdlls
should contain formulas with links to other
calculations in the worksheet. Minimize the use
of hard-coded figures and maximize the number
of interim steps in the calculations that would
demonstrate your line of thinking.

. Theanswer should be confined to the question as set.

. Prior to uploading your Word and Excel files, each

file should be saved and renamed with your five-digit
candidate number in the filename.

. The Word and Excel files that contain your answers

must be uploaded before time expires.

Recognized by the Canadian I nstitute of Actuaries.

© 2021 by the Society of Actuaries
475 N. Martingale Road
Schaumburg, 1L 60173-2226



Navigation Instructions
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CASE STUDY INSTRUCTIONS

The case study will be used asa basisfor some examination questions. Besure
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 belimited to that company.
Other advantages should not be listed, asthey 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.



1.

(10 points) ABC Re (ABC) isan international reinsurance company with business units
in North America, Europe, and Asia.

ABC is considering outsourcing the development and maintenance of its operational
systems to DEF, an external company that specializes in developing and customizing
platforms for financia institutions. DEF islocated in Bermuda.

You are hired as arisk management consultant by ABC’s Vice President of Strategy
Planning (VP).

Y ou are given the following information:

e Currently, direct insurers send their data and financials to ABC according to a
pre-arranged schedule.

e Premium, claim, inforce, and termination datafrom ABC'sclientsarein
various formats and handled separately through several of ABC’s existing
systems which are not capable of handling large volumes of data.

o DEF will incorporate new technologies, make use of big data, and develop a
system that can unify the functionalities of all of ABC’s existing legacy
systemsin all geographies.

e DEF will be responsible for maintaining the newly developed system after itis
delivered to ABC.

e |f DEFishired, the planned timeline for the development and transition is two
years.

e Thereisdisagreement amongst ABC’s senior management whether to
undertake this project.

@ (3 points) The VP is concerned that hiring DEF will increase ABC'’ s operational
risk.
() Explain why each of the following operational risks could increase.

e PeopleRisk
e Reputational Risk

ANSWER:

(i) Explain how the new system could improve data quality.

ANSWER:
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1. Continued

(b) (3 points) If DEF is hired, the VP will organize a steering committee consisting
of key internal stakeholders.

(1) List and explain the steps that need to be taken by the steering committee
to ensure an effective development process for the new system.

ANSWER:

(i) Propose three review and testing procedures that ABC can adopt to
validate the new system.

ANSWER:

(© (3 points) You are asked to design and implement an internal control framework
for ABC to effectively manage the risk of hiring DEF and implementing the new
system.

Recommend four controls to be adopted in your design. Justify your answer.

ANSWER:

(d) (1 point) Recommend whether ABC should proceed with the proposal. Justify
your response.

ANSWER:
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2.

(11 points) ERM Lifeis concerned about the impact of a potential pandemic on its
mortality and liquidity risks.

In order to mitigate mortality risk, ERM Lifeis considering the use of either traditional or
aternative risk transfer means.

@ (2 points) ERM Lifeis considering the use of reinsurance to address its concerns
with catastrophic mortality claims. The following reinsurance alternatives have
been offered to ERM Life:

50% pro-rata reinsurance

Per risk excess of loss reinsurance

Per occurrence excess |0ss reinsurance
Aggregate excess of |0ss reinsurance

Assess the suitability of each of these aternativesto mitigate ERM Life's
catastrophe risk exposure.

ANSWER:

(b) (4 points) ERM Lifeisaso considering the following aternative risk transfer
approaches to cover catastrophic mortality clams:

e [ssuing a catastrophe bond sold through a dedicated Special Purpose
Vehicle (SPV)

e Participating in a self-insurance pool
Setting up its own captive

(1) Describe each approach.

ANSWER:

(i)  Analyzethe appropriateness of each approach to mitigate ERM Life's
catastrophic mortality risk.

ANSWER:
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2. Continued

ERM Life has agreed to areinsurance treaty. The treaty will cost ERM Life afirst-year
premium of $10 million to be paid one week from today. ERM Life will pay for this
premium by liquidating some equity shares of its asset portfolio. ERM Life owns
100,000 shares of Stock Company with a market price of $103.00 per share as of today.

ERM Lifeis considering two options:

e 1% option: Liquidate 100,000 sharesimmediately
e 2 option: Liquidate 20,000 shares each of the next five trading days

(© (0.5 points) Describe the asset liquidity impact of each option.

ANSWER:

(d) (4.5 points) It has been suggested that ERM Life use liquidity-adjusted VaR
(LVaR) to inform its decision on how to pay the reinsurance premium. You are
given the following information for the liquidation options:

e Priceimpact of the 1% option: $257,500
e Priceimpact of the 2" option: $51,500
e Asset portfolio VaR for 2" option: $361,623

(1) Recommend which liquidation option ERM Life should implement in
order to pay the reinsurance premium. Justify your answer.

ANSWER:

(i) Describe other aspects of asset and liability liquidity risks that ERM Life
should consider when entering into this transaction.

ANSWER:

(iii)  Describe two other relevant risks that ERM Life should consider when
entering into this transaction.

ANSWER:
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3.
(8 points) Y ou work on the credit risk management team at alarge insurance company.

Y our team’ s responsibilities include analyzing credit risks of the company’ s fixed income
portfolio.

@ (2 points) There are severa modeling approaches used for estimating default
probabilities, including:

e Merton's model
e KMV Moody’s
e Modelsincorporating bond prices

() Compare and contrast the structure and use of reduced-form models and
structural models.

ANSWER:

(i) | dentify whether each of these modelsis areduced-form model or a
structural model. Justify your response.

ANSWER:

(b) (1 point) Using bond prices, the credit spread of a bond can be calculated and
used to estimate the expected credit loss. Thus, your colleague claimsthat if bond
A has higher spread than bond B, bond A must have higher probability of default
than bond B.

Explain whether your colleague’ s statement is correct.

ANSWER:
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3.

Continued

(©)

(5 points) Y our team has been working on a project using simulations to estimate
tail credit loss of the company’s portfolio. Y ou use copulasin the simulations to
capture the dependencies between credit losses on bonds in the portfolio. You are
given the following information:

e Thetime horizon isone year.

e Thereturnsof each bond issuer’s asset portfolio are simulated
assuming they follow alognormal random walk.

e A correlation matrix of the returns of the bond issuers' assets.

e Thefollowing have aready been estimated for each bond issuer: the
growth rate of the asset value, the volatility of the asset value, default
threshold, exposure, and loss given default.

(1) Describe the steps to simul ate the asset values of the bond issuers and to
calculate credit loss of your company’ s portfolio using a Gaussian Copula.
Y ou do not need to give any formulas.

ANSWER:

(i) Your other choice of copulais Student’st.

Describe how the ssmulation process would need to change in order to
incorporate a Student’ st copulainto the simulation. 'Y ou do not need to
give any formula.

ANSWER:

(@iii)  You runtwo simulations, each generating 10,000 samples—one using a
Gaussian copula and the other using a Student’st copula. Y ou then
calculate the credit loss at the 99" percentile from each simulation.

Compare the VaR(99) results you would expect between the two
simulations. Justify your answer.

ANSWER:
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3.  Continued

(iv)  Recommend which copula should be implemented. Justify your
recommendation.

ANSWER:
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Questions 4 through 6 pertain to the Case Study.
Each question should be answered independently

4

(10 points) Refer to Sections 1.8 and 1.9 of the Case Study.

In anticipation of future consumer behavior, Giant Auto Motors (GAM) has decided to
enter the battery electric vehicle (BEV) market. Caerus has been hired by GAM to help
develop risk metrics for this venture.

GAM hasidentified companies A and B as potentia suppliers of the parts needed for its
BEVs. If the chosen supplier becomes insolvent, disruptionsin the supply chain could
lead to production issues. GAM wants to pick the company that is least likely to default
over the next five years.

Both companies are large borrowers and heavily traded on the stock market. Y our boss
wants to use the Merton model to determine the default probabilities.

The Merton model and the financial datafor both firms as of December 31, 2020 are
shown below.

In (X%) (- “73)T

T

Pr(X; <B) = @

Total Asset | Expected | Volatility Zfoéa(l)nﬁ\ma?]u?; Timeof Lump

Company Value Growth | of Growth B pany Sum Payment of
Lo orrowing :
(in millions) Rate Rate AT Company’s Debt
(in millions)

A $5,000 5% 35% $1,000 5 years from today
B $8,000 7% 25% $2,000 5 years from today
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4, Continued
€)] (4 points)

(i) Assess the appropriateness of using the Merton model to measure the
solvency of companies A and B.

ANSWER:

(i) Propose one alternative method GAM could use to measure the solvency
of itssupplier. Justify your proposal.

ANSWER:

(iii)  Demonstrate that Company B is preferable to Company A, as of
December 31, 2020, using the Merton model. Show all work.

ANSWER:
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4.

Continued

(b)

(4 points) GAM’s management is concerned with the cost of lithium which
heavily influences the price of the batteries and, therefore, the overall production
cost of BEVs. Caerus has determined that lithium prices can be described using
geometric Brownian motion.

(1) Describe a process for using Monte Carlo simulation to calcul ate VaR(99)
for lithium prices over the next n years.

ANSWER:

(i) Explain how the volatility of battery prices could be mitigated using:

e A forward contract on lithium
e A futures contract on lithium

ANSWER:

(iii)  Recommend whether GAM should use aforward or afutures contract for
lithium to hedge against battery price volatility. Justify your
recommendation.

ANSWER:
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4, Continued

(© (2 points) In response to the board meeting described in section 1.9 of the Case
Study, your team has been asked to perform scenario analysis regarding GAM’s

strategy.

(i) Explain why using a synthetic scenario for the analysis would be more
beneficial than a historical scenario in this situation.

ANSWER:

(i) Design a company-specific synthetic stress scenario that could be applied
to the situation where GAM remainsin the PCV market. Support your
answer using evidence from the Case Study.

ANSWER:
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Questions 4 through 6 pertain to the Case Study.
Each question should be answered independently

5.

(12 points) Y ou work as a consultant with Caerus and have been assigned to the
Energetix account. Refer to section 1.11 of the Case Study.

Y ou have been asked to develop a strategy to address emerging risks in the energy

industry and to establish arisk appetite statement for specific emerging risks.

@ (3 points) Your initial task requires assessing key emerging risks that are relevant
to Energetix.

@) Describe the process of environmental scanning as part of an emerging
risk review.

ANSWER:

(i) Explain how a balanced environmental scanning approach could be used
by Energetix to assess the potential emerging risks related to:

e Regulatory change
e Cybersecurity threats

ANSWER:
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5.

Continued

(b)

(4 points) Y ou plan to coordinate scenario planning for key risks across
Energetix’ s various subsidiaries. Caerus hasidentified key risk factors related to
the Energy Utility Industry, and you have elaborated major themes that
characterize plausible devel opments as follows:

1. Regulatory changes related to the environment and the potentia
impact of global climate change

2. Operational activities that impact the reputation or financial condition
of the company.

(i) Describe arelevant scenario, specific to Energetix, for each theme.

ANSWER:

(i) Outline the remaining steps in the scenario planning process.

ANSWER:

(iii)  Provide arelevant example for each step identified in (ii) using one of
your scenarios from (i).

ANSWER:
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5. continued

(© (5 points) The Energetix Board has developed a new qualitative risk appetite
statement for cybersecurity risk as follows:

“Any material damage to Energetix’ s reputation or interruption of business from a
cybersecurity event is unacceptable.”

The Energetix CRO wants more specific limits and has asked you to help
establish a quantitative risk appetite statement for cybersecurity risk.

(1) |dentify the challenges with trandlating a qualitative statement into a
guantitative one for cybersecurity risk.

ANSWER:

(i) Energetix initially proposes a quantitative risk appetite statement, as
follows:

“The company cannot lose more than 20 percent of valuein a
cybersecurity event.”

Propose a modification to the above statement incorporating each of the
following:

e Energetix’s current balance sheet and income statement
e Historical experience in data breaches and operational failures.

Explain your reasoning.

ANSWER:

(ili)  Recommend two enhancements that Energetix could implement to support
compliance with the cybersecurity risk appetite statement that you
proposed in (ii). Justify your response.

ANSWER:
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Questions 4 through 6 pertain to the Case Study.
Each question should be answered independently

6

(9 points) Giant Auto Motors (GAM) has set the following as its strategic objectives.
Refer to section 1.9 of the Case Study.

Objective Key metric Risk
Expand GAM's 10% Regulatory Changes
ownership in current JV in Current Market Share of JV limiting JV
Chinato at least 40%
Be able to produce its own Nurmber of beiteries . .
BEV automotive batteries purchased each month_ Ablllt_y to obtain .
within one year should be < 90% of prior material for batteries

month’s purchased batteries

Become the top provider of Having the skillset in-
BEV automotive batteriesin | % of BEVsvs PCVs house for continued
Chinain five years battery improvements

GAM asked Caerus Consulting to evaluate GAM'’ s objectives.

(& (4 points)

(i) Evaluate whether these objectives are the appropriate key strategic
objectives for GAM.

ANSWER:

(i)  Assessif thelisted key metrics are suitable for measuring progress
towards the stated objectives.

ANSWER:
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6. Continued

(b) (3 points)

(1) Evaluate whether the risks identified are appropriate for the corresponding
objectives.

ANSWER:

(i)  Assessif therisksidentified are key risks for GAM. Justify your
response.

ANSWER:

(c) (2 points) The following controls are suggested for the risks associated with
achieving the stated objectives:

Audit the entire production process of batteries quarterly
e Test each battery to ensure it meets the guidelines needed for all global
markets in which GAM participates

e Have each order for component parts be double-checked for accuracy

Assess the effectiveness of the proposed controls for each risk when
implementing a risk-based controls approach. Justify your answer.

ANSWER:
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Questions 7 and 8 pertain to the Case Study and/or extension readings.
Each question should be answered independently.

v

(10 points) You are helping ajunior employee at SLIC prepare a proposal to transform
the existing pension plan into a green Defined Benefit (‘DB’) pension plan. The proposal
recommends using liability-relative investment approaches.

Refer to Section 4.14 of the Case Study.

@ (1 point) Explain four ways a green DB plan benefits the plan sponsor compared
to aregular DB plan.

ANSWER:

(b) (3 points) Describe four changes to the SLIC DB plan that could be implemented
as part of the transformation into agreen DB plan.

ANSWER:

(©) (2 points) The draft proposal includes statements (i) and (i) below.
Critique each statement.

() When a plan becomes fully funded, SLIC should begin taking investment
risk in order to maintain the funded status.

ANSWER:

(i) Real interest rate durations and inflation durations are expected to be
different for nominal bonds and equities, but not for liabilities. When they
are different, inflation duration is expected to be lower than real interest
rate duration.

ANSWER:
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7. Continued

(d) (4 points) The draft proposal recommends a dual duration-matched approach for
SLIC s DB pension plan. Unfortunately, someone spilled coffee on the report and
now some of the values cannot be read.

The legible portion of the dual duration-matched approach is shown below:
% of plan Real interest rate | Inflation
assets duration (Dr) duration (Di)
Nominal bonds 10
Equity 15 3
TIPS 25
Liabilities n/a 11 3
The proposal is based on the following assumptions:
e Theassets are equal to the fair value of plan assets as of January 1,
2020.
e Theliability isequal to the projected benefit obligation as of January
1, 2020.
e All assets are domestic.
(i) Calculate the percentage of assetsthat is allocated to equities. Show your
work.
| The response for this part is to be provided in the Excel spreadsheet. \
(i) Calculate the TIPS duration. Show your work.
| The response for this part is to be provided in the Excel spreadsheet. |
(i)  Evauate the feasibility of the dua duration-matched approach with
respect to SLIC’ s Pension Plan Policies and Procedures.
ANSWER:
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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) XY Z company has an underfunded U.S.-qualified Defined Benefit pension
plan. XY Z management had previously decided to fully fund the pension plan in the
upcoming year, but a competing project has been recently proposed. If XYZ investsin
this competing project, it will be able to make only the minimum required contributions

to the pension plan in the future.

XYZ has hired you as an external consultant to recommend the best strategy for funding
the pension plan, while taking the competing project into consideration.

Y ou have been provided with the following pension plan information:

Liabilities as of January 1, 2021

$5,000 million

Variable rate for PBGC premiums

4.5% annually for al years

Current accounting discount rate

2.5% annually

Expected asset return

6.0% annually for al years

Plan Funded Status as of January 1, 2021

85%

To smplify your analysis, you make the following additional assumptions:

e Thepension plan isfrozen.

e Variablerate PBGC premiums are paid out of plan assets at the end of the

year.
e The per participant cap is not reached.

e Flat rate PBGC premiums can beignored for all analyses.
e No benefits are expected to be paid for the foreseeabl e future.

@ (1 point) Describe two disadvantages to the plan sponsor of maintaining a poorly

funded pension plan.

ANSWER:
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8. continued

(b) (2 points) XY Z is considering the following sources of funding for the pension
plan:

Existing cash

Borrowing to fund
Contributing company stock
Contributing real assets

State the disadvantages for each funding source.

ANSWER:

(© (3 points) XYZ isconsidering the following pension plan funding strategies:

l. The fund-now strategy assumes XY Z will contribute $700 million
at the end of the first year, which will fully fund the plan and alow
it to remain over 100% funded for the next 7 years.

. The fund-later strategy assumes the plan sponsor contributes $170
million at the end of each year for seven years, which will fully
fund the plan. If XY Z chooses the fund-later strategy, it will invest
in the other project, which is expected to generate a profit of $500
million after 7 years.

Assume contributions are made from company assets and that unutilized company
assets are held in cash with a 0% annual return.

Recommend which strategy, | or 11, XY Z should implement, based on financial
considerations. Justify your response.

| The response for this part isto be provided in the Excel spreadsheet. \

(d) (1 point) Assume XY Z decidesto fully fund the pension plan immediately using
cash.

Calculate the expected annual ROI. Show your work.

| The response for this part is to be provided in the Excel spreadsheet.
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8. continued

(e (3 points) XY Z has asked you to help their financial analyst generate several
additional values for the pension plan. The financia analyst tells you the
following:

e XYZ'soperating assets and pension assets are both equal to $4,250
million.

50% of operating assets are funded by shareholder equity.

XYZ's stock has abeta of 2.1.

XY Z’spension asset alocation is 60% equities and 40% debt.

The equity allocation in the pension assets is invested in the market
index.

(1) Assume XY Z’'s debt betaisO.

Calculate the operating asset beta considering only the accounting balance
sheet which consolidates the net pension obligation. Show your work.

| The response for this part isto be provided in the Excel spreadshest.

(i)  Assumeall debt and liability betas are 0.

Calculate the operating asset beta considering the holistic balance sheet.
Show your work.

| The response for this part is to be provided in the Excel spreadsheet.

(iii)  Assume XY Z changed the pension plan equity allocation from 60% to
20% on January 1, 2021 while maintaining the same equity and debt betas.

Calculate the change in equity capital required to maintain the same
operating asset beta under the holistic balance sheet approach. Show your
work.

| The response for this part isto be provided in the Excel spreadshest.

**END OF EXAMINATION**
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