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General Instructions

1.

This examination has a total of 80 points.

This exam consists of 8 questions, numbered
1 through 8.

The points for each question are indicated at
the beginning of the question. Questions 7
and 8 pertain to the Case Study, which is
enclosed inside the front cover of this exam
booklet.
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If you believe a question is defective, the
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booklet.
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Write your candidate number at the top of each
sheet. Your name must not appear.
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question on a fresh sheet. On each sheet, write
the number of the question that you are
answering. Do not answer more than one
question on a single sheet.

The answer should be confined to the question
as set.

When you are asked to calculate, show all your
work including any applicable formulas.

When you finish, insert all your written-answer
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sure to hand in all your answer sheets since they
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write your candidate number in the space
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the appropriate box to indicate Exam ERM-R.
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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.






**BEGINNING OF EXAMINATION**

1. (8 points) Blackhawk Life is a mid-size U.S. insurer that writes both deferred variable
annuities with investment performance guarantees and deferred fixed annuities. The
assets backing the fixed annuities are largely invested in U.S. Treasuries and corporate
bonds. The variable annuity guarantees are dynamically hedged using a combination of
equity options, equity futures, and interest rate swaps.

Blackhawk currently has a stress testing program that runs historical scenarios simulating

major market crises that have occurred. Blackhawk is considering performing sensitivity
tests as well.

(a) (I point) Evaluate the advantages of analyzing stress test results for the fixed and
variable blocks separately versus in aggregate.

(b) (2 points) Recommend four key unidimensional sensitivity tests that Blackhawk
should run to analyze the risks of its business. Justify your response.

(c) (3 points) Blackhawk is also considering performing multidimensional scenario
analysis.

(1) Describe two types of multidimensional prospective scenarios.

(i1))  Explain the drawbacks of using each of the two types of scenarios
identified in (i).

(ii1)  Recommend one scenario of each type in (i) that would be meaningful to
Blackhawk. Justify your response.

(d) (2 points) Blackhawk reviews the stress testing results for the October 1987
Market Crash scenario and determines that these are unacceptable. As a result,
Blackhawk proposes the following two approaches to manage the risks associated
with severe equity market declines:

(1) De-risk the product portfolio by changing product design
(11) Hold sufficient capital

Describe the consequences for each of (i) and (ii).
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(11 points) Consider a portfolio comprised of two stocks, XYZ and ABC. Each stock
price follows geometric Brownian motion with parameters:

Stock Mean Annual | Annual Volatility Market Value
Return () ©) (5,)

XYZ 5% 15% 100

ABC 10% 20% 150

These two stocks are assumed to be uncorrelated during normal market conditions;
however, when the market is performing poorly the stocks are positively correlated.

The variables n, and n, are independent and randomly simulated standard normal

variables used to simulate the annual returns of holding companies XYZ and ABC,
respectively.

The tail dependency of the returns is reflected as follows:
e When n, <-1.96, the correlation coefficient p =0.8
e When n, >-1.96, the correlation coefficient p =0

You have generated 21 simulations and ordered (highest portfolio value to lowest) the
simulated values as follows:

Table 1: Ordered Simulations

Simulation n, n,
1 0.64 1.29
2 0.94 1.11
3 1.15 0.88
19 -1.12 -1.05
20 -1.65 -0.95
21 -2.71 -0.75

You are given:

2
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2 . Continued

(a)

(b)

(©)

(d)

(e)

(1.5 points) Given the following formula:

Hl; <1—22>”H:j

(1) Solve for €, and ¢, .

(i)  Explain the purpose of this formula and how it works.

(3 points) Determine the one year VaR(95%) for the portfolio value. Show your
work.

(2 points) Evaluate in qualitative terms (without performing additional
calculations) the effect that each of the following changes would have on the
VaR(95%) of the portfolio.

(1) The correlation coefficient increases from 0.8 to 0.9 when n, <-1.96
(i)  Tail dependency is reflected when n, <—2.65 rather than when n, <-1.96

(3 points) Explain the steps required to determine VaR(95%) for the portfolio
value using the antithetic variable reduction technique.

(1.5 points) Describe two additional variance reduction techniques and evaluate
whether each is appropriate to use when modeling correlated equities.
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3. (12 points) You are a risk management consultant and have been hired by Wrigley
Financial to assist in the selection of a risk measure for Wrigley to use in its economic
capital calculations. You are considering the following risk measures:

e p,(X)=95"percentile of X

o PN =E[X|X>p(X)]

e p(X) =llogE[e"’X], for 0< o
a

Where X represents a loss random variable.
(a) (4 points) Explain the benefits of satisfying each of the following properties
when selecting a risk measure in the context of setting economic capital:
(1) Positive Homogeneity
(11) Monotonicity
(ii1)  Translation Invariance
(iv)  Subadditivity

(b) (3 points) Demonstrate whether the following properties are satisfied by the
associated risk measures:

(1) Positive Homogeneity - p,(X)
(i1) Monotonicity - p,(X)
(i)  Translation Invariance - p,(X)

(©) (4 points) Determine which of the criteria in (a) are satisfied by p,(X). Show

your work.

(d) (I point) Recommend a risk measure for Wrigley to use in its economic capital
calculations, from the three proposed. Justify your answer.
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(11 points) You are the marketing actuary for Hamsik Re. E&J Life Insurance Company
1s a client of Hamsik for traditional reinsurance but has not used financial reinsurance in

the past.

E&J has an inforce block of traditional whole life policies issued between 1978 and 1984,
having $2 billion in face amount and $512 million in statutory reserves (the “whole life
block™). The assets backing this whole life block are duration matched to the liabilities
and have an average maturity of 11 years. E&J manages the mortality risk on this block

using YRT reinsurance.

Hamsik and E&J are contemplating entering into a reinsurance agreement effective
January 1, 2014. Under this agreement Hamsik would assume the whole life block on a
coinsurance with funds withheld basis.

The following projections are provided for the whole life block:

Cash Flows and Inventory Items for the Whole Life Block Including YRT Reinsurance But

Prior to Coinsurance with Funds Withheld Reinsurance

(in USD Millions)

Premium Inc?ease End of Gross YRT

Year (Netof | Investment Benefits in Dividends* Pre-tax Year Face Reinsured
YRT Income Statutory Income | Statutory Face

. Amount

Premium) Reserve Reserves Amount
2014 50 31 23 (@)) 20 39 511 1,968 1,669
2015 49 31 23 2 20 37 509 1,869 1,576
2016 47 31 23 2 20 36 507 1,776 1,499
2017 46 30 23 2 20 35 505 1,687 1,428
2018 44 30 23 3) 20 34 502 1,603 1,348
2019 43 30 23 (€) 20 33 499 1,523 1,283
2020 42 30 22 (€) 20 32 496 1,446 1,223
2021 40 30 22 (€) 20 31 493 1,374 1,167
2022 39 30 22 @) 20 30 489 1,305 1,106
2023 38 29 22 @) 20 29 486 1,240 1,041

* Dividends are paid annually and serve to return to the policyholders a portion of any
positive variance in mortality or investment experience.

Under the proposed agreement, Hamsik would assess an annual risk charge of 100 basis
points of reinsured reserves. This charge is scheduled to increase to 500 basis points on

January 1, 2019, at which point it is assumed E&J will exercise its recapture rights as

allowed for under the terms of the agreement.

Both Hamsik and E&J are domiciled in the same regulatory jurisdiction.
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4. Continued

(a)

(b)

(©)

(d)

(e)

®

(&)

(I point) Provide arguments supporting the contention that the proposed
agreement qualifies as a financial reinsurance transaction.

(I point) Identify the characteristics of the whole life block that make it a good
candidate for a financial reinsurance transaction.

(I point) Identify and explain two benefits, one statutory and one economic, to
E&J of entering into this transaction.

(I point) Explain the benefits to both E&J and Hamsik of having this transaction
be on a funds withheld basis as opposed to a coinsurance basis.

(4 points) Explain the importance of the following treaty provisions to E&J, and
propose a formula to determine each for this proposed treaty.

(1) Outstanding Surplus Account (OSA)
(i)  Experience Refund (ER)

(2 points) E&J has indicated that it is interested in obtaining some amount of
statutory reserve relief.

Provide an estimated range for the amount of statutory reserve relief Hamsik
would be willing to provide under the terms of this agreement. Justify your
estimate and explain the process that Hamsik might follow in order to determine
how much relief it is comfortable providing under the terms of this agreement.

(I point) The pricing manager at Hamsik proposes increasing the risk charge to
1,000 basis points (instead of 500 basis points) at the end of five years to afford

Hamsik increased protection against extremely adverse experience.

Propose a response to the pricing manager.
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S. (8 points) Millennium Life is a publically traded U.S. life insurance company that has
performed consistently since its inception in 1913. Millennium set up an ERM
department in 2003 and developed the following Risk Appetite Statement (RAS) at that
time:

L Excess Capital (measured on a statutory basis) shall not decrease by more
than 20% in a 1 in 200 year event.

II. Return on statutory capital (ROC) shall not fall below 5% per annum in
any year.

III.  S&P financial strength rating shall not decrease below current AA level.
Millennium applies components I and II of this RAS to each line of business (LOB) to
ensure that Millennium meets these goals in aggregate. For this purpose, all investable
assets are allocated to the lines of business.

(a) (I point) Define Risk Appetite.

(b) (2 points) Explain the rationale for including each of the metrics in Millenium’s
RAS and how they individually and collectively affect business decisions.

(©) (2 points) Explain how the following stakeholders may view the existing RAS:
(1) Millennium’s Pricing Department
(i1) Regulators
(ii1))  Shareholders
(iv)  Debt Holders

(d) (I point) Explain the implications of Millennium’s approach to managing to its
RAS by LOB.

(e) (2 points) During the 2008 financial crisis, Excess Capital dropped by 25% and
ROC was —1%, but the risk limits have been consistently met since 2010.

Explain how Millennium’s ERM department should have viewed this failure to
satisfy the RAS and what actions, if any, should have been taken.
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6. (10 points) Dearbourne Corporation is an innovative electronics corporation, bringing
customers the latest in today’s best computerized gadgets. Dearbourne has suffered
losses recently due to both operational failures and emerging competition.

Dearbourne has only two divisions:
Division A:  Manufacturing and quality control of product
Division B:  Research and Development of new electronic technologies
(a) (2 points) Currently Dearbourne uses the following practices to identify its top
operational risks:
L. Survey managers
II. Use external data — i.e., Expert/Industry surveys
III.  Use internal data

Identify the potential shortcomings with each of these practices.

Dearbourne is in the process of completing its next manager operational risk survey.
These surveys are completed by individually interviewing selected managers.

(b) (1.5 points) Outline the objectives you intend to achieve in conducting these
surveys.

(©) (3 points) The following managers are among those selected to be surveyed.
L. Building Security Manager
II. Chief Information Officer
I1I. Chief Officer of Quality Control

Propose key survey questions specific to each manager.
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6. Continued

Dearbourne thinks environmental scanning would help identify emerging competitive
risks and opportunities. One evolving issue Dearbourne is monitoring is the emergence
of wearable technology (clothing and accessories incorporating computer and other
electronic technologies).

(d) (2.5 points)

(1) Explain how a conditional viewing on the evolution of wearable
technology could help identify Dearbourne’s competitive risks.

(i1))  Provide four specific examples of information that Dearbourne might
obtain by using this approach.

(e) (1 point) Explain how undirected viewing of the current technology
environment could help identify Dearbourne’s competitive risks.
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Questions 7 — 8 pertain to the Case Study.
Each question should be answered independently.

7. (14 points) The CFO of AHA is concerned with the risks in the current AHA Salaried
Pension Plan (“Plan”).

(a) (6 points) Analyze the following risks in the Plan from both AHA’s and the plan
participants’ perspectives:

e Interest rate risk
e Inflation risk

e Longevity risk
e Investment risk

(b) (2 points) Suggest two hedging strategies that could be introduced to manage
AHA’s interest rate risk in the plan. Justify your response.

AHA’s management is considering new plan designs to mitigate some of the risks listed
in (a), as follows:

I. Introduce a hybrid pension plan that uses a cash balance benefit design
for future accruals only. All existing accruals would remain unchanged.
The cash balances would be credited with the actual 30-year Treasury
rate each year, subject to a minimum credit of 3.5% each year.

II. Introduce a variable immediate annuity option under which a member
may elect at retirement to have all, or a portion, of his pension benefit
adjusted annually by the difference (positive or negative) between the
plan funds’ actual investment return in the preceding year and 4%.

All other plan features would remain unchanged. The investment strategy for the plan
would also remain unchanged should any of the proposed design changes be
implemented.

(©) (3 points) Evaluate the two proposed design changes by considering the risks in
(a) above from the perspective of the plan participants.
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Questions 7 — 8 pertain to the Case Study.
Each question should be answered independently.

7. Continued

(d) (3 points) Propose hedging strategies that can be introduced under the proposed
cash balance plan design to mitigate the interest rate risk associated with:

(1) A narrowing of the credit spread between 30-year Treasuries and actual
plan investments.

il A drop in the 30-year Treasu ield below 3.5% per annum.
(i) p y ry y p

Justify your response.
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Questions 7 — 8 pertain to the Case Study.
Each question should be answered independently.

8. (6 points) The AHA CFO believes that the AHA Salaried Pension Plan is fully funded.
A pension consultant hired by Lyon to evaluate the financial status of the plan believes
that the plan is underfunded.

(a) (4 points)

(1) Explain how the two parties can have different beliefs on the funded status
of the plan.

(i1))  Determine measures of the funding status that can support each belief.

(ii1))  Propose a more impartial alternative approach for evaluating the funded
status of the plan. Justify your response.

(b) (2 points) The pension consultant observes that the current funded status does not
communicate all that needs to be considered in assessing the financial viability of

the AHA pension plan.

Explain the additional considerations to which the pension consultant is referring.

**END OF EXAMINATION**
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