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INSTRUCTIONS TO CANDIDATES 
 

General Instructions 
 
 1. This examination has a total of 120 points.  It 

consists of a morning session (worth 60 points) 
and an afternoon session (worth 60 points). 

 
  a) The morning session consists of 7 questions 

numbered 1 through 7.  
 
  b) The afternoon session consists of 8 

questions numbered 8 through 15.   
 
  The points for each question are indicated at the 

beginning of the question.  Questions 1, 6 and 7 
pertain to the Case Study, which is enclosed 
inside the front cover of this exam booklet. 

 
 2. Failure to stop writing after time is called will 

result in the disqualification of your answers or 
further disciplinary action. 

 
 3.  While every attempt is made to avoid defective 

questions, sometimes they do occur.  If you 
believe a question is defective, the supervisor or 
proctor cannot give you any guidance beyond 
the instructions on the exam booklet. 

Written-Answer Instructions 
 
 1. Write your candidate number at the top of each 

sheet.  Your name must not appear. 
 
 2. Write on only one side of a sheet.  Start each 

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. 

 
 3. The answer should be confined to the question 

as set. 
 
 4. When you are asked to calculate, show all your 

work including any applicable formulas. 
 
 5. When you finish, insert all your written-answer 

sheets into the Essay Answer Envelope.  Be sure 
to hand in all your answer sheets since they 
cannot be accepted later. Seal the envelope and 
write your candidate number in the space 
provided on the outside of the envelope.  Check 
the appropriate box to indicate morning or 
afternoon session for Exam DP-IU. 

 
 6. Be sure your essay answer envelope is signed 

because if it is not, your examination will not be 
graded. 
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INDIVIDUAL LIFE AND ANNUITIES CASE STUDY 

 
 
 
 
 
This case study will be used as a basis for 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 the 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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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** 
Morning Session 

 
 
 
 

Questions 1, 6, and 7 pertain to the Case Study 
Each question should be answered independently. 

 
1. (8 points)  With the current economic downturn, management would like you to develop 

a guaranteed minimum withdrawal benefit (GMWB) to address decreasing sales of 
variable annuities.  In order to get to market quickly, management has proposed using the 
current pricing assumptions for the new benefit.  The current lapse rate is 5% annually 
during the surrender charge period and 15% thereafter.  The partial withdrawal rate is 1% 
annually. 

 
(a) (2 points)  Explain how management’s proposal would commit or avoid the 

common pricing mistakes identified by Atkinson and Dallas.  
 

(b) (4 points) 
(i) Recommend changes to the pricing assumptions for lapses and partial 

withdrawals to reflect the addition of the new benefit.  Justify your 
recommendation. 

 
(ii) Explain the potential impact of the 2008 Market and Economic events, as 

described in the case study, on the cost of hedging the new benefit. 
 
(c) (1 point)  Explain the value of using cohorts in pricing this benefit.  
 
(d) (1 point)  You are given the following information for a variable annuity policy 

with a GMWB: 
 

• Total premium paid is 50,000 
• GMWB equal to 5% of premiums paid 
• Current account value of 75,000 
• No withdrawals taken to date 

 
Calculate the GMWB after a withdrawal of 37,500 under a: 
 
(i) Proportionate withdrawal method 
 
(ii) Dollar-for-dollar method 
 
Show all work. 
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2. (7 points)  You are given the following: 
 

• Tax Rate is 35% 
• Taxable Portion of Investment Income is 40% 
• DAC amortization is 0 

 
   End of Year 

Yea
r 

Product Cash Flow 
(not including 

investment income) 
Investment 

Income 

Solvenc
y 

Reserve
s 

Benefit 
Reserve

s 

Tax 
Reserves

1 1400 20 1400 1200 1300 
2   200 15 1200 1200 1150 
3   200 10 1000 1200   950 
4   100   5       0       0       0 

 
(a) With respect to solvency earnings and taxable earnings: 
 

(i) Identify factors that may cause permanent and timing differences. 
 

(ii) Calculate the permanent differences in the first three years.  Show all 
work. 
 

(iii) Calculate the timing differences in the first three years.  Show all work. 
 
(b) Calculate the deferred tax liability at the end of the third year using the two 

approaches described by Atkinson and Dallas.  Show all work. 
 
(c) With respect to tax loss carry forwards: 
 

(i) Describe the conditions under which they are created. 
 

(ii) Analyze their impact on solvency and stockholder earnings. 
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3. (6 points) 
 
(a) Contrast the two common philosophies used to set pricing assumptions for 

expenses. 
 
(b) Explain how the choice of expense allocation methodology will affect product 

pricing when reserves are determined using a Principles-Based Approach. 
 
(c) You are given the following information: 
 

First Year Premium 500,000
PV of Renewal Premium 1,200,000
Premium Tax 2%
Variable Acquisition Expense 50,000
Fixed Acquisition Expense 500,000
Commission Paid on First Year Premium 10%
Trail Commission Paid on Renewal Premium 0.5%
PV of Variable Maintenance Expenses 20,000
PV of Fixed Maintenance Expenses 200,000
PV of Benefits 800,000

 
Ignore reserves, investment income, cost of capital, and income taxes. 
 
Determine the volume increase required to maintain the profit margin following a 
5% reduction in premium rates. 
 
Show all work. 
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4. (9 points)  You are a pricing actuary for XYZ Reinsurance Co.  In preparing a 
reinsurance quote, you are given the following transactions for seven policies out of a 
group of 1,507 policies with an expected annual mortality rate of 2 per 1,000. 

 
Policy # Face Amount Issue Date Transaction Termination Date 

1 1,000,000 7/1/2008 Issue  
2    500,000 1/1/2004 Lapse 6/30/2008 
3    250,000 4/1/2008 Death 9/30/2008 
4    750,000 4/1/2008 Issue  
5    100,000 1/1/2008 Lapse 3/30/2008 
6 2,000,000 1/1/2007 Death 6/30/2008 
7    150,000 3/1/2008 Lapse 6/1/2008 

 
In 2008, the additional 1,500 policies were in force throughout the year, and the total face 
amount for these policies was 2 billion. 
 
(a) Describe the considerations when analyzing the quality of the data available for 

this reinsurance quote. 
 

(b)   
(i) Calculate the 2008 exposure for each policy using both count and face 

amount.  Show all work. 
 
(ii) Determine the overall actual to expected mortality ratio for 2008 by count 

and amount for this group of policies.  Show all work. 
 
(iii) Explain possible reasons for differences between actual to expected ratios 

by count and amount. 
 
(iv) Recommend which approach is more appropriate for this reinsurance 

quote.  Justify your answer. 
 
(c) You are given the following: 
 

Select mortality rate for a newly underwritten policy 1 per 1,000 
Lapse rate associated with a normal level of mortality 5% 
Percentage of lapses that are selective lapses 80% 

 
Calculate the maximum actual lapse rate such that the expected mortality does not 
exceed 2.1 per 1,000.  Show all work. 
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5. (11 points)  You are pricing a Guaranteed Minimum Death Benefit (GMDB) Rider for 
your current Variable Annuity (VA) product. 

 
You are given: 
 

Annual Roll-up 5%
Cost to roll out the rider 1 million
Present Value of Profits as a % of Premium for the existing VA 1%
Hurdle Rate 15%

 

1 50 0.9200Tp =  1 50 0.0020dq = 100,000G =  ( )0BSP 1 0.10=  0.0125m =  

2 50 0.8800Tp =  1 51 0.0025dq = 0 100,000F = ( )0BSP 2 0.12=  0.0033dm =

3 50 0.8000Tp =  1 52 0.0030dq = 1 0.8S =  ( )0BSP 3 0.15=  50:3
2.8Ta =  

 
(a) (4 points)  Calculate the following for a GMDB Rider issued at age 50: 

 
(i) The annualized cost, in basis points, of the rider over the first 3 years. 
 
(ii) The liability cash flow in the first year, assuming decrements occur at the 

end of the year. 
 
Show all work. 
 

(b) (1 point)  Identify those items from the list below that will increase the estimated 
cost of the GMDB Rider: 

 
(i) Changing the roll-up to 7% 
 
(ii) Increasing the persistency assumption 
 
(iii) Decreasing the mortality assumption 
 
(iv) Increasing the implied volatility assumption 
 
(v) Increasing the risk-free rate assumption 
 
(vi) Increasing the monthly asset management charge 
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5. (Continued) 
 

(c) (2 points)  Given the following tail distribution from 100 simulated scenarios: 
 

94 0.0055V =  

95 0.0060V =  

96 0.0067V =  

97 0.0077V =  

98 0.0090V =  

99 0.0110V =  

100 0.0135V =  
 

(i) Explain why the conditional tail expectation is superior to the quantile risk 
measure. 

 
(ii) Calculate the: 

• 95% quantile 
• 95% conditional tail expectation 

 
Show all work. 
 

(d) (4 points)  You are evaluating the impact that price might have on the sales of the 
rider.  Given the following information for two price point alternatives: 

 
 Price Point 1 Price Point 2
Annual GMDB Rider Charge 0.33% 0.55% 
Increased Present Value of Profits as a Percent 
of Premium for VA with GMDB Rider 0.0% 0.1% 

Annual Increase in Premium from New Sales  
if GMDB Rider is available 10 million 5 million 

 
(i) Explain price elasticity. 
 
(ii) Determine the: 

• Price elasticity of the rider. 
• Potential breakeven year for each price point, ignoring the hurdle rate. 
 
Show all work. 
 

(iii) Recommend one of the two price points using embedded value as your 
decision-making criterion.  Show all work. 
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Questions 1, 6, and 7 pertain to the Case Study 
Each question should be answered independently. 

 
6. (10 points)  You have been asked to complete a Marketing Environment Audit. 

 
Select the relevant information from the case study to start the project. 
 
 
 

Questions 1, 6, and 7 pertain to the Case Study 
Each question should be answered independently. 

 
7. (9 points)  On January 1, 2008, ABC Life Insurance Company sold four guaranteed 

investment certificates (GICs) for 1,000 with maturities of 3, 5, 7, and 10 years and an 
annual interest rate of 2.5%. 

 
ABC invested in assets with shorter durations than the GIC maturities in order to earn a 
higher yield.  During 2008 the Market and Economic events, as described in the case 
study, resulted in a significant drop in the interest rates and a shift in the yield curve.   

 
(a) (1 point)  List the primary purposes of Asset Liability Modeling with regard to 

fixed annuities. 
 

(b) (5 points)  You are given: 
• The assets available are: 

• One-year zero coupon bond earning the minimum in the range for the 
Federal Funds rate. 

• Ten-year zero coupon bond earning the yield on ten-year Treasury 
obligations. 

• ABC purchased a 3,000 one-year zero coupon bond and a 1,000 ten-year zero 
coupon bond at the beginning of 2008 to back the GICs. 

• Using cash from maturing assets at the end of 2008, the company rebalanced 
the asset portfolio to match duration. 

 
Determine the expected gross investment spread between assets and liabilities in 
2009. Show all work. 
 

(c) (3 points)  Evaluate the feasibility of the following Asset Liability Matching 
approaches given the economic scenario as outlined in the case study. 
 
(i) Exact matching 
(ii) Duration matching 
(iii) Horizon matching 
 

**END OF EXAMINATION** 
Morning Session 




