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STUDY PROGRAM MATERIALS 

Description Excerpt 

Page Page 
1. Concepts & Issues – Online 3

2. Article Summary – Study Manual 3 8 

3. Past CAS Questions – Study Manual 3

4. Solutions to Past CAS Questions – Study Manual 3

5. Points Tested by Syllabus Section and by Exam Year – Online 4

6. Preparatory Tests and Practice Exams – Study Manual 4

7. Weekly Emails 4

8. Review Course Videos – Article Summary and Problem Solving 4

9. Final Review – Key Concepts and Formulas Tested Guide – Online 5 44

10. e-Review – Online 5

Study Program Components 6-7

Points Tested by Article, Year and Question Type 60

This document provides exam preparation advice and a description of our Study Program Materials for 
candidates preparing for Spring 2020 CAS Exam 9.   
In addition, Study Aids associated with the following Exam 9 syllabus readings are provided: 

“Managing Interest Rate Risk: ALM, Franchise Value, and Strategy” by Panning, W. 
“Optimal Risky Portfolios” – Chapter 7 – BKM 

Similar Study Aids have been developed for the remaining Exam 9 Syllabus Readings. 
Study Aids are available in downloadable PDF format, HTML, and video for problem solving and instructional 
purposes.  Study manuals in printed format available from Actex and Actuarial bookstore 
Register for a trial evaluation of our e-Learning Center at http://www.all10.com/sign-up/  
to further evaluate our program.  Email with a UID and PW sent within 24 hours of signup 
_______________________________________________________________________________________ 
The Casualty Actuarial Society (CAS) holds copyright to past CAS Exam questions and short answer responses to essay based 
questions.  These have been reproduced in our materials solely to aid students in preparing for exams. 

Students are encouraged to download past CAS questions and solutions in the Examiner’s report, and to note that such solutions are 
not the only ones given credit, but rather the most common correct responses.  

The CAS takes no responsibility for the accuracy of the content within our study materials.  

Having implemented processes to eliminate mistakes in our materials, some may remain. We would appreciate if errors are uncovered 
to contact us via our website so that we can update our electronic files and post errata accordingly. 

.
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Description of Study Program Materials 
 
1. Concepts & Issues – Online 

These pages provide an overview of key content within the syllabus readings.  
Read these pages prior to reviewing the syllabus reading to quickly identify the most important topics 
and concepts within an article. 

 
2. Article Summary – Study Manual 

CAS Examiners’ have stated, “Candidates should be cautious of relying solely on study manuals, as some 
candidates lost credit for failing to provide basic insights that were contained in the syllabus readings.” 
Our page-by-page review of the most important concepts within a syllabus reading streamlines your 
review of the article during your course of study. 

 
3. Past CAS Questions – Study Manual 

Includes all questions appearing on past exams dating back to the year the reading first appeared on 
the syllabus. 

 
4. Solutions to Past CAS Questions – Study Manual  

CAS model solutions to computational questions are to the point but lack the detailed explanation 
candidates need to understand the rationale and process to produce a correct answer.  

Our solutions incorporate some or all of the following to overcome these shortcomings, including:  
1.  Step-by-Step solution processes in both summarized and detail formats.  
2.  Efficient solutions, which minimize the number of calculations to produce the correct solution.  
3.  Initial Comments which provide key excerpts from the syllabus readings to initiate your thought 

process on how to frame your solution. 
 
Candidates that adopt a blended problem solving process that streamlines our approach with your 
problem solving methods to provide Examiners with what they seek; that being “enough support on 
[your] answer sheet to follow the calculations performed.” 
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Description of Study Program Materials 
 

5. Points Tested by Syllabus Section and by Exam Year - Online  
Points Tested by Syllabus Section provides a summary of the points tested by article within a syllabus 
section over the past three years. We give an overview of which articles CAS Examiners have been 
heavily testing, or not.  All articles are tested over time. Identifying which article(s) have not been 
recently tested, but have a significant degree of importance, allows you to know where to focus a 
little extra review time during your final exam preparation process. 
 
Points Tested by Exam Year provides a summary of the points tested by article. A percentage 
breakdown of the points associated with computational versus short answer questions details how 
questions will likely appear on the exam: in computational, short answer, or computation and short 
answer format. 

 
6. Preparatory Tests and Practice Exams – Study Manual 

Preparatory Tests contain computational and short answer questions by syllabus section designed to 
provide a large number of questions covering content within a small number of readings.  
Candidates can evaluate which articles they understand best and which ones require additional 
review. 
Practice Exams contain computational and short answer questions randomly selected from all syllabus 
readings.  The number of questions and points are weighted to mirror the range of weights by article 
and section stated in the syllabus. 

 

7. Weekly Emails  
Weekly guidelines for a manageable number of syllabus readings to review over a week’s time 
keeping you on track to complete an entire syllabus reading review over a 12-week period.  
High-level article commentary is included. 

 

8. Review Course Videos – Article Summary and Problem Solving  
Article review videos cover the key content presented in the syllabus reading. 
 
Problem solving videos employ our ActiveLearning techniques. Instead of looking up the answer to 
the question in the manual, begin by attempting to solve the problem on your own. View the video to 
validate your answer or to take notes on steps not properly applied in the problem solving process. 
This system prepares you to succeed on our e-Review tests offered in the spring. 

 
Videos are provided for the many, but not all, of the syllabus readings. Most videos range between 8 
to 12 minutes in duration. 
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Description of Study Program Materials 
 

9.  Final Review - Key Concepts and Formulas Tested Guide – Online 
This guide distills the key content, concepts, topics and formulas tested, and testable, into a series of 
“go to” documents for your final review. 
Comprehensive, yet manageable, this guide reduces the content within our study manuals to just 
over 300 pages of the most likely material to be tested. 

 
10. e-Review – Online  

These tests feature a greater level of difficulty designed to help identify “what you know” and “what 
you don’t know.” The five Computational and Short Answer Question Tests with 15 challenging CAS 
exam-style-questions per test are released during the last week of March 2020. 
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Study Program Materials and e-Review for CAS Exam 9 - Spring 2020 

 
 

 
 
  

Final Review Preparatory Tests Total
Digital Study Manual Terms Vol 1 Vol 2a Vol 2b Sub-Total Guides Vol 3 e-Review Pages
[PDF Download/ Printing Permitted/ NO RETURNS] 474 326 427 1,227 304 109 182 1,518
Downloading Permitted. Sharing Expressly Prohibited

Printed Study Manuals*
Printed Study Manuals are available for purchase via the ABS/Actex Websites. Shipping via ABS/Actex.
Printing does not include Volume 3 Preparatory Tests nor e-Review Tests.  These are in digital download format only.

Integrative Questions and Solutions
Detailed Solutions to 3 CAS Sample IQ questions and 5 CAS Exam questions

Final Review Guides
This guide distills key concepts, topics and formulas tested and testable, from the study manuals, into a 
set of “go to” documents during your final review.

Repeat Customer Policy
Candidates who purchase our products, but do not sit for or pass the current administration of the exam
have free login privileges for the next CAS-scheduled administration of the exam.

Digital
Price and Availability Digital + Print Available
Study Materials Program for CAS Exam 9, Spring 2020 $375 $435 10/30/2019

Study Manuals Pages*

Product Description - Online Review Course Components
* Downloadable PDF Study Manuals comprising 1,227 pages; over 68% of which are past CAS questions and solutions
   Article summaries constructed based on a "page by page" review of the syllabus readings in concert with the CAS' comments
   on materials being directly referenced from the official syllabus.
* Challenging Preparatory Tests (Syllabus Section Based) and Practice Exams
   3 Problem Sets, 3 Practice Exams, comprising 110 Exam Questions and Solutions
*  Detailed Solutions to 3 CAS Sample IQ questions and 5 CAS Exam questions
*  Weekly emails beginning 12/30/2019 which identify a manageable number of readings to review and 
    questions to download over a 12 week period. 
* Access to instructional and problem solving videos viewed from desktops, laptops, and tablets
* Access to Final Review Guides.  Distills 1,180 pages of key study manual content into 300 pages.
* Access to our R.A.C.E. series of short-answer problem solving videos
* Access to a final series of e-Review Tests – 5 Tests (Syllabus Section Based)
   80 questions in total. 15 to 18 questions per test.
*  See Product Description and Product Excerpts for additional details

Access to Product
Within 48 business hours after order confirmation, customers will be emailed a username and password
to download the study materials in .pdf format through the ALL 10 e-Learning Center.



Last Updated:  10/30/2019 
Exam 9: Study Program Evaluation Materials Page 7  2019 by All 10, Inc. 

Study Program Materials and e-Review for CAS Exam 9 - Spring 2020 

 

About the Author
Richard Zarnik, ACAS, Founder and CEO
During the past 20 years, Richard Zarnik and his team, has been providing study tools for aspiring FCAS candidates. 
Beginning in 1995 – when the CAS Syllabus comprised "10 exams" – Rich started with printed review manuals supplied to a global customer base.  
Today’s ALL 10 study system is multi-functional and offers exceptional study materials delivered through a user-friendly online learning environment.

Product Evaluation - Free Trial
Try before you buy!
Sign up and you’ll receive:
  1 week access to all documents to select articles covered in our Online Review Course
  An email from our support team, within24 hours of signing up, with login credentials to access the e-Learning Center.
  Concepts and Issues summaries by article
  Data on past CAS exams by year
  A preview of Article Summary, Problem Solving, and R.A.C.E. videos

Sign up at http://all10.com/sign-up/

Questions?
Contact us via email at support@all10.com
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Section Description 

    1 Executive Summary and Introduction 

    2 A Simplified Insurance Firm 

    3 The Value of the Firm 

    4 The interest rate sensitivity of franchise value 

    5 Managing the interest rate risk of franchise value 

    6 Using pricing strategy to manage total economic value 

    7 Conclusion 

 

    1 Executive Summary and Introduction 

 

Executive Summary  

 

Asset-liability management (ALM): 
 is concerned with measuring and managing an insurer’s economic value due to changes in 

interest rates.  
 is a component of Enterprise Risk Management (ERM) 

Recall the definition of ERM by the CAS Committee on ERM: 
"ERM is the discipline, by which an organization in any industry assesses, controls, exploits, 
finances, and monitors risks from all sources for the purpose of increasing the organization's 
short and long-term value to its stakeholders." 

 fails to account for franchise value–the economic value to the firm of future renewals.   
 
Franchise value, though not recognized by accounting rules, can be a significant portion of an 
insurer’s total economic value, which is reflected in its market value.    

 
The issue:  How to incorporate franchise value into ALM. 

For firms with substantial franchise value, strategies that minimize economic risk from 
changes in interest rates can create rating agency or regulatory problems, since the former 
view firms from an accounting point of view.   

 
The problem:  What strategy can limit a firm’s exposure to interest rate risk while simultaneously limiting 

its exposure to accounting rules that could jeopardize its solvency or its ratings?   
 
The solution:  Adopt a pricing strategy to control interest rate exposure of future cash flows from new business.   
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Introduction  
CEO’s and CFO’s believe that they are managing the value of the firm.   

 However, a large portion of their firm’s value is dimly visible to the firm’s senior officers, because 
that value is not included in the accounting numbers.   

 ALM can achieve its objective of protecting the value of the firm only if it recognizes this invisible 
portion of a firm’s value (i.e. franchise value) 

 
To demonstrate this argument, the author presents an example from his own experience.  
 
Real World Example: 
Two decades ago, a CEO established a direct-marketing subsidiary to sell auto and homeowners 
insurance as an affiliate of a major national organization.   

 Unfortunately, the business plan numbers were inconsistent with the return on equity that the 
CEO had promised to the board.   

 Panning was assigned to create an economic model of the new business, which the company’s 
accounting team would translate into GAAP accounting results 

 A focus on economic realities led to a solution of the CEO’s problem of insufficient returns on a 
massive investment.  

  
The economic realities were as follows.   

 Selling an insurance policy by direct marketing, costs more than selling through an agent, who 
receives a sales commission – so much more, that the expected profit for the policy was negative. 

 However, by selling that first policy at a loss, a customer is likely to repeatedly renew his or her policy.   
Thus, the loss incurred in the selling the first policy was more than offset by the future profits from renewals.  
 
Therefore, from an economic standpoint, the prospective renewals (a.k.a. the franchise value) are a valuable 
asset. 

 Initially, accountants believed that by reducing sales during the loss-producing early years of the plan, 
increased sales during the more profitable later years would take place.  This turned out to make 
matters worse.  

 However, the economic model demonstrated that a better strategy was to grow the business as 
quickly as possible in the early years, despite the accounting losses, so as to maximize profits from 
renewals later on.   

 
The result was that the economic planning model met the CEO’s promises to the board, and still remains the 
foundation of strategic planning for that business division.  
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The implications of franchise value on ALM.   
 Franchise value is real, since policy renewals have real economic value even though accounting 

rules refuse to recognize that fact.   
Example:  Consider an American automobile insurer, with 12 billion in short-term assets, $9 
billion in short-duration liabilities, so that its book-valued surplus of $3 billion is equivalent to the 
economic value of its current balance sheet.  But since the stock of this profitable and growing 
firm is worth $14 billion, $2 billion more than its total assets, we see that franchise value is 
reflected in the company’s stock value.  
 

 Franchise value, the present value of expected future cash flows from renewal business, is 
exposed to interest rate risk.   
ALM ignores franchise value and focuses on assets and liabilities recognized by accounting rules.  
 

 Since franchise value is typically invisible to the senior executives of most firms, it remains 
unmeasured, unreported, and consequently unmanaged.  Thus, ALM will remain incomplete 
because it fails to assist firms in managing this significant but invisible component of their total 
economic value.  

 
The author goes on to: 

 quantify the economic significance of franchise value,  
 measure its sensitivity to changes in interest rates,  
 demonstrate a challenge to the effective management of this interest rate risk, and 
 show how firms can solve that problem  by adopting an appropriate pricing strategy. 
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    2 A Simplified Insurance Firm 

 

In this paper, the author’s purpose is construct a model that is understandable, rather than strictly applicable.   
 
The questions addressed by this simplified model of an insurance firm are as follows:   

(a)  how significant is franchise value as a component of a firm’s overall value?  
(b)  how sensitive is franchise value to interest rate risk?  
(c)  what effective strategies can firms use to protect franchise value from interest rate risk?  
(d)  which of these strategies is best?  

 
Model assumptions/ characteristics:  

(a)  The firm writes all of its business on January 1 of each year.  
(b)  It pays all expenses for the year on that same day.    
(c)  On 12/31 of each year it knows the true value of the losses (and ALAE) on the policies it wrote in 

January, and it pays those losses that same day.  Thus, accident year, policy year, and calendar 
year are identical for this company.    

(d)  The firm’s expenses and expected losses are identical every year.    
(e)  If the firm makes a profit, it dividends that amount to its shareholders.   

If it incurs a loss for the year, it immediately raises equity to the amount of surplus it held initially.  
Thus, its surplus is identical every year.   

(f)  The term structure of interest rates is flat.    
(g)  All calculations described below occur on 1/1, right after the firm has written its new business for the year.  

 
The model uses the following notation:  

P  = the written premiums on policies that the firm writes every year; P  can vary yearly;  

E = the expenses, in dollars, that the firm pays immediately when premiums are written each year; 
E  is constant;  

L  = the loss and loss adjustment expenses, in dollars, that the firm expects to pay each year; it is 
constant;  

y  = the risk-free interest rate, applicable to calculating the income from the firm’s assets and for 
discounting the firm’s future cash flows;  

S  = the firm’s surplus, which is the same every year (due to dividends and recapitalization);  

k  = the firm’s target return on surplus;  

cr  = client retention, the percentage of clients who renew their policies from one year to the next; 

F  = the firm’s franchise value, the present value of cash flows from future renewals;  

C  = the firm’s current economic value, the present value of surplus and business already written. 
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The untaxed net income for this simplified firm is  ( )* *P L E S P E y k S       

 The first three terms reflect underwriting income. 
The remaining terms represent the fact that interest income is earned during the year on the 
firm’s assets (i.e. surplus and premiums less expenses)  

 Expected losses and expenses are constant from year to year 
 The firm varies its premiums from year to year (if necessary) so as to achieve a target dollar 

return on surplus, represented by *k S , where k  is the target percentage rate of return.   
The fact that premiums can vary is important role in analyzing the firm’s exposure to interest rate risk. 

 

The firm achieves its target return on surplus by setting premiums to  [ *( ) ] /(1 )P S k y L y E      

 

    3 The Value of the Firm 

 

The firm’s current economic value,C , of its current balance sheet on January 1, is: 
/(1 )S P E L y     

If 50S  , 75L  , 25E  , and 5%y  ,  
 The premium required to achieve an expected year-end return on surplus of 15%k   is 101.19.   
 C  = [50 + 101.19 -25 -75/1.05] =54.76.  

 
Issues associated with calculating the firm’s franchise value, F : 

 F  takes into account both the time value of money and the firm’s client retention rate cr .   
 If interest rates and the target return on surplus remain unchanged, then the values of P, L, and 

E in a given year will be followed by the values * ,  *P cr L cr , and *E cr in the subsequent year.   
 To account for customer retention as well as the time value of money, use a multiplier 

/ (1 )d cr y  .   

 If interest rates remain unchanged, the present value of future premiums = 2*( ... )nP d d d   .    
 As n , the present value of future premiums converges to * /(1 )P d d , or, equivalently, 

* /(1 )P cr y cr  . When 1cr  , this is the formula for the present value of perpetuity.   
 The present value of future expenses associated with retained business is * /(1 )E d d .   
 Since losses are paid a year later than premiums and expenses, their present value is 

[ * /(1 )]/(1 )L d d y  .   
These three components of future renewals can be combined to give the firm’s franchise value as  

[ /(1 )]* /(1 )F P E L y d d     .  
 
Using the values given above, and a client retention 90%cr  , d=.9/1.05=.85714 
F = [101.19 -25 -75/1.05] *.85714/(1- .85714) = 28.57  
Total economic value of the firm equals F + C  = 54.76 + 28.57 = 83.33.   

 Total economic value will be considered identical to the firm’s total market value or 
market capitalization provided that it is publicly traded.   

 
 If this firm’s stock price fully reflected its total market value, then its ratio of market value to 

(economically adjusted) book value would be approximately 1.5.    
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The market to book ratio: 
 The ratio is sensitive to several underlying assumptions.   
 Figure 1 shows how the market-to-book ratio varies with client retention, with all other variables 

kept constant.  At high retention levels, the ratio climbs rapidly.  
 

 
 
The franchise value to total economic value ratio: 

 Franchise value as a percent of the firm’s total market value, F C , is shown in Figure 2.   
 Note when client retention is 80% or greater, franchise value comprises a significant percentage 

(20% or more) of the firm’s total market value.  
 

  
 
While the numbers shown in Figures 1 and 2 assume that variables other than client retention remain 
constant, franchise value is significantly affected by the level of interest rates, by the firm’s target return 
on surplus, and, most important, by its pricing strategy.   
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    4 The interest rate sensitivity of franchise value 

 

Franchise value: 
Franchise value is shown to be sensitive to interest rate risk by calculating the duration of the firm’s 
franchise value.   
However, the firm’s target return on surplus, k must first be determined, since the premium component 
of a firm’s franchise value depends on the firm’s pricing policy 
 
Premiums are modeled so that its expected net income equals *k S . 
The model assumes that: 

 the firm has chosen its surplus amount S , and prices its business according to a fixed rule.   
k  may be fixed or may depend on current interest rates.   

 *k a b y  , where a  and b  are constants 
 y  is the spot interest rate corresponding to the maturity of the firm’s liabilities (e.g. one year).   

If 0b  , the target dollar return on surplus is *a S , where a  is some constant percentage.   
Example, for CEOs that set their target return on surplus at 15%, their policy is represented by 
setting 0b   and 15%a  . 

 
Setting a fixed target return can be problematic, since interest rates may rise to exceed that level. 
Thus, pricing policy may be to set the target return as a risk-free rate of interest plus some risk premium, so 
that 1b   and a  is the risk premium (e.g. 10%), so that with 5%y   the target return on surplus is 15%.    

The firm’s franchise value is now determined as 
* *( ( 1)* )

(1 )*(1 )

cr S a b y
F

y y cr

 


  
. 

Note:  for combinations of a and b that give a target return on surplus of 15%, this equation produces 
the same franchise value determined earlier.  
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Duration of Franchise value: 
The duration of F with respect to changes in interest rates is D = -1*(dF/dy)/F, which is the negative of 
the first derivative of F with respect to y, as a percentage of the current value of F.   

A series of tedious calculations produces: 
1 1

(1 )*( ) 1

a b
D

y a by y y cr

 
 

    
   

 
For the parameters P, E, L, and S used earlier, and for a = 15%, b = 0, y=.05 and cr = .90,  
D = (.15+1)/[1.05(.15-.05)] +  1/(1.05-.9) = 17.62.   (See table 1 below) 
 
Alternatively, the dollar duration of franchise value can be computed as shown in Table 1 below. 

The dollar duration of franchise value is equal to 607.14 * 7.854 - 428.57 * 7.619 – 150.00*6.667= 503.15 
The duration of franchise value is equal to 17.62 = 503.40/28.57  
 

 
 
Note:  The duration of future premiums is significantly higher than the duration of losses and expenses.   
 
Question: 
How is this possible when premiums and expenses are received and paid simultaneously (i.e. at the 
beginning of each year), and losses are paid a year later?  
 
Answer: 
The reason is that premium cash flows are interest-sensitive.   
 When interest rates rise, premium cash flows become smaller due to the particular pricing policy 

assumed in our example (where the target return on surplus is a constant 15%).   
 When premiums are interest-sensitive, a rise in interest rates has a double impact: 

1.  The present value of each dollar of future premiums decline, and 
2.  The number of dollars of future premiums also declines.   

The first effect is occurs when interest rates rise.   
The second effect can be changed by adopting a different pricing strategy.   
This second point is crucial for effectively managing the interest rate risk attributable to a firm’s 
franchise value.  

  

Table 1:  PV and Duration of Franchise Value
Present Dollar

Annual Value Duration Duration
Value PV D PV*D

Premiums 101.19 607.14 7.854 4,768.48
Losses -75 -428.57 7.619 -3,265.27

Expenses -258 -150 6.667 -1,000.05
Total

28.57 17.61 503.15

D values slightly changed from those appearing in 
Table 1 in the reading
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    5 Managing the interest rate risk of franchise value 

 

A goal of ALM is to measure and manage the sensitivity of a firm’s total economic value to changes in 
interest rates.   
Assume: 

 The modeled firm has invested its current assets, consisting of surplus plus written premiums less 
expenses, in a portfolio with a duration of one year.   

 Its liabilities have a maturity of one year and a duration just less than one year.   
 The duration of its current economic value (54.76) is one year.    
 A franchise value of 28.57 
 The firm’s total economic value is 83.33(=54.76+28.57), or 52% larger than its current economic value 
 This additional component (franchise value) has a duration of 17.62.   

Thus, the firm’s total economic value has a duration of (54.76*1 + 28.57*17.62)/83.33 = 6.70.  
 
If the firm believes this duration of its total economic value is too large, how can it reduce that duration?   

 One way would be to reduce the duration of its invested assets.  This could be done either by : 
i.  changing the composition of the firm’s investment portfolio, or  
ii.  purchasing derivative securities that modify the firm’s asset duration.   

 Suppose that the firm chooses the first alternative, and reduces the duration of its invested 
assets to zero.   
This reduces the duration of its total economic value to 5.18, which may still be considered 
unacceptably high.   
Given a higher client retention percentage, (e.g. 95% rather than the 90%), the problem would 
be even greater.   
Since franchise value would comprise an even greater portion of its total economic value, 
reducing the duration of its invested assets to zero would reduce the duration of its total 
economic value from an initial 10.03 to 8.76, a value that still may be considered as too high.  

 
These results present a dilemma from two aspects: 

 First, the greater the franchise value of a firm, the more difficult it is for a firm to manage the 
interest rate risk of its total economic value by reducing the duration of its investment portfolio.   
This would require that a firm with significant franchise value to reduce the duration of its 
invested assets to zero or even below zero, which is infeasible in practice.   

 Second, the potential benefits of implementing it would be totally invisible to regulatory 
authorities and rating agencies, who see only the accounting numbers of a firm.   
Thus, regulators/rating agencies may see actions to protect total economic value as increasing a 
firm’s risk rather than reducing it, or as jeopardizing the firm’s solvency and financial ratings.   

Thus, managing the interest rate risk of franchise value and total economic value can be problematic if 
the rationale for doing so remains invisible to rating agencies and regulatory authorities. 
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    6 Using pricing strategy to manage total economic value 

 

A solution to the dilemma exists: 
Adopt a pricing strategy that alters the sensitivity of a firm’s total economic value to changes in interest rates.   

 In the prior example, where a = 15% and b = 0, the duration of the firm’s franchise value and 
total economic value are 17.62 and 6.70, respectively.   

 Suppose the firm’s pricing policy is altered by changing these parameters to a = 10% and b = 1.   
In this case the target return on surplus remains at 15% (given that the risk-free yield remains 
at 5%), but the durations change from 17.62 to 7.62 for franchise value, and from 6.70 to 3.27 
for total economic value.   
Therefore, a firm’s pricing strategy can significantly affect the duration of both its 
franchise value and total economic value.    

 
A more systematic approach to managing the duration of total economic value is as follows:  

Find the strategy parameters a and b such that the return on surplus and the duration of total 
economic value are both acceptable.   
Do so by either a systematic numerical search or by constrained optimization procedures.   

Example:  If the firm wants a target return on equity of 15% but a total economic value with a duration 
of zero, implement a pricing strategy with the parameters a = 6.2% and b = 1.763 to achieve 
those objectives.   

The consequences of this and the two previously mentioned pricing strategies are shown in Figure 3 for 
the three different pricing strategies described.  

   
Managing the duration of total economic value by choosing appropriate pricing policies has limitations 
and advantages.   

 An important limitation is that any desired combination of a target return on surplus and target 
duration of total economic value can be maintained only for a narrow range of interest rates.   
In managing franchise value as in managing bond portfolios, achieving ambitious ALM goals requires 
more complex strategies than the simple duration management strategies considered here.  

 An advantage to the strategy just described is:  it avoids rating agency/regulatory risk associated 
with strategies that focus on managing the duration of the firm’s invested assets as a means of 
managing the risk to its franchise value and total economic value.   

This key advantage results from implementing a pricing strategy which is as invisible to these audiences 
as the franchise value it is intended to protect.    
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    7 Conclusion 

 

A firm’s exposure to interest rate risk depends on the assets and liabilities on its balance sheet and the 
volatility of interest rates.   
The author has brought two new insights to broaden our understanding of interest rate risk and of ALM: 

 Relying on traditional accounting rules to identify a firm’s economic assets and liabilities can blind 
us to the importance of franchise value. 
 
Franchise value is an essential factor in the direct marketing of personal lines insurance.  
Franchise value was quantified for plausible combinations of parameters.  The sensitivity of 
franchise value and of total economic value to changes in interest rates and some of the 
difficulties in attempting to protect franchise value by changing the duration of invested assets 
were discussed.  
 

 An appropriately chosen pricing strategy can avoid the potential difficulties in protecting franchise 
value, and can be flexible in achieving a targeted duration and a targeted return on surplus.  
Conventional methods manage a firm’s exposure to interest rate risk by selecting or altering the 
composition of its assets and liabilities.     
Panning suggests the use of a dynamic pricing strategy to manage the interest rate risk of a 
firm’s franchise value.   
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Questions from the 2007 exam: 
29. (3 points) You are given the following information about an insurance company: 

 Policyholder surplus as of December 31, 2005 = $100 
 Premium of policies written January 1, 2006 = $100 
 Expected losses on January 1, 2006 policies = $80 
 Expenses on January 1, 2006 policies = $25 
 Risk-free rate = 4.0% 
 2007 client retention rate = 95% 
 2008 client retention rate = 80% 
 2009 client retention rate = 0% 

Assume expenses are paid when the policy is written and losses are certain and paid at the end of the year. 
a.  (1 point) Calculate the current economic value of this firm on January 1, 2006. 
b.  (1 point) Calculate the total economic value of this firm on January 1, 2006. 
c.  (1 point)  Suppose a rating agency determines that the duration of the total economic value is high 

and is considering lowering the insurance company's rating. 
Discuss the aspects of the dilemma created if the insurance company uses traditional duration-
matching to manage its interest rate risk. 
SHOW ALL WORK. 

 
Questions from the 2008 exam: 
32. (3 points) You are given the following information about a property/casualty insurer as of January 1, 2009: 

 Annual 
Value 

Present 
Value 

 
Duration 

Premiums $105 $630 8.038 
Losses $70 $400 7.620 
Expenses $31 $31 6.670 
Risk-free interest rate 5.0% –  
Firm's target return on surplus 15.0% –  
Firm's client retention ratio 90.0%  – 

• The total economic value of the insurer is $101.33. 
• Premium is written and expenses are paid on January 1 of every year. 
• Losses are paid on December 31 of every year. 
• The insurer's target return on surplus does not vary with prevailing interest rates. 
a. (1 point) Calculate the current economic value of this firm on January 1, 2009. 
b. (1.5 points) Calculate the duration of the total economic value of this firm. 
c. (0.5 point) Reducing the duration of the firm's invested assets is one approach to reducing the 

interest rate sensitivity of the insurer's total economic value. 
Describe another approach. 

Note: 
Part a. This portion of the question was deemed DEFECTIVE by CAS examiners. 
Part b. This portion of the question was deemed DEFECTIVE by CAS examiners.  
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Questions from the 2010 exam: 
24. (5 points) Given the following information for a property-casualty insurer as of December 31, 2009:  
 

Surplus as of December 31, 2009 $100 
2010 Expected Loss and Loss Adjustment Expenses $150 
2010 Expenses $50 
2010 Premium P 

 
• The insurer writes all of its business and pays all expenses on January 1 each year. 
• The insurer pays 100% of the losses on December 31 each year. 
• Surplus is constant each year. 
• The insurer has no taxes and no risk of bankruptcy. 
• The client retention is 85% each year. 
• Premiums, losses, and expenses are constant each year for new business, but are impacted by 

the client retention in all renewal years. 
• The risk-free interest rate is constant at 5% compounded annually. 
• The target return on surplus is constant at 15%. 
 
a. (3 points) Calculate the total economic value of the firm as of December 31, 2009. 
 
b. (0.5 point) It has been argued that Asset-Liability Management (ALM), as typically practiced, 

focuses on the balance sheet assets and liabilities recognized by accounting rules and fails to 
recognize a significant component of total economic value. 
Describe the component of total economic value that traditional ALM ignores under this argument. 

 
c. (1.5 points) Suppose the firm believes that its duration of total economic value is too large.  

The traditional approach to reducing this duration is to reduce the duration of invested assets by 
either changing the composition of its investment portfolio or by purchasing derivative securities that 
modify its asset duration. 

 
i. (1 point) Describe the two aspects of the practical dilemma created by this approach to 

reducing the duration of total economic value. 
 
ii. (0.5 point) Describe an alternative solution to the traditional approach to reducing the duration 

of total economic value. 



Managing Interest Rate Risk 
ALM, Franchise Value, and Strategy - PANNING, W. H. 

 

 

Exam 9, V1 Page 452  2020 by All 10, Inc. 

Questions from the 2012 exam: 
5. (3.75 points) Given the following information for a company's new line of insurance: 

• An annual premium of $3,115 is collected at the beginning of the year. 
• Losses of $2,100 are paid at the end of the year. 
• Expenses of $1,050 are paid at the beginning of the year. 
• The company's surplus is $1,400. 
• The rate of return on surplus is 15%, compounded annually. 
• The risk-free interest rate is 7%, compounded annually. 
• The company expects to retain 85% of its policyholders from one year to the next. 
• The company's current pricing strategy is that pricing does not vary with the current interest rate. 
• The Duration of Current Economic Value = 1.0. 

 
Explain how to use pricing strategy, as described by Panning in "Managing Interest Rate Risk: ALM, 
Franchise Value, and Strategy", to reduce the company's duration of total economic value and calculate 
the reduction in duration. 
 
Questions from the 2013 exam: 
9.  (1.5 points) You are given the following information regarding an insurance company. 

Written Premium $200 million 
Loss $150 million 
Expense $50 million 
Surplus $75 million 
Target return on surplus 15% 
Client Retention 90% 
Risk-free interest rate 5% 

 
Assume premium is collected and expenses are paid at the beginning of the year, and losses are paid 
at the end of the year. 
 
Calculate the total economic value of the firm. 
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Questions from the 2014 exam: 
 
10. (2 points)  Given the following information regarding an insurance company: 

 Surplus is $65 million. 
 Annual client retention is 88%. 
 Premiums are collected and expenses are paid at the beginning of each year. 
 Losses are paid at the end of each year. 
 The current target return on surplus follows the formula k = a + by, where a = 12.0%, b = 0, 

and y is the risk-free interest rate of 5.0%. 
 

a. (0.5 point)  Calculate the franchise value of the firm. 
b. (0.5 point)  Calculate the duration of the franchise value of the firm. 
c. (1 point)  Assume the following are two alternative pricing strategies: 

 
Component Strategy 1 Strategy 2 

a 7.0% 10.0% 
b 1.0 0.5 

Franchise Value ($000) $22,430 $24,030 
Duration of Franchise Value 6.83 13.50 

 
Make a recommendation on which alternative strategy to pursue and support the recommendation 
with information provided. 

 
  



Managing Interest Rate Risk 
ALM, Franchise Value, and Strategy - PANNING, W. H. 

 

 

Exam 9, V1 Page 454  2020 by All 10, Inc. 

Questions from the 2016 exam: 
15.  (2.75 points) 

Given the following annual information regarding an insurance company: 
 Surplus is $400,000. 
 Written Premium is $398,352. 
 Expenses are $100,000. 
 Expected Loss + ALAE is $300,000. 
 Risk-free rate is 4%. 
 Total Market Value is $657,152. 
 Premiums are collected and expenses are paid at the beginning of each year. 
 Losses are paid at the end of each year. 

 
a. (1.25 points) 

Assume the company uses a pricing strategy that involves a fixed target return on surplus. 
Calculate the assumed client retention rate implied by the market value. 

 
b. (0.5 point) 

Assume the company uses a pricing strategy that varies the target return on surplus (k) 
according to this formula:  k = a + b *y, where a = 8% and b = 1.5 
 
Calculate the assumed client retention rate implied by the market value. 

 
c. (0.5 point) 

Describe which pricing strategy the company is more likely to be using. 
 
d. (0.5 point) 

Calculate the duration of franchise value using the pricing strategy assumptions in part b. above. 
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Questions from the 2017 exam: 
12.  (3 points) 

 
a. (1.25 point) 

An insurance company writes 100 identical policies for a particular line of business.  
Given the following information for each policy: 

Premium $1,500 
Expenses $250 
Losses $1,100 

 The risk-free rate is 5%. 
 Premium is collected and expenses are paid at the beginning of each policy year. 
 Losses are paid at the end of each policy year. 
 The client retention percentage is 90% in the first policy year and 80% in each subsequent 

policy year. 
 
Calculate the insurer's franchise value. 

 
b. (1 point)  

Describe two aspects of the practical dilemma associated with managing franchise value. 
 

c. (0.75 point)  
Outline a proposed solution to the practical dilemma of managing franchise value and discuss 
how it addresses each aspect of the practical dilemma in part b. above. 
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Questions from the 2019 exam: 
8. (3.75 points) 

 
Consider the following for a publicly-traded, monoline insurer: 
 

• The insurer holds $50 million in surplus and writes $100 million in premium each year 
• The expected loss and loss adjustment expense (LAE) ratio is 73% 
• The underwriting expense ratio is 25% 
• The insurer collects all premium and pays all underwriting expenses on January 1 of each year 
• Losses and LAE are paid·on December 31 of each year 
• The insurer expects 92% of its business to retain each year 
• The insurer's board of directors has decided to limit its investments to risk-free assets 
• The company's target return on surplus is determined using the Capital Asset Pricing Model, and its 

CAPM beta is estimated at 1.25 
• The expected return on the market portfolio is 12% 
• The risk-free rate of return is 4% 

 
a. (3.25 points) 

Calculate the duration of the insurer's total economic value if the company assumes a pricing 
strategy of setting the target return as the risk-free rate of interest plus a risk premium, such that 
the initial target return is the CAPM estimate. 

 
b. (0.5 point) 

Briefly describe one advantage and one limitation of the insurer's pricing strategy. 
 
Additional questions from the 2018 and 2019 exams: 
Concepts tested from this reading are found in the integrative questions section of the manual, which 
appear in Volume 2b. 
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Solutions to questions from the 2007 exam: 
29. (3 points)  You are given the following information about an insurance company: 

 Policyholder surplus as of December 31, 2005 = $100 
 Premium of policies written January 1, 2006 = $100 
 Expected losses on January 1, 2006 policies = $80 
 Expenses on January 1, 2006 policies = $25 
 Risk-free rate = 4.0% 
 2007 client retention rate = 95% 
 2008 client retention rate = 80% 
 2009 client retention rate = 0% 

Assume expenses are paid when the policy is written and losses are certain and paid at the end of the year. 
a.  (1 point) Calculate the current economic value of this film on January 1, 2006. 
Solution 
The firm’s current economic value of its current balance sheet on January 1, is:

/ (1 )C S P E L y     , where: 

P  = the written premiums on policies that the firm writes every year; P  can vary yearly;  

E = the expenses, in dollars, that the firm pays immediately when premiums are written each year; 
E  is constant;  

L  = the loss and loss adjustment expenses, in dollars, that the firm expects to pay each year; it is 
constant;  

y  = the risk-free interest rate, applicable to calculating the income from the firm’s assets and for 
discounting the firm’s future cash flows;  

S  = the firm’s surplus, which is the same every year (due to dividends and recapitalization);  

Thus, 1/1/2006 CEV = 100 + 100 – 25 – (80/1.04) = 98.08 
b.  (1 point) Calculate the total economic value of this firm on January 1, 2006. 
Solution 
Note:  To compute 1/1/2006 TEV, add in 2007 and 2008 FV contributions (since 2009 retention rate = 0) 
1/1/2006 TEV = 1/1/2006 CEV + 2007 FV + 2008 FV 

2007 Franchise Value = [P – E – L/(1 + y)] * [cr/(1 + y)]; 2008 Franchise Value = 2007 FV * [cr/(1 + y)] 
= [100 – 25 – (80/1.04)] * [0.95 / 1.04] = -1.76 

2008 Franchise Value = -1.76 (.80)/1.04 = -1.35 
1/1/2006 TEV = 98.08 – 1.76 – 1.35 = 94.97 
 
c.  (1 point)  Suppose a rating agency determines that the duration of the total economic value is high 

and is considering lowering the insurance company's rating . 
Discuss the aspects of the dilemma created if the insurance company uses traditional duration-
matching to manage its interest rate risk. 

Solution 
When the duration of franchise value is high, it is difficult to transform assets in order to match the 
durations. The duration of asset has to be near 0 or even negative. It would create rating agency and 
regulatory problems as they only see accounting numbers and they would see this strategy as increasing 
risk instead of decreasing it.
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Solutions to questions from the 2008 exam: 
32. (3 points) You are given the following information about a property/casualty insurer as of January 1, 2009: 

 Annual 
Value 

Present 
Value 

 
Duration 

Premiums $105 $630 8.038 
Losses $70 $400 7.620 
Expenses $31 $31 6.670 
Risk-free interest rate 5.0% –  
Firm's target return on surplus 15.0% –  
Firm's client retention ratio 90.0%  – 
• The total economic value of the insurer is $101.33. 
• Premium is written and expenses are paid on January 1 of every year. 
• Losses are paid on December 31 of every year. 
• The insurer's target return on surplus does not vary with prevailing interest rates. 

 
a. (1 point) Calculate the current economic value of this firm on January 1, 2009. 
Solution 
This portion of the question was deemed DEFECTIVE by CAS examiners. 
 
b. (1.5 points) Calculate the duration of the total economic value of this firm. 
Solution 
This portion of the question was deemed DEFECTIVE by CAS examiners. 
 
c. (0.5 point) Reducing the duration of the firm's invested assets is one approach to reducing the interest 

rate sensitivity of the insurer's total economic value. 
Describe another approach. 

 
Initial Comments:  On pages 10-11, Panning states “The key insight is that a firm’s pricing strategy can 
significantly affect the duration of its franchise value and, consequently, the duration of its total economic value.    
This insight suggests a more systematic approach to managing the duration of total economic value:  
Find a combination of the strategy parameters a and b such that the return on surplus and the duration of total 
economic value are both acceptable.   
In the example given in the paper, where a = 15% and b = 0, the duration of the firm’s franchise value and 
total economic value are 17.62 and 6.70, respectively.   
But suppose we alter the firm’s pricing policy by changing these parameters to a = 10% and b = 1.   
In this case the target return on surplus remains at 15% (given that the risk-free yield remains at 5%), but the 
durations change from 17.62 to 7.62 for franchise value, and from 6.70 to 3.27 for total economic value.”    
 
Solution 
The question states that the insurer's target return on surplus does not vary with prevailing interest rates. 
Therefore, another approach is to select a target ROE that varies with the risk-free rate, i.e. K = a + by with 
non-zero b.  
This will reduce the duration of franchise value, reducing the total duration as well.  
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Solutions to questions from the 2010 exam: 
24. (5 points) Given the following information for a property-casualty insurer as of December 31, 2009:  
 

Surplus as of December 31, 2009 $100 
2010 Expected Loss and Loss Adjustment Expenses $150 
2010 Expenses $50 
2010 Premium P 

 
• The insurer writes all of its business and pays all expenses on January 1 each year. 
• The insurer pays 100% of the losses on December 31 each year. 
• Surplus is constant each year. 
• The insurer has no taxes and no risk of bankruptcy. 
• The client retention is 85% each year. 
• Premiums, losses, and expenses are constant each year for new business, but are impacted by 

the client retention in all renewal years. 
• The risk-free interest rate is constant at 5% compounded annually. 
• The target return on surplus is constant at 15%. 

 
a. (3 points) Calculate the total economic value of the firm as of December 31, 2009. 
 
Model Solution 1 
Step 1:  Write an equation to compute the total economic value of the firm 

TEV = CEV + Franchise value, where 
CEV = S + P - E – L/(1+y) and FV = [P – E – L/(1+y)] * d/(1-d) 
Given:  S = 100, L = 150, and E=50 

 
Step 2:  Solve for d and for P.   

Given that Cr =. 85, and that d = cr/1+y, then d = .85/1.05 = 0.8095, where r = 5% and K = 15%. 

Solve for P:  
*( )  100(15% 5%) 150

50 202.38
1 1.05

S K r L
P E

y

   
    


.   

 
Step 3:  Using the equation in Step 1, the givens in the problem and the results from Step 2: Solve for TEV 

/ (1 ) 100 202.38 50 150 /1.05 109.5238

0.8095
[ / (1 )]* / (1 ) (202.38 50 150 /1.05) * 40.466

1.0 0.8095

CEV S P E L y

FV P E L y d d

         

        


 

Thus, TEV = CEV +FV = 109.52 + 40.47 = 149.99 
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Solutions to questions from the 2010 exam - continued: 
a. (3 points) Calculate the total economic value of the firm as of December 31, 2009. 
Model Solution 2 
Step 1:  Write an equation to compute the total economic value of the firm 

TEV = CEV + Franchise value 
Step 2:  Solve for d and FV.   

Given:  Cr =. 85; d = cr/1+y.  Then d = .85/1.05 = 0.8095, where r = 5% and K = 15%. 
* *( ( 1)* ) 100 (.85)[(.15) (-1)(.05)] 8.5

40.48
(1 )*(1 ) 1.05(1 .05 - .85) .21

cr S a b y
FV

y y cr

  
   

   
 

The target return on surplus can be stated as k = a + b*y.   
But since it is constant, b =0, and k = a = .15, where a and b are constants and y is the risk free rate  

Step 3:  Solve for P.   

202.38
150 .8095

50 * 40.48.    
1 1 1.05 (1 .8095)

L d
P E P FV Solve for P P

y d
       

  
         

 

Step 4:  Solve for CEV.   
CEV = S + P - E - L/1+y = 100 + P - 50 -150/1.05 = 100 + 202.38 - 50 -150/1.05 = 109.52 

Step 5:  TEV = CEV + Franchise value = 109.52 + 40.48 =150 
 
b. (0.5 point) It has been argued that Asset-Liability Management (ALM), as typically practiced, focuses 

on the balance sheet assets and liabilities recognized by accounting rules and fails to recognize a 
significant component of total economic value. 
Describe the component of total economic value that traditional ALM ignores under this argument. 

Solution 
Franchise value – the value of future renewals 
 
ci. (1 point) Describe the two aspects of the practical dilemma created by this approach to reducing the duration 

of total economic value. 
Solution 
ci  1.   Firms have to reduce the asset duration to zero or below zero which is not feasible in practice. 
ci  2.   Regulators and rating agencies only look at accounting numbers as franchise value is invisible to them.  

They only see firms reducing total value duration as increasing risk than decreasing and jeopardizing 
firm’s solvency and credit rating. 

Alternate Solution 
1.  Reducing the duration of total economic value will require reducing the duration of assets to 0, and even 

to a negative basis. This is not possible as it will be misunderstood by regulators and rating agencies. 
2.  Alternatively, using derivatives to reduce the duration of total economic value could be expensive (due 

to transaction costs). Also, there may not be a derivative with duration available to match the needs. 
Solution 
cii. (0.5 point) Describe an alternative solution to the traditional approach to reducing the duration of total 

economic value. 
Change the pricing strategy.  Set ROE = a + by with b≠ 0.  Here, ROE varies with interest rate pricing 
strategy, but this is invisible to regulators and rating agencies.  
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Solutions to questions from the 2012 exam: 
5. (3.75 points) Given the following information for a company's new line of insurance: 

• An annual premium of $3,115 is collected at the beginning of the year. 
• Losses of $2,100 are paid at the end of the year. 
• Expenses of $1,050 are paid at the beginning of the year. 
• The company's surplus is $1,400. 
• The rate of return on surplus is 15%, compounded annually. 
• The risk-free interest rate is 7%, compounded annually. 
• The company expects to retain 85% of its policyholders from one year to the next. 
• The company's current pricing strategy is that pricing does not vary with the current interest rate. 
• The Duration of Current Economic Value = 1.0. 

Explain how to use pricing strategy, as described by Panning in "Managing Interest Rate Risk: ALM, 
Franchise Value, and Strategy", to reduce the company's duration of total economic value and calculate 
the reduction in duration. 
Model Solution 1: 
By changing the pricing strategy so that the target rate of return on surplus is a function of the interest 
rate, we can significantly reduce the duration of the franchise value and thus the total economic value.  
Step 1:  Compute F 

 
 

 
 

/ 1 .85 / 1.072,100
3,115 1,050 395.57

1 1 / 1 1.07 1 .85 / 1.07

cr yL
F P E

y cr y


        

   
   

     
 

Step 2:  Compute DF 

Current: k = a + by, a = 0.15, b = 0, y = 0.07, and thus k = .15 

   
0.15 0 1 1

17.98
1.07 0.15 0 0.07 1.07 0.85

1 1

(1 )*( ) 1F

a b
D

y a by y y cr

 
  

  

 
 

    
 

Step 3:  Compute current economic value 

2,100
1, 400 3,115 1,050 1,502.38

1 1.07

L
C S P E

y
        


   

     
 

Step 4:  Compute duration of total economic value 

 1502.38 395.57 17.98*
4.54

1502.38 395.57
C F

Total

C D F D
D

TEV

  
  


 

Step 5:  Change the pricing strategy so that the target rate of return on surplus is a function of the interest rate 
Proposed: Let a = 0.08, b = 1, y = 0.07, such that k = a + by with non-zero b. Thus, k = .15 

  
0.08 1 1 1

5.48
1.07 0.08 0.07 0.07 1.07 0.85

FD
 

  
  

 

 1502.38 395.57 5.48
1.93

1502.38 395.57
TotalD

 
 


 

Step 6:  Compute the reduction in TotalD = 4.54 - 1.93 = 2.61 

By changing the pricing strategy so that the target rate of return on surplus is a function of the interest 
rate, we can significantly reduce the duration of the franchise value and thus the total economic value.  
In this example, we reduced the duration of the total economic value by 2.61 years, from 4.54 to 1.93. 
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Solutions to questions from the 2012 exam - continued: 
5. (3.75 points) Given the following information for a company's new line of insurance: 

• An annual premium of $3,115 is collected at the beginning of the year. 
• Losses of $2,100 are paid at the end of the year. 
• Expenses of $1,050 are paid at the beginning of the year. 
• The company's surplus is $1,400. 
• The rate of return on surplus is 15%, compounded annually. 
• The risk-free interest rate is 7%, compounded annually. 
• The company expects to retain 85% of its policyholders from one year to the next. 
• The company's current pricing strategy is that pricing does not vary with the current interest rate. 
• The Duration of Current Economic Value = 1.0. 

Explain how to use pricing strategy, to reduce the company's duration of total economic value and 
calculate the reduction in duration. 
Model Solution 2: 
To reduce the duration of total economic value, the insurer should make the rate of return, k, vary 
linearly with the current interest rate, y, such that k = a + by. 
Step 1:  Compute TEV = CEV + FV 

Given: P = 3,115 L = 2,100 F = 1,050 S=1,400 k=15%    y=7%  cr=85% 

2100
1400 3115 1050 1502.38

1 1.07

L
C S P E

y
        


   

     
 

 
 

 
 

/ 1 .85 / 1.072100
3115 1050 395.57

1 1 / 1 1.07 1 .85 / 1.07

cr yL
F P E

y cr y


        

   
   

     
 

T=C + F = 1502.38 + 395.57 = 1897.95 
Step 2:  Compute DF and DToT 

1 1 1 1 1 1
17.98

1 1 0.15 0.07 1.07 1.07 0.85
F

b
D

k y y y cr


      

     
 

   1502.38 1 395.59 17.98*
4.539

1897.95
C F

T

C D F D
D

T

   
    

Step 3:  To reduce the duration of total economic value, the insurer should make the rate of return, k, 
vary linearly with the current interest rate, y, such that k = a + by. 
The resulting franchise duration would be: 

1 1 1 1 1 1
17.98

.15 .07 1.07 1.07 .85 .08 .08 1.07 .22 .08
F

b b b
D

 
        

 
 

This results in total duration of: 
   1502.38 1 395.59 17.98 / .08

4.536 2.6052
1897.95

Total

b
D b

   
    

Therefore, pursuing this strategy will reduce total economic value duration by 2.6052 * b 
(where b is the coefficient of y in k = a + by) 
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Solutions to questions from the 2013 exam  
9.  (1.5 points) You are given the following information regarding an insurance company. 

Written Premium $200 million 
Loss $150 million 
Expense $50 million 
Surplus $75 million 
Target return on surplus 15% 
Client Retention 90% 
Risk-free interest rate 5% 

Assume premium is collected and expenses are paid at the beginning of the year, and losses are paid 
at the end of the year. 

Calculate the total economic value of the firm. 
 
Model Solution 1 
Step 1:  TEV = CEV + FV 
Step 2:  Compute CEV and FV 

1

L
C S P E

y
   


 
 
 

 = 75 + 200 – 50 – 150/1.05 = 82.14 

 /1
1

d
F P E L y

d
   


 =  150200 50 * 6 42.861.05 M   , where  

.9 /1.05 .8571431
crd y  

 and 6/ (1 )d d   

Step 3:  Compute TEV = CEV + FV = 82.14M + 42.86M = 125.0M 
 
Model Solution 2 
Step 1:  TEV = CEV + FV 
Step 2:  Using formulae from the Panning article to compute CEV and FV 

 

   

(.15 .05)75
75 82.14

1 1.05

.15 .05 75 .90
7.142 6 42.86

1 1 1.05 1.05 .90

k y S M
CEV S M M

y

k y S Mcr
FV M M

y y cr

 
    



 
      

   

 

Step 3:  Compute TEV = CEV + FV = 82.14 + 42.86 = 125.0 
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Solutions to questions from the 2013 exam  
9.  (1.5 points) You are given the following information regarding an insurance company. 

Written Premium $200 million 
Loss $150 million 
Expense $50 million 
Surplus $75 million 
Target return on surplus 15% 
Client Retention 90% 
Risk-free interest rate 5% 

Assume premium is collected and expenses are paid at the beginning of the year, and losses are paid 
at the end of the year. 

Calculate the total economic value of the firm. 
 
Model Solution 3 
Step 1:  TEV = CEV + FV 
Step 2:  Compute FV and CEV 

* *( ( 1)* )

(1 )*(1 )

cr S a b y
FV

y y cr

 


  
 .  Cr = Retention rate= 90%.  

Here the pricing does not depend on the rate so b=0, a= 15% 
 

   
  
.9 75 .15 .05

 $42.857  
1.05 1.05 .9

FV M


 


 

150
  –  75 200 50

1 1.0
(75 7.14) 82.14

5

L
CV S P E

y
         


 

Total economic value = 82.14 + 42.86 = 125.0 
 
See the Examiner’s Report for comments on candidates’ overall performance, expectations of a 
candidate, criteria for awarding full or partial credit, and common errors found in candidate solutions.  
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Solutions to questions from the 2014 exam 
10.(2 points)  Given the following information regarding an insurance company: 

 Surplus is $65 million. 
 Annual client retention is 88%. 
 Premiums are collected and expenses are paid at the beginning of each year. 
 Losses are paid at the end of each year. 
 The current target return on surplus follows the formula k = a + by, where a = 12.0%, b = 0, 

and y is the risk-free interest rate of 5.0%. 
For c.  (1 point)  Assume the following are two alternative pricing strategies: 

Component Strategy 1 Strategy 2 
a 7.0% 10.0% 
b 1.0 0.5 

Franchise Value ($000) $22,430 $24,030 
Duration of Franchise Value 6.83 13.50 

 
Part a:  0.5 point.  Calculate the franchise value of the firm. 
Solution 
Step 1:  Write an equation to compute the franchise value of the firm. 

 
 

/ 1

1 1 / 1 1 1

cr yL L d
F P E P E

y cr y y d


       

    
   
   
   

 

S = 65M;  cr = 88%;  k = a + by, where a = 12.0%, b = 0, and y is the risk-free rate of 5.0%. 
Thus, k = 0.12.   

 
Step 2:  Write an equation for P and d, and then solve for F.   

 s k - y + L
P = + E

1+ y
;   

 
1 1

s k yL
P E

y y


  

 
;   0.8381

1

cr
d

y
 


 

   65 0.12 0.05
4.33

1 1 1.05

s k y ML
P E M

y y

 
    

 
 

0.8381
4.33 22, 431,373

1 1 1 0.8381

L d
F P E M

y d
     

  
 
 
 

  

Part b:  0.5 point. Calculate the duration of the franchise value of the firm. 
Solution 

Given:  cr = 88%;  k = a + by, where a = 12.0%, b = 0, and y is the risk-free rate of 5.0%. 

  

    
0.12 0 1 1 1.12 1

     = 21.12
1 0.05 0.12 0 0.05 0.05 1 0.05 0.88 0.0735 0.17

1 1

1 1
F

a b
D

y a by y y cr
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Solutions to questions from the 2014 exam 
Question 10. 
Part c:  1 point.  Assume the following are two alternative pricing strategies: 

Component Strategy 1 Strategy 2 
a 7.0% 10.0% 
b 1.0 0.5 

Franchise Value ($000) $22,430 $24,030 
Duration of Franchise Value 6.83 13.50 

Make a recommendation on which alternative strategy to pursue and support the recommendation with 
information provided. 
Solution 
Pursue strategy 1. While a higher franchise value is optimal, it has only a slightly lower franchise value 
than that shown in strategy 2, but the duration of franchise value is much lower, making the franchise 
value much less susceptible to changes in interest rates. 
 
See the Examiner’s Report for comments on candidates’ overall performance, expectations of a 
candidate, criteria for awarding full or partial credit, and common errors found in candidate solutions.  
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Solutions to questions from the 2016 exam 
QUESTION 15 TOTAL POINT VALUE: 2.75 
Given the following annual information regarding an insurance company: 
 Surplus is $400,000. 
 Written Premium is $398,352. 
 Expenses are $100,000. 
 Expected Loss + ALAE is $300,000. 
 Risk-free rate is 4%. 
 Total Market Value is $657,152. 
 Premiums are collected and expenses are paid at the beginning of each year. 
 Losses are paid at the end of each year. 

Part a: 1.25 point(s). Assume the company uses a pricing strategy that involves a fixed target return on 
surplus. Calculate the assumed client retention rate implied by the market value. 
 
Solution  
Step 1:  Write an equation for client retention rate = cr = d*(1+y), where y = .04 
Step 2:  Write an equation to solve for d: Franchise Value = { P – E – L /(1+y) }*d/(1-d), where 

Franchise Value = Total Economic Value - Current Economic Value = 657.152 - CEV 
Step 3:  Compute CEV = S + P – E – L/(1+y) = 400 + 398.352 – 100 - 300/(1+.04) = 409.890 
Step 4:  Compute Franchise Value = 657.152 – 409.890 = 247.262 
Step 5:  Use the Step 2 equation to solve for d, and then solve for cr 

247.262 = {398.352-100-300/(1+.04)}*d/(1-d) 
Solve for d d = .96154 
Solve for cr cr = d*(1+y) = .96154 * (1+.04) = 1.000 

 
Part b: 0.5 point(s). Assume the company uses a pricing strategy that varies the target return on surplus 
(k) according to this formula:  k = a + b *y, where a = 8% and b = 1.5.  
Calculate the assumed client retention rate implied by the market value. 
 
Solution  
Under this scenario, franchise value is now determined as FV= {cr * S * [a + y*(b-1)]} / (1+y) / (1+y-cr) 
Franchise value is same as above = 247.262 
247.262 = {cr * 400 * [.08 + .04 * (1.5-1)]} / (1+.04) /(1+.04-cr) 
Solve for cr cr = .90 
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Solutions to questions from the 2016 exam 
QUESTION 15 TOTAL POINT VALUE: 2.75 
2016 LEARNING OBJECTIVE: B6 
 
Given the following annual information regarding an insurance company: 
 Surplus is $400,000. 
 Written Premium is $398,352. 
 Expenses are $100,000. 
 Expected Loss + ALAE is $300,000. 
 Risk-free rate is 4%. 
 Total Market Value is $657,152. 
 Premiums are collected and expenses are paid at the beginning of each year. 
 Losses are paid at the end of each year. 

 
Part c: 0.5 point(s). Describe which pricing strategy the company is more likely to be using. 
CAS Sample 1 
It is more likely to be using the variable pricing strategy in part b. It is unlikely that a company has 100% 
retention or that a company would assume 100% retention. A retention of 90% is more reasonable. 
 
CAS Sample 2 
Since the duration of the franchise value under the variable pricing strategy is lower, the company is 
more likely using this strategy so that the duration of franchise value is less sensitive to changes in 
interest rates. 
 
CAS Sample 3 
Use the variable pricing strategy as this allows you to manage the duration of franchise value (and thus 
the duration of market value) in a way that is invisible to the regulators. 
 
Part d: 0.5 point(s). Calculate the duration of franchise value using the pricing strategy assumptions in 
part b. above. 
Recall that k = a + b *y, where a = 8% and b = 1.5.  
 

  
0.08 1.5 1 1

3.104
1.04 0.08 1.5*.04 0.04 1.04 .90

1 1

(1 )*( ) 1F

a b
D

y a by y y cr

 
  

  

 
 

    
 

 
See the Examiner’s Report for comments on candidates’ overall performance, expectations of a 
candidate, criteria for awarding full or partial credit, and common errors found in candidate solutions.  
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Solutions to questions from the 2017 exam 
QUESTION 12 TOTAL POINT VALUE: 3  LEARNING OBJECTIVE(S): B4 
An insurance company writes 100 identical policies for a particular line of business.  
Given the following information for each policy: 

Premium $1,500 
Expenses $250 
Losses $1,100 

 The risk-free rate is 5%. 
 Premium is collected and expenses are paid at the beginning of each policy year. 
 Losses are paid at the end of each policy year. 
 The client retention percentage is 90% in the first policy year and 80% in each subsequent policy year. 
Part a: 1.25 points. Calculate the insurer's franchise value. 
Sample solution 1 
FV = economic value of future renewals 
FV = [P - E - L /(1+y) ] * cr/(1+y) / [1 - cr/(1+y)] usually, must account for different retentions 

[P - E - L /(1+y) ] = 100 * [1,500 - 250 – 1,100/1.05] = 20,238.1 
20,238.1 * 0.9/1.05 = 17,346.94 for first year 
20,238.1 * 0.9/1.05 * [0.8/1.05 / (1 - 0.8/1.05)] = 55,510.20 for second year and beyond 

Total FV = 17,346.94 + 55,510.20 = 72,857.14 
 
Sample solution 2 
FV = [P - E - L / (1+y)]* [d / (1-d)] 

d = cr / (1+y) = 0.8 / 1.05 = 0.762 
1st year: 100 [1,500 - 250 – 1,100/1.05] * 0.9/1.05 = 17,347 
All years thereafter: 17,347 * d / (1-d) = 55,539 

FV= 17,347 + 55,539 = 72,886 
 
Part b: 1 point. Describe two aspects of the practical dilemma associated with managing franchise value. 
Sample solution 1 
The larger the franchise value, the harder it is to manage the interest rate risk. This is because F.V. has a high 
duration so is highly sensitive to interest rates. 
 
Sample solution 2 
Regulators and rating agencies see the action of reducing asset duration as increasing risk since they only look 
at accounting numbers. 
 
Sample solution 3 
Since franchise value is usually a large portion of total economic value, lowering the duration of invested assets 
is usually not enough to lower the duration of total economic value by a substantial amount. 
Sample solution 4 
If the duration of the franchise value is too large, we may not be able to reduce the duration of our invested 
assets enough to get the total duration to appropriate level. It may require using assets with negative durations, 
which are difficult to find.  
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Solutions to questions from the 2017 exam 
QUESTION 12 TOTAL POINT VALUE: 3  LEARNING OBJECTIVE(S): B4 
 
Part c: 0.75 point. Outline a proposed solution to the practical dilemma of managing franchise value and discuss 
how it addresses each aspect of the practical dilemma in part b. above. 
 
Sample solution 1 
Make the target ROS a function of the interest rate (e.g. k= a + by w/ b > 0) 
• Reduces duration of franchise value and therefore keeping duration of TEV under control. 
• Manages interest rate risk via pricing policy, not by shortening duration of inv. assets, so regulators/rating 

agencies shouldn’t object. 
 
Sample solution 2 
Using a pricing strategy would avoid the dilemma in (b). Let the target return on surplus k = a + by. 
y is risk free rate. Using the combination of a and b can reduce the duration of franchise value significantly and 
can still achieve the required return. The method does not need to bring down the duration of current assets to 
zero or negative, which won’t cause any concern to regulators. 
 
See the Examiner’s Report for comments on expectations of a candidate and common errors found in 
candidate solutions.  
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Solutions to questions from the 2019 exam 
QUESTION 8 TOTAL POINT VALUE: 3.75 LEARNING OBJECTIVES: A6, B4 
Consider the following for a publicly-traded, monoline insurer: 

• The insurer holds $50 million in surplus and writes $100 million in premium each year 
• The expected loss and loss adjustment expense (LAE) ratio is 73% 
• The underwriting expense ratio is 25% 
• The insurer collects all premium and pays all underwriting expenses on January 1 of each year 
• Losses and LAE are paid·on December 31 of each year 
• The insurer expects 92% of its business to retain each year 
• The insurer's board of directors has decided to limit its investments to risk-free assets 
• The company's target return on surplus is determined using the Capital Asset Pricing Model, and its CAPM 

beta is estimated at 1.25 
• The expected return on the market portfolio is 12% 
• The risk-free rate of return is 4% 

 
Part a: 3.25 points. Calculate the duration of the insurer's total economic value if the company 
assumes a pricing strategy of setting the target return as the risk-free rate of interest plus a risk 
premium, such that the initial target return is the CAPM estimate. 
 
Initial comments (from the Panning article): 
k  = the firm’s target return on surplus;  

Franchise value is shown to be sensitive to interest rate risk by calculating the duration of the firm’s 
franchise value.   
However, the firm’s target return on surplus, k must first be determined, since the premium component 
of a firm’s franchise value depends on the firm’s pricing policy 
 
Premiums are modeled so that its expected net income equals *k S . 
The model assumes that: 

 the firm has chosen its surplus amount S , and prices its business according to a fixed rule.   
k  may be fixed or may depend on current interest rates.   

 *k a b y  , where a  and b  are constants 
 y  is the spot interest rate corresponding to the maturity of the firm’s liabilities (e.g. one year).   

If 0b  , the target dollar return on surplus is *a S , where a  is some constant percentage.   
Example, for CEOs that set their target return on surplus at 15%, their policy is represented by 
setting 0b   and 15%a  . 

Setting a fixed target return can be problematic, since interest rates may rise to exceed that level. 
Thus, pricing policy may be to set the target return as a risk-free rate of interest plus some risk premium, so 
that 1b   and a  is the risk premium (e.g. 10%), so that with 5%y   the target return on surplus is 15%.    

The firm’s franchise value is now determined as 
* *( ( 1)* )

(1 )*(1 )

cr S a b y
F

y y cr

 


  
. 
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Solutions to questions from the 2019 exam 
QUESTION 8 TOTAL POINT VALUE: 3.75 LEARNING OBJECTIVES: A6, B4 
Consider the following for a publicly-traded, monoline insurer: 

• The insurer holds $50 million in surplus and writes $100 million in premium each year 
• The expected loss and loss adjustment expense (LAE) ratio is 73% 
• The underwriting expense ratio is 25% 
• The insurer collects all premium and pays all underwriting expenses on January 1 of each year 
• Losses and LAE are paid·on December 31 of each year 
• The insurer expects 92% of its business to retain each year 
• The insurer's board of directors has decided to limit its investments to risk-free assets 
• The company's target return on surplus is determined using the Capital Asset Pricing Model, and its CAPM 

beta is estimated at 1.25 
• The expected return on the market portfolio is 12% 
• The risk-free rate of return is 4% 

Part a: 3.25 points. Calculate the duration of the insurer's total economic value if the company 
assumes a pricing strategy of setting the target return as the risk-free rate of interest plus a risk 
premium, such that the initial target return is the CAPM estimate. 
Solution 
Step 1:  Write an equation to compute the duration of the insurer's total economic value… 

*C F
Total

C D F D
D

TEV

 
 , where C = Current Economic Value and DC = duration of C, F = Franchise 

Value and DF = duration of F 
Assume that the insurer has invested its current assets, consisting of surplus plus written premiums less 
expenses, in a portfolio with a duration of one year. Its liabilities also have a maturity of one year and a 
duration just less than one year. Thus, the duration of its current economic value is one year. DC =1 

Step 2:  Compute current economic value 

 
1

50 100 100 0.2( )5 –100 0.73 /1.04 54.808
L

C S P E
y

M    


 
 
 

    

Step 3:  Compute F 
* *( ( 1)* ) 0.92*50*( ( 1)*.04)

(1 )*(1 ) (1 .04)*(1 .04 0.92)

cr S a b y a b
FV

y y cr

   


     
  

CAPM k = rf+β*(E(rM) - y ) = 0.04 + 1.25 ∗ [0.12 - 0.04]= 0.14 

A pricing strategy of setting the target return as the risk-free rate + risk premium such that the initial 
target return is the CAPM estimate is k = a + b *y.  .14 = a + b *.04.   
Thus, a = .10 and b = 1. 
Thus, FV =(0.92*50M*0.1)/(1.04*(1.04-0.92)) = 4.6/.1248 = 36.859M 

Step 4:  Compute DF 

     
0.10 1 1 1 0.10 1

 = 9.295
1 0.04 0.14 0.04 1 0.04 0.92 0.104 0.12

1 1

1 1
F

a b
D

y a by y y cr

 
   

   

 
 

    
Duration of total econ value = [54.808(1.00) + 36.859(9.295)]/(54.808 + 36.859) = 4.335 years 



Managing Interest Rate Risk 
ALM, Franchise Value, and Strategy - PANNING, W. H. 

 

 

Exam 9, V1 Page 473  2020 by All 10, Inc. 

Solutions to questions from the 2019 exam 
QUESTION 8 TOTAL POINT VALUE: 3.75 LEARNING OBJECTIVES: A6, B4 
Consider the following for a publicly-traded, monoline insurer: 

• The insurer holds $50 million in surplus and writes $100 million in premium each year 
• The expected loss and loss adjustment expense (LAE) ratio is 73% 
• The underwriting expense ratio is 25% 
• The insurer collects all premium and pays all underwriting expenses on January 1 of each year 
• Losses and LAE are paid·on December 31 of each year 
• The insurer expects 92% of its business to retain each year 
• The insurer's board of directors has decided to limit its investments to risk-free assets 
• The company's target return on surplus is determined using the Capital Asset Pricing Model, and its CAPM 

beta is estimated at 1.25 
• The expected return on the market portfolio is 12% 
• The risk-free rate of return is 4% 

Part a: 3.25 points. Calculate the duration of the insurer's total economic value if the company 
assumes a pricing strategy of setting the target return as the risk-free rate of interest plus a risk 
premium, such that the initial target return is the CAPM estimate. 
 
Sample 2 
CAPM E(r) = .04 + 1.25(.12 - .04) = 14% 
S = 50M P = 100M E(L) = .73M = 73M E = .25*100M = 25M cr = .92 
Pricing Strategy k = a + b *y.  k = risk premium + rf  .14 = a + b *.04.   
Thus, a = .10 and b = 1. 
 

Current Economic Value = S + P – E – L/(1+y) 
50 + 100 - 100(0.25) – 100(1.073)/1.04 = 54.808𝑀 
 

1 1

L d
F P E

y d
  

 
 
 
 

.  
.92

0.885
1 1.04

cr
d

y
 


  

73 .885
100 25

1.04 1 .885
36.998

M
F M M M  


   
 

.  1.00cD   

  

  
0.10 1 1 1 0.10 1

     = 9.295
1 0.04 0.14 0.04 1 0.04 0.92 0.104 0.12

1 1

1 1
F

a b
D

y a by y y cr

 
   

   

 
 

    
 

Duration of total econ value = [54.808(1.00) + 36.859(9.295)]/(54.808 + 36.859) = 4.335 years 
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Solutions to questions from the 2019 exam 
QUESTION 8 TOTAL POINT VALUE: 3.75 LEARNING OBJECTIVES: A6, B4 
 
Part b: 0.5 point.  Briefly describe one advantage and one limitation of the insurer's pricing strategy. 
 
Sample answers for advantages: 
• Greatly reduces duration, which reduces interest rate risk. 
• Protects/saves the insurer from rating agency or regulatory scrutiny, which would occur if the insurer 

tried to reduce total duration by reducing the duration of its assets. 
• Pricing strategy is invisible to regulators, so they won’t have concerns that our strategy puts solvency 

in jeopardy. 
• Flexible to achieve both target D and return on surplus to react to interest rate change. 
• This method is invisible to regulators, which may be concerned if company shifts investment strategy 

to hedge a risk invisible to regulator. 
 
Sample answers for disadvantages: 
• Only works for a narrow range of interest rates. 
• Duration changes as interest rates change and needs to be recalculated with liabilities rebalanced. 
• The portfolio needs to be rebalanced with the change in interest rate. 
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Initial comments: 
Familiarity with the concepts discussed in BKM Chapter 6 (Capital Allocation to Risky Assets) will assist in 
understanding some of the concepts discussed in BKM Chapter 7. 
The following formulas and key concepts are best understood after a thorough review of the content presented 
in this chapter. 

The Investment Decision: 
(i) Capital allocation between the risky portfolio and risk-free assets, (ii) asset allocation in the risky 
portfolio and (iii) security selection of individual assets within each asset class. 

 

1. Diversification and Portfolio Risk 
Portfolio Risk as a Function of the Number of Stocks in the Portfolio: 
Firm Specific vs. Systemic (Market wide) 

  A: All risk is firm specific.                B: Some risk is systematic (marketwide). 

 

2. Portfolios of Two Risky Assets 
I. Weights, Expected Returns, Variance and Covariance of  

Risky Portfolios Composed of Two Assets 

1E Dw w   

( )  ( )  ( )p D D E EE r w E r w E r   

2 2 2 2 2 2 ( , )P D D E E D E D Ew w w w Cov r r    

 ,D E DE D ECov r r     

Dw  is the proportion of the portfolio invested in the bond 
fund 

Ew  is the proportion invested in the stock fund 

( )pE r is the expected return on the portfolio 

2
P  is the variance of the two-asset portfolio 

 ,D ECov r r  is the covariance of the bond and stock fund. 

It can also be computed from the correlation coefficient, 

DE  
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II. The  correlation coefficient   
The range of values for  :  +1 to -1. 
A value of 0 indicates that there is no association between the two variables.  
A value greater than 0 indicates a positive association; that is, as the value of one variable increases, so 
does the value of the other variable. 

When 1  , there is no benefit to diversification.  2 2( )P D D E Ew w     

When 1   , indicating perfect negative correlation,  

i.  the variance of the portfolio simplifies to 2 2( )P D D E Ew w     

ii. a perfectly hedged position can be obtained by choosing the portfolio proportions that solve the 
equation 0D D E Ew w   .   

The solution to the equation is E
D

D E

w


 



 and 1

 
D

E D
D E

w w


 
  


. 

 

III. The relationship between expected return and standard deviation, for three 
degrees of correlation between the two funds 

 

Expected Returns and Diversification Benefits 
a. The expected return of any portfolio is the weighted average of the asset expected returns 

 
b. Diversification Benefits arise when correlation is less than perfectly positive (e.g.   = 0.3, 0 and -1) 

i. The lower the correlation, the greater the potential benefit from diversification.   
 

ii. When perfect negative correlation exists, a perfect hedging opportunity exists and a zero-
variance portfolio can be constructed. 
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3.  Asset Allocation with Stocks, Bonds and Bills 
 

I. The weights associated with the optimal risky portfolio P (consisting of a stock 
fund and bond fund) 

2

2 2

[ ( ) ] [ ( ) ] ( , )

[ ( ) ]   [ ( ) ]   [ ( ) ( ) ] ( , )
D f E E f D E

D
D f E E f D D f E f D E

E r r E r r Cov r r
w

E r r E r r E r r E r r Cov r r


 

  


      
 

1E Dw w   

Dw  and Ew  are 
the weights 
associated with the 
optimal risky 
portfolio 

 

II. The Minimum Variance Portfolio and the weights associated with the Minimum 
Variance Portfolio 

The minimum variance portfolio is the portfolio composed of the risky assets that has the smallest standard 
deviation, the portfolio with least risk. 

When correlation is less than +1, the portfolio standard deviation may be smaller than that of either of the 
individual component assets. 
When correlation is -1, the standard deviation of the minimum variance portfolio is zero. 
 
The portfolio weight for bonds which produce a minimum variance portfolio can be solved using 

2

2 2
,

( , )
( )  

2 ( )
E D E

Min
E D D E

Cov r r
w D

Cov r r


 





 

 

III. The optimal proportion of the complete portfolio to invest in the risky 
component 

2

( )
p f

P

E r r
y

A


  
( )pE r is the expected return on the portfolio 

2
P  is the variance of the two-asset portfolio 

fr  is the risk free rate 

A is the aversion factor 

 

IV. The percentage of wealth placed in bond and in stocks 

 and D Eyw yw  Dyw  is the percentage of wealth invested in bond fund 

Eyw  is the percentage of wealth invested in the stock fund 
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V. The Opportunity Set of the Bond and Equity Funds with the Optimal 
CAL and the Optimal Risky Portfolio 

 

The optimal risky portfolio to mix with T-bills.  fr = 5%. ( )pE r =11% and P =14.2% 

The CAL of the optimal risky portfolio P has a slope of 
( ) 11-5

.42
14.2

fp

p

P

E r r
S




  .  This exceeds the slope 

of any portfolio consider thus far, and therefore produces the highest reward to variability ratio.   
D represents the bond portfolio, E represents the Equity portfolio, and CAL (P) represents the capital 
allocation line of the optimal Risky portfolio P.   

VI. A graphical representation of major concepts presented thus far 
(from Chapters 6 and 7) 

 
 

The proportions of the optimal Risky Portfolio 
 

2 2 1 / 2( ) (.4 8) (.6 13) 11% and [(.4 144) (.6 400) (2 .4 .6 72)] 14.2%p pE r                 

2 2

( ) .11 -  .05
.7439

4  14.2

p f

P

E r r
y

A


  


.   .4 * .7439  29.76%,

D
yw   .   .6 * .7439  44.63%.

E
yw    
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4. The Markowitz Portfolio Selection Model 

 

I. The minimum-variance frontier of risky assets.   

 
 

 
i. The minimum variance frontier: a graph of the lowest possible variances that can be attained 

for a given portfolio expected return. 
 

ii. Individual assets lie to the right inside of the frontier, when short sales are allowed (since there 
is a possibility that a single security may lie on the frontier when short sales are not allowed).   
This also supports the notion that diversified portfolios lead to portfolios with higher expected 
returns and lower standard deviations that a portfolio consisting of a single risky asset).   
 

iii. Portfolios lying on the minimum-variance frontier from the global minimum-variance portfolio 
upward are candidates for the optimal portfolio.   
 The upper portion of the frontier is called the efficient frontier of risky assets.   
 The lower portion of the frontier is inefficient, and ruled out, since there is a portfolio with 

the same standard deviation and a greater expected return positioned directly above it.   
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II. The Markowitz Portfolio Selection Model 
There are two equivalent approaches to determine the efficient frontier of risky assets: 
 Approach 1:  Draw horizontal lines at different levels of expected returns.  Look for the portfolio with 

the lowest standard deviation that plots on each horizontal line (these are shown by squares in the 
graph below), and discard those plotting on horizontal lines below the global minimum variance 
portfolio (since they are inefficient).   
 

 Approach 2:  Draw vertical lines representing the standard deviation constraint.  Look for and plot the 
portfolio with the highest expected return on a given vertical line.  These are represented by circles in 
the graph below. 

 

III. A graphical representation of these approaches (the efficient portfolio set) 
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5. Capital Allocation and the Separation Property 

I. Capital Allocation Lines with Various Portfolios from the Efficient Set 

 

Now that we have the efficient frontier, introduce the risk free asset. Shown above is the efficient frontier plus 
three CALs representing various portfolios from the efficient set.  
Move up to each CAL by selecting different portfolios until we reach portfolio P, which is the tangency point of 
a line from F to the efficient frontier.  
Portfolio P maximizes the Sharpe ratio, the slope of the CAL from F to portfolios on the efficient frontier.  
Portfolio P is the optimal risky portfolio for the manager’s clients. 

II. Separation Theory 
 

Once the risk free asset has been selected (and thus, its rate of return established), portfolio managers will 
choose the portfolio along the efficient frontier that is tangent to the CAL generating the highest reward-to-risk 
ratio (i.e. the CAL having the steepest slope).   
Having done this, a portfolio manager (in theory) will offer the same risky portfolio to all clients, regardless of 
their degree of risk aversion.  The investor’s complete portfolio will lie somewhere along the CAL described 
above based solely on their degree of risk aversion.   
 
The above fact gives rise to a result known as the separation property.   

Once the optimal risky portfolio has been chosen ( a purely technical process), separation among investor 
choices for their complete portfolio is solely a function of their personal preference for risk.   
More risk averse investors will invest more in the risk free asset and less in the optimal risky portfolio.   

However, both will use portfolio P as their optimal risky investment vehicle. 
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III. Power of Diversification 
Consider a diversification strategy that consists of n-equally weighted securities (i.e. the portfolio ignores 
optimal weighting among securities within the portfolio).   

The average variance of the securities: 2 2

1

1 n

i
in

 


  .   

The average covariance of the securities : as 
_____

1 1

1

( 1)
( , )

n n

i j
j i
j i

n n
Cov Cov r r

 



  .   

The portfolio variance: 
______

2 21 1
P

n
Cov

n n
  

   

Scenario 1:  When the average covariance is 0 (when securities are uncorrelated), 2 0P   as n gets large.   

Scenario 2:  When economy-wide risk factors cause positive correlation, the irreducible risk of a diversified 
portfolio approaches COV as n gets large.  Firm specific risk is diversified away, but for large n, 

______ ______
2 2

  P

1 1
1 Cov Cov

Large n Large  n
 

 
    

 
 

 
This concept can also be demonstrated when viewing the relationship between systematic risk and security 
correlations.   

For example, assume all securities have a common standard deviation,  , and all security pairs have a 

common correlation coefficient  .  The covariance between all pairs of securities is 2 , and the portfolio 

variance becomes 2 2 21 1
 P

n

n n
  

   

 
When 0  , we obtain the insurance principle:  the portfolio variance approaches 0 as n gets large.   

When 1  , portfolio variance equals 2 .   

As n gets large, 2 2  P    

We conclude that when diversified portfolios are held, the contribution to portfolio risk of a particular 
security will depend on the covariance of that security's return with those of other securities, and not on the 
security's variance. 
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6. Risk Pooling, the Insurance Principle and Risk Sharing 

I. Risk Pooling and the Insurance Principle 
Risk pooling means merging uncorrelated risky assets to reduce risk.  
For insurance, risk pooling entails selling many uncorrelated insurance policies (a.k.a. the insurance principle).  
Risk pooling and risk sharing are two complementary, but distinct, tools in risk management.  
Start with risk pooling.  Assume Jon, who holds a $1 billion portfolio, P. 
 The % of the portfolio invested in a risky asset, A, is y, leaves the fraction 1 - y invested in the risk-free 

rate.  
 Asset A's risk premium is R, and its standard deviation is .  

 From (6.3) and (6.4), the risk premium of the complete portfolio P  is PR yR , its standard deviation is 

P y  , and the Sharpe ratio is /PS R  .  

Next, Jon identifies another risky asset, B, with the same risk premium and standard deviation as A.  
Jon estimates that the correlation (and therefore covariance) between the two investments is zero, and 
considers the potential this offers for risk reduction through diversification. 
 
Given the benefits that Jon anticipates from diversification, he decides to take a position in asset B equal in 
size to his existing position in asset A.  
 He transfers another fraction, y, of wealth from the risk-free asset to asset B.  
 This leaves his total portfolio allocated as follows:  

  *  the fraction y is still invested in asset A, 
  *  an additional investment of y is invested in B, and  
  *  1 - 2y is in the risk-free asset.  

Note:  This strategy is analogous to pure risk pooling; Jon has taken on additional risky (albeit uncorrelated) 
bets, and his risky portfolio is larger than it was previously.  Denote Jon’s new portfolio as Z. 

Compute the risk premium of portfolio Z from (7.2), its variance from (7.3), and thus its Sharpe ratio.  
 R denotes the excess return of each asset and the excess return of the risk-free asset is zero.  
 When calculating portfolio variance, use the fact that covariance is zero. T 

For Portfolio Z: 

 = 1 2 0 2zR yR yR y yR      (double PR ) 

2 2 2 2 2 2 20 2Z y y y          (double the variance of P) 

2 2Z Z y        ( 2  = 1.41 times the standard deviation of P) 

/ 2 / 2 2 /Z Z ZS R yR y R      ( 2  = 1.41 times Sharpe ratio of P) 

Results: 

 The Sharpe ratio of Z is higher than that of P by the factor 2 .  

 Its excess rate of return is double that of P, yet its standard deviation is only 2 times larger.  
 The problem is that by increasing the scale of the risky investment, the standard deviation of the 

portfolio also increases by 2 . 
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I. Risk Pooling and the Insurance Principle 
 
The insurance principle: risk increases less than proportionally to the number of policies insured when the 
policies are uncorrelated; hence, the Sharpe ratio—increases.  
But this effect is not sufficient to actually reduce risk. 
 
This might limit the potential economies of scale of an ever-growing portfolio of a large insurer.  
 Each policy written requires the insurer to set aside additional capital to cover potential losses.  
 The insurer invests its capital until it needs to pay out on claims.  
 Selling more policies increases the total position in risky investments and therefore the capital that must 

be allocated to those policies.  
 As the insurer invests in more uncorrelated assets (insurance policies), the Sharpe ratio continuously 

increases (good), but since more funds are invested in risky policies, the overall risk of the portfolio rises 
(bad).  

 As the number of policies grows, the risk of the pool will grow - despite "diversification" across policies. 
Eventually, that growing risk will overwhelm the company's available capital.    
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II. Risk Sharing 
 
Risk Sharing 
Consider a variation on the risk pooling portfolio Z. 
Suppose Jon found several attractive insurance policies and wishes to invest in all of them.  
Consider the case of two policies, so the pool will have the same properties as portfolio Z.  

 If Jon invested in this two-policy pool, his total risk would be 2z y   

 But if this is more risk than he is willing to bear, what might he do? 
 
The answer is risk sharing, the selling of shares in an risky portfolio to limit risk and yet maintain 
the Sharpe ratio (profitability) of the resultant position.  
Suppose every time a new risky asset is added to the portfolio, Jon sells off a portion of his investment in the 
pool to maintain the total funds invested in risky assets unchanged.  

For example, when a second asset is added, he sells half of his position to other investors.  
While the total investment budget directed into risky assets is therefore unchanged, it is equally divided 
between assets A and B, with weights in each of y/2.  
The risk-free component of his complete portfolio remains fixed with weight 1 - y.  Call this strategy V. 

 
If you compare the risk-pooling strategy Z with the risk-pooling-plus-risk-sharing strategy V, you will notice 
they both entail an investment in the pool of two assets; the only difference between them is that the risk-
sharing strategy sells off half the combined pool to maintain a risky portfolio of fixed size.  
 
While the weight of the total risky pool in strategy Z is 2y, in the risk-sharing strategy, the risky weight is only 
one-half that level ( 2yR  vs yR ).  

Therefore, we can find the properties of the risk sharing portfolio by substituting y/2 for y in the following 
table. 

Risk Pooling: Portfolio Z Risk Sharing: Portfolio V 

2zR yR   = 2 / 2vR y R yR  

2 2 22Z y    22 2 2 22 / 2 / 2   V y y  

2 2z Z y     2 / 2   V V y  

/ 2 / 2 2 /    z z zS R yR y R  / 2 /  V V VS R R  

 
 Portfolio V matches the attractive Sharpe ratio of portfolio Z, but with lower volatility 

(i.e. 2 /R  , and 2 / 2V V y     respectively).  

 Thus risk sharing combined with risk pooling is the key to the insurance industry.  
 True diversification means spreading a portfolio of fixed size across many assets, not merely adding 

more risky bets to an ever-growing risky portfolio. 
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Concepts Tested 

Questions from the 2003 exam 
5a.  (2.5 points)  Calculate the expected return and standard deviation for the optimal risky portfolio, P. 
5b.  (0.50 points)  Find the slope of the capital allocation line, CAL, supported by T-Bills and optimal portfolio P, 

from above. 
5c.  (1 point)  If an investor has a coefficient of risk aversion, A, equal to 4, what proportion will he or she 

invest in fund X, fund Y, and in T-Bills?   
 
7.  (1.5 points)  Identify which portfolio(s) cannot lie on the efficient frontier and demonstrate why. 
 
Questions from the 2004 exam 
4a.  (1 point) Explain the significance of the Separation Property in determining optimal complete portfolios for two 

clients with different degrees of risk aversion. 

4b.  (1.5 points) Assuming an investor cannot borrow, graph, in expected return-standard deviation space, the 
relationship between (Capital Allocation Line, Efficient Frontier of Risky Assets, Indifference Curve) 

4c.  (1 point) Briefly describe the importance of the following points from the graph in part b. above: 
1.  The point where the Efficient Frontier and Capital Allocation Line meet 
2.   The point where the Indifference Curve and Capital Allocation Line meet 

 
Questions from the 2005 exam 
5a.  (2 points)  Calculate the standard deviation of the optimal risky portfolio if the correlation 

coefficient is 0.1. 
5b.  (0.5 point)  What is the standard deviation of the optimal risky portfolio if the correlation 

coefficient is -1 ? 
5c.  (0.5 point)  What is the standard deviation of the optimal risky portfolio if the correlation 

coefficient is 1? 
6. Demonstrate graphically why an investor would choose to hold gold, in light of the apparent 

inferiority of gold with respect to expected return and volatility. 
 
Questions from the 2006 exam 
5a.  (1 point)  Calculate the percentages of the optimal portfolio that would be allocated to the stock fund and 

to the bond fund. 
5b.  (0.5 point) Given the answer from part a. above, calculate the expected return of the optimal portfolio. 
 
Questions from the 2007 exam 
2a.  (1.5 points) Determine the expected return and the standard deviation of the optimal risky portfolio. 
2b. (1 point) "A" is the index of an investor's risk aversion. Calculate how much an investor with a risk aversion 

index of 4 will invest in each of funds X and Y and in T-bills. 
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Concepts Tested 
Questions from the 2008 exam 
1a. (1.75 points) Determine the expected return and the standard deviation of the new optimal risky portfolio if 

the new catastrophe bond is added. 
1b. (0.5 point) Assume the utility function   20.005U E r A   and risk aversion parameter A  = 3. 

Calculate the proportion of the new optimal complete portfolio that should be invested in T-bills. 
1c. (0.75 point) Determine the amount of T-bills required to rebalance the portfolio and state whether the 

investor must buy or sell these. 
 
Questions from the 2009 exam 
2a. (1.25 points) Calculate the weight to invest in each asset to construct the optimal risky portfolio. 
2b. (1 point) Calculate the Sharpe Ratio for the optimal risky portfolio. 
 
3a. (0.5 point) Calculate the variance of an equally weighted risky portfolio of 20 stocks. 
3b. (0.5 point) Calculate both the firm-specific risk and systematic risk in this portfolio. 
3c. (0.75 point) Calculate the number of stocks necessary for the portfolio's standard deviation to be less than 32%. 
 
Questions from the 2011 exam 
1a. (1.75 points)  Calculate the share of the optimal complete portfolio invested in the risk-free asset that would 

maximize the investor's utility. 
1b. (0.5 point)  Describe the result in part a above in terms of the optimal risky portfolio. 
 
Questions from the 2012 exam 
1a (2.5 points) Construct an optimal investment plan using some of each asset (A, B, C, and D) and justify your 

proposed plan. Include brief descriptions of the proportion to be invested in each asset and the overall 
expected risk and return results. 

1b. (0.5 point) Explain why the proportion invested in Asset D may be the only difference between plans for 
investors with the same assets. 

 
Questions from the 2014 exam 
4a.  (1 point)  Discuss two challenges with using a Markowitz model to analyze 200 technology stocks within a 

broader portfolio. 
4b. (0.5 point)  Briefly discuss how the single-index model does or does not overcome each of the challenges of 

the Markowitz model identified in part a. above. 
5.  (2.75 points)  Given the following information for constructing an investment portfolio: 

 Expected Standard 
Asset Return Deviation 

A 8% 20% 
B 10% 25% 

 The risk-free rate is 2%. 
 The correlation coefficient between assets A and B is -0.4. 
 The investor has a risk aversion coefficient of 5. 

 
Calculate the expected rate of return and standard deviation of the optimal complete portfolio. 
  



C7 – OPTIMAL RISKY PORTFOLIOS - BKM - FORMULAS AND CONCEPTS TESTED 

Exam 9  Page 50   2019 by All 10, Inc. 

Concepts Tested 

Questions from the 2015 exam 
2. (2.0 points)  Given the following information about the universe of available risky securities: 

 Annual stock returns are identically normally distributed. 
 The expected annual return for each stock is 12%. 
 The standard deviation for each stock is 40%. 
 The correlation coefficient between annual returns of any pair of stocks is 0.35. 
 An equally weighted risky portfolio of 30 stocks has a total value of $10 million. 

 
a. (0.50 point)  Calculate the minimum number of stocks necessary for the standard deviation of a 

portfolio composed of the stocks specified above to be less than or equal to 24%. 
 

b. (1.50 points)  The given portfolio of 30 stocks is diversified such that only systematic risk remains. 
Calculate the amount, in dollars, of the 90% 1-year Value at Risk (VaR) that has been eliminated. 

 
Questions from the 2016 exam 
2.  (1.75 points) The following graph represents the Markowitz portfolio selection model. 

 
A rational investor decides to invest in portfolio D. 

a. (0.5 point) 
Identify what each of the following represents: 
 point A 
 curve E 

b. (0.25 point) 
Briefly explain where the optimal risky portfolio would be on the graph above. 

 
c. (0.5 point) 

Explain why another rational investor may choose a portfolio other than portfolio D, with reference to the 
graph above. 

 
d. (0.5 point) 

Identify and describe one reason from behavioral finance that may lead an investor to choose portfolio F 
instead of portfolio D. 

Note:  Part d requires knowledge from BKM chapter 12 
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Concepts Tested 

Questions from the 2016 exam 
3.  (4.5 points) 

The table below describes the assets available to the investor. All assets are uncorrelated. 
   
 Expected Standard 

Asset Return Deviation 
A 10% 25% 
B 10% 25% 
C 10% 25% 
D 2% 0% 

 
The table below describes two different portfolio investment options available to the investor: 

 Portfolio 1 Portfolio 2 
Asset Weights Weights 

A 30% 30% 
B 0% 30% 
C 0% 30% 
D 70% 10% 

 
a. (1 point) 

Define risk pooling and risk sharing. Provide an example of how each is achieved in the insurance industry. 
 
b. (1.5 points) 

Calculate each portfolio's expected return, variance and Sharpe ratio. 
 
c. (0.5 point) 

An investor currently holds Portfolio 1 and is considering moving all investments from Portfolio 1 into 
Portfolio 2. Explain how this will affect the investor's overall risk. 

 
d. (1.5 points) 

Construct a portfolio that would give the investor the same expected return as Portfolio 1 and the same 
Sharpe ratio as Portfolio 2. Briefly explain how this will affect the investor's overall risk. 



C7 – OPTIMAL RISKY PORTFOLIOS - BKM - FORMULAS AND CONCEPTS TESTED 

Exam 9  Page 52   2019 by All 10, Inc. 

Concepts Tested 
Questions from the 2017 exam 
3.  (1.25 point) 

Given the following statistics for three stocks, A, B, and C: 
 

Expected Return and Standard Deviations of Returns 
Stock A B C 
Expected Return r  r  r  
Standard Deviation 

1  1  2  

 
Note that 1  > 2  > 0. 

 
Correlations of Returns 

Stock A B C 
A      

B   .1 x   

Note that   > 0. 
 
Assume an investor wants to select a two-stock portfolio and will invest equally in the two. 
 
Rank the three possible stock portfolios in order based on risk-return trade-off and explain the rationale for the 
ranking. 
 

4.  (2 points) 
Given the following: 

Asset Expected Return Standard Deviation 
A 
B 

4% 
7% 

25% 
35% 

 
 The assets are perfectly negatively correlated.  
 The risk-free rate is 2%. 

 
a. (0.5 point) 

Describe the arbitrage opportunity that exists without using any calculations. 
 
b. (1.5 points)  

Calculate the expected return of this arbitrage opportunity. 
 
Concepts Tested - Questions from the 2018 exam 
See question 1 from the 2018 exam.  This is an IQ that tests concepts from BKM Chapter 7. 
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