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Introduction and Notes on Past Exam
Questions and Answers and the Material

Greetings! In this actuarial study manual, you will find summary outlines and questions and
answers for the readings for Part 7, the Advanced Estimation of Claims Liabilities.

Questions and parts of some solutions have been taken from material copyrighted by the Casualty
Actuarial Society. They are reproduced in this study manual with the permission of the CAS
solely to aid students studying for the actuarial exams. Some editing of questions has been done.
Students may also request past exams directly from the society. I am very grateful to the CAS
for its cooperation and permission to use this material. It is, of course, in no way responsible for
the structure or accuracy of the manual.

Exam questions are identified by numbers in parentheses at the end of each question. CAS
questions have four numbers separated by hyphens: the year of the exam, the number of the
exam, the number of the question, and the points assigned.

In addition to the old exam questions and the summary outlines, review questions are included
for most of the newer material. Some of the review questions are designed to help students
process and memorize the material, while others have been designed to be more like potential
exam questions.

Page numbers (p.) with solutions refer to the reading to which the question has been assigned
unless otherwise noted. Note that parts of some exam questions may make use of material that
is no longer included in the syllabus. Although I have made a conscientious effort to eliminate
mistakes and incorrect answers, I am certain some remain. I encourage students who find errors to
bring them to my attention. Please check our web site for corrections subsequent to publication.

To the students who make use of this manual, feedback is welcome. Good luck! VAG

X






Introduction to Advanced Estimation of
Claims Liabilities

Welcome to the study manual on the finer points of reserving! Note this manual has been prepared
for the Spring 2026 CAS Exam 7. If you are trying to use this material for a different date, you
may want to make sure that the syllabus has not changed.

The syllabus has 17 tasks you are supposed to master in order to pass the exam. They are:

Data Preparation, Organization & Analysis

Al. Perform data diagnostic analyses and adjust for data issues.

Unpaid Claim Point Estimates

A2. Calculate unpaid claims estimates.

A3. Test unpaid claims estimates for reasonableness.

A4. Estimate unpaid claims for various levels of coverage.

Ab5. Forecast premium reserves (e.g., reserves for retrospective premiums).

Unpaid Claim Stochastic Distributions

A6. Estimate parameters of unpaid claims distributions.

A7. Calculate the moments and percentiles of unpaid claims distributions.
AS8. Simulate parameter percentiles and unpaid claims percentiles.

A9. Calculate the mean and prediction error of a reserve.

A10. Derive predictive distributions using stochastic methods.

Unpaid Claim Output & Diagnostic Analysis

A11. Test output of unpaid claims distributions for reasonableness.
A12. Test assumptions underlying reserving models.

X1



xii INTRODUCTION

A13. Develop a range of indicators.
A14. Calculate risk margins.

Reinsurance

A15. Adjust primary methods and data to be used for reinsurance reserving.
A16. Calculate ceded loss reserves.
A17. Describe the function and types of reinsurance.

Although the manual is organized by readings, we remind you of the tasks you are supposed to
learn from each one.

Good luck in October 2026!
Victoria Grossack

P.S. Note this manual was prepared with the assistance of others, including Peter Murdza. Any
mistakes that you find, however, should be addressed to me. VG
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Eric Brosius
Loss Development Using Credibility

This reading addresses the following tasks listed in the syllabus:

Al.
A2.
A3.
A6.
All.

Perform data diagnostic analyses and adjust for data issues.
Calculate unpaid claims estimates.

Test unpaid claims estimates for reasonableness.

Estimate parameters of unpaid claims distributions.

Test output of unpaid claims distributions for reasonableness.

Keep these tasks in mind as you read the reading and review the outline!

Outline

L.

IT.

Introduction

A. What loss development method do you select when there are large random fluctuations
in year to year loss experience?

B. Least squares development is shown to provide the best linear approximation to the
Bayesian estimate and is contrasted with other standard development techniques.

Notation

A. L(x) - estimate of ultimate losses ¢, given losses to date of x and historical experience
(‘riu yl)
B. Y - random variable representing claims incurred

C. X - random variable representing number of claims reported at year end

D. Q(X)=E(Y | X =), expected total number of claims

3



4 Loss Development Using Credibility

E. RX)=EY — X | X =2)=Q(X) — x, expected number of claims outstanding
F. MSE - mean squared error
G. EVPV - Expected Value of the Process Variance - Ey (Var(X | Y))
H. VHM - Variance of the Hypothetical Means - Vary (E(X | Y))
ITI. Least Squares Development
A. L(x) = a+ bz, where
B. b= 2%

x2 12

C.a=y—bzx
IV. Special Cases of Least Squares Development

A. When z and y are totally uncorrelated, b =0
1. L(x) = a, the “budgeted loss method”
B. When the observed link ratios y/x are all equal, a =0
1. L(x) = bz, the “link ratio method”
C. When b =1,
1. L(z) = a + z, the “Bornhuetter-Ferguson method”
V. Hugh White’s Question

A. Actual losses are higher than expected losses what do you do?
1. Reduce the bulk reserve a corresponding amount (Budgeted Loss Method)

2. Leave the bulk reserve at the same percentage level of expected losses (Bornhuetter-
Ferguson Method)

3. Increase the bulk reserve in proportion to the increase in actual reported over
expected reported (Link Ratio Method)

B. These options are 3 points on the least squares continuum and the actual answer is
likely to lie somewhere on that continuum.

VI. Bayesian Development Examples

A. Various examples using Bayesian estimation are used to show that the least squares
estimate is superior to the link ratio, budgeted loss and Bornhuetter-Ferguson esti-
mates:

B. Simple Model
1. included to demonstrate method

2. Q(z) = %x + %, R(z) = —%x + %, based on parameters in example

Copyright ©2026 ACTEX Learning® ACTEX Study Manual for CAS Exam 7-5"" Edition



Loss Development Using Credibility )

3. The function Q(x) does not align with any of the three special cases, but does lie
on the least squares continuum.

C. Poisson-Binomial Example

1. Poisson process determines ultimate claims ( y ) and reported claims ( x )
are determined by a Binomial process with the Poisson outcome y as the first
parameter.

2. Q(z) = x + 2, based on the parameters given in the paper

3. This example is used to show that the link ratio method can’t reproduce the
Bayesian estimate (x), since there is no ¢, such that cx = = + 2.

4. Alternative Options for ¢
a. Unbiased Estimate — E((c — 1)X) = u
b. Minimized MSE — minimize FE (((c — 1)X — u)?)
c. c=E (% X #0)
d. Salzmann’s Iceberg Technique — d = F (%‘ Y # O) ,e=d1

D. General Poisson-Binomial Case
1 Q@) =a+ (1 - d), R(z) = p(1 - d)
2. This is consistent with the form of the Bornhuetter-Ferguson estimate.

E. Negative Binomial-Binomial Case

L. R(z) = {52y (x +7)

2. By plugging in sample parameter values it can be seen that the special cases
of the least squares do not apply, but the result does lie on the least squares
continuum.

F. Fixed Prior Case - the ultimate number of claims is known
L. Qx)=k, R(z)=k—x
2. This is consistent with the budgeted loss method.
G. Fixed Reporting Case - percentage of claims reported at year end is always d
1. Q) =d'z,R(x)=(d ' -1)x
2. This is consistent with the link ratio method.

VII. The Linear Approximation - Development Formula 1

A. Pure Bayesian analysis requires significant knowledge about the loss and loss reporting
process, which may not be available. A linear approximation can be used instead
(Bayesian Credibility).

Copyright ©2026 ACTEX Learning® ACTEX Study Manual for CAS Exam 7-5"" Edition



6 Loss Development Using Credibility

Development Formula 1 gives the best linear approximation to Q:

L(z) = (z — B(X)) S5 + E(Y)

With historical experience, we can estimate the parts:
Cov(X,Y)=XY — XY Var(X) = X2 - X2 E(X)=X,E(Y)=Y

Which gives the general least squares equation:

L(z) = (z — X)X 1y

X2-X

T Q2 3 E U aw

Potential problems in parameter estimation:
1. Major changes in loss experience should be adjusted for:
a. Inflation
b. Exposure growth
2. Sampling error
3. Should substitute link ratio method when a < 0
4. Should substitute budgeted loss method when b < 0
VIII. Credibility Form of the Development Formula - Development Formula 2

A. If there is a real number d # 0, such that E(X | Y = y) = dy for all y, then the best
linear approximation to Q is given by development formula 2:

B. L(x) = Z% 4 (1 - Z)E(Y), where Z = M

C. This is a credibility weighting of the link ratio method and the budgeted loss method.
D. Special Cases:
1. Poisson-Binomial and other Bornhuetter-Ferguson Cases
a. Z =d
2. Negative Binomial-Binomial Case
a7 = iy
IX. The Case Load Effect - Development Formula 3

A. Tf the rate of claim reporting is a decreasing function of the number of claims and there
are real numbers d # 0 such that E(X | Y = y) = dy + ¢, then define development
formula 3:

L. Lz) =25+ (1 - Z)EY)
X. Mechanics of the Least Squares Approach

A. Adjust data for exposure growth and inflation

B. Develop most mature years to ultimate based on assumed tail factor
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Loss Development Using Credibility 7

C. Develop next oldest year to ultimate using least squares on the complete years

D. Repeat one year at a time until all years have been developed
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Loss Development Using Credibility

Past CAS Examination Questions

1.

(06-6-15-.5/.5/1/.5) As the result of recent tort reform, general liability expected ultimate
losses decreased from $60 million to $50 million for accident year 2005. Without the reform,
55% of ultimate accident year 2005 losses would have been reported within twelve months.
With the reform, this percentage is expected to rise to 63%. At December 31, 2005, $35 million
of losses have been reported for accident year 2005.

a. What is the link ratio estimate of the ultimate loss for accident year 20057
b. What is the Bornhuetter-Ferguson estimate of the ultimate loss for accident year 20057

c. Given that Y is expected ultimate losses and X is reported losses at 12 months, and using
the estimates below, what is the ultimate loss for accident year 2005, using Brosius’s
Bayesian credibility method?

Vary[E(X | Y)] = 14.3,
Ey[Var(X | Y)] = 57

d. Why is it inappropriate to use the least-squares method in the situation described in
this case?

(07-6-42b-.5) An insurer has been experiencing a deteriorating loss ratio for the last five years
on its personal auto business, due to the weakening of underwriting standards. Explain why
the least-squares development method may not be appropriate.

(08-6-9-.5/.5/1) Given the following:

Cumulative Reported Losses ($000)
Age of Development in Months
Acc Year 12 24 36 48
2004 8,847 12,204 14,332 17,021
2005 10,280 14,650 16,807
2006 11,747 14,826
2007 12,077

a. Estimate the cumulative reported loss as of 24 months for accident year 2007 using the
link ratio method.

b. Estimate the cumulative reported loss as of 24 months for accident year 2007 using the
budgeted loss method.

c. Estimate the cumulative reported loss as of 24 months for accident year 2007 using the
leastsquares method.

Copyright ©2026 ACTEX Learning® ACTEX Study Manual for CAS Exam 7-5"" Edition



Loss Development Using Credibility

4. (09-6-3-2/.5) Given the following reported loss information:

at

Copyright ©2026 ACTEX Learning®

s v | 0 | e
2000 $40,000 $45,000
2001 30,000 60,000
2002 40,000 42,000
2003 30,000 32,000
2004 50,000

(10-6-11-2) Given the following information ($000):

Accident Year

Incurred Loss
at 12 Months

Incurred Loss
at 24 Months

2006
2007
2008
2009

10,000
16,000
10,000
15,000

12,000
20,000
16,000

a. Use Brosius’ least-squares method to calculate the expected losses for accident year 2004
at 72 months.

b. Briefly explain whether least squares is an appropriate method to use in this situation.

Use the method of least squares development to calculate the estimated incurred loss at 24
months for the accident year 2009.

(11-7-1-1/0.5/1.5) Given the following information ($000) for a line of business:

Accident Written Earned Cumulative Reported Losses
Year Premium | Premium | 19 Months | 24 Months | 36 Months
2007 5,756 4,779 413 2,310 5,845
2008 6,907 5,735 0 541 1,309
2009 8,289 6,882 936 2,311
2010 9,946 8,258 50

The tail factor from 36 months to ultimate is 1.050.

that would be produced by the link ratio method.

ACTEX Study Manual for CAS Exam 7-5*" Edition

a. Use the least squares method to estimate ultimate losses for the 2009 accident year.

b. Discuss the reasonability of the estimate derive in part a. above, relative to the estimate
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Loss Development Using Credibility

c. Illustrate graphically the relationships between the link ratio method, budgeted loss
method and least squares method in modeling the loss development process.

7. (12-7-4-1.5/1.5) Given the following information:

Incurred Loss Ratio
Accident As of 36 As of 48
Year Months Months
2006 0.222 0.375
2007 0.451 0.675
2008 0.446 0.605
2009 0.228

a. Estimate the loss ratio for accident year 2009 as of 48 months using the least squares

method.

b. An alternate approach to estimating the accident year 2009 loss ratio as of 48 months is
to use the arithmetic average of the link ratio method and the budgeted loss ratio method.
Using the answer from part a. above, demonstrate whether this averaging approach is

optimal.

8. (14-7-1-2:1.5/.5) Given the following information:

Cumulative Losses ( $000,000)

Accident Year Reported at 24 Ultimate Loss
Months
2008 12 18
2009 10 16
2010 14 20
2011 12 18
2012 21

An insurer writes annual policies that incept on January 1. Exposure and coverage levels
were constant for 2008 through 2011. On January 1, 2012, policy coverage was expanded and
pricing actuaries estimated the following:

Loss amounts will increase by 25% due to the expanded coverage.

75% of ultimate losses are expected to be reported by 24 months, with a standard deviation

of 8% of estimated ultimate loss.

Standard deviation of accident year 2012 ultimate loss will be $3 million.

Copyright ©2026 ACTEX Learning®

ACTEX Study Manual for CAS Exam 7-5*" Edition



Loss Development Using Credibility 11

a. Calculate the projected accident year 2012 ultimate loss using Bayesian credibility
methods.

b. Explain why the least squares method is not appropriate for calculating the accident
year 2012 loss.

9. (16-7-2-3.25:1.25/0.5/1.5) Given the following information ($000,000):

Cumulative
Accident Year Re};(zlrg(/%[((imlé(})lsss a Ultimate Loss
2011 36 75
2012 40 71
2013 35 64
2014 25

a. Using the least-squares method, estimate ultimate loss for Accident Year 2014.

b. For each of the following scenarios, briefly describe a potential problem with the least-
squares method:

i. The slope parameter is negative
ii. The intercept parameter is negative

c. Due to a regulatory change, the following is anticipated:
e No change in the reporting pattern

« Standard deviation of reported loss as of 24 months will be 10% of estimated ultimate
loss

« Expected ultimate loss for 2014 will decrease 20%
o Standard deviation of accident year 2014 ultimate loss is expected for be $6, 000, 000

Using the Bayesian credibility method, estimate the revised ultimate loss for accident year
2014.

Copyright ©2026 ACTEX Learning® ACTEX Study Manual for CAS Exam 7-5"" Edition
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Loss Development Using Credibility

10. (17-7-2-1.75) Given the following loss ratio triangle:

Cumulative Reported Loss Ratios

A(;Ziint 12 months | 24 months | 36 months | 48 months | 60 months
2010 3.0% 10.0% 15.7% 37.0% 37.0%
2011 5.1% 5.1% 25.0% 44.2% 48.0%
2012 2.5% 3.0% 40.0% 57.0% 59.2%
2013 1.6% 15.7% 22.2% 21.0%

2014 0.0% 7.8% 16.7%
2015 6.3% 12.4%
2016 4.7%

Assume a tail factor of 1.15 from 60 months to ultimate

Calculate the accident year 2014 ultimate loss ratio using the least squares method.

11. (18-7-4-2) Given the following information:

Ultimate Loss Ratio

e

®

0.6282, Y,014

0.6375, Y3015

Fitted line using least squares

" 0.6941, vy

0.6200 0.6300 0.6400 0.6500 0.6600 0.6700 0.6800 0.6900 0.7000

Incurred Loss Ratio at 12 months

The equation for the line in the graph above is y = 0.1126 + bx.

Ty = 0.5979

Cumulative incurred loss for accident year 2017 at 12 months is $6, 000, 000.

Earned premium for accident year 2017 is $8, 000, 000.

Assume there is no further development after 24 months.

Calculate the ultimate loss for accident year 2017 using the least squares method.

Copyright ©2026 ACTEX Learning®
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13

12. (7-19S-1-7:1/2/0.5/1.5/0.5/0.5/1) An insurance company historically never attempted to
recover salvage and subgrogation (“S&S”) on claims. On January 1, 2018, the insurer enters
into a one-year agreement with an S&S recovery vendor, requiring the vendor to pursue all
S&S opportunities for accident year 2018.

The insurance company’s I'T department generated the following loss development triangles
as of December 31, 2018 (assume no development after 36 months):

Incremental Paid Loss Gross of S&S ($000)

as of (months)

Acc.Year 12 24 36
2016 16,500 6,000 2,500
2017 17,000 5,000
2018 14,000

Incremental Paid Loss Net of S&S ($000) as

of (months)

Acc.Year 12 24 36
2016 16,500 6,000 2,500
2017 17,000 5,000
2018 11,000

Prior to 2018, the Actuarial department estimated unpaid losses using the following Bayesian
model:

Copyright ©2026 ACTEX Learning®

C;j represents the incremental losses for accident year i as of development year j which
follow an overdispersed Poisson (“ODP”) distribution with mean x;y; and variance ¢x;y;.

x; represents the expected ultimate losses for accident year i .

y; represents the proportion of ultimate losses that emerge in development year j .
The prior distribution for xi is gamma with mean «;/; and variance «;/3?2.

¢ represents the dispersion parameter for the ODP distribution, which is 93.

Aj represents the incremental chain ladder loss development factor for development year
j-
D;; represents the cumulative losses for accident year as of development year j .

M; represents the value for ultimate losses for accident year I that is obtained using
expert knowledge about the losses.

ACTEX Study Manual for CAS Exam 7-5*" Edition
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The mean of C;; for this Bayesian model is

1 STk

Zii (Ni — ——— where Z;; = ——"—"
% AjAj+1 e A ’ 51’804‘2%:11 Yk

1) Dyjoy + (1= Zij) (A — 1) M;

The Actuarial department believes that the S&S recovery vendor agreement has resulted
in a slowdown of the gross loss payment pattern for calendar year 2018 and will continue
in calendar years 2019 and 2020.

To estimate the total unpaid losses gross of S&S for accident year 2018, the Actuarial
department is considering the following prior gamma distributions for the Bayesian model
above:

Parameter | Option 1 Option 2 Option 3
o 50 200 1,250
Ié] 0.002 0.008 0.100

To estimate the total S&S recoveries for accident year 2018, the Actuarial department analyzed
S&S data from competitors of comparable size to find:

Copyright ©2026 ACTEX Learning®

The expected S&S recoveries per accident year were $5M.
The standard deviation of the S&S recoveries was $1M.
The expected percent of the S&S recoveries through 12 months was 75%.

The standard deviation of the percent of S&S recoveries received through 12 months
was 10%.

select the prior gamma distribution most appropriate to address the concern that the
vendor agreement has slowed the gross payment pattern. Justify the selection.

Calculate the incremental losses gross of S&S for accident year 2018 expected to emerge
between 12 and 36 months with the most appropriate prior distribution from part a.
above.

Describe model risk with respect to the Bayesian model for incremental losses gross of

S&S.

Calculate the total S&S recoveries for accident year 2018 using Bayesian credibility.
Describe estimation risk with respect to the Bayesian model for S&S recoveries.
Calculate the total unpaid losses net of S&S for accident year 2018.

Describe two types of operational risk introduced by the vendor agreement and recom-
mend unique key risk indicator (“KRI”) to monitor each risk.

ACTEX Study Manual for CAS Exam 7-5*" Edition



Loss Development Using Credibility 15

Solutions to Past CAS Examination Questions

1. a. x/d=35M/.63 =55,555 556, p. 2.
b. L =35M +dE[Y] = 35M + (.37)(50M) = 53.5M, p. 3.
c. Z=VHM/(VHM + EVPV) = 14.3/(14.3 + 57) = .201

L(x) = Zx/d + (1 — Z)E[Y] = (.201)(55, 555, 556) + (1 — .201)(50M) = 51, 116, 667, pp.
13-15.

d. It is inappropriate because there are significant changes in the loss history, p. 19.

2. It is not appropriate when “year-to-year changes are due largely to systematic shifts in the
book of business,” pp. 12, 19.

8,847 + 10,280 + 11,747

3. a T= 2 = 10,291
12,204 + 14 14,82
5= 12 04 + ,§50+ 826 — 13,808
13,893
= = 1.
¢=9/T= 10201 = 1
L(z) = cx = (1.35)(12,077) = 16,304
b. L(x) = § = 13,893
8,847)(12,204) + (10,280)(14,650) + (11,747)(14,826
C_ Ty ( )( ) )+( ) >§) Y )+< ) )( Y ) :1447243’937
— 47)% 4 (10,280)% 4 (11,747)2
22 = (8,847)" + (10, 380) + (L7477 _ 107,313,273
y_ TY— 7§ _ 144243937 (10,291)(13,893) 002
o272 107,313,273 — 10,2912 o
a =7 — bz =13,893 — (.902)(10,291) = 4,611
L(z) = a+ bx = 4,611 + (.902)(12,077) = 15,504, pp. 2-3
4 4
L 40000+ 30,0001- 0,000 + 30,000 _ 35,000
4 42 2
. 5,000 + 60,000 Z 000 + 32,000 _ 4750
o (40,000)(45,000) + (30,000)(60,000) + (40,000)(42,000) + (30,000)(32,000)
N 4
7y = 1,560M
- 4 2 2 4 2 2
—_ (40,000)* + (30,000)° + (40,000)* + (30,000)* _ 1 250M

4
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16 Loss Development Using Credibility

y_ T =Y _ 1,560M — (35,000)(44,750) 095
o2z 1,250M — 35,0002 o
a =g — bz = 44,750 — (—.25)(35,000) = 53,500

L(z) = a+ bz = 53,500 + (—.25)(50,000) = 41,000

=

Since b < 0, the least-squares estimate is not appropriate. Because of this the estimate
produced by the budgeted loss method (y = 44,750) may be substituted, pp. 2-4.

I

5. & = (10,000 + 16,000 + 10,000)/3 = 12,000
y = (12,000 + 20,000 + 16,000)/3 = 16,000
7 = [(10,000)(12,000) + (16,000)(20,000) + (10,000)(16,000)]/3 = 200,000,000
= [(10,000)* + (16,000)* + (10,000)?]/3 = 152,000,000
Ty —xy  200M — (12,000)(16,000)
T2 —z  152M — (12,000)2
a =y — bz = 16,000 — 12,000 = 4,000
L(x) = a + bx = 4,000 + 15,000 = 19,000

=

[\

X

=1

S

6. a. Ultimate losses for AY 2007 and 2008:

2007: Ult = 5,845(1.05) = 6,137.25
2008: Ult = 1,309(1.05) = 1,374.45

Loss ratios for AY 2007 and 2008 (Divide by earned premium):

Year 24 Months | 36 Months | Ultimate
2007 48.3% 122.3% 128.4%
2008 9.4% 22.8% 24.0%
2009 33.6%
4 .094
5 083;009 0,989
1.284 + 0.240
j = JQF — 0.762
0.483)(1.284 0.094)(0.240
ry - DAL + 0002 _, o,
— 483)? .094)?
2 (0483) ;(0 094 _ 121
Ty — TY 321 — (0.2 762
b T vy 0.3 (0 89)(076):2.689

22—72  0.121 — (0.289)(0.289)
a =17 — bz =0.762 — 2.689(0.289) = —0.015
L(x) = a + bz = —0.015 4 2.689(0.336) = 0.889
Ult Loss 2009 = 6,882(0.889) = 6,118.10
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b. Since the estimate of a is less than 0 the least squares method will produce estimates

of y that are less than 0 when x is small. Brosius suggests substituting the link-ratio
method when a < 0. The link-ratio method will produce positive estimates of y even for

small values of z.

” e [
o A east
. s Squares
Y ol
’ ® L ] - a0 OB [ i
1 i Link Ratio
AL
, -l
l.I. 1 ] 1 ] ] 1 | | ] 1 I BUdQEtEd
X Loss
. L(z) =a+bx
o _ 0222+ o.z;51 +0446 o
. 0.375 + 0.275 +0.605 _ o
5 — (0.222)(0.375) + (0.451)3(0.675) +(0.446)(0.605) _ o
2 2 2
— _ (0.222) +(o.4351) + (04467 _
y_ Ty _ 0219 —(0373)(0552) _

22—72  0.151 — (0.373)(0.373)

a =17y — bz = 0.552 — 1.104(0.373) = 0.140
L(z) = a + bz = 0.140 + 1.104(0.228) = 0.392
Ult Loss Ratio 2009 = 39.2%

. In a credibility weighting Z = b/c, where ¢ = y/x
Z = 1.104/(0.552/0.373) = 0.746

Since Z = 0.746 # 0.5 the arithmetic average does not produce an optimal solution.
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8.

e

a. X = loss reported at 24 months

Y = Ultimate losses

L(z) = Z(x/d) + (1 — Z)E[Y]

Z = VHM/(VHM + EVPV)

VHM = (E[D] x a(y))* = ((.75)(3))* = 5.0625

EVPV = Var(D)[Var(y) + E[y]*] = (0.08)%3% + [(1.25)({18 + 16 4- 20 + 18} /4)]?]
= 3.2976

Z = 5.0625/(5.0625 + 3.2976) = .606

L(z) = (.606)(21/.75) + (1 — .606)(22.5) = 25.833 million

. The least squares method is appropriate when the distribution of loss is not changing

year over year. Given the coverage expansion and change in 2012 loss distribution, we
cannot use the least squares method.

36440435

3

75+ 71+ 64
+3+:70

36 x 75+40 x 71+ 35 x 64
N 3
362 4 402 + 352
- 3
b_X?—XY
XX
a=Y —bx X = 43.62
2014 Ultimate Loss = a + b x 25 = 61.45

37

=~
Il

s
~

= 2593.33

S

= 1373.67

=0.713

i. If b <0, then y decreases as x increases.

ii. If a <0, then y is negative for small values of x.

. O'd:O.l
Y =0.8 x70 =56
O'Y:6
37
d = — =0.5286
70

VHM = o3.d*> = 62(0.5286)* = 10.058
EVPV = g3[0% + Y?] = (0.1)*(6® + 56°) = 31.72
B VHM ~ 10.058
~ VHM +EVPV ~ 10.058 + 31.72

25
L=02407 ( ——— ) + (1 —0.24 = 53.904
0.2407 (0'5286) + (1 = 0.2407)(56) = 53.90

= 0.2407
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10.

11.

Copyright ©2026 ACTEX Learning®

Need 2013 ultimate first:

X = g (0.37 + 0.442 + 0.57) = 0.4607

Y = ; x 1.15 x (0.37 4 0.48 4 0.592) = 0.5528
XY = ; x (0.37 x 1.15 x 0.37 +...) = 0.2632
X2 = ; (0.37% +...) = 0.2191

b= XX;_XXXQY — 1.2435

a=Y —bx X =-0.0201
Since a < 0, using link ratio method instead
0.37 + 0.48 4+ 0.592

2013 ultimate = 0.21 x 1.15 — 0.2520
013 ultimate XX BT L0442 + 0.57

Calculate 2014 ultimate

X = i x (0.157 4 0.25 + 0.4 + 0.222) = 0.2573

Y = i><(037><115+048><115+0592><115+02520)—0.4776
XY = i x (0.157 x (0.37 x 1.15) 4 ---) = 0.1333
2:i><(o1572+- ) = 0.0741

b= XX;_XXQ L

a=Y —bx X =0.1383
2014 ultimate = a + b x 0.167 = 0.359
0.6282 + 0.6375 + 0.6491

T = = 0.6533
3

72 = 0.4268
—  0.62822% 4 0.6375% + 0.64912

2 — = 0.4276
3

y = 0.1126 + 0.6533b

xy —zy  0.5979 — 0.6533y

o2 — 32 0.4276 — 0.4268

0.5979 — 0.6533(0.1126 + 0.6533b)
0.0008

8

S

bh— — 1.2261
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12.

. Estimation risk is the risk that the forms and parameters chosen don’t reflect the “true’

For AY 2017:

6,000,000

y = 0.1126 + 1.2261x = 0.1126 + 1.2261 X ———— = 1.0322

8,000,000

Ultimate = 1.0322 x 8,000,000 = 8,257,600

a. Mean (a/f) :

Option 1: 25,000
Option 2: 25,000
Option 3: 12,500

Variance:

Option 1: 12,500,000
Option 2: 3,125,000
Option 3: 125,000

Select Option 2. Mean value is more reasonable. Variance is smaller which gives less
credibility to LDF, and more credibility to prior estimate.

. Calculated LDFs:

12-24 LDF = (22,500 + 22,000) /(16,500 + 17,000) = 1.3284
24-36 LDF = 25,000/22,500 = 1.111

LDF, = 1.111 x 1.328 = 1.475, Y%paid,, = 1/1.475 = 0.678
LDFy = 1.111, %paidy, = 1/1.111 = 0.900
Calculate Zis = 0.678/(0.008 x 93 + 0.678) = 0.477
Zag = 0.900/(0.008 x 93 + 0.900) = 0.547
Elincremental loss at 24 mo] = 0.477 x 14,000 x (1.328 — 1)
4 (1 — 0.477) x 25,000 x (0.9 — 0.678) = 5,093
Elincremental loss at 36 mo] = 0.547 x (1.111 — 1) x (14,000 + 5,093)
+ (1 — 0.547) x 25,000 x (1 — 0.9) = 2,291.77
Total expected emergence for AY 2018 = 5,093 + 2,291.77 = 7,384.77 (in 000s)

. Model risk is risk of not specifying the correct model. In Bayesian model, we weigh our

faith in the specified model via the g parameter, which controls how much weight is
given to the model (chain ladder) versus our a priori estimate. Higher /5 reduces the
credibility measure, thus giving more weight to our a priori estimate.

. VHM = Var[E(X/Y)] = d*- 0} = (0.75)* x 1* = 0.563

EVPV = E[Var(X/Y)] = o7 (07 + E(Y)?) = (0.1)* x (14 5%) = 0.26
7 = 0.563/(0.563 + 0.26) = 68.4%
UltSS = 68.4% x [(14 — 11)/0.75] + (1 — 68.4%) x 5 = 4.31 million

9

form and parameters, due to estimating from a sample of the data.
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For S&S, the department took data from competitors of comparable size. However,
there could be a difference in their mix of business, their credibility of data, and
assumptions/definitions that can cause our estimates from it to misrepresent the data.

f. Future Expected Recoveries = 4.316 — 3M = 1.316M
Total Unpaid Net of S&S = 7.396M — 1.316M = 6.08 M

g. Two of the following:

Clients & Business Practices — not meeting professional obligations to clients; could

be trying to over recover and receiving complaints to the DOI. (KRI - monitor
number of complaints)

External Fraud — S&S company may put falsified information into the claims and

return less money to the company (KRI - external auditor’s reports)

Execution & Process Change Management — employees have never done S&S before;

this could lead to people getting upset over the added work or over glitches that
may occur during implementation (KRI monitor employee turnover ratio)

Internal Fraud — since there will be an increased number of transactions with another

company, there may be more opportunities for accounting people to slip in fraudulent
transactions to steal money from the insurer (KRI - keep track of the number of
ledger entries for transactions with the vendor and look for any unexpected increases)

Recovery Risk — comes from uncertainty of recovery which could be a significant
amount of total gross claim (KRI - recovery amount / total gross claim amount)

System Failure — integrating our systems within the new S&S processes could cause
problems, perhaps from tying our reporting systems & the vendors payments, and
tracking systems; this could possibly cause processing center down time (KRI -
processing center down time)

Note that problem and answers draw on several readings.
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Thomas Mack
Credible Claims Reserves: The
Benktander Method

This reading addresses the following tasks listed in the syllabus:

Al
A2.
A3.
A9.
All.
Al2.

Perform data diagnostic analyses and adjust for data issues.
Calculate unpaid claims estimates.

Test unpaid claims estimates for reasonableness.

Calculate the mean and prediction error of a reserve.

Test output of unpaid claims distributions for reasonableness.

Test assumptions underlying reserving models.

Keep these tasks in mind as you read the reading and review the outline!

Outline

L.

IL.

Introduction

A. Mack reviews the Benktander method, which is a credibility weighting of the chain
ladder and Bornhuetter-Ferguson techniques

B. The paper focuses on the development of notation for a single accident year
Notation
A. Rpp-Bornhuetter-Ferguson reserve estimate

B. Ugp-Bornhuetter-Ferguson estimate ultimate losses

23
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Rcr-Chain Ladder reserve estimate

Ucr, - Chain Ladder estimate of ultimate losses
Rgp - Benktander reserve estimate

Uqap - Benktander estimate of ultimate losses

Uo— A priori estimate of ultimate claims

o Q= E Y a

Cy-Claims amount paid up to time k
I. pi-Proportion of ultimate claims that are expected to be paid by time k

III. Review of the Established Methods

A. Bornhuetter-Ferguson
1. Rpr = qUo, where g =1 — py,

3. This is the standard B-F derivation - the reserve is determined independently of
the losses to date

B. Chain Ladder
_cC
1. Uop = ;T:

2. Rep =Ucr — Cr = @ Ucr

3. Chain ladder considers the claims paid to date to be fully credible and ignores
the a priori estimate

C. The Bornhuetter-Ferguson and Chain Ladder methods are extreme cases of a credibility
mixture.

1. B-F gives 0% credibility to actual losses
2. CL gives 100% credibility to actual losses

3. The Benktander method seeks to find a credibility mixture that adjusts for the
credibility of actual losses

IV. The Benktander Method

A. Benktander proposed to take the B-F reserve formula, Rgr = ¢.Uy, and replace U,
With Upk = pkUCL + (1 — pk) Uo

1. Notice that U,, = Cyx + ¢Uy = Upr
B. Rep = ¢:Upr

1. This is why the Benktander method can be referred to as the iterative B-F.
C. Ugp = Cy + Rgs = (1 — ¢2) Ucr, + ¢;Uy, after manipulation
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V. General Iteration Formula

A. The iteration formula can be defined generally as:

Rm) — qu(m)7 Um+1) — C. + R™

B. Which gives the credibility mixture:
U™ = (1—q")Ucr + iU, R™ = (1—qi") Ror + ;' Rpr

m = 0; Initial reserve

m = 1; B-F reserve

W=

m = 2; GB reserve
4. m = oo; CL reserve

VI. Neuhaus Analysis

A. In the credibility weighting of the chain ladder and Bornhuetter-Ferguson reserves,
R. = cRcy + (1 — ¢)Rpr, Neuhaus defined ¢* to be the weighting that minimizes
MSE (R.).

B. The mean squared error of the Benktander reserve is almost as small as the optimal
credibility reserve

1. Except when py is small and c* is large

C. Benktander has a smaller mean squared error than B-I whenever ¢* > £
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Past CAS Examination Questions

1. (04-6-31-2) You are given the following information:

Paid to Paid Loss
Accident Earned Expected Age
) ) ) as of Dec
Year Premium | Loss Ratio Ultimate
31, 2003
Factor
2002 $25,000 65% 2.30 $7,200
2003 $15,000 75% 4.00 $3,75

Use the Benktander method described by Mack to estimate the ultimate losses (in Mack’s
notation, U®? or Ugg) for accident years 2002 and 2003. Show all work.
2. (05-6-16-1.5) You are given the following information:
a. Paid loss as of December 31, 2004 is $6, 000, 000.
b. The proportion of ultimate loss expected to be paid as of December 31, 2004 is 30%.
c. The a priori ultimate loss estimate is $16, 000, 000.
Calculate the Benktander ultimate loss as of December 31, 2004.

3. (06-6-16-1/.5/.5) Given the following information:

Prior ultimate loss estimate | $9,000,000
Paid losses $8,000,000
Loss development factor 1.250

a. Calculate the loss reserve using the Benktander method.

b. Explain why the Benktander method generally represents an improvement over the
Bornhuetter-Ferguson method.

c. Explain why the Benktander method generally represents an improvement over the chain

ladder method.

4. (08-6-10-1.5/1/.75) Given the following for an accident year:

Earned premium $20,000,000
Reported losses as of 12 months $10,000,000
Expected loss ratio 70%
Coefficient of variation of the loss ratio .70
Coeflicient of variation of percent of loss reported 45
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The expected reporting pattern is as follows:

Age in months

12

24

36

48

60

Percent reported

40%

60%

80%

90%

100%

The mean and coefficient of variation of the reporting pattern are independent of the ultimate
losses.

a. Calculate the linear approximation to the Bayesian credibility estimate as of twelve
months of ultimate loss for this accident year.

b. At age twelve months, determine which of the following methods produces the estimate
of ultimate loss closest to the Bayesian credibility estimate determined in a.

i. Chain ladder
ii. Bornhuetter-Ferguson
iii. Benktander.

c. Explain how the Benktander formula can be described as a credibility-weighted average.

5. (12-7-1-1.25/1.5) Given the following information for accident year 2011 as of December 31,
2011:

Accident year 2011 paid loss $700,000
2011 earned premium $3,000,000
Initial expected loss ratio 62.5%
12-24 month paid link ratio 1.50
12—ultimate cumulative paid LDF 2.50

a. Calculate accident year 2011 ultimate loss estimates as of December 31, 2011 using each
of the following three methods:

i. Chain ladder
ii. Bornhuetter-Ferguson
iii. Benktander

b. Determine the accident year 2011 incremental paid loss in 2012 that would result in the
Benktander ultimate loss estimate being $50,000 greater than the Bornhuetter-Ferguson
ultimate loss estimate for accident year 2011, as of December 31, 2012. Assume all
selected development factors remain the same.
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6. (13-7-4-1.5/0.5) Given the following information:

Calculated Ultimate Losses ($000)
Accident Born-Ferg Benkt
Year Ultimate Ultimate
2009 12,181 12,181
2010 11,246 11,316
2011 8,428 8,204
2012 10,403 10,609

a. Calculate the 24-month-to-ultimate cumulative development factor that would result in
the ultimate loss estimates shown above.

b. For accident year 2011, suppose that the Bornhuetter-Ferguson method is performed
over multiple iterations. Deduce the ultimate loss estimate that will be produced as the
number of iterations approaches infinity.

7. (16-7-1-3.5:2/0.75/0.75) Given the following information:

Cumulative Loss Payments
Accident 12 24 36
Year months months months
2013 1500 2700 3450
2014 1600 2740
2015 1700

o Exposures and premium are constant across all accidents year
e There is no development past 36 months

a. Calculate the total reserve indication as of December 31, 2015 using loss ratio factors
and the Benktander method.

b. Calculate the fifth-iteration Benktander reserve method indication for accident year
2015.

c. Assuming Var [U;] = Var [UZBC}, use Hiirlimann’s method for optimal credibility and
minimum variance to calculate the reserve indication for accident year 2015.
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8. (18-7-5-2.25:1.5/0.25/0.5) Given the following information about accident year 2017 as of
December 31, 2017.

Accident year 2017 paid loss $850,000
2017 earned premium $4,000,000
Initial expected loss ratio 67.5%
12-24 month incremental paid link ratio 1.60
12—ultimate cumulative paid LDF 3.00

a. Determine the accident year 2017 incremental paid loss in 2018 that would result in the
Benktander ultimate loss estimate being $100, 000 less than the Bornhuetter-Ferguson
ultimate loss estimate for accident year 2017 as of December 31, 2018.

b. Briefly describe when the Benktander ultimate loss estimate would be greater than the
Bornhuetter-Ferguson ultimate loss estimate as of December 31, 2018.

c. Explain why it may not be appropriate to use the Bornhuetter-Ferguson method when
losses develop downward.

9. (7-195-2-3:1.5/0.5/0.5/0.5) Given the following information as at December 31, 2018.

: Earned Incremental Paid Loss ($000) as
Accident .
Premium of (months)
Year (3000) 12 24 36
2016 5,000 1,800 700 500
2017 6,000 2,000 800
2018 8,000 2,200

Assume there is no further development after 36 months.
Var [U;] = Var [UZ-BC}

a. Calculate the accident year 2018 Benktander reserve estimate (RGB).
b. Calculate the accident year 2018 optimal credible reserve estimate (Rc).

c. Identify which of Rc or RGB is the preferable reserve from a statistical point of view
and pbriefly describe a supporting reason.

d. Describe the effect on the Benktander credibility for accident year 2018 if the incremental
paid loss from 12 to 24 months for accident year 2017 was greater than the value in the
table above.
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Solutions to Past CAS Examination Questions

1. Ugp, = (Paid Losses)(ULDF)
Ucr /o2 = (7,200)(2.30) = 16,560 Ucr,j03 = (3,375)(4.00) = 13,500
Uy = (Earned Premium)(ELR)
Unjo2 = (25,000)(.65) = 16,250 Upjo3 = (15,000)(.75) = 11,250
gr =1—1/ULDF g0 =1—1/2.30 =565 qyjo3=1—1/4=.750
Ucs = (1 —q;) UcL + q; Uo
Uagjo2 = [1 — (:565)?](16,560) + (.565)%(16,250) = 16,461
Ugsjos = [1 — (.750)%](13,500) + (.750)*(11,250) = 12,234, pp. 334-35.

2. ULDF =1/3=10/3 ¢, =1—1/ULDF =1—1/(10/3) = .7
Ucr, = (Paid Losses)(ULDF) = (6M)(10/3) = 20M
Ugp = (1 — Qi) Ucw + a4z Uo
Uas = [1— (.7)] [20M] + (.7)*(16M) = 18.04M, pp. 334-35.

3. a qu=1-1/ULDF =1— 1/1.250 = .2
Upr = q,,Up + Paid Losses = (.2)(9M) + 8M = 9.8M

b. Unlike the Bornhuetter-Ferguson method, it gives some weight to paid losses and almost
always has a smaller mean squared error, pp. 333-34.

c. Unlike the chain ladder method, it gives some weight to the initial estimate of ultimate
losses and it almost always has a smaller mean squared error, pp. 333, 335.

4. a. SDigssratio = (CofVigssratio) (ELR) = (.70)(.70) = .49
VHM = (SDlossratio)Q (Expected Percent Reported)? = (.49)%(.40)% = .03842
EVPV = [SDiossesteported]” | (SDiossratio)” + (ELR)?]
EVPV = [.18]” [(49)* + (.70)*] = 02366
VPV/VHM = .02366/.03842 = .6158 Z =n/(n+k) =1/(1+ .6158) = .62
Ucrp = 10M/.4 =25M Uy = (Earned Premium)(ELR) = (20M)(.70) = 14M
Ug = ZUcL + (1 = Z) (Ug) = (.62)(25M) + (1 — .62)(14M) = 20.82M, p. 337.

b. i Ucy = Cy/pr = 10M/.4 = 25M
Usr = quUo + Cr = (.6)(14M) + 10M = 18.4M
iii. Ugs = (1 —q2) UcL + 2Uq = [1 — (.6)2] [25M] + (.6)2(140) = 21.040M
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The Benktander estimate is closest to the Bayesian credibility estimate, pp. 334-35.

c. It is a credibility-weighted average of the estimated ultimate claims amount without

taking claims experience into account ( Uy ) and the chain ladder estimate ( Ucr, ), p.
335.

5. a. Chain Ladder : Ugr, = 700,000 x 2.50 = 1,750,000

2.50

1
Benktander: Ugp = 700,000 + 1,825,000 x (1 — 250) = 1,795,000

1
B-F:  Ugr = 700,000 + (3,000,000) (1 — ) (0.625) = 1,825,000

25
1.5

1
b. UZR? = (700,000 + x) + Ugp* x (1 — <)>

Uzp? = (700,000 + x) + (3,000,000) x (1 — ) (0.625) = 1,450,000 4 x

1
(1)
UZgR? = 1,280,000 + 1.4z, after simplifying

UgR? = URR* + 50,000

1,280,000 + 1.4z = 1,450,000 + x

z = 550,000

6. a. Rogp=qi X Upp

(8,204 — 7,004) = (1 - ) x 8,428

LDFas—un
LDF247Ult = 1.166 P 335

b. Infinite iterations produces the chain-ladder estimate:

R>* = Reyp, = 1.166 x 7004 = 8167 p. 336

7. a. Assume premium = 5,000 for each accident year. (Other premium amounts may be
assumed)
M; = [(1,500 + 1,600 + 1,700)/3 x 5,000] = 0.32
My = [(1,200 + 1,140) /2 x 5,000] = 0.234
M; = 750/5,000 = .15
Expected loss ratio = 0.704. U° = .704 x 5,000 = 3,520
P, =0.32/0.704 = 0.455; Q1 =1 —0.455 = 0.545
P, =(0.32+0.234)/0.704 = 0.787; (1, =1—0.787=0.213
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2014nq = 2,740/.787 x 213 = 742
20155q = 1,700/.455 x .545 = 2,036

2014con = 3,520 x .213 =750
2015¢0n = 3,020 x .545 = 1,918

2014y, = 742 x 787 + 750 x .213 = 743
2015, = 2,036 x .455 + 1,918 x .545 = 1,972

Total reserve = 743 4+ 1,972 = 2,715

. Expected Cost Reserves for AY 2015 2015g. = (5,000) x 70.4% — 1,700 = 1,820

Fifth Iteration Benktander Reserve = 2015;,4 X (1 — q5) + 20155 X ¢°
= 2,036 x (1 — 0.5455) + 1,820 x 0.545° = 2,025.6

. Z-p/ <P1 + Pl) — 0.455/ (0.455 + v/0.455) = 0.403

Reserve = Z x 201559 + (1 — Z) x 201501 = 0.403 x 2,036 + 0.597 x 1,918 = 1,966

. BF Ultimate — Benktander Ultimate = 100,000

BF Ultimate = 850 + z + 4,000 x (0.675) x [1 — (3.00/1.60) — 1] = 2,110 + z

GB Ultimate = 850 + z + (2,110 + z) x [1 — (3.00/1.60) — 1] = 1,834.67 + 1.467x
2,110 + 2 — 1,834.67 — 1.467z = 100

x = 375.45

. Benktander ultimates would be greater than BF ultimates if the CL Ultimate > BF

Ultimate, since Benktander is a weighting of the two methods.

. When losses develop downward, the BF method will keep the forward looking IBNR the

same, regardless of how losses to date have performed. Thus, the downward development
will not affect IBNR. However, in reality, the downward development may be indicating
salvage & subro trends that we would also want to apply to our IBNR. (Other answers
possible)
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We are a Benefit Corporation focusing on
the mission of accessible high quality
actuarial education. We're dedicated to
empowering actuarial students by offering
test prep materials that are not just effective
and efficient but also tailored to suit every
type of student.

Become an ACTEX Champion

Join our Global ACTEX Champion Program and bring the benefits to

your Actuarial Club. To learn more about the program, scan the QR code
on the right. If you have any questions or would like to speak to a
Champion Coordinator, please do not hesitate to reach out to us at

champions@actexlearning.com.
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ACTEX Has the Solutions to Help You with Exam Prep

Our study guides offer the most recommended actuarial prep program. Search our interactive

‘EE\ manuals for different topics and toggle easily between concepts and study materials.

Available for P, FM, FAM, ALTAM, ASTAM, PA. ATPA, MAS-I, MAS-II, CAS 5, CAS 6 US & CAN,
Study Guide CAS 7, CAS 8, CAS 9

Want to know you're prepared for your exam? Practice efficiently with our robust database of
questions and solutions and predict your success through GOAL's innovative scoring system.
GOAL also features dedicated instructor support so you can get help where you need it and pass
the exam with confidence!

Available for P, FM, FAM, ALTAM, ASTAM, MAS-1, MAS-II, CAS 5, CAS 6 US & CAN

Master key topics and formulas with our flashcards, which allow you to filter by topic. To help
you direct your focus, each card is rated to indicate its importance on the exam.

Available for P, FM, FAM, ALTAM, ASTAM, PA. ATPA, MAS-1, MAS-II, CAS 5, CAS 6 US & CAN,
CAS 7, CAS 8, CAS 9

Studies have shown video learning can lead to better retention. We offer hours of video
instruction to aid you in your studies. They're a great way to deepen your learning on
challenging topics and gain a variety of perspectives from our expert instructors.

Available for P, FM, FAM, ALTAM, ASTAM, PA. ATPA, MAS-1, MAS-II, CAS 5, CAS 6 US & CAN,
CAS 7, CAS 8, CAS 9

ACTEX offers convenient online courses approved for CAS VEE credits. All courses are available
on-demand. Students complete the courses at their own pace and take the final exams on the
date of their choosing.

VEE Courses Available for Accounting & Finance, Mathematical Statistics, and Economics

Study Materials are Available for the Following:

SOA: P, FM, FAM, ALTAM, ASTAM, SRM, PA, ATPA, CFE, GI, GH, ILA, RET
CAS: MAS-I, MAS-II, CAS 5, CAS 6C, CAS 6US, CAS 7, CAS 8, CAS 9
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Graded
Mock Exams

Bootcamp

Online
Courses

f(x)

Formula
Sheets

Textbooks

The ACTEX Graded Mock Exam is a great way to predict your exam outcome! Before you take
the official exam - take the new ACTEX Graded Mock Exam and get feedback from an expert.
The ACTEX Graded Mock Exam has all the typical elements your SOA exam will have. This can
help you evaluate your progress. The questions and format are set up just like the SOA exam.

Available for ALTAM, ASTAM, PA

ACTEX Bootcamps provide a more individualized approach, allow you to ask questions in real
time, and boost your last-minute learning. You'll review the harder topics on the exam, as well
as common errors and exam strategy. All classes are recorded for future on-demand viewing.

Available for P, FM, FAM, SRM

Alongside our P & FM study guide, this course is comparable to a one-semester college class.
This course offers SOA Exam practice problems, video solutions, timed practice tests, sample
questions, and more. You'll also have 1:1 email support from an instructor for 180 days after
purchase.

The Advanced topics in Predictive Analytics video course is designed to help you more easily
climb the steep ATPA learning curve. This module-focused video course for Topic 3 in the
syllabus, includes videos, end of module assessments and lecture slides. This video course is a
deep dive into the three modules. Access to an instructor during the duration of the course as
well as participation in a discussion forum.

Available for P, FM, and ATPA

This at-a-glance tool helps you memorize and recall key formulas and information. It covers
important formulas needed to prepare your exam. Also, it's an easy-to-print format you can
study with, no matter where you are.

Available for P, FM, FAM, ALTAM, ASTAM, PA. ATPA, MAS-1, MAS-II, CAS 5

Looking for Extra Preparation?

Explore our range of textbooks designed to support your studies. From recommended to
required readings, ACTEX offers exceptional materials to help you succeed.
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Use SOAL to Practice What You've Learned
- Over 22,000 exam-style problems with detailed solutions
- 3 learning modes (Practice, Quiz, Simulated Exams) 6

- 3 levels of difficulty (Core, Advanced and Mastery)

- You control your topics and sub-topics »
- Dedicated instructor support

GOAL is currently available for the following SOA & CAS Exams:

Exam FAM

2,300+ Questions

Exam P Exam FM Exam FAM-L Exam FAM-S
1,050+ Questions 1,500+ Questions 1,300+ Questions 900+ Questions

Exam ALTAM Exam ASTAM Exam SRM Exam MAS-I
1,400+ Questions 1,300+ Questions 1,150+ Questions 1,050+ Questions
Exam MAS-II Exam CAS 5C Exam CAS 6US Exam CAS 6CA
850+ Questions 500+ Questions 550+ Questions 650+ Questions

Use GOAL Score to Gauge Your Exam Readiness

Your GOAL Score Target GOAL Score
° 63 70
w

Measure how prepared you are to pass your exam with a tool that suits any study approach. A GOAL
Score of 70 or above indicates readiness.

4

Your score is broken into categories, allowing you to study efficiently by concentrating on problem
areas. GOAL Score quantifies your exam readiness by measuring both your performance

and the consistency of your performance. Your GOAL Score also analyzes your
strengths and weaknesses by category, topic, and level of difficulty.

Scan to Learn More
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SOAL Improves Your Studies

How you can prepare for your exam confidently with GOAL custom
Practice Sessions, Quizzes, & Simulated Exams:

ﬁ Actuarial University IJ_l
4 N\
QUESTION 19 OF 704 Vs E qPrev  Nextp X :l— QUlely access the
——Ty | | | b or scdiiona
learning.

An airport purchases an insurance policy to offset costs associated with excessive amounts of snowfall. The insurer pays the airport 300 for

every full ten inches of snow in excess of 40 inches, up to a policy maximum of 700.

( )

The following table shows the probability function for the random variable X of annual (winter season) snowfall, in inches, at the airport.

Flag problems for
review, record
notes, and get

Caleulate the standard deviation of the amount paid under the policy. instructor su pport.

b o
/ . . . \
134 235 " > BE 352 View difficulty

.

Inches [0,20) |[20,30) |[30,40) [[40,50) | [50,60) | [60,70) | [70.80) | [80,90) | [90,inf)

Probability |0.06 0.18 0.26 0.22 0.14 0.06 0.04 0.04 0.00

level.
Help Me Start A ]
Find the probabilities for the four possible payment amounts: 0, 300, 600, and 700. ( )
i -1 rlelplul strategies
to get you started.
With the amount of snowfall as X and the amount paid under the policy as ¥", we have
& J
¥ | frly) =PEF =y)
Q P(Y =0)=P(0< X <50) =072 Ve N\
300 | P(Y =300) = P(50 < X < 60) =0.14 ” I . . h
600 | P(Y = 600) = P(60 < X < 70) = 0,06 Full solutions wit
700 P(Y =700) = P(Y > 70) = 0.08 deta | Ied
The standard deviation of ¥ is 4/ B (¥'2) — [B(Y)]¥. eXp|a nathl‘lS 'tO
E(Y) = 0.14 x 300+ 0.06 x 800 -+ 0.08 » 700 = 134 dee pen you r
E (Y*) =014 300° + 0.06 » 600% + 0,08 % 700* = 73400 u ndersta nd i ng.
E(Y?) — [B(Y)? = v 73400 — 1347 = 235.485 \. J/
Common Questions & Errors ~ ] ' N\
, o . , Commonly
Students shouldn't overthink the problem with fractional payments of 300. Also, account for probabilities in which payment cap of 7001is
reached. encountered
errors.
In these problems, we must distinguish between the REALT RV (how much snow falls) and the PAYMENT RV (when does the insurer pay)?.
The problem states "The insurer pays the airport 300 for every full ten inches of snow in excess of 40 inches, up to a policy maximum of 700
." So the insurer will not start paying UNTIL AFTER 10 full inches in excess of 40 inches of snow is reached (say at B0+ or 51). In other ( )
words, the insurer will pay nothing if X<50. R
ate a problem or
give feedback.
& J
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Thank You for Choosing ACTEX Learning!

We're committed to helping you succeed on your actuarial journey.

For the latest study guides, textbooks, free Formula Sheets, and more
resources for SOA, CAS, IFoA, and IAI exams, visit:

@ ACTEX Le al‘nln g https://actexlearning.com/

Your destination for comprehensive actuarial exam preparation and
professional development.

Looking for additional study material or other actuarial books?

THE

ACTUARIAL=BOOKSTORE  hws://wwwactuarialbookstore.com

The #1 online source for actuarial books and study guides.

Scan to Learn More
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