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Introduction 
 

 
 
 
 
 
 
The purpose of the Exam 9 Cookbook is to prepare you to confidently answer calculation-based problems 
on exam day without wasting time trying to “think through” a problem-solving approach before typing the 
solution. This is the same approach I used to help pass my upper-level CAS exams on the first sittings to 
earn my FCAS. 
 
Since the 2016 sitting, 1,000+ actuaries have used the Exam 5 - 9 Cookbooks and Online Courses to help 
them pass their exams and earn their FCAS. We want to see you be one of them. 
 
Our goal with Rising Fellow is to help you prepare for the exam with less frustration so that you have your 
best exam sitting yet! 
 
The Structure 
The Exam 9 Cookbook goes through the different calculation-based problem-types that we believe are 
reasonably testable based on the syllabus. By exam day, you should know how to solve each one. 
 
Inside, you’ll find a separate section for each testable problem-type. Each section has the following 
structure: 

Original Practice Problem 

Each section has an original practice problem that demonstrates the problem-type. We wrote these based 
off of the syllabus papers to have a similar difficulty-level and style to what you might see on an exam.    
 
Solution Recipe 

The solution recipe solves the practice problem from start to finish and shows the step-by-step approach 
you should take to answer a similar problem. For each step, you’ll see: 

• The description for what to do in the step 

• The formula(s) necessary for the step 

• The formula(s) translated from symbolic notation to plain-English 

• Calculations for the step to solve the example problem  
 
Discussion 

Each section includes discussion to add clarity and more context. The discussion also covers underlying 
concepts that might come up on a part b or part c essay question. 
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For many problems, I point out potential “twists” that could show up on the exam that would make an 
exam problem more difficult. Since you’ve taken actuarial exams up to this point, you know that 
straightforward exam problems are more the exception than the rule. 
 
Exam Spreadsheet Tips 

This new section provides Excel formulas and tips for how to solve a problem more efficiently in the 
computer-based testing (CBT) PearsonVue spreadsheet environment. There are many types of problems 
where setting up your solution intelligently and taking advantage of the spreadsheet capabilities such as 
SUMIF( ), COUNTIF( ), and array formulas, will save you valuable time on the exam. 
 
Source 

Each section references the pages in the syllabus reading that you can cross-reference for more information 
and details. Make sure to check the syllabus section for more context if you get stuck on a problem or to 
see how the author discusses the concepts. 
 
More Practice 

Here, you’ll see references to past CAS problems. You’ll find this helpful, especially closer to the exam, if 
there are types of problems that you are struggling with. This section includes references to CAS problems 
from the 2015-2019 exams. 
 
 

How to Best Use the Exam 9 Cookbook 
Below is a suggested guide for how you can incorporate the Exam 9 Cookbook in your own study schedule 
along with the syllabus material and a typical study manual. This is the general approach that I used when 
I took my fellowship exams.  
 
For each of those exams I had a main study manual as well as the Exam Cookbook, which I built out while 
I studied for the exam (but you don’t need to waste time doing that part!) 
 
First pass through the syllabus 

While you’re reading a particular paper in the syllabus and your main study manual to learn the material, 
use the Exam 9 Cookbook to clearly identify what problem-types you need to know from the paper. Study 
the steps in the solution recipe to learn how to solve the problem-types. Make sure to do some practice 
problems as you go through the syllabus. This will help you learn faster. 
 
Second pass through the syllabus 

Review the steps for the problem-types and make sure you have an intuitive understanding of how to solve 
the problems. Start working the past CAS problems. 
 
The first level of understanding is to be able to follow the recipe and understand the steps and calculations.  
 
The next level of understanding is to be able to recall and apply the steps to solve a problem without relying 
on study material. During your second pass, focus on building this deeper level of understanding. 
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Review and Practice Problems (around 6 weeks to 2 weeks before the exam) 

At this point you should have a good understanding of the syllabus and how to use the recipe steps to 
systematically solve the different calculation problems. During this period, you should be doing lots of 
problems across the syllabus and targeting problem-types that you are finding particularly challenging.  
By the end of this phase, you might not have all the formulas memorized, but you should know all the steps 
and how to apply them to solve problems without needing to think too much before beginning to write the 
solution.  
 
During this phase, make sure to focus on the types of problems and concepts that you’re weak at. This may 
require some struggle, but struggling with some of the challenging problems will help you master these 
concepts.  
 
You also should continue building your understanding of the concepts and preparing for essay and more 
complicated integrative questions. I found it helpful to create flashcards from the papers as well as to re-
read sections of the syllabus papers that appear to be likely sources of essay problems. 
 
Final Weeks 

In the final weeks, focus on taking practice exams to see problems from the entire syllabus. When taking 
practice exams, work on your exam strategy to make sure you’re able to finish the exam and maximize your 
points.  
 
Prepare for essay problems in the final weeks by using flashcards to make sure that you know all the details 
necessary. An approach I found helpful is to say flashcards out loud and to explain the flashcard response 
in my own words as if I were teaching someone. It sounds weird, but it is a much more efficient way to 
learn and memorize than simply scanning the front and back of the flashcard. 
 
Prepare for calculation problems by reviewing the recipes in the Exam 9 Cookbook in a similar fashion to 
how you use flashcards for essay problems. Using this approach on my fellowship exams, I was able to 
rapidly review the steps and formulas for how to solve each problem-type that might show up on the exam. 
This was a huge benefit and gave me a lot of confidence going into the exam.  
 
Exam Day 

I used the original Exam Cookbooks together with a traditional study manual using the approach above to 
take my fellowship exams. On exam day, for almost every calculation problem I was able to start writing 
the solution without wasting time trying to think through how to solve the problem. I had an intuitive 
understanding of how to solve each of the problems following the step-by-step recipes. 
 
If you follow this approach, you should be able to develop a similar level of understanding and confidence 
going into the exam room.  

 
Excel Version for Computer-Based Testing Preparation 
For each recipe, there is an accompanying Excel version. Make sure to review those so that you know how 
to solve problems in the spreadsheet format. The Exam Spreadsheet Tips sections and the Excel version 
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showing the formulas and setup for the spreadsheet solution will help you understand how to solve exam 
problems in the PearsonVue spreadsheet environment. 
 
Exam-Related Questions 
If you purchased the Exam 9 Online Course, please post your question in the Exam 9 course forum. We 
answer exam-related questions through the forum for people in the online course. 
 
Errata 
We always hated seeing errors in study manuals when we studied for exams, so we make every effort to 
ensure the study materials are accurate. Nevertheless, there may still be some errors in the final version, so 
we keep an updated errata. Please make sure to check it regularly for any fixes. The link is below: 
 

https://risingfellow.com/errata 
 
If you find any errors, please send us a message using the contact form on the Errata page so that we can 
make a correction. 
 
Feedback 
We are always working to improve the Exam 9 Cookbook and the rest of the Rising Fellow study material. 
Please send us an email to exam9@RisingFellow.com if you have feedback about any of the following: 

• Recipes or sections that are confusing or could be improved 

• New recipes we should include in future versions 

• Better ways you’ve found to solve a problem-type in a spreadsheet 

• Any comments or other feedback you have 
 
Reviews 
If you find the Exam 9 Cookbook helpful this sitting, please leave us a review and let us know how it helped 
you prepare for the exam. Other actuaries look at reviews to help decide what study material to buy and it’s 
helpful for us to hear feedback from actuaries like you so that we can better understand what’s working and 
what can be improved.  
 
You can leave us a review by sending us an email to info@RisingFellow.com. Thank you! 
 
Good luck as you start studying and we hope this will be your best sitting yet. 
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Surplus Share 
Clark 

Problem 
Insurer ABC has a surplus share treaty with a reinsurer for a book of property business with the following 
terms: 

• Retained Line  $200,000 

• 1st Surplus   3 lines 
 
From the book of business, the following properties had losses for 2017: 
 

Risk 
Insured Value 

(000) 
Loss + ALAE 

(000) 
28 1,500 1,400 
530 175 18 
120 570 260 

 
Calculate the total ceded Loss + ALAE for these risks. 
 
Solution Recipe 
1) Calculate the reinsured portion for each risk, based on the Retained Line (RL) and the number of 

lines reinsured. The maximum reinsured portion is . 

 

 
           

 

 

 
2) Calculate the surplus percent for each risk. 

 

 
 

Risk IV Reinsured Surplus % 
28 1,500 600 40% 
530 175 0 0% 
120 570 370 65% 

  

 
 

Retained Line ⋅#Lines

Reinsured =

Retained Line ⋅#Lines IV ≥ RL ⋅ #Lines +1( )

IV − Retained Line RL ≤ IV < RL ⋅ #Lines +1( )
0 IV < RL

⎧

⎨
⎪⎪

⎩
⎪
⎪

  

Reinsured 28 = 200 × 3 = 600
Reinsured530 = 0
Reinsured120 = 570 − 200 = 370

  

Surplus % = Reinsured
IV

IV → Insured Value

  
Surplus %28 =

600
1,500 = 40%
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3) Calculate the ceded Loss + ALAE for each risk based on its surplus percent. 

    
 

Risk 
Loss                                         

& ALAE                                                                                                                 Surplus % 
Ceded Loss                                         
& ALAE 

28 1,400 40% 560 
530 18 0% 0 
120 260 65% 169 

 

  

 
0) 
Discussion 
At first glance, a surplus share treaty looks like an excess of loss treaty but remember that it’s a proportional 
reinsurance treaty similar to a quota share. For a quota share treaty, a fixed percentage of the book of 
business is ceded to the reinsurer. For a surplus share, the percent ceded varies by risk according to the 
insured value for each risk. 
 
I think the inequalities in step 1 are a bit hard to grasp. Instead of just memorizing those formulas, I like 
to think about it graphically to understand the percent of a risk’s total insured value is reinsured. 
 
Surplus Share – Graphical Example 

 
EXAM Spreadsheet Tips 
Look at the Excel version to see the setup of the Reinsured Portion calculation in step 1. Use a nested 
Max(Min()) formula to easily calculate the retained portion: 
 
In Excel 
Reinsured Portion = MAX( MIN( Insured Value - Retained Line, #Lines * Retained Line) , 0 ) 
 
 

  Ceded Loss = Loss ⋅Surplus%   Ceded Loss28 = 1,400 × 40% = 560

  

Total Ceded = 560k + 0 +169k

= $728,772

0

100

200

300

400

500

TIV = 80 TIV = 225 TIV = 470

Reinsured 
Portion 

Retained Line = 100 

1st Surplus = 2 lines 
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Source 
Clark – pg. 3 
 
More Practice 
CAS 2014 – 22 
CAS 2013 – 23   

RF Clark – 1 
RF Clark – 2 

* Clark CAS problems are from Exam 8  
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Pricing Proportional Reinsurance 
Clark 

Problem 
You are given the following information as of 12/31/2017 from Insurer ABC to quote a property quota 
share treaty effective 1/1/18, to be written on a losses occurring basis. 
 

Premium and Incurred Loss (000) 

Accident 
Year 

Earned 
Premium 

Loss & 
ALAE 

Catastrophe 
Loss 

On-Level 
Factor 

2014 3,900 2,700 500 0.99 
2015 4,000 3,390 1,240 1.01 
2016 4,050 2,370 410 1.04 
2017 4,100 1,300 - 1.02 
Total 16,050 9,760 2,150  

 
Selected LDFs 

 12-Ult 24-Ult 36-Ult 48-Ult 
CDF 1.850 1.100 1.040 1.000 

• Loss Trend    4% 

• Inflation    3% 

• Selected CAT Loss Ratio (% of Prem) 12% 

• Ceding Commission   25% 

• Brokerage Fees & Expenses  2% 
 
Calculate the combined ratio for the quota share treaty for the prospective period. 
 
Solution Recipe 
1) On-level and trend premium to the prospective level. 

    

 

AY EP 
On-Level 

Factor 
Trend 
Factor 

Premium @ 
2018 Level 

2014 3,900 0.99 1.126 4,346 
2015 4,000 1.01 1.093 4,415 
2016 4,050 1.04 1.061 4,469 
2017 4,100 1.02 1.030 4,307 
Total    17,536 

 

  

  Projected Prem = EP ⋅Onlevel Factor ⋅ 1+ inflation( )t

  

Projected Prem2014 = 3,900 × .99× 1+ 3%( )4

= 4,346
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2) Develop and trend ex-CAT losses. 

    
 

AY 
xCAT Loss 
& ALAE LDF 

Trend 
Factor 

Projected Ult 
Loss 

2014 2,200 1.000 1.170 2,574 
2015 2,150 1.040 1.125 2,515 
2016 1,960 1.100 1.082 2,332 
2017 1,300 1.850 1.040 2,501 
Total 7,610   9,922 

 
3) Calculate the expected loss ratio. 

  
  

 
4) Calculate the combined ratio for the prospective period. 

  
  

0) 
 
Discussion 
The main part of this problem is to calculate the projected loss ratio based on historical experience. Premium 
is on-leveled and trended to the prospective period level. Losses (xCAT) are developed to ultimate and 
trended to the prospective period. 
 
The key thing to remember is that we need to exclude the catastrophe losses from the loss experience. This 
is because the prospective combined ratio shouldn’t be driven by historical, volatile CAT losses. For the 
projected loss ratio, add a selected CAT loss ratio back in. This should come from a CAT model. 
 
Source 
Clark – pg. 6-9 
 
More Practice 
RF Clark – 3   

  Projected Loss = Loss xCAT ⋅CDF ⋅ 1+ loss trend( )t

  

Projected Loss2014 = 2,700 − 500( )×1.000 × 1+ 4%( )4

= 2,574

 
Projected Loss Ratio = Projected Loss xCAT

Projected Prem +CAT Loss Ratio

  

Projected Loss Ratio = 9,922
17,536 +12%

= 68.6%

  

Combined Ratio = Projected Loss Ratio
+CedingCommission
+Brokerage Fees & Expenses

  

Combined Ratio = 68.6% + 25% + 2%

= 95.6%
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Sliding Scale Commission 
Clark 

Problem 
An aggregate loss distribution model is used to estimate the loss ratio distribution for the prospective period 
for a proportional reinsurance treaty. Below is the output from the model: 

 

Range of 
Loss Ratios 

Average Loss 
Ratio in Range 

Probability of 
being in Range 

0% - 40% 34% 3.0% 
40% - 55% 46% 22.0% 
55% - 70% 60% 30.0% 

70% or above 82% 45.0% 
0% or above 66%  

Range of 
Loss Ratios 

Average Loss 
Ratio in Range 

Probability of 
being in Range 

0% - 35% 31% 0.5% 
35% - 50% 43% 14.0% 
50% - 65% 56% 26.0% 

65% or above 76% 59.5% 
0% or above 66%  

 

 
Commission Terms: 

• Minimum Commission:  20% at a 70% loss ratio 

• Sliding 1:1 to:    35% at a 55% loss ratio 

• Sliding 0.5:1 to Maximum: 42.5% at a 40% loss ratio 
 
The treaty includes a carryforward provision. Last year the cedant’s loss ratio for the book of business was 
75%. 
 
 
Calculate the estimated technical ratio for the treaty under the sliding scale commission terms. 
 
Solution Recipe 
1) (Carryforward Provisions) Adjust the loss ratio ranges for the sliding commission down by the 

carryforward from past years’ loss ratios that were above the loss ratio for the minimum 
commission. 

  

 

  
 
Adjusted Terms: 

• Min Commission: 20% at a 65% loss ratio 

• Sliding 1:1 to:  35% at a 50% loss ratio 

• Sliding 0.5:1 to: 42.5% at a 35% loss ratio 
 
  

  
carryforward = Loss Ratio prior − Loss Ratiomin commission   carryforward = 75% − 70% = 5%

    = 70% − 5%
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2) Calculate the expected commission in each range based on the average loss ratio in the range 
corresponding to the ranges in the adjusted terms (see discussion). 

 
 
 
 
 

 
Range Average Loss 

Ratio in 
Range 

Probability of 
being in Range 

 
Commission 

0% - 35% 31% 0.5% 42.5% (max) 
35% - 50% 43% 14.0% 38.5% 
50% - 65% 56% 26.0% 29.0% 

65% or above 76% 59.5% 20.0% (min) 
 

 
Note: Because of the 5% carryforward provision, we use the loss ratio table given on the right, which has 
the same ranges that we need. If there wasn’t a carryforward provision here, we would have used the loss 
ratio table on the left. 
 
3) Calculate the expected commission as a weighted average using the probability in each range. 

  

 
 

  

 
4) Calculate the technical ratio, the sum of the expected commission and the expected loss ratio. 

  
  

0) 
 
Discussion 
The purpose of a carryforward provision is to smooth out the results over multiple years. The carryforward 
happens when the past loss ratios were greater than the minimum commission loss ratio.  
 
We can’t simply use the ELR to estimate the expected sliding commission. Instead, we need to look at how 
the commission changes in each of the different loss ratio ranges modeled with an aggregate loss distribution 
model. This accounts for the max/min commission caps and how the commission slides between the max 
and min commissions. 
 
There are two methods to estimate the impact of a carryforward provision: 

  
E Commission[ ] = E Commissionrange⎡⎣ ⎤⎦ ⋅Prob L/Rinrange( )∑

  

E Commission[ ] = 42.5% × 0.5% + 38.5% ×14% + 29% × 26% + 20% × 59.5%
= 25.0%

  Technical Ratio = E Loss Ratio[ ]+E Commission[ ]

  

Technical Ratio = 66% + 25%

= 91%

𝐸"𝐶𝑜𝑚𝑚𝑖𝑠𝑠𝑖𝑜𝑛!"#$%) =

⎩
⎪
⎨

⎪
⎧

𝐶𝑜𝑚𝑚𝑖𝑠𝑠𝑖𝑜𝑛&"'

𝐶𝑜𝑚𝑚𝑖𝑠𝑠𝑖𝑜𝑛()$(%! + 𝑠𝑙𝑖𝑑𝑒 ∙ 4𝐿/𝑅()$(%! − 𝐸[𝐿/𝑅];

𝐶𝑜𝑚𝑚𝑖𝑠𝑠𝑖𝑜𝑛&)#

𝐸[𝐿/𝑅] ≤ 𝐿/𝑅*+,,+&

𝐸[𝐿/𝑅] > 𝐿/𝑅,+-

	

   = 35% + .5× 50% − 43%( )

   = 20% +1× 65% − 56%( )
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• Estimate the impact on the current year only – this is what the above approach does 

o This ignores the potential for a carryforward in future years. 

• Estimate the impact on a block of years (e.g. the next 5 years)  

o This approach reduces the variance of the loss ratios and a greater amount of the probability 
of being in each range would be shifted to ranges closer to the overall ELR 

 
Graphical View of a Sliding Commission 

 
 

 
 
Source 
Clark – pg. 9-13 
 
More Practice 
CAS 2019 – 17  
CAS 2014 – 23 
CAS 2012 – 7   

RF Clark – 4 
RF Clark – 5 

* Clark CAS problems are from Exam 8  
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Profit Commission 
Clark 

Problem 
Given the following terms from a proportional reinsurance treaty: 

• Expected loss ratio 60% 

• Ceding Commission 25% 

• Margin for expenses 6% 
 
At the end of the year, the actual ceded premium was $1.3M and the actual loss ratio was 54%. 
 
The treaty has a profit commission and 40% of the reinsurer’s profit is returned to the cedant. 
 
Calculate the total profit commission that will be returned to the cedant. 
 
Solution Recipe 
1) Calculate the actual reinsurer profit percentage for the period. 

 

  

 
2) Calculate the profit commission as a percentage based on the reinsurer’s profit, capped at a 

minimum of 0%. 

  

  

 

 
Discussion 
This problem shows how to calculate the actual profit commission after we know the treaty loss experience.  
 
Evaluating a Profit Provision for Pricing 

We can evaluate the expected profit commission for pricing by using an aggregate loss distribution model, 
like how we calculate the expected sliding scale commission. 
  

 

100%(Premium)
− Actual LossRatio
− CedingCommission
− Margin forExpenses

Reinsurer's Profit %

  

Reinsurer's Profit = 100% − 54% − 25% − 6%
= 15%

  Profit Commission = Reinsurer's Profit ⋅%Returned

  

Profit Commission(%) = 15% × 40% = 6%
Profit Commission($) = 6% ×$1.3M

= $78,000
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The table below shows how to calculate the expected profit commission for this treaty: 
 

Range of Loss 
Ratios 

Average Loss 
Ratio in Range 

Probability of 
being in Range 

Reinsurer Profit 
@Avg Loss Ratio 

Profit 
Commission (%) 

0% - 40% 34% 3.0% 35.0% 14.0% 
40% - 55% 46% 22.0% 23.0% 9.2% 
55% - 70% 60% 30.0% 9.0% 3.6% 

70% or above 82% 45.0% -13.0% 0.0% 
0% or above 66%   3.5% 

 
𝑅𝑒𝑖𝑛𝑠𝑢𝑟𝑒𝑟	𝑃𝑟𝑜𝑓𝑖𝑡.-0.% = 100%− 34%− 25%− 6% = 35% 
 
𝑃𝑟𝑜𝑓𝑖𝑡	𝐶𝑜𝑚𝑚𝑖𝑠𝑠𝑖𝑜𝑛.-0.% = 35%× 40% = 14% 
 
E(𝑃𝑟𝑜𝑓𝑖𝑡	𝐶𝑜𝑚𝑚𝑖𝑠𝑠𝑖𝑜𝑛	%) = 14% × 3%+ 9.2% × 22%+	⋯ = 3.5% 
 
Source 
Clark – pg. 12-13 
 
More Practice 
CAS 2019 – 18  RF Clark – 4 

* Clark CAS problems are from Exam 8  
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Loss Corridors 
Clark 

Problem 
A proportional reinsurance treaty has an expected loss ratio of 66%. The reinsurer is considering adding a 
loss corridor to the treaty.  
 
Below are the details of the proposed loss corridor and the output from the aggregate loss distribution model 
prior to including the loss corridor: 

• Loss corridor:  60% reassumed by the cedant  

• Loss corridor layer:  70% to 90% loss ratio layer 
 

Range of Loss 
Ratios 

Average Loss 
Ratio in Range 

Probability of 
being in Range 

0% - 70% 59% 73% 
70% - 90% 77% 17% 

90% or above 98% 10% 
0% or above 66%  

 
Estimate the impact of the loss corridor to the reinsurer’s expected net loss ratio for the treaty. 
 
Solution Recipe 
1) For each range, calculate the loss ratio net of the loss corridor. 

  

  

Range  
Average 

Loss Ratio  
Net Loss 
Corridor 

0% - 70% 59% 59% 
70% - 90% 77% 72.8% 

90% or above 98% 86.0% 
0% or above 66%  

In Excel 
Loss Ratio Net Corridor = Loss Ratio - ( MIN(Loss Ratio, CorridorTop)-CorridorBottom) * %Reassumed 
 
2) Calculate the expected loss ratio net of the loss corridor based on the probability of the loss ratio 

being in each range. 

  

 
  

 

The impact is a 2% drop in the reinsurer loss ratio. 
 

  

Loss Ratioin LossCorridor :
LRNet = LR − LR −Corridorbottom( ) ⋅%Reassumed

Loss Ratio>LossCorridor :

LRNet = LR − Corridortop −Corridorbottom( ) ⋅%Reassumed

  

LR70−90 = 77% − 77% − 70%( )× 60% = 72.8%
LR90+ = 98% − 90% − 70%( )× 60% = 86%

  E Loss RatioNet[ ] = LRNet∑ ⋅Prob LRinrange( )
  

E Loss RatioNet[ ] = 59% × .73+ 72.8% × .17 +86% × .10
= 64.0%
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Discussion 
Like estimating the impact of a sliding scale commission and profit commission, we need to use the output 
from the aggregate loss distribution to estimate the impact of a loss corridor.  
 
A naïve approach is to use the expected loss ratio of 66%, below the loss corridor of 70% - 90%, and assume 
that the loss corridor has no impact. Of course, actual losses will vary around the expected loss ratio. This 
is why we look at the entire loss distribution. 
 
Source 
Clark – pg. 13-14 
 
More Practice 
CAS 2018 – 15  
CAS 2014 – 23 
CAS 2011 – 8 

RF Clark – 5 

* Clark CAS problems are from Exam 8  
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Property Per Risk – Experience Rating 
Clark 

Problem 
Given the following information for the pricing of a Property Per Risk treaty: 
 

• Treaty Limit  300,000 
• Attachment Point 200,000 
• Effective Date  1/1/2019 
• Loss Trend  4% 
• Exposure Trend  2% 
• The treaty is on a loss-occurrence basis 

 

Subject Premium 

Accident 
Year 

Gross Net Earned 
Premium Income 

On-Level 
Factor 

2014 1,860,000 0.98 
2015 1,970,000 1.02 
2016 2,020,000 1.04 
2017 2,110,000 1.01 
Total 7,960,000  

 

Excess Development Factors – 300,000 x 200,000 

 12-Ult 24-Ult 36-Ult 48-Ult 60-Ult 
CDF 3.30 2.100 1.350 1.150 1.050 

 

Calculate the experience rating loss cost for the treaty. 
 
Solution Recipe 
1) Trend historical large losses from their accident date to the average prospective accident date and 

calculate the portion of the trended loss that would hit the treaty layer. This is the layer above the 
attachment point but capped at the treaty limit. 

 Accident 
Date 

Untrended 
Total Loss 

Years of 
Trend 

Trend 
Factor 

Trended 
Loss 

Treaty 
Layer Loss 

1/1/14 749,300 5.50 1.241 929,692 300,000 
7/1/14 301,000 5.00 1.217 366,213 166,213 
4/1/15 208,200 4.25 1.181 245,964 45,964 
10/1/15 178,000 3.75 1.158 206,203 6,203 
7/1/16 276,100 3.00 1.125 310,575 110,575 
10/1/16 335,700 2.75 1.114 373,932 173,932 
1/1/17 221,900 2.50 1.103 244,760 44,760 
7/1/17 182,000 2.00 1.082 196,851 - 

  

Large Losses Net Inuring Reinsurance 

Accident 
Date 

Untrended 
Total Loss 

1/1/14 749,300 
7/1/14 301,000 
4/1/15 208,200 
10/1/15 178,000 
7/1/16 276,100 
10/1/16 335,700 
1/1/17 221,900 
7/1/17 182,000 

 

Trend to  
7/1/19   = 182,000 ×1.082

  
(Capped at 300,000) 
= 244,760 − 200,000

  = 1.042.5
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2) Adjust subject premium (net of inuring reinsurance) by on-leveling for rate changes and trending 
to the prospective period. 

 
 
 

Accident 
Year GNEPI 

On-Level 
Factor 

Trend Factor 
 

Adjusted 
SEP 

2014 1,860,000 0.98 1.104 2,012,518 
2015 1,970,000 1.02 1.082 2,175,039 
2016 2,020,000 1.04 1.061 2,229,386 
2017 2,110,000 1.01 1.040 2,217,196 

 

 
3) Summarize losses by accident year and develop to ultimate with excess LDFs appropriate for the 

layer. Calculate the loss cost as a percentage of adjusted Subject Earned Premium.  

 

 
 

  

Accident 
Year 

Adjusted 
SEP 

Trended 
Loss in Layer XS LDF 

Trended Ult 
Loss Loss Cost 

2014 2,012,518 466,213 1.050 489,523 24.3% 
2015 2,175,039 52,168 1.150 59,993 2.8% 
2016 2,229,386 284,507 1.350 384,085 17.2% 
2017 2,217,196 44,760 2.100 93,996 4.2% 
Total 8,634,140 847,647   1,027,597 11.9% 

 
0) 
Discussion 
Once we calculate a loss cost for both experience and exposure rating, we select a loss cost between the two 
indications for each layer and use the selected loss cost in the pricing of the reinsurance treaty. 
 
After the analysis, we should evaluate the loss cost by accident year to make sure there’s no trend in the loss 
costs. If loss costs are increasing or decreasing by accident year, we need to revisit the assumptions.  
 
Inuring Reinsurance 

If there is another reinsurance treaty that inures to the benefit of the treaty we’re pricing (e.g. a surplus 
share treaty), the historical loses need to be restated net of the inuring reinsurance.   

 Adjusted SEP =GNEPI ⋅OnLevel Factor ⋅Trend Factor

  = (1+ trend )t

 

Ult Treaty Loss AY =Treaty Loss AY ⋅XS LDF

LossCost = Ult Treaty Loss
Adjusted SEP

Ult Treaty Loss2014 = 300,000 +166,213( )×1.050 = 489,523

LossCosttotal =
1,027,597
8,634,140 = 11.9%
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Free Cover 

In this problem, the largest trended loss is $929,692. Suppose we’re pricing a treaty with two layers: 

• 750k excess 250k 

• 4M excess 1M 
 
Since the trended loss experience doesn’t penetrate the upper layer, the experience rating loss cost for the 
4M x 1M layer would be 0% even though there’s a potential for future losses to penetrate the layer. This 
problem is known as Free Cover. 
 
Clark suggests the following solution for Free Cover: 

1) Select the experience rating loss cost for the lower layer where there should be more credible loss 
experience.  

2) Project the lower layer experience rating to the upper layer using relativities based on the exposure 
rating loss costs between the two layers. 

0) 
Free Cover Example 

Given the following experience and exposure rating loss costs, we might select the following: 

                        Loss Costs                      

Layer 
Experience 

Rating 
Exposure 

Rating 
 

Selected 
750k x 250k 16.0% 19.2% 16.0% 

4M x 1M 0% 5.3% 4.4% 
4.75M x 250k 16.0% 24.5% 20.4% 

 

 

 
As with most actuarial selections, this isn’t a fixed rule. The selected loss costs should take into account the 
credibility and quality of the data and assumptions underlying the experience and exposure ratings.  
 
Clark mentions that significant credibility is often given to experience rating because there are too many 
limitations to the exposure rating.  
 
EXAM Spreadsheet Tips 
Calculating the years of trend between two dates 

For trending, we need to calculate the length of time in years between two dates. Use YEARFRAC() to easily 
calculate this: 

Years of Trend = YEARFRAC( Start Date, End Date) 
 
When calculating the Treaty Layer Loss (step 1), use a nested MAX(MIN( ) ) formula to calculate the loss in 
the layer and cap at the treaty limit. 
 

 
Selected LossCostUpper = Experience LossCostLower ×

Exposure LossCostUpper

Exposure LossCostLower

  
 
= 16.0% × 5.3%

19.2%

Experience 
Loss Cost 
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Source 
Clark – pg. 14-17 
 
More Practice 
CAS 2019 – 18  RF Clark – 6 
CAS 2015 – 23 
CAS 2011 – 7 

* Clark CAS problems are from Exam 8  
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Property Per Risk – Exposure Rating 
Clark 

Problem 
Given the following information for the pricing of a 
losses occurring Property Per Risk treaty: 
 

• Treaty Limit  300,000 
• Attachment Point 200,000 
• Effective Date  1/1/2018 
• Expected Loss Ratio 65% 

 

Limits Profile 

Range of 
Insured Values 

($000) 

Gross 
Subject 

Premium  
50-100 520,000 
100-250 210,000 

250-1,000 310,000 
1,000-2,000 980,000 

 
 

The primary insurer also may enter a surplus share 
treaty that inures to the benefit of the property per risk treaty. This treaty has the following terms: 

• Retained line $1,000,000 per risk 

• Limit  1 line per risk 
 
 
a. Calculate the exposure rating loss cost for the property per risk treaty if the insurer doesn’t purchase the 

surplus share. 
 
b. Calculate the property per risk loss cost accounting for the impact of the surplus share treaty.  
 
Solution Recipe 
Part a – Property Per Risk Exposure Rating 

1) Calculate the exposure factor for each range of the limits profile. Interpolate the proper exposure 
factors for the upper and lower limits of the treaty from the appropriate exposure curve based on 
the gross midpoint Insured Value. 

 

 

Exposure FactorL×R = P R + L
Midpoint IV

⎛
⎝⎜

⎞
⎠⎟
− P R

Midpoint IV
⎛
⎝⎜

⎞
⎠⎟

Exposure FactorRange = Exposure Factor Retention + Limit
Midpoint IVRange

⎛

⎝
⎜

⎞

⎠
⎟ − Exposure Factor Retention

Midpoint IVRange

⎛

⎝
⎜

⎞

⎠
⎟

Exposure Curve Factors 

Percent of 
I.V. 

Ins. Value 
50k – 1M 

Ins. Value 
1M – 5M 

0% 0% 0% 
10% 34% 23% 
20% 46% 34% 
30% 55% 44% 
40% 62% 53% 
50% 68% 62% 
60% 75% 70% 
70% 80% 77% 
80% 84% 82% 
90% 88% 87% 
100% 91% 92% 
110% 96% 98% 
120% 100% 100% 
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Look up individual exposure factors in the correct exposure curve and use interpolation:  

 

Range of IV 
Midpoint 

IV of Range 
Retention as 

% of IV 
Ret + Limit 

% of IV 
  Exposure 

Factor 
50-100 75 266.7% 666.7% 100% 100% 0% 
100-250 175 114.3% 285.7% 97.7% 100% 2.3% 

250-1,000 625 32.0% 80.0% 56.4% 84.0% 27.6% 
1,000-2,000 1,500 13.3% 33.3% 26.7% 47.0% 20.3% 

 

 
 
 

In Excel 
Use the FORECAST( ) formula as a shortcut to interpolate between two values. Set the known y’s and known 
x’s at the two points you’re interpolating between and x as the point in the middle. See the Excel version 
for how this works. 

y = FORECAST(x, known ys, known xs) 
 
2) Calculate the reinsurer’s expected losses in each range of insured values. 

  
 
 

  
 
 

Range SEP ELR 
Expected 

Loss 
Exposure 

Factor 
Reinsurer's 

Loss 
50 - 100 520,000 65% 338,000 0% - 
100 - 250 210,000 65% 136,500 2.3% 3,120 

250 – 1,000 310,000 65% 201,500 27.6% 55,614 
1,000 – 2,000 980,000 65% 637,000 20.3% 129,523 

Total 2,020,000  1,313,000  188,257 
 

 
3) Calculate the loss cost for the treaty as a percent of the subject earned premium. 

    

 
  

  

Exposure Factor250k−1,000k 32%( ) = 55% + 62% − 55%
40% − 30% × 32% − 30%( )

= 56.4%

 
P R

IV
⎛
⎝⎜

⎞
⎠⎟  

P R + L
IV

⎛
⎝⎜

⎞
⎠⎟

  E Reinsurer Loss[ ] = SEP ⋅ELR ⋅Exposure Factor

  E Reinsurer Loss250−1,000⎡⎣ ⎤⎦ = 210,000 × 65% × 2.3% = 3,120

  
LossCost = E Reinsurer Loss[ ]

SEP   
LossCost = 188,257

2,020,000 = 9.3%

  
 
= 200

1,500   
 
= 200 + 300

1,500
   = 47.0% − 26.7%

Expected Loss 

   = 201,500 × 27.6%

Use the 1-5M curve for 
the $1.5M mid IV row 
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Part b – Exposure Rating with Inuring Reinsurance 

4) Calculate the Insured Value for each range net of the inuring reinsurance (for this problem use the 
Surplus Share recipe to calculate this). Then calculate the appropriate exposure factor.  

The Surplus Share is 1M x 1M, so we only need to adjust the calculation for risks 1M-2M Insured Value: 

Range of IV 
Midpoint 

IV of Range 
IV Net  
of S/S 

Retention 
% of IV 

Ret + Limit 
% of IV 

  Exposure 
Factor 

1,000-2,000 1,500 1,000 20.0% 50.0% 34.0% 62.0% 28.0% 
 

 
 
 
 
5) Calculate the reinsurer’s expected losses in each range of insured values. Use the Gross Net Earned 

Premium Income for the SEP. This is the subject premium net of inuring reinsurance. 

  

 
 

  

 

Range 
SEP 

(GNEPI) ELR 
Expected 

Loss 
Exposure 

Factor 
Reinsurer's 

Loss 
50 - 100 520,000 65% 338,000 0% - 
100 - 250 210,000 65% 136,500 2.3% 3,120 

250 – 1,000 310,000 65% 201,500 27.6% 55,614 
1,000 – 2,000 653,333 65% 424,667 28.0% 118,907 

Total 1,693,333  1,100,667  177,641 
 

 
6) Calculate the treaty loss cost as a percent of the subject earned premium net of  inuring 

reinsurance. 

    

 

Note: The loss cost percent is higher here because we are dividing by the SEP net inuring reinsurance. 
0) 

Discussion 
Note: Insured Value Net of Surplus Share Calculation 

Calculate this the same way as a Surplus Share question. 1.5M is the midpoint IV. There is a 1M retained 
line and the surplus share is 1 line. This gives a Surplus % of 1/3. The % retained by the insurer net of the 
surplus share is the complement.  
 

 
P R

IV
⎛
⎝⎜

⎞
⎠⎟  

P R + L
IV

⎛
⎝⎜

⎞
⎠⎟

 
GNEPI =Gross Prem ⋅ Net InsuredValue

Gross InsuredValue

  

GNEPI1M-2M = 980,000 × 1M
1.5M = 653,333

E Reinsurer Loss1M-2M[ ] = 653,333× 65% × 28.0% = 118,907

  
LossCost = E Reinsurer Loss[ ]

SEP   
LossCost = 177,641

1,693,333 = 10.5%

  
 
= 200 + 300

1,000
Use curve based on 

$1.5M Gross Mid IV 
 = 1.5M × 1M

1.5M (see note)
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Below are the calculations: 
 

𝑆𝑢𝑟𝑝𝑙𝑢𝑠% = U
1.5M − 1M
1.5M W =

1
3
																𝑅𝑒𝑡𝑎𝑖𝑛𝑒𝑑% = 1 −

1
3
=
2
3

 
 

𝐼𝑉	𝑁𝑒𝑡	𝑜𝑓	𝑆𝑢𝑟𝑝𝑙𝑢𝑠	𝑆ℎ𝑎𝑟𝑒 = 1.5M ×
2
3
= 1M 

 
Advantages of Exposure Rating 

• Use the current risk profile whereas experience rating uses experience from past risk profiles 

• Still prices a loss cost for higher layers even if they haven’t been penetrated in the experience period 
 
Key Assumptions 

• The same exposure curve applies regardless of the size of Insured Value 

• Assumes all locations are at the midpoint of the Insured Value range 
 
Source 
Clark – pg. 17-19 
 
More Practice 
CAS 2019 – 18  
CAS 2015 – 23  
CAS 2014 – 25 
CAS 2011 – 7 

RF Clark – 7 

* Clark CAS problems are from Exam 8  
 

  


