














































































Sample Solutions 
Exam 06, 2010, Question 1 
 
Solution 1 
 
a) 
 

  Average Paid Severity 
Change 

from Case O/S Average Case O/S 
Change 

from 

AY = Paid / Closed Counts prior AY = Rep. - Paid 
= Case O/S / Open 

Counts prior AY 
2006 9688 / 2800 =  3.46 --- 7,611 7611 / 1522 = 5.001 --- 
2007   3.56 1.03 20,567   5.652 1.13 
2008   3.70 1.04 26,317   6.389 1.13 
2009   3.84 1.04 40,022   7.219 1.13 

 
The average case outstanding increases much more rapidly that the average paid severity.  
This indicates an increase in case outstanding adequacy. 

 
b) Higher case adequacy leads to higher LDFs.   More over, these higher LDFs are applied 

to higher reported amounts, thus overestimating both ultimate losses and IBNR. 
 
c) Detrend at 4% per year, consistent with inflation on paid severity 
 
 (1) (2) (3) (1) × (2) + (3) 

  Restated Open Paid Adjusted 
AY Avg Case O/S Counts Claims Reported 

2006 7.219/1.043 = 6.418 1,522 9,688 19,456
2007 7.219/1.042 = 6.674 3,639 17,778 42,065
2008 7.219/1.04  = 6.941 4,119 25,519 54,109
2009 7.219 5,544 34,093 74,115

 



Solution 2 
 

a)  
  

 Average Paid   
Trend in 
Average 

Paid 
 

2006 3460 =9,688,000 ÷ 2,800 2006-2007 2.7% =3555.6 ÷ 3460 - 1 
2007 3555.6  2007-2008 4%  
2008 3698.4  2008-2009 3.8%  
2009 3841.4  Selected Average 3.5%  

 
 

 Average Case   
Trend in 
Average 

Case 
2006 5000 =(17,299,000-9,688,000) ÷ 1,522 2006-2007 13% 
2007 5651.8  2007-2008 13% 
2008 6389.2  2008-2009 13% 
2009 7219    

 
Since average case is increasing 13% per year, but average paid is only increasing 3.5% 
per year, there is a strengthening of case adequacy. 

 
b) If there is an increasing case reserve adequacy, it will overstate the IBNR using reported 

development method.  This is due to historical LDFs (too high) being applied to reported 
claims. 
 

c)  
 

 
Restated 
Average 

Case 
  

Restated 
Reported 

(000) 
 

2006 6511.1  2006 19,598  
2007 6739  2007 42,301.3  
2008 6974.9 =7,219 ÷ 1.035 2008 54,248.5 =(6974.9×4,119) + 25,519,000 
2009 7219  2009 74,115  

 
  



Sample Solutions 
Exam 06, 2010, Question 2 
 
Solution 1 
 
a) Case Outstanding (CO) on Previous CO 

AY 12 - 24 24 - 36 36 - 48 

2006 1.2 0.97 0.79 
2007 1.16 0.94 
2008 1.26 

Avg 1.21 0.96 0.79 

Incremental Paid Claims 

AY 12 24 36 48 

2006 1,520 1,980 2,950 3,500 
2007 2,150 1,610 3,000 
2008 1,790 1,600 
2009 2,000 

Incr. Paid Claims to Previous Case Outstanding 

AY 12 - 24 24 - 36 36 - 48 

2006 0.51 0.64 0.78 
2007 0.4 0.64 
2008 0.39 

Avg 0.43 0.64 0.78 

Projected Case Outstanding 

AY 12 24 36 48 

2006   
2007   
2008   5,020 
2009   5,203 4,994 

  



Projected Incremental Paid Claims 
 

AY 12 24 36 48 

2006   
2007   3,424 
2008   3,347 3,916 
2009   1,849 3,330 3,896 

Paid Losses as of 48 Mos 

AY 

2006 9,950 (given) 
2007 10,184 6760 + 3424 
2008 10,653 3390 + 3916 + 3347 
2009 11,074 2000 + 1849 + 3330 + 3896 

 
 
 
b) Report year since there is no Pure IBNR. 
  



Solution 2 
 
a) Ratio of Case O/S to Previous Case O/S 

AY 12 - 24 24 - 36 36 - 48 

2006 1.2 0.97 0.79 
2007 1.16 0.94 
2008 1.26 

Avg 1.207 0.955 0.79 

Incremental Paid Claims 

AY 12 24 36 48 

2006 1,520 1,980 2,950 3,500 
2007 2,150 1,610 3,000 
2008 1,790 1,600 
2009 2,000 

Ratio of Incremental paid to previous case o/s 

AY 12 - 24 24 - 36 36 - 48 

2006 0.513 0.637 0.778 
2007 0.401 0.641 
2008 0.386 

Avg 0.433 0.639 0.778 

Case Outstanding 

AY 12 24 36 48 

2006 3,860 4,630 4,500 3,505 
2007 4,020 4,680 4,390 3,468 
2008 4,150 5,230 4,995 3,946 
2009 4,300 5,190 4,957 3,916 

  



Incremental Paid Claims 

AY 12 24 36 48 Total 

2006   9,950 
2007   3,415 10,175 
2008   3,342 3,886 10,618 
2009   1,862 3,316 3,857 11,035 

Total Paid 41,778

b) It's more suitable for reported year since it is more suitable 
when most losses are reported during the 1st year. 

  



Sample Solutions 
Exam 06, 2010, Question 3 
 
Solution 1 
 

a) (Amounts are in $000,000) 
 

Develop unlimited losses and limited losses. 
 

AY Developed Unlimited 
Loss 

Developed Excess 
Loss 

(unlimited – XS) 
Developed Limited Loss 

2008 36 = 18 × 2 7.5 = (18-15) × 2.5 28.5 = 36 – 7.5 
2009 30 = 10 × 3 8 = (10 – 8) × 4 22 = 30 – 8 
 
2008 Limited LDF = 28.5/15 = 1.9 (Developed / Reported) 
2009 Limited LDF = 22/8 = 2.75 

 
 

b) Implied development is generally intended to derive excess loss development 
factors usually already established unlimited and limited factors.  Direct 
development for excess losses is difficult since excess losses are thin, volatile, and 
may not even appear at early maturities. 

 
 
Solution 2 
 

a) Ultimate Limited = Ultimate Unlimited – Ultimate XS 
 

For AY 2008, 
Ultimate limited = 18,000,000 × 2.00 – (18,000,000 – 15,000,000) × 2.50 

      = 28,500,000 
 

Limited loss age to ultimate factor = 28,500,000 / 15,000,000 = 1.90 
 

For AY 2009, 
Ultimate limited = 10,000,000 × 3.00 – (10,000,000 – 8,000,000) × 4.00 

      = 22,000,000 
 

Limited loss age to ultimate factor = 22,000,000 / 8,000,000 = 2.75 
 

b) Limited data develops faster and is more stable.  The loss will develop in the 
limited layer first before it emerges into the excess layer. 

  



Sample Solutions 
Exam 06, 2010, Question 4 
 
Solution 1 
 
CPDLD1 = 2×(0.7) + 0.8×(0.15) + 0.3×(0.1) = 1.55 
CPDLD2 = [0.8×(0.15) + 0.3×(0.1)]/0.3 = 0.5 
CPDLD3 = 0.3×(0.1)/0.15 = 0.2 
 
 

   (1) (2) (3) = (1) + (2) (4) 
(5) = (3) - 

(4) 

PY 
Exp Loss 
Emergence CPDLD 

Future 
Premium

Prem Booked Prior 
Adjustments 

Total Future 
Premium 

Premium 
Booked 

Premium 
Asset 

06              -    0           -                      300,000 
          
300,000  

  
300,000                    -   

07        10,000  0.2      2,000                   284,900 
          
286,900  

  
285,000  

             
1,900  

08        50,000  0.5 
    
25,000                    302,000 

          
327,000  

  
305,000  

           
22,000  

09      200,000  1.55 
  
310,000                             -   

          
310,000  

  
250,000  

           
60,000  

       
           
83,900  

 



Solution 2 
 
 

(1) (2) (3) (4) = (2)×(3) (5) (6) 
(7) = 

(5)/(6) 

Retro 
Adj Per 

PDLD 
Ratio 

% Loss 
Emerged 

PDLD × % 
Emerged 

Upward 
Cumulative of 
(4) 

Upward 
Cumulative of 
(3) 

CPDLD 
Ratio 

1st 2.00 0.70 1.40 1.55 1.00 1.55
2nd 0.80 0.15 0.12 0.15 0.30 0.50
3rd 0.30 0.10 0.03 0.03 0.15 0.20
Sub 0.00 0.00 0.00 0.00 0.05 0.00
       

 (7) (8) (9) = (7)×(8)  (10) - given 
(11) = 

(9)+(10)  

Policy 
Year 

CPDLD 
Ratio 

Exp 
Future 
Loss 

Exp Future 
Premium 

Prem Booked 
Prior 

Expected Ult 
Premium   

2009 1.55 
    
200,000  

         
310,000                      -   

            
310,000   

2008 0.50 
     
50,000  

           
25,000  

            
302,000  

            
327,000   

2007 0.20 
     
10,000  

             
2,000  

            
284,900  

            
286,900   

2006 0.00             -                      -   
            
300,000  

            
300,000   

       

 (11) 
(12) - 
given 

(13) = (11)-
(12)    

Pol Yr 
Exp Ult 
Prem 

Prem 
curr 
booked 

Premium 
Asset    

2009 
 
310,000  

    
250,000  

           
60,000     

2008 
 
327,000  

    
305,000  

           
22,000     

2007 
 
286,900  

    
285,000  

             
1,900     

2006 
 
300,000  

    
300,000                    -      

   
           
83,900     

 
  



Sample Solutions 
Exam 06, 2010, Question 5 
 
Solution 1 
 

a) 1. Lack of correlation between the accident date and accounting for the loss.  
There’s a calendar year emergence, affecting all accident years at once. 
 
2. It’s a newer type of loss, so history provides no guidance. 
 

b) 1. Loss event model 
 
2. Policy data, including policy terms and exposure information 
 

c) Hurricane losses.  Hurricane losses are not easily “triangularized” because 
they are such infrequent but severe events.  The loss event model can be 
complex because of all the scientific information involved, but the loss 
allocation to individual policies is simple because of the discrete nature of the 
loss. 

 
Solution 2 
 

a) 1. This is a relatively new type of loss.  Little historical data is available. 
 
2. Claims emerge in such a way that they correlate more with Calendar Year 
than Accident Year 
 

b) Loss Event – the actual loss event 
Policy Data – includes policy terms and exposure characteristics 
 
The interaction between the loss event and the policy-specific exposure and 
terms is used to estimate the insured cost. 
 

c) PEBLE can be used for a Workers’ Compensation claim.  Evaluate the type of 
injury that occurred, and analyze the claimant characteristics (age, sex), 
benefits that apply, that will interact with the injury to estimate insured cost. 

  



Sample Solutions 
Exam 06, 2010, Question 6 
 
Solution 1 
 

a) Change in underwriting guidelines; 
Change in reinsurance structure; 
Change in claims handling philosophy; 
Change in information technology. 
 

b) Write more large risks; 
Change reinsurance limit and attachment point; 
Change in settlement rate; 
Change in accounting process because of new technology implementation. 
 

 
Solution 2 
 

a) Underwriting; 
Marketing; 
Reserving; 
Information technology. 
 

b) May loose underwriting standards causing a deteriorating loss ratio; 
May emphasize a specific product causing a change in the mix of business; 
May decide to strengthen case reserves; 
May implement a new database causing temporary lags while employees get used 
to the new system. 

 
  



Sample Solutions 
Exam 06, 2010, Question 7 
 
Solution 1 
 

a)  
 

(1) (2) (3) = (1) × (2) (4) 

AY 
Ratio = Rpt ALAE/Rpt 

Claims CDF to Ult Ult Ratio Rpt CDF Ult 
07 1253/163900 = .0076 1.003 0.0077 1.000 
08 1490/179200 = .0083 1.106 0.0092 0.998 
09 1567/176300 = .0089 1.332 0.0118 1.103 

(5) 
(6) = (3) × 

(5) (7) (8) = (6) - (7) 
Ult Claims Ult ALAE Rpt ALAE Unrpt ALAE 

163900 (1) = 163900 1257 1253 4 
179200 (.998) = 178842 1645 1490 155 

176300 (1.103) = 194459 2302 1567 735 
Total = 894 

b) Advantage:  Development factors of ALAE to claims are less leveraged for reported 
ALAE only  
 
Disadvantage:  There may be claims with zero reported indemnity but substantial ALAE 
payments - ie for defense expenses 

 
 
 
  



Solution 2 
 

a)  
 

(1) (2) (3) (4) = (2) × (3) 
AY Reported Claims Reported Claim ATU Ult Claims 
07 163900 1.000 163900 
08 179200 0.998 178842 
09 176300 1.103 194459 

(5) (6) = (5)/(2) (7) (8) = (6) × (7) 

Reported ALAE Rpt ALAE-to-Claim Ratio Ratio in (6) ATU 
Ult ALAE to Clm 

Ratio 
1253 0.7644% 1.003 0.7668% 
1490 0.8315% 1.106 0.9196% 
1567 0.8889% 1.332 1.1839% 

(9) = (4) × (8) (10) = (9) - (5) 
Ult ALAE Expected Unrpt ALAE 

1256.76 
                        

3.76  

1644.64 
                        

154.64  

2302.23 
                        

735.23  

Total  
                                        
893.63  

b) Advantage - allows for interjection of actuarial judgment in selection of ultimate ALAE 
 to reported claim ratio to reflect operational or judicial/external changes  
 
Disadvantage - an error in the estimation of ultimate claim will lead to an error in the 
estimation of ultimate ALAE to reported claim ratio to reflect operational or 
judicial/external changes 

  



Sample Solutions 
Exam 06, 2010, Question 8 
 
Solution 1 
 

40% of the loss spread across 5.5 months 
April 16 to June 30 is 2.5 months, which has (0.4/5.5) × 2.5 = 0.1818 exposure 
Unearned premium reserve as of June 30, 2011: 
= (1-0.1818) × 120,000 = $98,181.82 

 
 
Solution 2 

 
Month Earned Premium 
1 0 
2 0 
3 0 
First half of 4 0 
Second half of 4 – 6 21,818.18 
7-9 26,181.82 = (120K – 72K) × 

3/5.5 
10-11 72,000 = 120K × 0.6 
12 0 
  
UEPR @ 6/30/11 = 72K + 26,181.82 = $98,181.82 

  



Sample Solutions 
Exam 06, 2010, Question 9 
 
Solution 1 
 

a) XSLDFL = (1-RL) LDF 
   (1-Rt

L) 
 

RL
24 = 31K / 40 K = 0.775 

RL
12 = 21K / 25 K = 0.840 

 
XSLDF12-24 = (1 - 0.775) / (1-0.840) × 1.065 = 2.320 
 

b) LDFL = RL LDF 
   Rt

L 

 

 

0.775 / 0.840 × 1.650 = 1.522 
 
 
Solution 2 
 

a) XSLDFL = LDFU∆ (1 - RL) = 1.650 × (1 - 0.775) / (1 - 0.840) = 2.3203 
R = Reported Relativities % 
RL @12 months = 21,000 / 25,000 = 0.840 
RL @24 months = 31,000 / 40,000 = 0.775 
 

b) LDFL = LDFU∆ ( RL) = 1.650 × 0.775 /  0.840 = 1.5223 
 

Check:  LDFU = LDFL × RL + XSLDFL × (1 - RL) 
 1.650 = LDFL × 0.84+ 2.3203 × (1 - 0.84) 
 LDFL  = 2.5223 

  



Sample Solutions 
Exam 06, 2010, Question 10 
 
Solution 1 
 

a) AY 2007 at 12/31/2009 = $310M + $45M = $355M. 
 

b) $337M + $310M + $238M + $85M - $288M - $165M - $115M = $402M 
 

c) $35M + $45M + $238M + $208M - $74M - $94M - $115M = $243M 
 

d) Numerous benchmarks are tracked by accident year.  Tracking claims by accident year 
can be very useful when economic/regulatory changes have recently occurred, or if a 
significant large loss has occurred. 

 
 
Solution 2 
 

a) Reported = Cumulative Paid + Cumulative Outstanding = $310,000 + $45,000 = 
$355,000. 
 

b) Paid claims in 2009 = $85,000 + ($238,000 - $115,000) + ($310,000 - $165,000) + 
($337,000 - $288,000) = $402,000 
 

c) 2008 case outstanding = $115,000 + $94,000 + $74,000 = $283,000. 
2009 case outstanding = $208,000 + $238,000 + $45,000 + $35,000 = $526,000. 
Change in case = $526,000 - $283,000 = $243,000. 

 
d) It’s easier to understand.  It’s a shorter time period than policy year.  

  



Sample Solutions 
Exam 06, 2010, Question 11 
 
Solution 1 
 

ҧݔ ൌ 12,000 
yത ൌ 16,000  
xyതതത ൌ 200,000,000 
xଶതതത ൌ 152,000,000 
 

ܾ ൌ
തതതݕݔ െ .ҧݔ തݕ
ଶതതതݔ െ ҧଶݔ

ൌ 1 

ܽ ൌ തݕ െ ҧݔܾ ൌ 4000 
 
ሻݔሺܮ ൌ ܽ ൅ ݔܾ ൌ 4000 ൅  ݔ
ሺ15000ሻܮ ൌ 4000 ൅ 15000 ൌ 19000 

 
 
Solution 2 
 

X’s are Incurred Loss at 12 months 
Y’s are Incurred Loss at 24 Months 
 
ݕ ൌ ܾ ൅  ݔܽ
 

ܾ ൌ
തതതݕݔ െ .ҧݔ തݕ
ଶതതതݔ െ ҧଶݔ

 

 
ܽ ൌ തݕ െ  ҧݔܾ
 
Use calculator 
a=4000, b=1 
ݕ ൌ 4000 ൅ 1 ൈ 15000 ൌ 19,000 

  



Sample Solutions 
Exam 06, 2010, Question 12 
 
Solution 1 
 
 

 (1) (2) (3) (4) (5) 
    65% × (1) (2) + (3) × (4) 

AY On-Level 
EP ($000) 

Rpt Claims 
($000) 

Exp % 
Unrprted 

Expected 
Claims 

Projected Ult. 
Claims 

2006 100 62 0% 65 62 
2007 120 60 10% 78 62.8 
2008 140 50 X% 91 50 + 91X% 
2009 160 40 40% 104 81.6 
Total 520 212  338 261.4 + 91X%

 
 

261,400 + 91,000X% = 279,600 
X% = 20% 

 
 
Solution 2 
 

(A) (B) (C) (D) (E) 
AY On Level EP Expected Loss 

(B × .65) 
Expected % 
Unreported 

Reported Claims 

06 100,000 65,000 0% 62,000 
07 120,000 78,000 10% 60,000 
08 140,000 91,000 X% 50,000 
09 160,000 104,000 40% 40,000 

Total 520,000 338,000  212,000 
 
 

 

 
 

91,000 (X%) + 261,400 = 279,600 
91,000 (X%) = 18,200 
X% = 20% 

 

(A) (F) 
AY B-F Ultimate 

(C × D) + E 
06 62,000 
07 67,800 
08 91,000 (X%) + 50,000 
09 81,600 

Total 91,000 (X%) + 261,400 



Sample Solutions 
Exam 06, 2010, Question 13 
 
Solution 1 
 

a) 1 Commercial is growing at a faster pace than personal. 
2 Commercial has a longer reporting pattern (or at least a different reporting pattern) 

 
b) 1 Severity may differ between the two lines 

2 Credibility of each line – may want to combine to improve credibility 
 
 
Solution 2 
 

a) 1 All year weighted Average LDF’s 
 12-24 24-36 36-48 

Commercial APD 1.4 1.2 1.1 
Personal APD 1.2 1.1 1.01 

The two lines of business have different reporting patterns as seen above 
 

2 AY trend in CAPD 
 12 24 36 

2006-2007 50% 50% 50% 
2007-2008 33% 33%  
2008-2009 25%   

 
 AY trend in PAPD 

 12 24 36 
2006-2007 10% 10% 10% 
2007-2008 9.1% 9.1%  
2008-2009 8.3%   

It appears that the CAPD book is growing much faster than the PAPD based on the AY 
trends 

 
b) 1 Credibility of data – want block of data to be large enough and homogenous enough            

2 Coverage trigger – don’t want to group claims made policies with occurrence 
  



Sample Solutions 
Exam 06, 2010, Question 14 
 
Solution 1 
 

1) Can alter financial measurements that investors look at;   they may not want to invest 
based on the resulting measurements. 
 

2) Alters insurer’s decision for reinsurance and reinsurance terms; 
 

3) Alters decisions to grow business or pull out.  If reserves too high, may take underwriting 
actions that are not needed. 
 

4) Alters pricing of the product, may result in loss of competitiveness. 

 
Solution 2 
 

1) This is against the law.  There are state laws that require accurate reserving. 
 

2) Investors will see the business as less profitable because of the large reserve. 
 

3) Regulators won’t be able to monitor the company effectively when the company actually 
needs help. 
 

4) This may skew pricing decisions.  It may cause the pricing actuary to overstate the 
indication and therefore cause the underwriters to charge a price that’s too high and cause 
adverse selection. 

  



Sample Solutions 
Exam 06, 2010, Question 15 
 
Solution 1 
 

a) Cumulative Paid Triangle 

12 24 36 

 2007 100 200 700 

 2008 100 250  

 2009 105 

b) Cumulative Reported = Cumulative Paid + Outstanding Case at Valuation 

  12 24 36 

 2007 600 650 700 

 2008 650 850 

 2009 750 

c) Cumulative Paid/Cumulative Reported 

  12 24 36 

 2007 0.167 0.308 1.000 

 2008 0.154 0.294 

 2009 0.140 

There seems to be a decrease in the paid/reported ratio at 12 months.  This could 
be caused by either a slow-down in claim payments or increase in reserve 
adequacy.  However, it is difficult to draw conclusions with this small amount of 
data.  There is little credibility. 

  



Solution 2 
 

a) Cumulative Paid Triangle 

12 24 36 

 2007 100 200 700 

 2008 100 250  

 2009 105 

b) Cumulative Reported = Cumulative Paid + Outstanding Case at Valuation 

  12 24 36 

 2007 600 650 700 

 2008 650 850 

 2009 750 

c) Closed Claim Count/Reported Claim Count 

  12 24 36 

 2007 0% 0% 100% 

 2008 0% 50% 

 2009 0% 

It seems that we closed the claim in the 12-24 period faster for AY2008 than for 
AY2007.  However, the experience is too thin, so it might be just random change 
but not intentional speeding up. 

 Average Cumulative Payment 

  12 24 36 

 2007 50 100 350 

 2008 50 125 

 2009 105 

Again, it seems that we increase the average cumulative payment over years, but 
experience is too thin to draw meaningful conclusions.  



Sample Solutions 
Exam 06, 2010, Question 16 
 
Solution 1 
 

a) Reported Claim Count Link Ratios 
  12-24  24-36  36-48  48-ult 
  1.213  1.200  1.071  1.010 
  12-ult  24-ult  36-ult  48-ult 
  1.575  1.298  1.082  1.010 
 

Compute trended and developed claim counts.  

AY data ATU trend 
trended 
ult 

2006 375 1.010 1.02^3 402
2007 370 1.082 1.02^2 416
2008 310 1.298 1.02 410

     
Select    409

 
Reported Severity = Reported Claims / Claim Count 

AY 12 24 36 48 
2006 5,000 6,000 6,286 6,933
2007 4,400 5,429 6,216  
2008 4,167 5,565   

 
Reported Severity Link Ratios 

12-24  24-36  36-48  48-ult 
1.253  1.094  1.103  1.025 
12-ult  24-ult  36-ult  48-ult 
1.550  1.237  1.131  1.025 

 
Compute trended and developed severities 

AY data ATU trend 
trended 
ult 

2006 6,933 1.025 0.985^3 6,791
2007 6,216 1.131 0.985^2 6,821
2008 5,565 1.237 0.985 6,781

     
    6,798

Expected Ultimate Claim Cost of AY 2009 
 409 × 6,798 =  2,780,382 
 

b) 1. Definition of claim counts is consistent throughout experience period. 
2. Development of future claim is similar to development of prior claims. 
3. Mix of claim type is relatively consistent. 

  



Solution 2 
 

a) Selected Rpt Claim Count Dev Factors 
                          12-24    24-36   36-48   48– ult 
                         1.213    1.20     1.071    1.01 
           To-ult    1.575    1.298   1.082    1.01 

 
AY   Ult. Claim Counts               Freq Trend to 2009 Level 
06   (375)(1.01) = 379                   379 × 1.02^3 = 402 
07   (370)(1.082) = 400                400 × 1.02 ^2 = 416 
08   (310)(1.298) = 402                402 × 1.02 = 410 

 
Rept Severities 
AY          12       24        36       48 
06      5000    6000    6286   6933 
07      4400    5429    6216 
08      4167    5565 
 
Selected Age-to-age                              

12-24    24-36   36-48   48– ult 
                         1.253    1.094     1.103    1.025 
           To-ult    1.550     1.237     1.131    1.025 
 
AY   Ult. Severities                 Sev Trend to 2009 Level 
06   7106                                       7106× 0.985^3 = 6791 
07   7030                                       7030 × 0.985 ^2 = 6821 
08   6884                                        6884 × .985 = 6781 
 
Selected ultimate claims = 409 (straight average of 06-08) 
Selected ultimate Severity = 6798 
2009 Estimated ult claim cost = 409 × 6798 = 2,780,382 

 
b) – The definition of a claim is consistent over historical period used 

– The mix of types of claims used is consistent 
– Claims and claim count will continue to develop in a similar manner in the future as 
they have in historical periods. 

  



Sample Solutions 
Exam 06, 2010, Question 17 
 
Solution 1 
 

a) Age-to-Ultimate Factor for 24 months = ATU24 = 1.15 × 1.08 × 1.03 × 1.00 = 1.27926 
 
Report Lag = 1/1.27926 = 0.7817 or 78.17% 
 

b) IBNR Estimate = Z × Rept. Lag × CL + (1-Z×Rept. Lag) × SB 
 
  = 0.4(.7817)(3M)  + (1-0.4 × 0.7817) × 3.25M 
 
  = 3,171,829 
 
Solution 2 
 

a) Report Lag = % Reported 
24-Ult Development factor = 1.15 x 1.08 x 1.03 = 1.27926 
% rep = 1 / LDF (24-ult) = 1 / 1.27926 
% rep = 78.17% 
 

b) Cred Factor × Report Lag × IBNR (CL) + (1 – Cred Factor × Rep Lag) × IBNR (SB) 
= 0.4 × 0.7817 × 3M + (1 – 0.4 × 0.7817) × 3.25M 
IBNR = 3,171,830 

  



Sample Solutions 
Exam 06, 2010, Question 18 
 
Solution 1 
 

a) SB ELR = (9+9+7+10+6)/(12/1.03+12/1.11+13/1.25+14/1.47+15/2) = 0.82 
 
0.82 × 14,000 × (1-1/1.47) = 3,678 
 

b) i) Inaccurate rate change data 
ii) Imprecise by line breakdown 

 
 
Solution 2 
 

a)  

C/AY "Used-Up" Premium   SB IBNR 
2005 11,650             
2006 10,811 
2007 10,400          
2008 9,524 14,000 × (.8219)(1-1/1.47)=3,679  
2009 7,500 

TOTAL 49,885 
 
LR = 41000/49885 = 82.19% 

b) 1. The reinsurer relies on the insurer to report premium , there can be a lag in this 
reporting. 
 
2. Earned premium is often reported in aggregate to reinsurer, so the reinsurer must make 
assumptions to split premium. 

  



Sample Solutions 
Exam 06, 2010, Question 19 
 
Solution 1 
 

a) It defines all the reinsurers that are part of the treaty and the amount they are reinsuring, 
therefore limiting the max amt. a rein. is responsible for. 
 
It imposes several, not joint, liability. 
 

b) When there is only one rein. involved. 
 

c) It states that if the primary becomes insolvent & cannot pay full liabilities to the 
claimants, the rein. Still owes the full amt. of rein. Loss to the primary.   It’s paid w/o 
diminution. 
 

d) The other reinsurers involved. Since it is not joint liab., they do not become responsible 
for the amt. the insolvent rein. cannot pay. 
 

e) The primary (ceding) company.  They will still receive full amts owed from rein even if 
full claim is never paid.  Recoveries are not reduced. 

 
 

Solution 2 
 

a) It tells the % of reins losses (& ALAE if applicable) the reins is responsible for. It 
establishes several rather than joint liab (so if another reins doesn’t pay their share, this 
reins’s share doesn’t increase. 
 

b) When that reinsurer is the only participating reinsurer in the treaty. 
 

c) States that if primary insurer is insolvent & settling claims for less than underlying 
policies would stipulate, reinsurer’s payment of part of loss to prim ins is not reduced 
(same as if prim ins was not settling claims lower) 
 

d) The other reinsurers participating in treaties with the insolvent one benefit (their % 
participation does not increase). 
 

e) The ceding insurer benefits – they’re paying out claims at possibly lower amounts than if 
not insolvent, but still getting same share from reins as without insolvency. 

  



Sample Solutions 
Exam 06, 2010, Question 20 
 
Solution 1 
 

a)  
 

Range Midpoint 
Subject 

Premium
Retention

of I.V. Factor  

Retention 
+ Limit 
as % of 

I.V. Factor 
100 – 200 150 300,000 1.333 1.000  3.333 1.000 
200 - 300 250 250,000 .800 .850  2.000 1.000 
300 - 700 500 423,000 .400 .600  1.000 .950 

700 – 1300 1000 871,000 .200 .450  .500 .665 
  1,844,000      

 
 

 
Exposure 

Factor 
Exposure 
Premium 

 0 0 
 .150 37,500 
 .350 148,050 
 .215 187,265 
  372,815 
   

Reinsurer's expected loss cost = 372,815 × .60 / 1,844,000 = 0.121  
 

b) Final Premium = (372,815 × .600 )(1.100) + .05(1844000)  = 422,822 
                               (1 - .20)    
 
  



Solution 2 
 

a)  
 

Range Prem Midpt  Ret Ret + Limit  Exposure Factor 
100 – 200 300000 150  133% 333%  0 
200 - 300 250000 250  80% 200%  100% - 85% = 0.15 
300 - 700 423000 500  40% 100%  95% - 60% = 0.35 

700 – 1300 871000 1000  20% 50%  66.5% - 45% = 0.215 
 

 

 
As a % of Prem = 223689 / 1844000 = 12.1% 

 
b) Rate = 12.1% (1.10) + 5%  = 22.89% 

              1 – 0.20 
 

Prem = 1844000 (0.2289) = 422046 
  

 Prem ELR Exposure Factor Loss Cost 
 (1) (2) (3) (4) = (1) × (2) × (3) 
 300000 0.60 0 0 
 250000 0.60 0.15 22500 
 423000 0.60 0.35 88830 
 871000 0.60 0.215 112359 
 1844000   223689 



Sample Solutions 
Exam 06, 2010, Question 21 
 
Solution 1 
 

a) Rate on Line = Reinsurance Premium/Reinsurance Limit 

A: 10M/(125M × 100%) = 0.08 
B:   4M/(100M × 69%) = .0667 

 
b) Payback Period = 1/ROL 

A: 1/0.08 = 12.5 Yrs 
B: 1/0.0667 = 15 Yrs 
 

c) Burning Cost = Reinsured Loss/Subject Premium 
Reinsured Losses = Min (82.5M-75M, 125M) = 7.5M 
Burning Cost = 7.5M/35M = .2143 
 

Solution 2 
 

a) Rate on Line = Premium / Amount of Insurance 
A: 10M/125M = 0.08 
B: 4M/60M = .0667 
 

b) Payback Period = 1/Rate on Line 
A: 1/0.08=12.5 Yrs 
B: 1/0.0667=15 Yrs 
 

c) Burning Cost = Expected Loss to Reinsured Layer / Total Trended on-leveled Premium 
Rate = (82.5 – 75)/35 = .214 

  



Sample Solutions 
Exam 06, 2010, Question 22 
 
Solution 1 
 

a) Coverage used 15M out of 20M possible 
(15/20)(3.6M)(1.15) = 3.105M 
 

b) (15/20)(3.6M)(1.15)(5/12) = 1,293,750 
Five months left of coverage->5/12 
 

c) Because hurricane season is not evenly distributed throughout the calendar year.  So price 
should not be pro rate with respect to time. 

 
Solution 2 
 

a) Reinstatement premium = 3,600,000(1.15)(15,000,000/20,000,000)=3,105,000 
45M-30M=15M loss subject to treaty 
 

b) Reinstatement premium = 3,600,000(1.15)(15/20)(153/365) = 1,301,548 
After July 31 (Date of loss) there are 153 days remaining in treaty period 
 

c) The property loss exposure tends to be more concentrated at certain parts of the year 
(winter or hurricane season) instead of uniformly spread over the year. 

 
  



Sample Solutions 
Exam 06, 2010, Question 23 
 
Solution 1 
 

a) AP = (AP – Tax Basis Reserve) Tax Rate + Basis of AP 
AP = (AP – 1,600,000)(.35) + 1,727,399 
AP = .35AP – 560,000 + 1,727,399 
AP = 1,795,998 
 

b) PV of payments:  800,000 × 1.05-.5 = 780,720 
800,000 × 1.05-1.5 = 743,543 
400,000 × 1.05-2.5 = 354,068 
       1,878,331 

The reinsurer is the seller of the commutation, and the ambivalence point is the max that 
the seller will pay to commute.  So no, the reinsurer should not accept a commutation 
price equal to the present value of loss payments since it is > AP. 
 

c) A commutation ends the obligation of the reinsurer to the insurer for the book.  By 
commuting, the insurer (primary) has the advantage of getting a definite amount now 
rather than an uncertain amount later (uncollectibility?), the primary has an improvement 
in current wealth with more “cash-in-hand” and has the opportunity to invest those 
dollars.  The primary can also save on administrative costs associated with ceding the 
claims to the reinsurer.  For all these reasons, the primary wants to commute and may 
even take a slightly low offer due to all those benefits. 
 

Solution 2 
 

a) Let x = ambivalence point 
(x – 1,600,000) × 35% + 1,727,399 = x 
=> x = 1,795,998.46 

 
b) The reinsurer, as a seller, will consider the present value of the loss payment too high to 

be accepted.  The reinsurer needs a consideration less than present value to compensate 
its additional tax burden from such transaction. 
 

c) The insurer may accept a lower consideration due to 
 

1. it can make additional administration cost savings from such transaction 
2. the cash input is provided on a term favorable than its current borrowing cost. 

Alternate Solution - part c) 
 

c) The primary company may fear a potential reinsurer insolvency and prefer a certain 
payment today compared to an uncertain payment in the future (risk aversion) 

  



Sample Solutions 
Exam 06, 2010, Question 24 
 
Solution 1 
 

a)  
Risk Ceded 
1 0 
2 .5(400,000)   =  200,000 
3 750/1250(200,000) = 120,000 
 
75K + 400K + 200K – 320K = 355,000 

 
b) Can retain smaller risks 

 
c) Less costly to administer 

 
 
Solution 2 
 

a)  
 

Risk IV % Share of Reinsurer  % of p.i, 
1 200K 0%    100% 
2 500K 50%    50% 
3 1.25M 60%    40% 
 
 p.i. Retention 
1 75,000 
2 200,000 
3 80,000 
 355,000 

 
b) Increase large line capacity 

 
c) Quota share provides more ceding commission. 

 
  



Sample Solutions 
Exam 06, 2010, Question 25 
 
Solution 1 
 

        (1)             (2)   (3) = (2) × EP 
Policy  Limit xl Factor Exp Premium 
       5M  2.2 – 2.1        909,091 
       2.2 
     10M  2.5 – 2.1     8,000,000  
       2.5 
     20M  2.5 – 2.1   13,333,333 
       3.0 
    22.242.424 

 
 Expected loss = 22,242,424 × 0.6 = 13,345,454 
               
 
Solution 2 
 

 XS4 XS10   
5 1/22 0 1/22 909,091 
10 4/25 0 4/25 8,000,000 
20 9/30 5/30 4/30 13,333,333 
    22,242,424 

 
22,242,424 × 0.6 = $13,345,455 

 
  



Sample Solutions 
Exam 06, 2010, Question 26 
 
Solution 1 
 

In 000’s 
  

GU Loss 
 

Umb Covered 
 

Umb Retained 
 

Loss to Umb Reinsurance 
1 1100 500 250 250 
2 900 0 0 0 
3 1000 250 250 0 
 
ALAE covered for loss 1 => 250/1100 × 100 = 22.727K 
 
Total loss & ALAE to umbrella 250 × 250  =>  $272,727 
 
LR = 272,727/900,000 = 30.3% 
 
Technical Ratio = LR + Ceding Commission = 30.3% + 15%  =  45.3% 

 
 
Solution 2 

 
Occurrence 

 
Umbrella 

Ceded on 
Umbrella 

 
% Ceded 

 
Ceded ALAE ($000) 

1 500 250 250/1100 = .22727 100 × .22727 = 22,727 
2 0 0 0 0 
3 250 0 0 0 
 750 250  22,727 

 
 
Total ceded losses & ALAE ($000) = 250 + 22.727 = 272.727 
 
LR =   272,727     =  0.303 
  900,000  
 
Technical ratio  = 0.303 + 0.15  
  = 0.453 

  



Sample Solutions 
Exam 06, 2010, Question 27 
 
Solution 1 
 

a) treaty 1 = $150,000 xs $200,000 per occ. 
 
 

Loss Occur # Loss Amount 
1 1 100,000 
2 1 200,000 
3 1 300,000 
4 2 200,000 
5 2 100,000 
6 3 400,000 

 
  

Occur # Occur loss 
amount Treaty 1 covers 

1 600,000 150,000 -> 600,000-200,000=400,000, but 
capped at 150K 

2 300,000 100,000 -> 300,000 – 200,000 = 100,000 
3 450,000 150,000 -> similar to occur 1 
  400,000 

 
 

b) treaty 2 = $500,000 xs $250,000 per occ. 
 

Occur 
number 

Occur loss remaining 
after treaty 1 Treaty 2 covers 

1 450,000 200,000 -> 450K-250K = 200,000 
2 200,000 0 -> less than $250K 
3 300,000 50,000 -> 300K – 250K = 50,000 
  250,000 

 
 

c) Treaty 2 premium = (1,500,000 - 200,000)(.075) = 97,500 
 

Treaty 2 ceded loss ratio = 250,000/97,500 = 2.564 



Solution 2 
 

a)  
Loss Occurrence Total Loss Covered by Treaty 1 

1 600,000 150,000 
2 300,000 100,000 
3 450,000 150,000 
  400,000 

 
b)  

Loss Occurrence Loss After Treaty 1 Covered by Treaty 2 
1 450,000 200,000 
2 200,000 0 
3 300,000 50,000 
  250,000 

 
c) Net subject premium = 1,500,000 – 200,000 = 1,300,000 

 
Treaty 2 prem = (1,300,000)(0.075) = 97,500 
 
Ceded loss ratio for treaty 2 = 250,000/97,500 = 256% 

 
  



Sample Solutions 
Exam 06, 2010, Question 28 
 
Solution 1 
 

Policy Ground Up Retention XOL  Clash 
1 200,000  200,000  0  0 
2 1,500,000 300,000  1,200,000 0 
3 2,000,000 200,000  1,800,000 0 
4 1,000,000 300,000  0  700,000 
Total 4,700,000 1,000,000 3,000,000 700,000 
 

a) Ceded to XOL  = $3,000,000 
 

b) Ceded to Clash  = $700,000 

 

Solution 2 

a) Total losses from occurrence = 4.7 M.   Excess Treaty will pay 3M 

b) Primary would retain 1.7M.  Since they have the clash treaty,, they can cede 0.7M.  
Primary retains 1M 

  



Sample Solutions 
Exam 06, 2010, Question 29 
 
Solution 1 
 

• assume GAAP accounting 
• assume Quota share on risks attaching basis 
• assume 50% of losses on prior policies not subject to treaty and 50% on new policies 

from 2010 
 

a) Earned Premium = EP from prior years (not subject to QS treaty, see UEP of 500 at end 
of year on 1,000 WP from 2010) + EP from 2010 WP subject to QS 
• EP = 500 + 500 × 50% = 750 
• IL = 700 × .5 + 700 × .5 × 50% = 525 
• E = 250 – 25% × (1,000 × 50%) = 125 
• NUI = 750 - 525 – 125 = 100 

 
b) Assets 

• Bonds/Cash = 1,475 - (1,000-100) × .5 (ceded premium collected) + 125 (ceding 
commission) = 1,150 

• Agents Bal = 100 
• Reins Recoverable = 700 × .5 × .5 = 175 
• Prepaid reinsurance premium = UEP × QS% = 500 × .5 = 250 
• Total = 1,150 + 100 +  175 + 250 = 1,675 

 
Liabilities 
• Gross LR = 700 
• Gross UEP = 500 
• Ceded AB = 50 
• Total = 700 + 500 + 50 =1,250 

 
Surplus = 1,675 – 1,250 = 425 

 
c) Prev NWP/Surplus = 1,000 / 375 = 2.67 

New NWP/Surplus = 500 / 425 = 1.18 
Change = -1.49 

 
d) Prev Net Res/Surplus = 700 / 375 = 1.87 

New Net Res/Surplus = 525 (Gross LR – Reins Rec) / 425 = 1.24 
Change = -.63 

 
e) Surplus increased, reinsurance is providing surplus relief and leverage ratio is decreasing. 



Solution 2 
 

a)  
• EP = 1,000 × 50% = 500 
• IL = 700 × 50% = 350 
• E = 250 - 25% × 500 = 125 
• NUI = 500 - 350 - 125 = 25 
• II = 0 
• TI = 25 

 
b) Assets 

• Bonds/Cash = 1,475 - (1,000-100) × .5 (ceded premium collected) + 125 (ceding 
commission) = 1,150 

• Agents Bal = 1,000 × 10% = 100 
• Reins Recoverable = 700 × .5 × .5 = 175 
• PP reinsurance premium = UEP × QS% = 500 × .5 = 250 
• Total = 1,150 + 100 +  175 + 250 = 1,675 

 
Liabilities 
• Gross LR = 700 
• Gross UEP = 500 
• Ceded AB = 100 × 50% = 50 
• Total = 700 + 500 + 50 =1,250 

 
Surplus = 425 
 

c) Prev NWP/Surplus = 1,000 / 375 = 2.67 
New NWP/Surplus = 500 / 350 = 1.43 

 
d) Prev Net Res/Surplus = 700 / 375 = 1.87 

New Net Res/Surplus = 350 / 350 = 1.00 
 

e) The leverage ratio of Net WP to surplus is greatly improved, thus the reinsurance 
provides surplus relief. 

 
  



Sample Solutions 
Exam 06, 2010, Question 30 
 
Solution 1 
 

a) The 10-10 rule essentially says that in order to consider that significant insurance risk has 
been transferred to the reinsurer, the reinsurer must have at least a 10% chance of 
sustaining a loss that is at least 10% of premiums. If this rule is not satisfied the contract 
may not qualify for reinsurance accounting and may instead have to use deposit 
accounting. 

 
b) It does not pass. At the 90th percentile (10% chance of loss), the reinsurer’s return on 

premium is 79.8%. 

 
c) The shortcoming of the 10-10 rule is that there may be a possibility of very significant 

losses just under 10% of the time. For example, at the 95th percentile the reinsurer’s 
return on premium is -167.3%. Above the 99th percentile the reinsure’s return on 
premium is -1379.3%. The reinsure clearly has significant risk of substantial loss even 
though it does not pass the 10-10 rule. 
 

 

Solution 2 

 
a) The 10-10 rule states that a reinsurer must demonstrate a VaR of 10% at the 90th 

percentile in order to satisfy requirement of being considered reinsurance. In other words, 
a reinsurer must suffer 10% loss, 10% of the time. The 10-10 rule is a test to make sure 
that both significant insurance risk has been transferred and there is a reasonable 
possibility that a reinsurer will realize a significant loss. 

b) The model does not pass the 10-10 rule. At the 90th percentile the return on premium is 
79.8%, not less than -10%. It looks like it reaches the critical value between the 90th and 
95th percentile. 

c) The 10-10 rule only looks at one point. It is clear that there is significant risk being 
assumed and there is reasonable possibility that the reinsurer will suffer a significant loss, 
but because it just misses the threshold of the 10-10 rule it would not be considered 
reinsurance. It is evident that is should, judging by the extremely negative returns on 
premium that happen right after the 90th percentile. 

  



Sample Solutions 
Exam 06, 2010, Question 31 
 
Solution 1 
 

a) An existing condition involving uncertainty as to a loss or a gain to an enterprise that will 
ultimately be resolved when one or more event occur or fail to occur. 
 

b) Two conditions are: 
 Information available before the issuance of financial statements indicates that it 

is probable that an asset has been impaired or a liability incurred. 
 The amount of the loss can be reasonably estimated. 

 
c) Two situations are: 

 When there is a reasonable possibility that an asset has been impaired or a 
liability incurred (not probable). 

 The amount can’t be estimated but it is probable the liability was incurred. 

 
Solution 2 
 

a) A loss contingency is a set of circumstances involving uncertainty as to gain or loss to the 
ultimately be resolved when one or more event occur or fail to occur. 
 

b) Two conditions are: 
 It must be probable that a loss has occurred or an asset has been impaired. 
 The amount of the loss or impairment must be reasonably estimable. 

 
c) Disclosure of loss contingency would be required if: 

 The amount of the loss were not yet reasonably estimable – if no estimate in 
range is best, book lowest value and disclose the rest or 

 If there is a possibility of the loss occurring but it’s not yet probable. 

  



Sample Solutions 
Exam 06, 2010, Question 32 
 
Solution 1 
 

  (1) (2) (3) (4) (5) (6) (7) 
Accident 
Month 

Acct 
Month 

Rpt 
Claims 

Claims 
Paid 

Case 
Res. IBNR Beg 

Res. 
End 
Res. 

Inc. 
Loss 

1/10 1/10 3 3×5,000 
= 15,000 30,000 0.2×100,000 

= 20,000 0 50,000 65,000

1/10 2/10 2 
30,000 + 
2×5,000 
= 40,000

20,000 10,000 50,000 30,000 20,000

1/10 3/10 0 20,000 0 0 30,000 0 -10,000
 
(6) = (3) + (4) 
(7) = (2) + (6) – (5) 
 
 
Solution 2 
 

Earned Premium = 100,000 
5 Claims occurred in Jan 2010, 3 reported in Jan, 2 reported in Feb 
Case Reserve: 15,000/claim when reported 
Paid: 5,000 in report month, 10,000 in subsequent month 
IBNR: 20% EP in 1/31/2010, evenly next 2 months 
 
1/31/2010 
3 Case reserves set   15,000 × 3 = 45,000 
3 payments     5,000 × 3 = 15,000 
IBNR set up          20% of 100,000 = 20,000 
3 payments lead to 3 drops in case    3 × 5,000 = -15,000 

 Incurred = 65,000 
 
2/28/2010 
2 case reserves set   2 × 15,000 = 30,000 
2 payments 5,000            10,000 
2 5,000 case reserve drops          -10,000 
3 payments 10,000            30,000 
3 10,000 case reserve drops           -30,000 
IBNR Release   -20,000 /2 = -10,000 
     Incurred = 20,000 
 
3/31/2010 
2 payments of 10,000             20,000 
2 10,000 case reserve drops               -20,000 
IBNR Release   -20,000/2 = -10,000 
    Incurred = -10,000 

 
  



Sample Solutions 
Exam 06, 2010, Question 33 
 
Solution 1 
 

a) As of 03/31/2010 
Assets    Liabilities     
Cash   $1,200  Deposit Liability  $1,200 
 

b) As of 12/31/2010 
Assets    Liabilities     
Cash   $1,200  Unearned Premium Reserve $350 
 
Unearned Premium Reserve  = WP × (1.00 – Months Earned / 12) 
    = $1,200 × (1.00 – 3.5 / 12) = $350 
 
 

Solution 2 
 

a)              Assets    Liabilities    
Cash   $1,200  Deposit Premium $1,200 

 
b)   Assets    Liabilities     

Cash   $1,200  UEPR = 1200 × (3.5/12) =  $350 
  



Sample Solutions 
Exam 06, 2010, Question 34 
 
Solution 1 
 

a)  
1. Hazard Risk 

 
2. Strategic Risk 

 
3. Financial Risk 

 
4. Operational Risk 

 
b)  

1. Risk that a hurricane happens in the town where the firm has its offices and destroys 
everything (office, computers, etc.) 
 

2. The risk to lose all of its clients because they charge 15% more than the competition 
 

3. The firm collects 90% of the bill 30 days after the delivery of the product.  A 
financial risk would be the inability to collect those fees from the clients. 
 

4. The risk that more employees stop working there and go working for a competitor 
 
 
Solution 2 
 

a)  
1. Hazard Risk 

2. Operational Risk 

3. Financial Risk 

4. Strategic Risk 

b)  
1. Office space is subject to weather/storm damage losses 

2. Operational risk – lost 2 highly qualified employees, more could leave given the 
trend 

3. Financial risk – possibility of non-payment after work  product completed 

4. 15% higher billing rate could be a strategy that results in a smaller client base (lose 
business to competition) 

 
  



Sample Solutions 
Exam 06, 2010, Question 35 
 
Solution 1 
 

1) Systems Dynamics Simulation 

a. Simulate cause / effect relationship of operational risks on dynamics of 
underlying system 

b. Adv - fill gaps in data systematically, with expert input 

2) Fuzzy Logic 

a. Model a process which is complex due to uncertainty, ambiguity and undecided 
variables of system 

b. Adv - non-linear problem spaces 

3) Preference Among Bets 

a. Ask expert which way he/she would bet 

b. Adjust outcomes until expert is indifferent 

4) Decomposition in Aid for Probability Assessment 

a. Decompose event into conditional causal events 

b. Use "influence diagrams" to display results visually 

 

Solution 2 

1) System Dynamics - analysis of cause / effect relationship underlying dynamics of the 
system.  Advantages include ability to see how operational risks change as a function of 
operational change, ability to fill in gaps in data with expert input, and ability to combine 
input from different functions of enterprise 

2) Fuzzy Logic - addresses situation where problems are complex due to incomplete or 
undefined variables of systems.  Works well when problem spaces are non-linear, 
information is incomplete or unreliable, or when words are used to define logic rules. 

3) Preference among bets - given a set of possible outcomes, establishes changes around 
each outcome by structuring changes as odds in a bet.  Ask experts which side of the bet 
they prefer; adjust odds until experts are indifferent 

4) Decomposition to aid - breaks down probability of an outcome into conditional causal 
events.  Use Bayesian procedures to construct the outcome of the event based on the 
probabilities of the conditional events 


